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Preface 
Lellcaena continues to be a valuable species for international agriculture. While 
Lellcaena leucocephala (Lam.) de Wit is the most widely-used species, taxonomists 
now recognise 22 species with diversity in form, adaptation, feeding value and response 
to management practices. Worldwide, scientists, extension and rural community 
workers seek new opportunities to harness the value of this important genus. It is also 
recognised that there are environmental concerns associated with moving plants into 
new ecosystems. However, increasing knowledge of the biology of Lellcaena will 
ensure that the many benefits of this multipurpose genus are maximised, and the 
negative impacts limited. 

These Proceedings report the presentations at the international workshop on 
Lellcaella held at the Vietnam National University in Hanoi, 9-14 February 1998. 

These Proceedings comprise three major sections: Taxonomy and Agronomy, Forage 
Quality and Farming Systems. For each section, several speakers, eminent in their field , 
were invited to give keynote presentations overviewing the ir own work and that of other 
relevant international research. These papers were peer-reviewed by the editorial panel 
listed and thanks are extended to the panel for their efforts. Poster papers were edited by 
The University of Queensland editorial group. 

Editorial Panel 
O r R.A. Bray 
O r H.V.A. Bushby 
Or S . Fukai 
Or 1.B. Hacker 
O r G. N. Hinch 
Or O.c. L. Kass 
Mr C. K. McOonald 
Or C.S. McS weeney 
Or B. Palmer 
Or R.T. Paterson 
Or C.T. Sorenssoll 
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H.M. Shelton 
R.e. ClItteridge 

B.F. Mullen 
R.A. Bray 

(editors) 
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L EUCAENA seed ling nu rsery in Papua New Guinea. (Photo: Max She lton) 

THE KX2 hyb rid L ellcaella g ro wi ng we ll in the Markham Valley o f Papu<l New Gu inea. P ictured is Lellcaella researcher 
Keith Galgal. and L. /cllcDeep/wla cv. Tarramba on left. (Photo: Max Shelton) 
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TH E KX2 hybrid Lellcaena flouri shing in PaplIa Ne w Guinea. (Photo: Max Shelton) 

P SYLLID damage on L. /el/cocepha/a. 
(Photo: Ben MlIllen) 

L EUCAENA collinsii flowers. (Pholo: Max Shelton) 
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LEUCAENA /eucocep/ia/a collected for 
fuelwoocl in Minclanao, Philippines. 
(Photo: Max Shelton) 

CUT and carry Leucacna in the Philippines. (Photo: Max Shelton) 
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L EUCAENA researchers in Vietnam: Professor Le Van Kho a (left ) and Or Hoang Xuan Co (ri ght) o f Vietnam Na tiona l 
Uni ve rsity , and Or Oinh Van Binh (centre) from the Vietnam Nati onal Institute of Animal Husbandry . (Photo : Max She lton) 

L EUCAENA researchers bes ide the KX2 hybrid L ellcaeJla in the Philippines . Emily Victori o (left), Alex Castillo (centre) and 
Remy Acas io (rig ht) are from the Bureau o f Animal Husbandry . (Photo: Max Shelton) 
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Overview of Workshop Outcomes 



The Leucaena Genus: New Opportunities for Agriculture 
(A Review of Workshop Outcomes) 

H.M. Shelton l 

Abstract 

This paper reviews the main findings of the Workshop. Taxonomists now recogni se 22 species 
of Leucaella including several new species and subspecies. Leucaella genetic resources data bases 
can now be interrogated using the World Leucaenn Catalogue. Highlights of regional agronomic 
trials were the high yielding ability of KX2 Fl hybrid accessions (L. leucocephala xL. pal/ida), 
cold tolerance of L. trichalldra OFI 53/88 and variability of psyllid resistance among accessions of 
' resistant species'. No accessions tolerant of severely acid soils were identified. Several species 
showed high forage quality with chemical parameters such as digestibility, protein content and fibre 
content similar to L. leucocephala. There was variation in both content and astringency of condensed 
tannin of species, with high tannin species giving poor N-retention in feeding trials. L. co/lillsii was 
of particular interest due to its low tannin content and psyllid resistance. Animal production trials 
demonstrated the superiority of L. leucocepha/a alld L. col/illsii and likely palatability problems 
with L. pa/lida and L. trichalldra. Levels of adoption in the farming systems of Africa, Southeast 
Asia, Pacific and Australian regions are still low. Future research and development priorities and 
opportunities are identified and the success of Leucnet News is highlighted. 

LEUCAENA leucocephala (Lam.) de Wit (Ieucaena) 
has been one of the most productive and versatile 
multi -purpose tree legumes available to tropical agri
culture. It is the premier forage species in both exten
sive grazing systems and cut and carry systems for 
smallholders. It cont in'ues to ma ke a major con
tribution to fuelwood supply in many developing 
countries and it is used to improve soil fertility and 
stabilise degraded lands. 

However, both current and more widespread use 
has been limited by the narrow germ plasm base of 
the commonly used L. lellcocephala cultivars. They 
lack adaptation to ac id soils and cool temperatures 
and they are susceptible to the psyllid insect 
(Heteropsylla cubana). 

In 1994, an International Workshop enti tled 
Lellcaena - Opportunities and Limitations was held 
in Bogor, Indonesia and defined the current state of 
research and development in the Leucaena genus 
worldwide. Lack of knowledge and under-utilisation 
of the lesser-known species in the genus was 
recogni sed as a major shortcoming. Research and 

I School of Land and Food, The University of Queensland, 
Brisbane Qld 4072 Australia 
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development priorities were identified and became 
the key objectives of the newly formed network, 
Leucnet (Leucaena Research and Development 
Network). 

An AClAR sponsored Project 9433 New Leu
caenas for Southeast Asian, Pacific and Australian 
Agricllltllre was implemented from 1995 to 1998. It 
involved collaboration of scientists from four Aust
ralian institutions (The University of Queensland, 
CSIRO, QDPI and WADA) and six developing 
countries partners (Papua New Gu inea, the Philip
pines, Vietnam, Indonesia, Laos and Kenya). 

It was therefore timely to once again review 
research and development in the Lellcaena genus 
since the 1994 Workshop. Accordingly, a second 
ACIAR-sponsored workshop was organised by The 
Un iversity of Queensland and hosted by the Vietnam 
National University in Hanoi in February 1998. Other 
international institutions involved in the resea rch and 
development programs presented at this workshop 
included the Oxford Forestry Institute (O FI), Uni
versity of Hawaii, Hawaiian Agricultural Research 
Company, ICRAF, ClAT and Cl RAD as well as 
many na tional groups. The workshop focussed on 
gerrnplasm evaluation, forage quality assessment and 
the role of Leucaena in farming systems. 



This paper revi ews the main outcomes of the 
Hanoi meeting and provides an overview of the 
Lellcaella genus in relation to new opportunities for 
agriculture. 

Taxonomy 
An accurate naming of species and an understanding 
of species relationships underpins effective plant 
improvement. Col in Hughes from the Oxford 
Forestry Institut e presented his revised taxonomy of 
Lellcaena at the meeting (Hughes, these Proceed
ings). His work fin ally cl arifies Lellcaella taxonomy 
after an extended period of confusion. He has identi
fied and named 22 species, 6 subspecies and 
varieties and 2 natural hybrids. Key changes are the 
diploid taxa o f L. di versifo/ia subsp. s/ellocarpa now 
identified as L. /richalldra; L. escll/ell/a subsp. 
pal/icu/a/a now L. pa/lida ; L. shanllollii subsp. mag
I/ifica now L. magnijica, L. escll/ell/a subsp. ma/I/dae 
now L. matudae; a third variant of L. lel/cocephala , 
namely subsp, ix/alll/acal/a ; 2 new varieties of 
L. confertif/ora - var. cOllfer/if/ora and var. ade-
1I0/heloidea; and a second variant of L. macrophylla , 
subsp. is /mensis. A summary table of these new taxa 
is given in Hughes (these Proceedings). A brief 
description of the tax a can be found in the Lellcaena 
Catalogue (Bray et 31. 1997). 

Publication of the W orl d Lellcaena Catal ogue 
(Bray et a1.1997) has been an outstanding recent 
achievement. It contains cross-referenced I ists of all 
access ions held by the five major Lel/caella germ
plasm banks (CS IRO, UH, OFI, CI AT , ILRI). The 
Ca talogue will be of great value to researchers inter
ested in sourcing new material, or checking the 
origins and correctness of naming of existing acces
sions. It will also enable researchers to ensure that 
they have assembled a represen tative set of th e avail
able germplasm. Copies of the Catalogue are 
available in 3.5" fl oppy disk format from The 
University of Queensland. 

Agronomy and Environmental Adaptation 
The yield tri als reported in these Proceedings are an 
outstanding exampl e of the benefits of collaboration 
of scientists from differing countries/institutions and 
disciplinary backgrounds. The results of the trials 
have provided us with an excellent understanding o f 
the agronomic potential of the Leucaella genus. 

The first step in this program was to assemble a 
comprehensive collection of Lellcaella germpl asm 
representing the diversity in the genus. Seeds of 
Leucael/a, collected from the native range in Central 
and South America by three separate organisations, 
were pooled in a cooperative effort to ensure that the 
best material was screened simultaneously. The 
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inputs of Oxford Forestry Institute and University of 
H awaii in particular were cruci al both for the provi
sion of the germ plasm and for providing background 
knowl edge used in selection of appropriate taxa for 
multi-site trial s. Subsequently, the contributions of 
scientists from Australia, the Philippines, Papua New 
Guinea, Vietnam, Kenya, Indonesia, and Laos 
ensured the successful conduct of the tri als. The use 
of the genotype x environment analysis techniques 
developed at the University of Queensland permitted 
a rational analysis of enormous data sets and 
permitted us to make conclusions as to the main 
findings of the trial s. 

The multi-environment trial s comprised 25 acces
sions and were conducted at 17 experimental si tes in 
seven countries (Mullen, Shelton et aI., these Pro
ceedings). Larger trial s comprising the complete 
collection of 116 accessions (termed the foundation 
COllection) were planted at sitcs in the Phil ippines and 
Australia (Mullen and Shelton, these Proceed ings; 
Gabunada and Stiir, these Proceedings). They demon
strated enormous variation in yield potential and 
showed that th ere was both broad adaptation (acces
sions with high yields across all environments), and 
spec ifi c adaptation (high yields in specific environ
ments), with some accessions superior to ex isting 
commercial germplasm (Table 1). 

Broad adaptation 

The multi-si te tri als highl ighted the outstanding 
broad adaptation and high yield abil ity of the KX2 
FI hybrid of L. leucocepha/a K636 x L. pallida 
K748. This line also had moderate psyllid resistance, 
excellent seedling vigour, and some cold toleran ce. 
The accompanying foundation trial s demonstrated 
that other KX2 combinations were similarly 
vigorous . 

Other accessions that showed high yields, 
although not to the level of the KX2 F1 hybrids, are 
given in Table 1. 

Regress ion teChniques enabled analyses of the key 
'drivers' of leucaena growth in the multi-environ
ment tri als (Mullen, Shelton et ai. , these Proceed
ings). Overal l, low temperature, soil acidity and soil 
infertility had the greatest influence on yi elds. The 
effects of rainfall and psy llid pressure were also 
influential. 

Specific adaptation 

A detailed analysis of the multi-environment trial s, 
foundation trials and glasshouse trial s permitted us to 
identi fy accessions which showed specific tolerance 
of cold environments, severely acid soils and psyl l id 
challenge. These are discussed now. 



Table 1. Accessions showing broad and specific adaptation in multi-environment trials (Mullen, Shelton et aI., these 
Proceedings), chemical composition (Dalzell et aI., these Proceedings) and palatability (Faint et aI., these Proceedings) 

Species with Broad Adaptation 

Yield! 

• L. lel/c )( L. pall. KX2 Fl hybrid * * ***** 
• L. pallida CQ3439 * *** 
• L. lel/c. )( L. pall. KX2 F5 hybrid * * ** 
• L. pallida OFI 79/93 and OFl 52/87 ... 
• L. macrophylla OFI 47/85 ... 
• L. collillsii OFI 52/88 

Chemical quality2 

H 
L 
H 
L 
H 
H 

Palatability2 

H 
L 
H 
L 
L 
H 

Species with Specific Adaptation 

Cold/high psyllid environments 
• L. trichalldra OFI 53/88 
• L. diversifolia OFI 83/92 
• L. escl/lellta OFI 47/87 
Hot/Iow psylJid environments 
• L. lel/cocephala K636 
• L. leucocephala cv. Cunningham 
• l.. salvadorellsis OFI 36/88 

! No. of stars retlects relative ranking for this parameter 
2 H = high; M = medium; L = low 

Cold tolerance 

Data suggested no likelihood of finding leucaenas 
that will grow well at temperatures below 20°C 
(Mullen, Castillo et aI., these Proceedings). How
ever, there was some differentiation of species at 
28/23 °C indicating that there is potential to develop 
cultivars suitable for the highland tropics where 
temperatures are moderate, but too low for tropical 
species such as L. lellcocephala. For such situations, 
the suitability of the L. lellcocephala x L. pallida 
KX2 hybrids and L. trichandra OFI 53/88 was 
noted. 

Experiments in Queensland and Botswana showed 
some frost tolerance, but no resistance. Accessions 
of L. diversifolia, L. trichandra, L. pallida, the KX2 
and KX3 hybrids, and surprisingly L. lellcocephala, 
showed some tolerance. 

Acid soil tolerance 

The identification of accessions tolerant of acid soils 
within a genus that has evolved in neutral to alkaline 
soils was a major challenge. In the multi-site trials, 
Mullen , Shelton et al. evaluated performance of 
accessions at acid soil sites in the Philippines, Indo
nesia, Laos and Vietnam. In their studies, no adapta
tion to severely acid infertile environments was 
found, and all accessions performed poorly in such 
environments. However, growth was not signifi-

Yield! Chemical quality! Palatabili ty2 
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cantly limited at the mildly acid site in Indonesia (pH 
5.4, Al saturation 2 %). 

It appeared that AJ toxicity may be the principal 
determinant of poor growth on acid soils. Low pH 
per se, except at very low values, appeared not to be 
the key factor. There may be a need to define the 
critical AI saturation for Leucaena as this is the most 
commonly available soil measurement. It is con
cluded that if tree legumes are required for severely 
acid soils (pH < 5.0 and high AI saturation) they 
should be sought from genera such as Gliricidia, 
Callialldra, Indigofera, and Erylhrilla, which are 
known for their acid tolerance. 

Psyllid resistance 
Since the first devastating arrival of the psyllid in the 
mid-1980s when leucaena growth was severely 
limited and many plants died, psyllids in most 
leucaena growing areas have reached equilibrium 
with natural predators. Growth of once devastated 
areas has improved considerably although psyllids 
are still a limitation. Many natural predators of 
psyllids, both natural and exotic, have been identi
fied around the world (approximately 30 species of 
insects, 3 species of spiders, and 6 species of fungi) 
(Mullen, Gabunada et aI., these Proceedings). These 
authors related these damage scores to lost produc
tion of edible forage, and showed that even low 
damage scores reduced yield dramatically. Clearly 



psyllid damage continues to be a significant although 
less acute factor. 

There is unlikely to be further effort to achieve 
biological control of the psyllid due to high cost, 
increasing difficulties in moving biological agents 
from country to country, and the high likelihood of 
achieving control through genetic resistance in the 
genus. 

These studies have shown a complete range of 
psyllid response in Leucaena from highly resistant 
(L. collinsii subsp. collinsii, L. conferlif/ora, L. escu
lenta subsp. esculenta and L. mall/dae) to highly 
susceptible (L. leucocephala and L. mlllticapilula), 
with considerable variation both between and within 
species. Good resistance was also found in some, but 
not all, accessions of L. collinsii, L. pal/ida and 
L. trichandra. Unfortunately, there was no evidence 
of resistance in L. leucocephala although there was 
variation in degree of susceptibility. The mecha
nisms of psyllid resistance in Leucaena remain 
unresolved. 

Increased use of psyllid resistance in the genus 
can now be achieved both by the direct use of agro
nomically useful psyllid resistant accessions, such as 
L. collinsii subsp. collinsii, L. pallida and 
L. Irichandra and by the indirect use of resistance 
genes from such species in hybrid breeding programs 
involving L. leucocephala. 

Rhizobium specificity 
Twenty seven accessions representing 19 species of 
Leucaena were assessed by Lesueur et al. (these 
Proceedings) for effectiveness of Nrfixation using 
13 strains of Rhizobium. Fifteen accessions were 
effectively nodulated and can therefore be regarded 
as 'promiscuous nodulators'. The remaining 11 
accessions formed partially effective associations 
with most Rhizobium strains and can be regarded as 
moderately specific. Fortunately, several strains of 
Rhizobium were effective including CB3060, the 
strain used in the multi-site evaluations. The less 
effectively nodulated accessions included taxa of 
agronomic interest L. Irichalldra, L. diversifolia, 
L. macrophylla and the L. leucocephala x L. pallida 
KX2 F1 hybrid. The apparent specificity of these 
taxa is of concern as new cultivars are likely to be 
developed and it is important to ensure that effective 
Rhizobium strains are available. Field trials are 
required to ensure that apparently effective strains 
are competitive in field environments (Mullen et al. 
1998). 

Propagation of Leucaena 
Methodologies for the production of commercial 
quantities of seed of the outstanding hybrids 
L. lellcoceplzala x L. pallida (KX2) have not been 
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resolved. This remains a central issue limiting the 
commercial use of these outstanding plants in large
scale plantings. Developing the technology for pro
duction of hybrid seed is therefore of the highest 
possible priority. Successful hybrid seed production 
will be based on the principle of cloning the self
sterile female parents (e.g., L. pallida, L. esclllenla or 
L. Iriclzandra) and alternate planting of cloned trees 
with trees of L. lellcocephala to provide a source of 
pollen. Solutions need to be found to ensure 
synchrony of tlowering of parental I ines, and that 
bees are able to successfully transfer pollen from 
male to female parents to ensure high degrees of 
cross-poll ination. 

Fortunately, it is possible to propagate hybrids 
vegetatively. A relatively simple technique has been 
developed at the University of Hawaii (Sun et aI., 
these Proceedings) and confirmed at the University 
of Edinburgh (Dick, these Proceedings). The suc
cessful cloning technique involves a combination of 
appropriate cutting preparation (binodal cuttings), 
root promoting auxins (IBA and NAA), misting, 
shade, appropriate rooting medium and temperature. 
Quite high success rates (80%) have been obtained 
for some species but L. pallida and its KX2 hybrid 
with L. leucocephala are more difficult. These tech
niques provide excellent opportunities to extend the 
use of the most highly productive hybrids to small
holders in developing countries, and to eliminate the 
weed hazard as the cloned hybrids will either be 
sterile or self-infertile ensuring that little seed will be 
produced. A program of testing of both the cloning 
technique and the hybrids themselves in village 
situations is currently under way. Hybrid seedlings 
may also be attractive for moderate scale plantings 
(20-50 ha) for intensive livestock production e.g. 
dairy production. 

Environmental hazard in Leucaena 
L. leucocephala subsp. leucocephala continues to be 
a significant weed in many parts of the world and it 
now appears that subsp. glabrata, and perhaps other 
species of Leucaena, may have similar weed poten
tial (Hughes and Jones, these Proceedings). This 
potential threat to our environment is a major issue 
to be addressed by those involved in the research and 
promotion of Leucaena. This wonderful plant, with 
many social and economic benefits, has already 
entered disturbed ecosystems where there are no 
ruminant I ivestock to provide control, and it has the 
potential to be a serious exotic weed. 

Control measures are required to reduce or contain 
areas of weed leucaena and to educate leucaena 
growers in appropriate management procedures to 
minimise risk of escape of seed to outside eco
systems. Strategies were proposed by Hughes and 



lanes (these Proceedings) to minimise the production 
of seed . Other approaches include release of seed 
eating bruchid beetles, development of seedless 
hybrids, or use of low seeding accessions 

Soil acidification of nodulated leucaena planta
tions in poorly buffered light textured soils has been 
shown to be an environmental hazard, especially if 
material is cut and carried (Hughes and lanes, these 
Proceedings). However, on neutral to alkaline clay 
soils, of the kind on which leucaena thrives, acidifi
cation is unlikely to be a significant phenomenon. 
Other work has shown many benefits to the soil from 
long-term leucaena plantings. Lallijee et al. (these 
Proceedings), demonstrated significant increases in 
organic matter, total N, permeability, as well as 
increases in soil pH, under 11-21-year-old L. leuco
cephala plantations. 

Wood Quality and Woodiness 

Wood quality 
The production of Leucaena for fuelwood remains a 
subsistence or semi-commercial activity, but is a 
vitally important role in many countries. For this 
reason, the wood quality and value of Leucaena 
species require investigation. 

Pottinger et al. (these Proceedings) demonstrated 
that while L. shallonni, L. collinsii subsp. zacapana 
and L. magniJica had the highest wood densities 
(> 0.83 g/cm 3), there was no correlation of this 
parameter with wood yield. In their work, L. salva
dorellsis, L. leucocephala, L. macrophylla subsp. 
istmellsis and L. collillsii subsp. zacapana produced 
the highest wood yields. The very high yielding KX2 
hybrid was not included in this study. 

Wood/leaf ratios 
It is clear that the relative woodiness of species 
varies. While the biomass productivity of some 
accessions may be outstanding, they may provide 
disappointing wood yields or leaf yields for forage 
depending on their inherent wood/leaf ratios. Work 
at The University of Queensland (unpublished data) 
showed that even though all species became more 
woody with age they could be divided into leafy, 
woody and intermediate types. Leucocephala leuco
cepllala, L. collillsii subsp. zacapana and L. la/lceo
lata were identified as leafy species while L. pallida, 
L. trichandra and L. mag/liJica were woody species. 

Forage quality 

Chemical composition 
Scientists now have extensive data on the chemical 
composition of Leucaena species. Several of the 
lesser-known species appear to be of high quality. 
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The species L. trichodes, L. shallnonii, L. magnifica, 
L. macrophylla, L. lempiralla, L. [anceo/ata, and 
L. collinsii were highly digestible (DMD >65%), had 
high crude protein contents (CP >25%), very low 
extractable condensed tannin contents (CT <1 .5%), 
and low NDF values (NDF <26%) (Dalzell et al., 
these Proceedings). Of special interest was the strong 
relationship of DMD with the CP/CT ratio indicating 
that in species with CT concentrations >5- 6%, 
digestibilities will be reduced. Unfortunately, several 
of the agronomically interesting species (L. pallida, 
L. trichandra, L. diversiJolia) had high CT values, 
though there was considerable intraspecific variation 
in CT and NDF, and therefore scope to select acces
sions with higher DMD. 

The mean chemical status of the outstanding KX2 
hybrid was IVDMD 61 %, CP 31 %, NDF 19%, and 
extractable CT 4.1 % indicating the high quality of 
this agronomically important genotype. 

Dalzell et al. (these Proceedings) noted that many 
of the chemical parameters measured were intlu
enced by the environmental characteristics of the site 
where the material was grown. For instance, they 
showed that CT values appeared to be greatly 
reduced by stresses such as nutrient deficiencies (P), 
soil acidity, water stress and low temperature. Thus 
CT values from a single genotype will vary season
ally. Although there is scope to select low CT geno
types, more needs to be known about environmental 
effects on CT in tissues, in terms of both the absolute 
amount of CT present and their binding ability 
(astringency) with plant proteins 

Finally, these chemical data should be viewed 
only as indicators of quality of Leucaena forages, 
and need to be verified by animal production data. 

Palatability of Leucaena species 
The acceptability of the lesser-known Leucae/la 
species to livestock was a key question when it 
became evident that there were many accessions 
agronomically superior to L. leucocephala. The com
mercially used'L. leucocepllala cultivars are known 
for their high palatability and can be used as a 
benchmark for this character. Cafeteria and field 
selection trials have now confirmed the excellent 
palatability of all L. leucocephala accessions tested, 
and also showed that while all Leucae/la species 
were palatable, some accessions of L. colli/lsii subsp. 
zacapa/la, L. escule/lla, L. macrophylla subsp. ist
mensis, L. paflida and L. salvadorensis were less 
palatable than L. leucocephala. However, animals 
generally became accustomed to the new herbage 
over a 4-week period. It was also clear that all Leu
caella species were more palatable than Calliandra 
calolhyrsus, Sesbania sesban or Gliricidia sepium 
(Faint et al., these Proceedings) which required more 



accustomisation than Leucaena before they were 
readily accepted. However, longer-term grazing 
trials have shown that acceptability may vary with 
environment and with longer exposure. For instance, 
Jones et al. (these Proceedings) reported reduced pal
atability of L. pallida, L. trichandra and L. diversi
folia during the dry season at Townsville and after 
longer periods of grazing in Papua New Guinea and 
the Philippines. This aspect needs to be further 
investigated. 

Nutritional significance of condensed tannins 
Of the chemical parameters measured, condensed 
tannins in Leucaena are particularly important as 
they have the potential to both increase, and dramat
ically reduce, the utilisation of protein in ruminants. 
The work of McNeill et al. (these Proceedings) 
showed that the moderate levels of CT in L. leuco
cephala cv Tarramba increased protein utilisation in 
cattle, while high CT containing leucaenas 
(L. pallida CQ3439 and L. trichandra OFI 5]/88) 
reduced the digestibility and retention of nitrogen. 
They were also able to demonstrate much higher 
protein binding ability of CT in L. pallida, compared 
to CT in L. leucocephala. There was also evidence 
that L. leucoceplwla CT was able to release protein 
more readily in the low pH environment of the 
abomasum thus enhancing protein absorption post
rumen. The authors hypothesise that there may be 
losses of endogenous protein from the hind gut of 
ruminants fed diets high in astringent condensed 
tannin and that this phenomenon may contribute to 
reduced N-retention. 

Animal production potential of lesser-known 
Leucaena species 
Scientists now have preliminary data on animal pro
duction from lesser-known Leucaena species (Jones 
et aI., these Proceedings). The trials at Townsville, 
Papua New Guinea and the Philippines compared 
liveweight gain of cattle grazing grass pastures con
taining hedgerows of various Lellcaella species with 
those containing grass only pastures. There was little 
difference among cultivars of L. leucocephala, e.g., 
cv. Cunningham and K636 (cv. Tarramba) (gains 
ranged from 400--800 gld) which both showed the 
expected excellent ability to promote liveweight 
gain. However, there was considerable variation 
among other species, although all improved live
weight gains compared to that achieved on grass 
alone. This demonstrated the value of all Lellcaella 
species as a protein supplement for cattle grazing 
tropical grass pastures. L. pallida (250--450 gld), 
L. diversifolia (665 gld) and L. trichandra (310-355 
gld) were less productive than L. lellcocephala in 
their respective trials; however L. collillsii subsp. 
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collinsii appeared to be similar to L. lellcocephala in 
promoting liveweight gain. This was an exciting 
finding in view of the psyllid resistance, high DMD, 
high palatability, and low condensed tannin status of 
this species. 

There was insufficient data to determine the 
amount of Lellcaena spp. on offer to optimise live
weight gains in cattle. The trials have so far been 
conducted for short periods only and even though 
trends are emerging, more time is needed to verify 
the long-term capability of the different species and 
their ability to sustain continued grazing. For 
instance, species such as L. pallida, and L. colliflSii 
appeared to suffer greater branch damage than 
L. lellcocephala. 

Animal performance overall in the above trials 
was lower than achieved elsewhere but may improve 
as the trees become better establ ished and are able to 
contribute a greater proportion of the dietary intake 
of animals. 

Farming Systems - Challenges and 
Constraints 

Africa 
Lellcaella has been the subject of much interest, 
evaluation and research for many years in Africa 
(Dzowela et aI., these Proceedings). However, there 
has been very I ittle adoption due to early concerns 
about mimosine toxicity, and subsequently to the 
advent of the psyllid in 1992-94. Since the arrival of 
the psyllid, more resistant species such as L. pallida 
alld L tric/zandra have performed well in trials, 
although uptake of Lellcaena in African farming 
systems remains minimal perhaps due to ineffective 
extension programs. There is concern about the high 
tannin content of some Lellcaella species and con
jecture that the use of tannin binding agents such as 
polyetheleneglycol (PEG) may be valuable to aid the 
utilisation of such species. High quality is important 
to African farnlers as Lellcaena has the potential to 
substitute for concentrate rations in smallholder dairy 
production. Dzowela et al. reported the crucial need 
for additional protein sources for ruminant feeding 
systems, and they reported many examples of 
Lellcaella being evaluated as a feed with positive 
results. However, there has been little uptake by the 
rural communities. Surprising ly, there is little 
reported use of Lellcaena as a fuel wood in a 
continent where energy resources are scarce. The 
authors call for increased efforts to promote the 
value of the genus for rural and peri-urban use. To 
support this promotion, Dsowela et al. noted the need 
for improved seed availability of high quality 
germplasm. 



Southeast Asia and Pacific regions 
The largest areas and the greatest use of leucaena 
(L. /eucocepha/a) can be found in Southeast Asia. 
Whil e there are large areas of natural ised leucaena in 
the South Pacific region, use of this resource is lim
ited. The reasons for the greater use of leucaena in 
Southeast Asia are associated with the region's high 
populations and intensive agri cultural systems 
compri sing smal l mixcd fa rms which have a high 
rcquircment for multi-purpose trccs, particularly in 
thc Ph i lippines. Moog et al. (these Proceed ings) out
line the many uscs of leucaena in the region (fodder 
for ruminants and pigs, poles, fuelwood, trelli ses, 
fence l ines, leaf mea l, shade and so il protection, 
alley cropping) in production systcms rang ing from 
home gardens to upl and sloping land, communal 
areas, plantation crops, and fuel wood lots. 

M oog et al. noted that the invasion of the leucaena 
psy llid in the mid-1980s has greatly reduced leu
caena productivity. Although productivity is now 
recovering, adoption rema ins low due primarily to 
poor understanding of the farmers ' needs and exag
gerated expectations from the pl ant. Other factors are 
lack of access to credit, land tenu re prob lems, 
sca rc ity of land and lack of time for new plantings by 
over-pressed farmers. In the Sou th Pacific reg ion, a 
lack of promotion and therefore poor understanding 
of the benefits of leucaena, as well as insuffici ent 
information on the planting, management and use of 
leucaena has retarded i ts more widespread adoption. 
M oog et al. poin ted out that improved adoption will 
be achieved by working more closely with farming 
communit ies to identify economic, soc ial and 
institut ional constraints leading to the preparati on of 
more relevant development programs. 

Latin America 
Since th is region is the' home' o f Leucaena, it comes 
as l itt le su rpri se that indigenous Indian peoples of the 
region cont inue to cultivate several species for food 
(unripe pods), shade, fuelwood, fence posts and 
construction, and fodder fo r goats, cattle, pigs and 
rabb its (A rgel et al., these Proceedings). However, 
these are long-standing traditiona l uses and despi te 
10 to 15 years of research showing the potential 
advantages of leucaena for commercial livestock 
production and as fuelwood, there is littl e adopti on 
outsi de the abovementioned trad itional uses. Th is is 
despite there being large areas of sui table so ils 
(medium to good fertil ity) in Central and South 
America which carry high populations of beef and 
dual purpose cattle 

A rgel et al. blame poor awareness by farmers of 
the potent ial benefits, lack of technica l information 
on establishment, management and profitability of 
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commerc ial developmen t, and poorly supported 
ex tension programs, for the lack of adoption. 

Australia 
L1rsen at al. (these Proceedi ngs) discussed the great 
potential for increased plantings of leucaena in Aust
ralia. GIS analysis suggests 10 M ha of land suitable 
for leueaena (H.M. Shelton, unpublished data). There 
is currently around 50000 ha planted in northern 
Austral ia for commerci al beef production. The main 
areas arc in Queensland on fertile clay soils in the 
600 to 800 mm rainfall zone, and these highly pro
ductive pastures are used to target high value 
domestic and export markets to Southeast Asia 
(Larsen et al.). 

Leucaena has a high and positive awareness 
profil e in Australia, and adoption is proceeding at a 
modest pace. The au thors note that the high cost of 
establishment and the high number of establishment 
failures, due to inadequate weed control, remai n 
important issues. 

T hey suggest a number of technica l and social 
res trict ions that impede more rapid adoption. Partic i
patory resea rch and extension approaches have been 
successful and they suggest the formation of a 
Lellcaella Growers Association to educate, promote 
and assure high quality of their product. 

Communication of Leucaena R&D 
The formation of the Leucaena Research and Devel
opment Network (LEUCN ET) at the 1994 Bogor 
Lellcaena Workshop proved to be a successful and 
innovative approach to the problem of communica
tion among research and development w orke rs. 
LEUCNET is a network of sc ientists and institutions 
who share common interest in improving the produc
ti vity and utility of the Leucaena genus. Five issues 
of th e newsletter have been published since July 
1995 and there are now over 500 L EUCNET partici
pants. The newslett er is a forum to highl ight findings 
concerning l eu~aena research and development. It is 
an important means of linking those w i th an interest 
in leucaena worldwide and to some extent has been 
successful in influencing the direction of research 
and development in the genus. 

Future Opportunities 
Participants at the Workshop came fro m many coun
tri es, all with their own knowledge and experiences 
with Lellcaena. This provided a unique opportunity 
to conduct a survey to prioritise future R&D activi
t ies. A questionnaire was prepared, circulated and 
completed by 55 part icipants (see Table 2) . Five key 
areas were identified for further work (l isted below). 
Groups were formed to d iscuss key issues in each of 



Table 2. Survey questionnaire showing priority scores for future R&D work with Leucaefla spp. (number of completed 
questionnaires was 55). 

Priorities for Future R&D in the Leucaena Genus 
(panicipants allocated 50 points according to their future priorities for R&D work on Leucaefla) 

Priority topics 

TAXONONY and GENETIC RESOURCES 
Systematics 

Genetic resource propeny rights 
New seed collection of specific taxa ego L. co/liflsii 

Study of cytogenetics and origins of tetraploid species 
Study of breeding systems 

Study of occurrence of spontaneous hybrids 
Development of genetic conse.rvation methods 

Colchicine doubling to produce new 4n's 
AGRONOMY 

Plant evaluation of specific taxa e.g. L. collillsii 
Develop new hybrids of L. leucocepha[a 

Study mechanisms of psyllid resistance 
More work on biological control of psyllids 

Study environmental reasons for build-up of psyllids 
Continue search for cold tolerance cultivars 

Continue search for acid soil tolerance cultivars 
Field studies of Rhizobium effectiveness 

Develop methods for vegetative propagation of hybrids 
Develop methods for seed production of K.X2 hybrids 

Develop seedless triploids 
Methods for control of weed Leucaefla 

Study problem of acidification 
Control of pests other than psyllids 

Work on control of weeds in young Leucaefla 
Evaluation of gum production 

Distribution/production of Rhizobium inoculum 
WOOD QUALITY 

More study of wood quality 
More work on wood production of Leucaefla 

Management for hardwood production 
FORAGE QUALITY 

Study of environmental effects on tannins in plants 
Study of Leucaefla for monogastrics 

New analytical procedures for proximate analysis 
More long-term palatability studies 

Studies on protein binding ability of tannins 
Study methods to manage trees to maximise intake 

Study capacity of trees to survive direct grazing 
Evaluate Leucaefla for dairy production 

Study grazing value of KX2 
Study of effects of feeding Leucae/la on breeding cows 

Metabol ic effects of secondary metabolites 
Tannin on endogenous protein loss 

Grazing studies with different leucaenas 
FARMING SYSTEMS and ON-FARM ACTIVITIES 

To ta 1 sco res 

Seed multiplication best accessions 
On-farm testing of K.X2 hybrids and triploids 

On-farm evaluation of other taxa ego L. col/illsii 
Education programs on management and use of Leucaella 

Economics of establishment of Leucaella 
Compare L. col/illsii with indigenous MPTs 

Providing inoculum to farmers 

, Priority rating 1-2 " Priority rating 2- 3 '" Priority rating >3 
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Priority points for 
Individual topics 

0.1 
OA 
0.9 
0.0 
0.8 
OA 
1.0' 
0.1 

1.2' 
0.9 
0.7 
0.8 
0.5 
0.8 
0.9 
0.8 
2.5" 
2.6" 
0.9 
0.9 
1.1' 
0.1 
0.6 
0.1 
0.2 

0.8 
OA 
0.1 

lA' 
0.9 
0.3 
0.6 
1.9' 
2.1" 
0.9 

. 2.5" 
1.8' 
1.5' 
0.1 
0.1 
0.3 

3.6'" 
2.0" 
2.2" 
2.9" 
2.1" 
1.1 ' 
0.0 

49 

Overall priority for 
section 

3.8 

15.5 

1.3 

14.2 

13.9 

49 
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these priority areas and the outcomes are presented 
below. 

Taxonomy and genetic resources 
There was recognition that all are dependent on 
genetic resources and that seed needs to be available 
when required. It was agreed that new methods of 
conservation were not necessary (in situ , ex situ, 
circa situm methods were available) but that there is 
a need for more resources for conservation including 
recognition of the role of farmers, communities and 
countries in the conservation process. 

The group reported an acute need to diversify 
genetic material in commercial use. However, 
present holdings of Leucaena germplasm were 
regarded as adequate for important species such as 
L. leucocephala, L. collinsii, L. pallida and 
L. trichandra. Until it has been established that 
available variation is inadequate there is no need for 
further collections or high-tech solutions. 

In view of the importance of the KX2 hybrid, 
further investigation of other hybrid combinations 
may be useful and, in particular, production of sterile 
triploids to reduce weed risk will be important. 
Development of weed eradication and management 
strategies for weed leucaena is necessary. 

Propagation methods for best accessions 
Participants reported that production of high quality 
seeds of the best accessions, and vegetation propaga
tion methods for the outstanding KX2 hybrid, were 
very high priority. There was a recommendation that 
the production of foundation seeds might occur with 
LEUCNET oversight to ensure genetic purity. This 
could be further aided by a Seed Production Protocol 
Manual. It was suggested that there were advantages 
in focussing international funding to an institute 
(e.g., ICRAF). 

The group recommended that research priorities 
should centre on methodologies for propagation of 
the hybrid varieties both vegetatively and by seed . 
This latter objective would be expedited if a self
incompatible form of L. leucocepha/a or male ste
rility in any of the species, could be found. There 
may even be scope to breed for clonability. 

To date, there appears to be little variation in the 
wood quality within species in the genus. A search 
for high value, high quality wood Leucaena may be 
fruitful. 

Forage quality and animal production 

Condensed tannins 
This group noted that tannins could waste protein! 
The overall aim of tannin management should be to 
maximise protein retention by the animal. Key 
priorities are to determine maximum tolerable level. 
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This needs to be done using in vivo metabolic 
studies involving forages with different (known) 
tannin levels, and with goats and cattle. 

Work presented at the workshop showed that 
tannin concentrations in Leucaena will be affected 
by season, management, post-harvest processing 
(leaf meal, wilting), nutrient supply, and herbivory 
and that these effects were poorly understood. The 
group noted that tannin binding ability varied with 
species and that there were a number of amelioration 
methods available including the use of PEG, mineral 
complexation, and mixtures of high tannin forages 
with tannin-free forages (high-protein). 

Animal production 
Evaluation of the feeding value of KX2s in feeding 
and grazing trials are clearly of highest priority. The 
agronomic value of this material is outstanding yet 
relatively little is known about its feeding value 
except that it is likely to be intermediate between 
both parents (L. leucocephala and L. pallida). There 
is a need to ensure that the long-term palatability of 
the KX2 is satisfactory in view of problems occur
ring with L. pallida. 

Other priorities identified were improved under
standing of plant and animal management factors 
giving the most desirable intake of Leucama to max
imise animal productivity. It was noted that there is 
still uncertainty as to whether some countries have 
the DHP degrading rumen 'bug' SYllergistes jonesii. 

On-farm evaluation 
This group recommended the need for on-farm 
testing of the outstanding germplasm including the 
KX2, KX3 hybrids and L. collinsii in diverse 
farming systems. They emphasised the need for 
readily available planting material of the new KX2 
hybrids and they preferred seed to clonal cuttings 
because of ease of dissemination. Possible priority 
systems include the upland farming systems in 
Southeast Asia and Africa for both fodder and fuel
wood, and extensive systems in PNG and Australia. 
This would be greatly assisted by preparation of 
planting and management manuals 

The group emphasised the need to establish seed 
multiplication orchards of new elite germ plasm and 
to initiate pilot 'on farm' evaluations of the new 
accessions using participatory approaches. Another 
group suggested various extension approaches 
including small groups of farmers making farm visits 
to demonstrations sites, with adequate one-on-one 
contact to achieve trust and confidence. 

Education and economics 
The survey identified the need for education pro
grams on the use of Leucaella including information 



on the economics of establishment and management 
of Lellcaella. The group recommended cost/benefit 
analysis of Lellcaena systems separating short term, 
intermediate and longer term issues. They recom
mended a more commercial and professional sales 
approach to extension and education using farmer 
testimonies emphasising the profitability of 
Lellcaena systems. They suggested that scientists 
may not have the appropriate skills for this task . 
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In another discussion, it was agreed that continua
tion of Lellcnel News to promote Lellcaena R&D 
was a priority. 
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Abstract 

The scope and fundamental importance of systematic studies are outlined and a recent 
systematic investigation of Leucaena is reviewed. Recent taxonomic research shows that Leucaena 
comprises 22 species, six infraspecific taxa (subspecies and varieties) and two named hybrids. The 
background to and basis for delimitation of 22 species is explained and justified. Specific 
implications for name changes to well-known species are clarified in detail. Three hypotheses of 
species relationships and evidence pertaining to the origins of the four known tetraploid species are 
presented and discussed. Finally, pointers are provided to three major taxonomic outputs, a new 
taxonomic monograph of Leucaella, a Genetic Resources Handbook and a botanical database -
the BRAHMS Monograph Series: Lellcaena. 

TH E terms systematics and taxonomy are often used 
interchangeably to refer to the science of discovery, 
description, comparative biology and classification 
of species. Any systematic study comprises several 
components. Firstly, it involves the delimitation and 
description of species in answer to the basic question 
- what species are there in the study group'! 
Species description precedes comparative study of 
morphological and molecular variation to analyse 
species relationships . A scheme of relationships, 
presented as a hie rarchical branching diagram is used 
to construct a classification. 

Most analyses of relationships among taxa rely on 
c1adistic methods, sometimes referred to as phylo
genetic systematics. Cladistics is an objective and 
maximally informative systematic discovery pro
cedure that reveals hierarchical order in character 
data. This allows natural (or monophyletic) groups 
supported by the maximum number of shared 
characters (synapomorphies) to be identified and 
recognised in classifications. 

The product of a systematic study is a classifica
tion presented in an efficiently retrievable form, such 
as a taxonomic account, monograph or biodiver
sity database. Taxonomic accounts cover the organ
isation and history of diversity, providing data on 
what species there are, where these species occur, 
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what characteristics and properties they have and 
how are they related. 

For economically important plant groups, such as 
Leucaena, clear knowledge and documentation of 
species diversity directs both the search for close 
relatives of widely planted species that are the source 
of new genetic diversity, and the setting of priorities 
for conservation . 

On a more prosaic level, classifications provide 
the scientific names that are the universal language 
for communication among agronomists, foresters, 
agroforesters, crop and tree breeders, natural 
resource managers, conservation biologists and 
ecologists, as well as the basis for developing identi
fication tools and a reliable backbone upon which to 
locate and synthesise applied data on species charac
teristics. Systematics thus provides important foun
dations for all efforts to conserve, utilise and 
improve plant genetic resources. 

In an ideal world, taxonomic research to discover, 
delimit and describe species, understand their rela
tionships and map their distributions should precede 
efforts to assemble seed collections. In practice, this 
is never the case. The two proceed hand-in-hand. 
Field exploration and seed collection expeditions 
provide insights into taxonomy and material for 
taxonomic research, which subsequently suggests 
how collection strategies might be refined, or what 
new collections of previously unknown or poorly 
known species are needed. This has been very much 
the case for Leucaena. 



Systematic field exploration and collection of 
Lellcoel/o started in ] 961. By the early 1980s, the 
University of Hawaii and CSIRO in Australia had 
already assembled two large seed collections of Leu
coel/O, and new seed collections were contemplated. 
At the same time, a substantial program of applied 
research was underway to investigate the agronomy, 
silviculture, artificial crossabil ity, Rhizobium affini
ties, cytology, fodder qual ity and site adaptability of 
species of Leucoel/o. In spite of this intense applied 
research activity and ever expanding promotion of 
Lellcaeno planting, basic taxonomic knowledge 
remained lacking. There was no up-to-date taxo
nomic revision of the genus; new species were being 
discovered, old neglected species rediscovered, and 
the origin of the most widely cultivated species, 
L. lellcocephola, remained unknown. In short, it was 
clear that the utilisation, breeding and conservation 
of Lellcaena genetic resources were resting on shaky 
foundations . 

The past decade has seen a period of intense 
research activity to investigate diversity in Leucaena. 
Intensive field exploration, collection of seed and 
botanical specimens, and ethnobotanical survey 
(Casas and Caballero 1996; Zarate 1997; Hughes 
1998a) have been carried out in the natural popula
tions of Leucaena throughout its range in ] 1 coun
tries in Latin America. Molecular techniques have 
been applied for the first time to examine species 
relationships, the origins of tetraploid species and 
hybrids (Harris et al. 1994a; Hughes and Harris 
1994) and patterns of genetic diversity within species 
(e.g., Harris et al. 1994b; Chamberlain et al. 1996). 

A botanical database of Lellcaena containing data 
on 2800 herbarium specimens has been built. Taxo
nomic research to delimit species, analyse their rela
tionships (Harris et al. 1994a; Hughes 1998b) and 
resolve synonymy has been completed and compiled 
as a new taxonomic monograph of the genus 
(Hughes 1998b). Spontaneous hybrids have been 
analysed and identified (Hughes and Harris ] 994; 
1998) and new species and subspecies discovered, 
described and named (Brew baker 1987a; Zarate 
1984a, 1987a, 1987b, ] 994; Hughes 1986, 1988, 
1991, 1997a; Hughes and Harris 1994; 1998). 
Generic relationships have been analysed to establish 
whether Lellcaena forms a natural group (Luckow 
1997; Hughes 1998b). The conservation status of 
Lellcaena species has been assessed systematically 
for the first time (Hughes 1998a). In short, know
ledge of the genus, its systematics and genetic diver
sity has been transformed; shaky foundations have 
been reinforced. 

Results of all this research, along with applied 
data on species characteristics, seed collections and 
domestication have been assembled, synthesised and 
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presented in a single, readily accessible Genetic 
Resources Handbook (Hughes 1998a) for all those 
concerned with the cultivation, utilisation, improve
ment and conservation of the genetic resources of 
Leucaena. 

This paper is based on , but much modified from 
Chapter 2 of that Handbook. The aim of this paper is 
to provide pointers to the publ ished outputs of recent 
taxonomic research rather than duplicate their 
contents and repeat the results in detail. 

Species Delimitation 
Perhaps the most surprising and significant outcome 
of recent taxonomic research for Leucaena growers 
and applied researchers is that the number of species 
in the genus has increased from 17 (as recognised by 
Hughes and Harris (1995) in the Proceedings of the 
Leucae/la Workshop held in Bogor, Indonesia in 
]994) to 22. 

In the recent taxonomic monograph (Hughes 
1998b) Leucaena is shown to comprise 22 species, 
six named infraspecific taxa (subspecies and 
varieties) and two named hybrids. New species and 
name combinations to account for these taxa (apart 
from the hybrid species) were published in advance 
(Hughes, ] 997a) of the new taxonomic monograph 
to facilitate their use in the Genetic Resources 
Handbook (Hughes 1998a) and the World Leucaena 
Catalogue (Bray et al. 1997). 

Accepted names for the 22 species and six infra
specific taxa with their synonyms, following Hughes 
(1998b), are listed in Table 1. Given the turbulent 
taxonomic history of Lellcaena in terms of numbers 
of species (ranging from 10 to 39 over the last 
century), it would be reasonable to ask - why does 
the number of species vary? - why do some well
known species change their names and status? -
what expectation is there that these latest changes 
will result in greater stability in years to come? The 
background to, and justification and basis for, delim
itation of 22 species, are explained below. 

The genus Lellcaena was established by Bentham 
(1842) with four species: L. glallca, L. pulverulenta, 
L. diversifolia and L. Irichodes, all previously placed 
in Acacia. Following Bentham's later recognition of 
six (Bentham 1846), then nine species (Bentham 
1875), four botanists, each with a different approach 
to species delimitation, Nathaniel Britton and 
loseph Rose, lames Brewbaker and Sergio Zarate, 
have figured prominently in the classification of 
Lellcaena. The number of species recognised has 
varied from ten to 39. 

After Bentham's (1875) revision, field exploration 
over the next 50 years led to the description of many 
supposed new species and culminated in the 



Table 1. Leucaena species, infraspecific taxa, and their synonyms recognised by Hughes (1998b). A complete checklist of 
all accepted names, synonyms, their place of publication and type specimens is presented by Hughes (1998a) 

Recognised spec ies and authorities 

L. coliinsii Srilton & Rose 

L. collfertif/ora S. Zirate 

L. cuspidata Standley 

L. diversifolia (Schltdl.) Sen th . 

L. escu/enta (Sesse & Moc. ex DC.) 
Senth. 

L. greggii S. W atson 

L. illvo/ucrata S. Zarate 

L. /allceolata S. Watson 

L. /empiralla C.E. Hughes 

L. /eucocephala (Lam.) de Wit 

L. macrophylia Senth . 

L. maglliJica (C.E. Hughes) C.E. Hughes 

L. matudae (S. Zarate) C.E. Hughes 

L. mu/ticapitula Schcry 

L. paliida Srilton & Rose 

Recognised infraspecific taxa 

subsp. coliillsii 

subsp. zacapalla C.E. Hughes 

var. collfertif/ora 

var. adellotheJoidea (S. Zarate) 
C.E. Hughes 

var. lallceo/ala 

Synonyms (excluding basionyms) 

L. escu/ellla (Scsse & Moc. ex DC.) 
Senth. subsp. coliillsii (Srilton & Rose) 
S. Zarate 

L. cOllferlif/ora S. Zarate subsp. adellOlh
e /oidea S. Zarate 

L. cuspidala Standley subsp. jaca/ellsis 
S. Zarate 

L. diversifo/ia (Schltdl.) Senth. subsp. 
diversifolia sensu Pan (1988) 
L. brachycarpa Urban 
L. laxifoJia Urban 

L. collfusa Srilton & Rose 
L. doy/ei Srilton & Rose 

L. microcarpa Rose 
L. bralldegeei Srilton & Rose 
L. cruzialla Srilton & Rose 
L. pa/meri Srilton & Rose 
L. pubescells Srilton & Rose 
L. purpusii Srilton & Rose 
L. sina/oellsi" Srilton & Rose 
L. sOllorellsis Srilton & Rose 
L. Ililells M.E. Jones 

var. sousae (S. Zarate) C.E. Hughes L. /anceo/ala S. Watson subsp. sousae 
S. Zirate 

subsp. leucocephala 

subsp. glabrala (Rose) S. Zarate 

subsp. ixlahuacana C.E. Hughes 

subsp. macrophylia 

subsp. islmensis C.E. Hughes 
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L. glauca (Willd .) Senth . 
L. /alisiliqua sensu Gill is & Steam 

L. macrocarpa Rose 
L. houghii Srilton & Rose 
L. ne/sonii Srilton & Rose 
L. macrophylla Senth. subsp. ne/sonii 
(Srilton & Rose) S. Zarate 

L. shannollii J.D. Smith subsp. maglliJica 
C.E. Hughes 

L. escu/ellla (Sesse & Moc. ex DC.) 
Senth . subsp. maludae S. Zirate 

L. dugesiana Srilton & Rose 
L. oaxacana STilton & Rose 
L. paniculata STilton & Rose 
L. escu/enla (Sesse & Moc. ex DC.) 
Senth . subsp. panicu/ata (Srilton & 
Rose) S. Zarate 



Table 1. Lel/caella species, infraspecific taxa, and their synonyms recognised by Hughes (1998b). A complete checklist of 
all accepted names, synonyms, their place of publicMion and type specimens is presented by Hughes (1998a) continued 

Recognised species and authorities Recognised infraspecific taxa Synonyms (excluding basionyms) 

L. pl/eblalla Britton & Rose 

L. pl/lverulellla (Schltdl.) Benth . 

L. reil/sa Benth. 

L. salvadorellsis Standley ex Britton 
& Rose 

L. shallllollii J .0. Smith 

L. Irichandra (Zucc.) Urban 

L. trichodes (Jacq.) Benth. 

revIsions of Standley (1922), who recognised 15 
species and Britton and Rose (1928), who alone 
added 24 species, bringing the total to 39. Britton 
and Rose (1928) based their delimitation of species 
on characters that are now viewed as unreliable, 
either because they present continuous patterns of 
variation across species (e.g., leaf, leaflet and pod 
dimensions) and are therefore not amenable to any
thing but arbitrary division, or because they vary 
within populations that are otherwise constant (e.g., 
leaf and pod pubescence). In the absence of 
rangewide sampling, they failed to detect the conti
nuities and population variation that are now 
obvious. The result was a proliferation of supposed 
new species. 

James Brewbaker and colleagues at the University 
of Hawaii made the first attempt to rationalise this 
proliferation of species. Their knowledge of Leu
caena was gained from several seed collection 
expeditions and their work on genetic improvement 
of Leucaena species through hybridisation from the 
1960s onwards. They adopted an approach to species 
delimitation, based on observation of material in cul
tivation in Hawaii and on crossability, and reduced 
the number of species recognised initially to 10 
(Brewbaker and Ito 1980), with gradual reacceptance 
of additional species to 16 as they were added to the 
Hawaii collection (Brewbaker 1987a, 1987b; Brew
baker and Sorensson 1994). The criteria used by 
Brewbaker and colleagues to delimit species 
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Acacia sabeal/a Buckley 

L. slellocarpa Urban 
L. diversifolia (Seh/tdl.) Benth. subsp. 
stel/ocarpa (Urban) S. Z:irate 
L. gualemalellsis Britton & Rose 
L. revolula Britton & Rose 
L. stalld/eyi Britton & Rose 
Acacia albanellsis Britton & Rose 

L. callescens Benth. 
L. pseudolrichodes (DC.) Britton & Rose 
L. colombiana Britton & Killip 
L. bolivarellsis Britton & Killip 
L. trichodes (Jacq.) Benth. var. aCUlifolia 
Maebride 

(Brewbaker et aJ. 1972; Brewbaker and Ito 1980; 
Brewbaker 1987a; Brewbaker and Sorensson 1994) 
were never explicitly stated and no formal taxonomic 
account was produced. What is clear, however, is 
that Brewbaker maintained a sceptical view of the 
validity of any species until he had collected material 
of it himself and observed its progeny in cultivation 
in the Waimanalo arboretum in Hawaii. Additional 
species were acknowledged only with some reluc
tance during the 20 years after his initial acceptance 
of 10. 

Sergio Zarate of the National University of 
Mexico, worked on Leucaena initially for the Flora 
of Oaxaca, later collecting more widely with the 
Australian forage germplasm collector Bob Reid. 
From the 1970s unwards, he has continued to inves
tigate the taxonomy, ethnobotany and indigenous 
domestication of the Mexican species of Leucaena as 
minor food plants (Zarate 1982, 1984a, 1984b, 
1987a, 1997), work which culminated in publication 
of a taxonomic revision of the Mexican species 
(Zarate 1994). This revision included two new 
species, four new subspecies and five new combina
tions, four of them based on species recognised by 
Britton and Rose. 

Zarate's approach to species delimitation relied on 
extensive use of subspecies. Zarate (1994) justified 
this by the frequent occurrence of interspecific 
hybridisation in Leucaena, and the unusual 'abun
dance of incipient allopalric speciation' (Zarate 



1994: 88), which he attributed to the complex bio
geographical history of the region. Subspecies were 
viewed as a solution to these perceived difficulties. 
Zarate also apparently saw subspecies as a mecha
nism to indicate relationships reflected in his bel ief 
that 'a classificalion exclusively of dislillcI species is 
of 110 benefil eilher 10 the inleresled scientist, or for 
commllnication of this knowledge to the user COlnll/l/

nity' (Ziirate 1994: 88, translated from Spanish) . 
Zarate further mentioncd ease of identification (to 
species) with certainty, as more than compensating 
for the i nconven ience caused by a system composed 
mainly of subspecies. 

Although this marked variation in numbers of rec
ognised species and in the importance given to sub
specific ranks by diffcrent authors is partly 
attributable to the history of collection and species 
discovery, it is mainly a function of differing views 
about what constitutes good character evidence for 
species or infraspecific taxa. The aim in delimiting 
species (Hughes 1997a; 1998b) has been to name, as 
pecies, all the diagnosable entities based on all 

available qualitative, or discrete, character states 
which appear to be fixed within and among popula
tions. Such an approach emphasises distinctions 
rather than similarities as pursued by Zarate (1994) 
so that well-formed and incipient species are circum
scribed, thus allowing finer distinction of useful 
variants, important units for conservation and identi
fication of biogeographic patterns. This author has 
used an explicit pattern-based species concept - the 
so-called phylogenetic species concept (Rosen 1979; 
Eldredge and Cracraft 1980; Nelson and Platnick 
1981; Cracraft 1983; Nixon and Wheeler 1990), 
which recognises species that possess constant and 
unique character states or unique combinations of 
character states. 

Much new morphological data have been gathered 
(Hughes 1998b) providing additional field, macro
morphological and microscopic characters. Many of 
these characters have proved useful in species delim
itation. For example, investigation of pollen and 
another morphology using Scann ing Electron M icro
scopy revealed a suite of discrete character states 
which unequivocally separate L. fIlulticapitula, 
previously considered as doubtfully distinct from 
L. Irichodes (Hughes 1997b). 

Process-based (hybridisation, crossability, domes
tication, physiology), as opposed to pattern-based 
(morphological) evidence, has not been used directly 
in species delimitation . Quantitative characters, 
because they vary continuously within and among 
species and show overlapping variation when viewed 
across the genus as a whole, do not provide an objec
tive basis for species delimitation and have only been 
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used at infraspecific level. Subspecies were used for 
entities which are distinguished by several quantita
tive traits and which are clearly correlated with geog
raphy (e.g., L. collinsii). Varieties were used for 
entities which differ in several quantitative traits but 
which are not correlated with geography (e.g., L. lan
ceolata) or for which the geographic limits of the 
variants are poorly known. Although there is ample 
evidence for hybridisation within Lellcaena (Zarate 
1994; Sorensson and Brewbaker 1994; Hughes and 
Harris 1994; 1998), infraspecific taxa provide no 
solution to the problem of naming hybrids. 

Zarate's second contention that subspecies are an 
effective way to indicate groups of closely related 
taxa, is again little substitute for an informed anal
ysis of species relationships and presentation of an 
explicit hypothesis of relationships in the form of 
a hierarchical branching diagram (see Figure 2). 

The result of applying a rigorous, pattern-based 
morphological species concept across the genus as a 
whole, using the full spectrum of available morpho
logical characters, and critically re-evaluating quanti
tative characters is that many of the species 
described by Britton and Rose are not now recog
nised as distinct and their names are treated as syno
nyms (Table 1; Hughes, 1997a; 1998b). In contrast, 
some of the subspecies recognised by Zarate (1994) 
qualify as distinct species. Important changes which 
are potential sources of taxonomic confusion are 
clarified in detail as follows: 

L. diversifolia 

The known tetraploid and diploid taxa, treated in the 
past as subspecies of L. diversifolia (Brewbaker 
1987a; Pan and Brewbaker 1988; Zarate 1994), are 
now recognised as distinct species, L. diversifolia 
(tetraploid) and L. trichalldra (diploid) (Hughes and 
Harris 1995; Hughes 1998a; 1998b). The name 
L. diversifolia subsp. diversifolia, previously used by 
Brewbaker (1987a), Pan and Brewbaker (1988), 
Zarate (1994), and Harris et al. (1994a) and in the 
early distribution of OFI seedlots (notably ident Nos. 
45/87 and 46/87) (Hughes 1993), is now replaced 
simply by L. diversifolia. Previously the diploid 
taxon was recognised as L. diversifolia subsp. stello
carpa (Zarate 1984a; 1994). This name was used by 
Hughes (1993), Harris et al. (1994a) and applied to 
the OFI Lellcaena seed (notably ident Nos. 35/88 
and 53/88) distributed up to 1996. However, Pan 
(1985, 1988), Pan and Brewbaker (1988) and Brew
baker and Sorensson (1994) used the name L. diver
sifolia subsp. trichalldra. The correct name for the 
diploid taxon, which is now recognised as a distinct 
species, is L. trichalldra (Hughes 1998a; 1998b). 



L. pallida 
Although Brewbaker (1985, 1987a), Zarate (1994) 
and Hughes (1993) all agreed that the four species 
described by Brilton and Rose (1928), L. dllgesiana, 
L. oaxacana, L. pallida and L. paniclllata are the 
same thing, there has been disagreement about the 
accepted name and whether it should be treated as a 
separate species, or a subspecies of L. esclllenla. It 
was originally designated as L. paniclllata in the 
CSIRO Lellcaena seed collection (Bray t, pers. 
comm), as L. esclllenta subsp. paniculata by Zarate 
(1984a, 1994) and as L. pallida by Brewbaker and 
colleagues in Hawaii. Hughes (1993) originally 
followed Zarate (1984a) and used the name 
L. esculenta subsp. paniculata in the OFI seed 
distribution. The correct name for this taxon has now 
been clarified and justified as L. pallida by Hughes 
(1998b), in line with the majority of recent 
agronomic literature (Brewbaker 1987b; Brewbaker 
and Sorensson 1994). 

L. magnifica and L. matudae 
Both these species were originally described as sub
species (L. shannonii subsp. magnifica and L. escll
lenta subsp. matlldae respectively) and OFI seed was 
distributed under these names up to 1996. Adoption 
of a uniform, pattern-based species concept has 
meant that these two subspecies now qualify as 
distinct species based on unique morphological 
characters, or combinations of characters (Hughes 
1997a; 1998b). 

L. leucocephalo 
Variation within L. lellcocephala was first noted by 
agronomists evaluating different accessions for 
fodder production (e.g., Brewbaker et al. 1972). Two 
main variants, based primarily on habit, branchiness 
and vigour were recognised: firstly, a shrubby, low 
growing, highly branched, seedy, and often weedy, 
variant designated the 'Common type'; secondly, an 
erect, arborescent, lightly branched, less seedy 
variant designated the 'Giant' or 'Salvador type' 
(Brewbaker et al. 1972; Brewbaker 1980; Brewbaker 
1987b). These variants were formally recognised as 
distinct subspecies by Zarate (1987a). The two sub
species recognised by Zarate (1987a) correspond 
directly to the agronomic types viz: subsp. lellco
cephala = 'Common type'; subsp. glabrata = 'Gianl' 
or 'Sa lvador' type. A third agronomic variant, the 
so-called 'Peru type' also belongs with subsp. 
glabrata. During a recent exploration by Hughes and 
collaborators in northern Guatemala, an additional 

1. Robert Bray, Narayen Agricultural Services, 42 Edson 
Street, Kenmore, Queensland 4069, Australia 
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variant, which differed from both subsp. lellco
cephala and glabrata, was encountered and 
described as a third subspecies named ixtahuacana 
by Hughes (1997a). 

L. collinsii subsp. zacapalla 
Pre-1991, this taxon, native to the Motagua Valley 
system in southeast Guatemala, was confused with L. 
diversifolia. Seed of L. col/insii subsp. zacapana dis
tributed from OFI (Ident Nos 15/83 and 18/84) 
during the 19805 was misidentified as L. diversifolia. 
This name was also wrongly used by the regional, 
CATIE-based MADELENA project in all its 
research activities with this taxon in Central 
America. 

Species Relationships 
Understanding of species relationships, based on 
analysis of comparative morphological and molec
ular data, provides the basis for classification. There 
are three published analyses of species relationships 
within Lellcaena - Zarate's (1984a, 1994) division 
of the genus into two sections, an analysis of chloro
plast DNA variation by Harris et al. (1994a) and a 
cladistic analysis of 29 morphological characters by 
H ughes (1998b). 

Zarate (1984a) suggested dividing the genus into 
two sections based on three conspicuous leaf charac
ters - leaflet size, number of pinnae, and shape of 
petiole gland. This informal division was claimed by 
Zarate (1984a: 27) to be 'somewhat nalllra!' 
although the problematic position of L. shannonii 
with its polymorphic leaflets which are intermediate 
between the two sections was recognised. The two 
sections were formally designated by Zarate (1994) 
as section Macrophylla, typified by L. macropltylla, 
comprising L. macropltylla, L. lanceolala, 
L. shannonii, L. retusa and L. trichodes, and section 
Leucaena, typified by L. lellcocepltala, comprising 
the remaining species. 

Harris et al. (1994a) produced the first explicit 
hypothesis of relationships within Leucaena based 
on chloroplast DNA variation. This scheme of rela
tionships shows three major groups (Figure 1) and 
does not support the sectional classification of Zarate 
(1994). Cytoplasmic DNA phylogenies may differ 
from species phylogenies particularly where there 
has been hybridisation and introgression (Doyle 
1992). Given that there is considerable evidence that 
hybridisation has been important in Leucaella, the 
cpDNA tree (Figure 1) should be treated as a 'gene 
tree' and not a 'species tree'. This also means that it 
is difficult to compare directly the morphological 
tree (Figure 2) with the cpDNA tree, or to combine 
the two as an integrated scheme of relationships. 



coflinsii col/ins;; 

trichandra 

magnifica 

shannonii 

collinsii zacapana 

Irichandra 

confertiflora • 

lanceolala 

trichandra 

52/87 

macrophylla macrophylla 

macrophylJa istmensis 

multicapitula 

salvadorensis 

lempirana 

trichodes 

esculenta 

pallida 122/92 • 

pallida 78/92 • 

pallida 79/92 • 

pueblana 125/92 

pueblana 34/89 

matudae 

32/89 

leucocephala • 

pulverulenta 

diversifolia 1/90 • 

diversifolia 45/87 • 

diversifolia 118/92 • 

diversifolia 126/92 • 

diversifolia 82/92 • 

diversifolia 146/92. 

diversifolia 81/92 • 

divelsifolia 83/92 • 

greggii 

letusa 

cuspidata 

involucrata 

Desmanthus 

Schleinit2ia 

Miclolobius 

Figure I. Analysis of chloroplast DNA and origins of tetraploid species. Scheme of relationships derived from analysis of 
chloroplast DNA variation. Tetraploid accessions are marked e. Numbers refer to OF! seed accession numbers - see 
Hughes (1998a) for details (modified from Harris et aL 1994a). 
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CaJliandropsis nervosus 

Schleinitzia novoguineensis 

y Desmanthus balsensis 

Desmanthus fruticasus 

L. greggii 

L. retusa 

L. cucpidata 

L. pulverulenta 

- L. col/insii 

L. trichandra 

-
L. esculenta 

-

~CC 
L. pueblana 

L. invo/ucrata 

L. matudae 

L. esculenta alliance 

L. fanceo/ala 

L. mufficapitula L. lanceo/ala alliance 

c L. macrophylla 

L. trichodes 

L. shannonii 

'-- ~ L. lempirana L. shannonii alliance 

L. magnifica 

'-- L. salvadorensis 

Figure 2. Species relationships in LeucaenG. Scheme of relationships of diploid species hypothesised by cladistic analysis of 
29 morphological characters showing three species groups within LeucaenG (modified from Hughes I 998b). 
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However, known maternal inheritance (Harris et al. 
1993), while limiting the usefulness of cpDNA in 
estimating species relationships, makes it particularly 
useful for detecting cases of hybridisation and for 
determining the maternal parent of tetraploid species 
originating as hybrids between two diploid species 
(allotetraploids). 

The third scheme of species relationships 
(Figure 2) derived from c1adistic analysis of 29 
morphological characters (Hughes 1998b) shows no 
support for the two sections designated by Zarate 
(1994). It shows broad, but not complete, agreement 
with the gene tree derived from cpDNA. Given the 
difficulties associated with treating the cpDNA tree 
as a species tree, the morphological analysis was 
used by Hughes (1998b) as a basis for classifying 
species within the genus. This scheme is favoured 
over the sectional classification of Zarate (1994) 
because it is based on a larger number of characters: 
29 rather than three. H ughes (1998b) also showed 
that the characters used by Zarate are not satisfacto
rily partitioned into two states. Leaflet size and 
number of pinnae show continuous variation across 
species and are not amenable to anything but arbit
rary division . Also variation in petiole gland shape is 
divided into three basic types rather than two. The 
scheme of relationships adopted by Hughes (l998b) 
identifies a number of groups or 'alliances' of 
closely related species within the genus (Figure 2). 
These include: 
• the L. escuienla alliance comprising L. escuienta, 

L. pueblana, L. involucrata and L. matudae. 
• the L. lanceolata group comprising L. lanceolata, 

L. multicapituia, L. trichodes, L. macrophyfla and 
a subgroup within it: 

• the L. shannollii all iance of L. shannonii, L. mag
niJica, L. lempirana and L. salvadorensis. 

• the four species, L. retusa, L. greggii, L. cuspidata 
and L. pulverulenta, although not a group, are 
consistently placed at the base of the tree and are 
hypothesised to be closely related. There is 
evidence to support a close relationship between 
L. retusa and L. greggii. 
The relationships of L. collinsii and L. trichandra 

are unresolved in this analysis. 
It remains to be seen what the predictive value of 

this classification (Figure 2) will be in terms of either 
new character data or species characteristics more 
widely. Two observations are of note at this stage. 
Firstly, it is known that condensed tannin content of 
leaves, an important determinant of nutritive va lue of 
livestock fodder, varies significantly across species 
(Stewart and Dunsdon 1998). It is notable that very 
low (sometimes zero) condensed tannin levels are 
found for all the species of the L. lanceo/ata alliance 
and for no other species except the unresolved 
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L. collinsii. Secondly, all species of the L. lanceo/ata 
alliance are moderately or highly susceptible to 
attack by the psyllid while the remaining species, 
with the notable exception of L. pulverulenta, are 
moderately or highly resistant. These two applied 
traits are thus broadly congruent with this scheme of 
relationships. 

Tetraploid species 
Chromosome number (ploidy level) provides a 
special type of data where some species within a 
genus have multiple sets of chromosomes (poly
ploids). The occurrence of polyploidy within 
Lellcaena has long been known following early chro
mosome counts (2n = 104) for L. lellcocephala (Tjio 
1948; Frahm-Leliveld 1957; Shibata 1962; Gonzalez 
et al. 1967). Subsequent studies showed that both 
diploids and tetraploids occur and that within each 
ploidy level there are two chromosome numbers 
(2n = 2x = 52; 2n = 2x = 56; 2n = 4x = 104; 2n = 
4x = 112). While the majority of species are diploid, 
there are four known tetraploids in Lellcaena, L. con
fertiflora (2n = 112), L. diversifolia, L. /ellcocephala, 
and L. pa//ida (all 2n = 104). Tetraploid species may 
originate either as autotetraploids - where chromo
some doubling occurs when mitotic chromosomal 
division is not accompanied by cell division, AA ~ 
AAAA - or as allotetraploids where chromosome 
doubling occurs as a result of hybridisation between 
species with distinct genomes, AB ~ AABB. 
Allotetraploids are more common that autotetra
ploids in plants. Evidence suggests that three of the 
four known Lellcaena tetraploids are allotetraploids 
derived from hybridisation between two diploid 
species. 

Evidence on the origins of the tetraploid species 
of Lellcaena remains incomplete. As noted earlier, 
the maternally inherited chloroplast DNA analysis 
provides the best source of evidence concerning the 
likely materna'l parent species. In the cpDNA tree, 
tetraploid species are likely to appear as sister (adja
cent) species to their maternal progenitors (Figure 1). 
In a cladistic analysis of morphological data, 
hybrids, with their reticulating evolutionary histories, 
violate the fundamental assumption that Nature's 
hierarchy can be effectively represented by a dichot
omous branching diagram. For this reason, the four 
tetraploid species of Leucaena were omitted from the 
initial analysiS of morphological data which was car
ried out including only the diploid species (Figure 2) 
(Hughes 1998b). However, morphological anal ysis 
may still provide some additional data on hybrid 
(tetraploid) origins by including the tetraploid spe
cies one by one in the analysis (Hughes 1998b). 



The currently available evidence on the orig in of 
the known tetrapl o id species o f Lellcael/a is summa
ri sed below . Further molecul ar research th at may 
cas t light on these orig ins is in progress (Harri s, 
un pub!, ; Hartman and Cocking 1996). 

L. leucocephala 
T he cpONA da ta suggest th at L. leucoceplwla had 
L. pulverulen/a , or a speci es w ith the cpONA type of 
L. pu/verulen/a , as the matern al parent. The morpho
logica l analysis suggested that L. leucocephala is a 
hybrid betw een two distantly related speci es, one 
with large and one (L. pulverulen/a) with small lea f
lets. G iven the distributi on of L. pulverufen/a in NE 
and E M exico, one of the two large leafl et speci es 
from that area, L. lanceo/a/a or L. macrophyl/a , is 
th e most likely male parent species . Low crossability 
of L. tnacrophyl/a, suggests L. lanceolala as the most 
likely second parent speci es. T he poss ibility that L. 
lell coceplwla arose in cu lti va tion was suggested and 
discussed by Hughes and Harri s (1 995) and Harris e/ 

al. (1996). Such an origin is compatible with ethn o
botanical evidence (Hughes, 1998a). Given the 
exi stence of three recognised subspeci es of 
L. /e/lcocepha/a multipl e ongms with slightly 
differing parentage are likely. 

L. diversifolia 
A lthough Pan (1 985) and Pan and Brew baker (1988) 
hypothes ised L. diversifolia to be an autotetraploid 
derived from L. /riclwndra , the cpONA data o f 
Harris e/ al. (1 994a) showed that this is not the case. 
L. /richandra and L. diversifolia have highl y disti nc
tive chloroplast genomes and were placed as dis
tantly related on the cpONA tree (Figure 1). T he 
cpONA data instead suggest that L. di versifolia also 
had L. pu/veru/ell/a as its matern al parent (Harris et 
a!. 1994a). L. pu/veru/enla, L. /eucoceplwla and 
L. diversifolia have very simi lar chl oropl as t genomes 
(H ughes and Harris 1998) . Morpho logica l analysis 
placed L. diversifo/ia as sister speci es to 
L. /richalldra indicating that species as a possibl e 
paternal parent. 

L. pal/ida 
Pan (1985) hypothesised L. pal/ida to be an allotet ra
pl oid derived f rom hybrid isat ion betw een L. escu
fen/a and L. /riclwlldra based on morphologica l 
intermediacy and geography. The analysis of cpONA 
(Harris et al. 1994a) was compatibl e w i th that 
hypothesis until L. pueblana was resurrected as a 
species disti nct from L. pal/ida by Hughes (1998b). 
When L. pueblalla is recognised, this species 
becomes the I ikely maternal progenitor (Figure 1). 
T his is compatibl e wi th the morphologica l analysis 
w hich placed these two species as sister species. 
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L. confertiflora 
The orig in of L. confer/if/ora remains unknown. 

Outputs 
Recent taxonomic research has resulted in three 
maj or outputs: (i) a new taxonomic monograph of 
Leucaena (Hughes 1998b); (ii) A Gene/ic Resources 
Handbook (Hughes, 1998a); (iii) a botanica l data
base - the BRAHMS Monograph Seri es: Leucaena . 

Taxonomic Monograph 
A new taxonomic monograph of Leucaena has been 
completed and publ ished in Sys/ema/ic BOlany 
Monographs (Hughes 1998b). The monograph 
combines alpha taxonomic descriptive botany with 
systematic analysis of morphological data and 
includes discuss ion of taxonomic history , a full 
presentation of morphological variation, cl adistic 
analyses of generic and species relationships and a 
compl ete taxonomic account. The taxonomic 
accoun t comprises a key for identification of spec ies, 
complete synonymy, full descriptions, notes on 
phenology, distribution and vernacul ar names, 
specim en cit ation li sts, botanica l drawings and 
distri bution maps. 

Genetic Resources Handbook 
Formal taxonomic publications, such as the revi sion 
of Mexica n speci es (Zarate, 1994) or the recent taxo
nomic monograph o f the genus (Hughes 1998b) are 
of I imited use to foresters, agronomists, breeders, 
other Lel/caena growers, ecologists and ethnobota
nists, not necessarily botanically train ed, who are 
interested in ident if y ing trees in the f ield or under
standing diversity in terms of useful characteri stics 
of species. Such publi cations are not w idely distrib
uted and avail able to all. They tend to use a lot of 
techni ca l j argon and they usually rely on detail s of 
fl owers and fruit s which are generally present on 
herbarium specimens - and even microscopic char
acters, such as po llen morphology - but which are 
not always observable in the fi eld. Finally they usu
ally adopt a strictly taxonom ic focus and do not 
include data on wider aspects of genetic resources, 
ethnobotany, conservation and domestica tion. 

Recognising the need for more ' user-fri endly ' 
products that address the needs of non-botanists and 
include discussion of the wider issues, a Geneti c 
Resources Handbook (Hughes, 19983) has recently 
been publi shed. One of the principal aims of that 
Handbook is to cl arify the taxonomy of Leucaena 
and facil itate identification of species by non 
botanists. To achieve this it includes Chapters on 
recent taxonomic research, how to identi fy Leucaena 
species and hybrids (including keys, spot characters 



and illustrations), and individual species accounts 
which include descriptions, botanical drawings and 
distributi on maps of all taxa and further notes on 
taxonomy, as well as updated identifications of all 
the OFI Leucaena seedlots. The Handbook also 
incorporates information on species characteristics 
(ecogeography, phenology, wood and leaf qual ity 
and weediness), ethnobotany and indigenous 
domestication, hybrids, germplasm coll ections, 
seed storage and processing, conservation and 
domestication. 

BRA HMS Monograph Series - Leucaena Version 
1. October 1997 

One of the products of this new monographic revi
sion is a herbarium specimen database for Leucaena 
assembled using the Botanical Research and 
Herbarium Management System, BRAHMS (Filer 
1996). It is being distributed as the first o f a new 
BRAHMS Monograph Series. It includes data on 
more than 2800 botanical specimens lodged in 26 
Latin American, North American and European her
baria. Detailed field notes, common names, phe
nology and wild/cultivated codes, and duplicate 
records are included and the majority of specimens 
(2393) have accurate geographical data (Lat/Long). 
Full nomenclatural data including name status 
(accepted, basionym, heterotypic synonym, excluded 
etc. ), synonymy and protologues are included in the 
database. TYPE collections are linked to names. 
Associated resea rch material (nodules, wood, photos, 
bruchids, seed, dried leaves etc.) is cited. 

Data from botan ical specimens of Leucaella 
assembled as a user-friendly database provide an 
invaluable tool for herbarium curation as well as the 
most detailed and complete source of information to 
guide future field explo ration and collection. 
Detailed locality data can be ret rieved and sorted by 
species, collector, geographic area (Country, State, 
Department , Municipality or individual locality), or 
year of collection, making this a powerful tool for 
planning collecting expeditions. Such data are partic
ularly useful for day-to-day planning of routes and 
printouts of all localities by spec ies or region are an 
essential tool to take to the field . Copies of this data
base are being distributed to key herbaria and are 
ava ilable from the author. Customised pri ntouts, 
sorted to user ' s specification can also be prepared 
on req uest. 
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Agronomic Adaptation to Environmental Challenges in the 
Genus Leucaena 

B.F. Mullen l , H.M. Shelton1, Kaye E. Basfordt, A.C. Castillo2, B. Bino3, 
Emily E. Victorio2, Remedios N. Acasio2, J. Tarabu4, M.K. KomolongS, 

K.K. Galgal6, L.V. Khoa7, H.X. C07, F.P. Wandera8, T.M. Ibrahim9, 

R.L. Clem10, R.J. Jonesll, C.H. Middleton12, M.J.M. Bolam13, 
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Abstract 

Growth of 25 accessions of LeucaefUI was assessed in 61 ' environments' at 19 sites over a 
2.5-year period to identify agronomic adaptation to environmental challenges. From analysis of 
variance, accessions, 'environments' and accession x environment interaction accounted for 14%, 
48% and 26% of the variation respectively. The large environment component of variance 
reOected the diversity of test environments, from non-limiting to severely limiting. Genotype x 
environment analysis techniques were used to identify broad and specific adaptation to 
environmental limitations. The FI hybrid accession L. pallida K748 x L. leucocephala K636 was 
comparatively very high yielding in all environments, and displayed excellent broad adaptation . 
Other accessions which displayed broad adaptation but at lower yield levels included L. pallida 
CQ3439 and L. pallida K376 x L. leucocephala K8 F5 hybrid. L. triclralldra OFI 53/88 displayed 
specific adaptation to low temperatures in highland tropical environments. No accessions were 
specifically adapted to strongly acid-infertile soils or to low rainfall. Correlations between dry 
matter production and six environmental variables attempted to identify the major factors limiting 
growth of the Leucaella genus. Highly significant correlations were found for soil acidity, 
minimum temperature and psyllid pressure, and of these soil acidity most affected growth. 
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COMPREHENSIVE evaluation of the agronomic 
diversity and adaptation within the Leucaena genus 
became essential following the arrival of the psyllid 
insect (Heteropsylla cllbana) in the early 1980s. The 
psyllid devastated stands of L. lellcocephala, and 
highlighted the narrow genetic base of this self
fertilised polyploid (Harris et al. 1994; Sorensson 
and Brewbaker 1987). New cultivars with broader 
genetic base were required to overcome the specific 
limitations of psyllids, low temperatures and acid 
soils, and to limit possible devastation from future 
unknown biotic challenges (Harris et al. 1994; 
Brewbaker and Sorensson 1990). 



As part of the ACIAR project PN9433, 'New Leu
caenas for Southeast Asian, Pacific and Australian 
Agriculture', a multi-environment trial (MET) was 
established to assess the potential within the genus to 
overcome these edaphoclimatic and biotic limita
tions. A collection of 120 Lellcaena accessions, cov
ering the diversity within the genus, was assembled 
from collections held by the Oxford Forestry Insti
tute (OFI), the University of Hawaii and the Com
monwealth Scientific and Industrial Research 
Organisation (CSIRO) in Australia. This foundation 
collection was planted at Los Baiios in the Philip
pines and at Brisbane in Australia and results from 
these experiments are reported separately (Gabunada 
and Stur; Mullen and Shelton, these Proceedings). A 
subset of accessions, representative of most taxa in 
the genus, were selected from the foundation collec
tion for inclusion in the METs at experimental sites 
throughout Southeast Asia, New Guinea, Australia 
and Kenya . 

The objectives of this study were: 
I. To identify accessions of Leucaena with broad 

adaptation to diverse target environments; 
2. To identify accessions of Leucaena with specific 

adaptation to environments characterised by low 
temperatures, acid-infertile soils and high psyllid 
pressure; and/or 

3. To develop an understanding of environmental 
limitations to growth of Leucaena. 
For the purpose of this evaluation 'adaptation' 

refers to the abil ity of an accession to produce bio
mass under a regular coppicing regime, in a growth 
limiting environment, rather than the evolutionary 
definition which concerns species survival mecha
nisms. The ability to survive regular coppicing is an 
essential feature of productive forage trees. 

Materials and Methods 

Sites and accessions 
Twenty-five core accessions, representing 14 species 
of Lellcaena and two interspecific hybrid taxa, were 
selected for evaluation in METs (Table 1) and were 
planted at 19 sites. Sites were selected to include cur
rent L. leucocephala production regions, and envi
ronments with high and low psyllid pressure, fertile 
and acid-infertile soils, high and low temperatures 
and wet and dry environments (Table 2). The inclu
sion of accessions in the MET was based on the 
detailed knowledge of the OFI collection of C.E. 
Hughes and of other collections of H.M. Shelton. For 
each taxon, the accessions perceived to be high 
yielding were selected, based on growth in the native 
range and/or agronomic trials. 

The data set was largely balanced, with 23 acces
sions planted in at least of 16 sites. Seed shortages 
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prevented 9 accessions from being planted at all 
sites . A standardised protocol was used to maximise 
genotypic and environmental effects and to minimise 
management effects on growth. 

Planting, management and experimental design 
Accessions of Leucaena were raised in polybags and 
subsequently planted into the field between March 
] 995 and June 1996. Rhizobium strain CB3060, an 
effective strain for diverse species of Leucaena 
(Mullen et al. 1998), was applied to seedlings in the 
nursery. Field planting dates were selected to corres
pond with the onset of wet season rains. 

Row plots, 5 m long, were planted with seedlings 
at 50 cm spacings. Plots were maintained in a weed 
free condition and irrigated, if required, during estab
lishment. After establishment, no further irrigation 
was applied. With the exception of the strongly acid
infertile sites, no fertiliser was applied. At Nam 
Suang, plots received 40 kg/ha P and 30 kg/ha Nand 
at Bac Thai, plots received 5 t/ha lime, 100 kg/ha 
potassium sulphate, 20 kg/ha magnesium sulphate 
and 200 kg/ha superphosphate. The Tanay and Ha 
Tay sites included lime/fertiliser treatments in a split 
plot design as follows: Tanay-2 t/ha lime, and Ha 
Tay-5 t/ha lime, 100 kg/ha potassium sulphate, 
20 kg/ha magnesium sulphate and 200 kg/ha 
superphosphate. 

A randomised complete block design with three 
replicates was used, except at Tanay, Ha Tay and 
Bac Thai, where plus and minus liming treatments 
were incorporated into a split-plot design with two 
repl icates. 

Measurements 
Ory matter (OM) productivity was assessed over a 
2-2.5-year period from planting. Following a 6--10-
month establ ishment period, trees were cut to 50 cm 
above ground level. Subsequent harvests were sched
uled to provide a measure of cumulative growth 
within a season or 'environment' (e .g., hot or cool, 
wet or dry), so that OM yield could be related to 
specific climatic and edaphic conditions (Table 3). 
Each environment generally spanned 5-7 months 
and consisted of 1-3 harvests. Harvesting continued 
until October 1997. In most cases, establishment 
periods unavoidably spanned more than one season. 
At each site, growth was measured in a minimum of 
two, and a maximum of five environments. Total 
OM yields rather than edible fractions were used for 
data analysis. This avoided errors in assessing edible 
yields and bias caused by the scheduling of harvest 
intervals. Long harvest intervals may preferentially 
favour the wood component, whereas short intervals 
favour the edible component (B.F. Mullen, unpub
I ished data). 



Table 1. Accession identification, mean OM yields in 61 'environments', accession group membership from cluster 
analysis, and psyllid resistance for 25 accessions of Leueaena evaluated in METs. 

Species/subspecies Accession OM yield (glm Accession Psyllid 
row/ month)' group2 resistance3 

L. pallida K748 x L. leucoeephala K636 KX2 Fl 358 n.a.4 2.8 
L. pallida CQ3439 164 I 2.4 
L. leueocephala subsp. glabrata K636 161 2 5.1 
L. pallida K376 x L. leueoeephala K8 KX2 F5 156 2 3.2 
L. Iriehandra OF153/88 135 3 1.4 
L. pallida OF179/92 134 4 3.1 
L. pallida (unknown hybrid) OF152/87 137 4 4.6 
L. macrophylla subsp. islmensis OF147/85 148 5 3.7 
L. salvadorensis OF136/88 133 5 4.5 
L. diversifolia K 156 x L. leueoeephala K8 KX3 F2 125 6 5.1 
L. lanceo/ala var. lanceolala OF143/85 111 6 5.2 
L. lellcocephala subsp. glabrala Cunningham 116 6 5.6 
L. eollinsii subsp. collinsii OF152/88 132 7 2.1 
L. diversifolia OF183/92 97 7 3.2 
L. eseulenla OF147/87 109 7 1.9 
L. collinsii subsp. zacapana OF156/88 79 8 5.0 
L. diversifolia KI56 71 8 5.4 
L. magnifica OFI 19/84 66 8 4.4 
L. diversifolia OF182/92 47 9 5.1 
L. involucra la OFI87/92 27 9 4.9 
L. lempirana OF16/91 53 9 5.2 
L. pulverulenla OF183/87 40 9 4.8 
L. Iriehandra CPI46568 74 9 1.7 
L. Irichandra OF14/91 49 9 4.7 
L. trichodes OF161/88 53 9 4.4 

, Refers to group membership from second cluster analysis. 
2 For comparison among accession yield mea ns, LSD (P<0.05) = 23. 
3 Rating 1-2 = highly resistant , 2.1-4 = moderately resistant , 4.1-5 = moderately susceptible and 5.1-9 = highly susceptible. 

(source: S.F. Mullen unpublished data). 
4 Included in initial cluster analysis only. 

Table 2. Location soil characteristics and cl imate for multi-environment trial sites 

Site Country Latitude Altitude Soil pH pi AI sa t ' n CEC Seasons 
(m) (1:5 H2O) (mglkg) (%) (meq/ 

100g) 

Brisbane Australia 27"37'S 10 5.8 200 5 7 Hot/cool 
Gayndah Australia 25"39'S 131 6.7 70 0 29 Hot-wet/cool-dry 
Theodore Australia 24"51 'S 150 8.6 13 0 32 Hot-wet/cool-dry 
Townsville Australia 19"38'S 61 6.3 13 0 3 Wet/dry 
Kununurra Australia 15"39'S 43 8.1 19 0 29 Wet/dry 
Lae New Guinea 6"35'S 30 6.4 57 0 23 NOS2 
Erap New Guinea 6"45'S 100 6.7 9 0 31 Wet/dry 
Aiyura New Guinea 6"15'S 1700 5.6 8 0 8 NOS 
Sungei Putih Indonesia 3"24'N 50 5.4 3 2 3 NOS 
Suon Ma Tuot Vietnam 12"36'N 150 4.7 93 20 3 Wet/dry 
Ha Tay (Iimed) Vietnam 21"20'N 20 4.8 17 68 3 Hot-wet/cool-dry 
Ha Tay (unlimed) Vietnam 21"20'N 20 4.8 17 68 J Hot-wet/cool-dry 
Bac Thai Vietnam 21"36'N 25 4.9 6 39 2 Hot-wet/cool-dry 
Los Baiios Philippines 14"D'N 23 6.5 130 0 210 Wet/dry 
Lipa City Philippines 13"09'N 312 5.9 88 0 16 Wet/dry 
Palayan City Philippines 15"29'N 32 6.4 15 0 38 Wet/dry 
Tanay (Iimed) Philippines 14"36'N 550 4.9 10 55 8 Wet/dry 
Nam Suang Laos 18"12'N 175 4.6 3 71 I Wet/dry 
Machakos Kenya 1"58'S 1600 6.4 24 0 7 Warm-wet/cool-dry 

, Colwell P method, 2 NOS = no distinct season 
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Daily weather data were collected at all sites and 
converted to mean monthly data for each environ
ment (Table 3). Psyllid damage ratings were col
lected monthly using the scale of Wheeler (1988). 
Ratings for the six most susceptible accessions were 
used to calculate a psyllid pressure index for each 
environment (Table 3). Acidity and infertility indices 
were developed for each site from soil analyses data 
(Table 2). The acidity index (scale 0-6) was based 
on pH and AI saturation in the 0 to 15 cm soil layer 
(rating 0 = pH >5.5 and AI saturation ,,;25%, 6 = pH 
,,;4.7 and AI saturation >75 %). The infertility index 
was based on critical concentrations of P, K, S, Ca, 
Mg, Zn, Fe and Mn and cation exchange capacity 
(scale 0-18, 0 = no nutrient limitations, 18 = severe 
limitations of all nutrients). 

By this method, growth of 25 accessions of 
Leucaena was assessed in 61 'environments ' , for 
which specific weather, soil and psyllid pressure data 
were available (Table 3). 

Data analysis 

Analysis of variance 
Analysis of variance was performed on DM yield to 
establish the relative significance of accessions, 
environments and access ion x environment (AxE) 
interactions. 

Adaptation analysis 
Since identification of superior accessions in METs 
is often confounded by A xE interactions (Cooper 
and Byth 1996), cluster analysis and principal com
ponent analysis (PCA) (Williams 1976) of standard
ised data were used to simplify comparisons and 
enable identification of both broad and specific 
adaptation (Basford et al. 1991). Clustering was 
performed using an hierarchical, agglomerat ive 
process using incremental sums of squares as a 
fusion strategy and squared Euclidean distance as a 
dissimilarity measure (Williams 1976). Data were 
environment standardised to remove the effect of 
environment means (Fox and Rosielle 1982). This 
facilitated comparison of the genotypes across 
environments and assisted in the identification of 
specific adaptation. Dendrograms were used to dis
play hierarchical relationships among accessions, 
while biplots of the principal components were used 
to visual ise the results of the ordination. 

Biplot interpretation 
Accession scores are presented on the biplot as 
points and environments are represented as vectors. 
The relative performance of accessions in an 
environment can be compared by dropping a perpen
dicular line from the accession points to the environ
ment vector. Accessions that intersect the 
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environment vector in the most posllIve position 
have higher relative performance in that environ
ment. Alignment of environment vectors is deter
mined by the response of accessions to 
characteristics of the environments. Closely aligned 
vectors are positively correlated whereas horizon
tally opposed vectors (180°) are negatively corre
lated, and vectors at right angles (90°) are 
uncorrelated in terms of accession responses to 
environments (Kroonenberg 1995). 

To aid in interpetation of the biplot and particu
larly in finding specific adaptation to environmental 
limitations, correlation analysis was used to identify 
the major factors influencing principal com ponents 
1, 2 and 3. Accession scores were regressed against 
mean accession yield and mean accession psyllid 
damage ratings, and environment scores we re 
regressed against the six environmental variables. 

Environmentallimilations to growth 
Environmental limitations to growth of the Leucaena 
genus were investigated using regression analysis 
based on the mean accession yield responses to s ix 
environmental variables. For this purpose, the 
establishment data were omitted from the analyses as 
they spanned seasons and produced lower yields due 
to their juvenility. In addition, 'environments' with 
strongly acid soil, highly infertile, high psyllid 
pressure, very low rainfall and/or very low tempera
tures were removed from the appropriate correlations 
to minimise confounding effects on the variable 
being analysed. A maximum of 28 and a minimum 
of 14 ' environments' were used to derive these 
correlations. 

Results 

Yield comparisons 
Highly significant differences (P<0.01) were identi
fi ed among accessions and environments and there 
were s ignificant AxE interactions. The environments 
and AxE interaction variance components accounted 
for 48% and 26% of the total variation respectively, 
while accessions, pooled error and blocks within 
sources accounted for 14%, 11 % and 1 % of variation 
respectively. 

Mean environment yields ranged from 2 g/m 
row/month, during the hot season at Bac Thai in 
Vietnam, up to 568 g/m row/month, during the 
hot/wet season at Lae in PNG (Table 3). High 
environment mean yields were achieved from second 
year growth at Los Banos, Lae and Sungei Putih, all 
fertile, high rainfall, humid tropical sites. Poor mean 
yields «50 g/m row/month) were recorded in 26 of 
the 61 environments. These included all strongly 
acid soil environments' (pH<5.0 1:5 H20), most 



Table 3. Climatic characteristics, psyllid pressure, environment group membership from second cluster analysis and mean 
accession yields for MET environments 

Site Environments Rainfall Max temp. Min temp. Psyllid Environment DM yield 
(mm/ Cc)' Cc)' pressure2 group (g/m 

month) membership row/month)] 

Brisbane Estab 91 24.5 14.3 3.5 10 69 
Hot I 141 25.9 16.7 3.8 9 119 

Cool 1 40 22.0 10.5 1.9 1 69 
Hot 2 88 26.9 18.0 5.1 ]0 171 

Cool 2 53 21.7 10.7 3.7 5 47 
Gayndah Estab 91 29.9 16.7 2.3 9 90 

Cool/dry 1 39 26.7 12.6 1.3 2 21 
Hot/wet 1 69 31.6 19.4 1.9 2 116 

Theodore Estab 98 31.7 17.5 1.0 2 9 
Cool/dry 1 40 26.9 11.4 1.1 2 ]0 
Hot/wet 1 146 33.2 19.4 1.0 2 75 

Cool/dry 2 78 28.1 13.6 1.0 2 25 
Townsville Estab 91 31.3 19.8 1.0 4 94 

Hot/wet 1 33 31.2 19.6 1.5 4 152 
Cool/dry 1 28 28.8 14.1 4.0 9 62 
Hot/wet 2 141 31.4 20.4 1.0 2 162 

Cool /dry 2 14 27.2 12.7 4.9 9 35 
Kununurra Estab 200 37.1 23.1 1.0 2 20 

Cool 1 200 33.2 15.5 1.0 2 11 
Hot 1 200 36.4 21.9 1.0 1 173 

Lae Estab 314 28.9 24.9 2.3 3 266 
NDS3 1 555 30.0 25.0 1.0 3 246 
NDS 2 450 29.8 24.8 1.3 3 568 
NDS 3 167 29.5 24.9 1.8 3 466 

Erap Estab 100 32.8 22.5 1.5 3 275 
Dry 1 21 31.5 21.2 2.0 9 135 
Wet I 100 32.8 22.5 1.5 3 289 

Aiyura Estab 194 23.4 13.1 1.5 11 49 
NDSI 137 23.6 13.5 1.6 11 68 
NDS 2 145 23.2 12.9 2.8 11 9 

Sungei Putih Estab 112 29.4 23.4 1.9 9 46 
NDS 1 130 29.0 23.0 2.1 3 265 
NDS 2 113 29.3 23.3 1.8 7 376 
NDS 3 130 29.3 23.3 1.1 7 261 

Buon Ma Thuot Estab 150 28.0 20.0 3.8 10 100 
Wet 1 151 27.4 19.4 2.8 4 87 

Ha Tay (Iimed) Estab 289 30.3 23.6 2.1 4 6 
Hot 1 240 30.7 23.6 3.3 10 47 

Ha Tay (unlimed) Estab 289 30.3 23.6 1.9 4 6 
Hot I 240 30.7 23.6 3.1 10 27 

Bac Thai Estab 110 26.8 19.7 1.0 4 15 
Hot 1 275 31.5 23 .9 1.0 4 2 

Los Banos Estab 154 30.6 23.4 3.1 1 98 
Wet 1 237 31.7 23.9 1.9 1 266 
Dry 1 23.6 31.3 22.3 3.4 1 214 
Wet 2 200 33.8 24.0 1.9 1 492 

Lipa City Estab 171 33.0 23.7 3.2 6 112 
'-' Wet 1 235 32.8 22.4 1.8 6 71 

Dry I 49 33.8 19.1 3.2 6 77 
Wet 2 206 32.9 24.1 1.6 6 156 

Palayan City Estab 313 33.1 23.1 1.0 1 30 
Wet 1 246 32.8 24.1 1.0 4 87 
Dry 1 105 33.1 22.1 1.0 1 24 
Wet 2 352 32.0 23 .2 1.0 4 131 

Tanay (limed) Estab 283 27.7 20.4 1.0 2 5 
Dry 1 105 27.3 19.7 1.0 2 3 

Nam Suang Estab 150 31.3 22.5 1.3 4 4 
Wet 1 333 31.0 24.5 1.1 4 3 

Machakos Estab 22 24.5 11.9 5.3 9 4 
Warm/wet 1 70 26.5 13.9 3.8 10 73 
Cool/dry 1 5 23.6 10.8 5.9 9 33 

, mean seasonal maximum and minimum temperature, 2 mean monthly psyllid damage rating over the season, 
] For comparison among environment mean yields, LSD (P<0.05) = 26. 
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highland tropical 'environments' and most cool/dry 
season 'environments ' at seasonally cool/dry sites. 
Mean environment yields of <5 g/m row/month were 
recorded at the strongly acid soil sites of Nam 
Suang, Tanay and Ha Tay, and during establishment 
at Machakos (a highland tropical site). 

The L. pallida K748 x L. leucocephala K636 Fl 
hybrid (KX2 Fl) was the highest yielding accession 
(mean of 358 g/m row/month) and out yielded the 
next best accessions by more than twofold (Table 1). 
Other high yielding accessions were L. pal/ida 
CQ3439, L. lellcocephala K636, L. pallida K376 x 
L. lellcocephala K8 F5 hybrid (KX2 F5) and 
L. macrophylla OFI 47/85, with mean yields of 
148-164 g/m row/month. The lowest yielding acces
sion was L. involllcrata (27 g/m row/month). Other 
low yielding accessions were L. plllverulenta OFI 
83/87, L. diversifolia OFI 82/92, L. trichandra 
OFI 4/91, L. lempirana OFI 6/91 and L. trichodes 
OFI 61/88, with mean yields of 40-53 g/m 
row/month (Table 1). 

Cluster and principal component analysis 
The cluster analysis was truncated at six accession 
groups (AG) and 11 environment groups (EG) and 
these levels retained 34% of the GxE interaction 
variation. EGs tended to form around specific loca
tions, with seven of the 11 EGs being dominated by 
a single site. Three single member AGs (KX2 Fl, 
CQ3439 and OFI 53/88) and three multiple member 
AGs were identified, with KX2 Fl (AG 1) being 
most dissimilar to other accessions. The outstanding 
broad adaptation of accession KX2 Fl is obvious 
from the PCA biplot (Figure 1). However, discrimi
nation among other accessions was difficult as the 
excellent broad adaptation of KX2 Fl masked 
variation between other accessions in cluster and 
principal components analyses. Consequently, a 
second analysis was performed with the KX2 Fl 
accession omitted to provide better separation of 
remaining accessions and the results concentrate on 
this analysis . (See Materials and Methods for 
information on biplot interpretation). 
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Figure 1. Biplot of the first two principal component vectors for the ordination of 25 accessions of Leucaeno grown in 
61 'environments'. Vectors for individual environments have been replaced by vectors for environment groups (EGs) 
identified by cluster analysis. 
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Secondary PCA and cluster analysis 
The second cluster analysis was truncated at nine 
AGs (Table 1) and 11 EGs (Table 3), and retained 
33 % of the GxE interaction variation . EG member
ship was similar to the first analysis, and again 
tended to form around specific locations, with seven 
of the 11 EGs being dominated by 'environments' 
from a single site. EG 2 contained 11 'environments ' 
from predominantly fertile, seasonally cool/dry sub
tropical sites. EG 4 contained 11 seasonally dry, 
humid-tropical environments, and included both 
fertile and acid-infertile soils. Highland tropical 
' environments' were contained in EGs 11 and 9 . No 
exclusive acid-infertile EGs were identified, with 
acid-infertile 'environments' contained in EGs 2, 4 
and 10. 

The principal component analysis explained 70% 
of the variation on the first two components 
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(Figure 2). Most of this variation was in component 
1 (63 %), with components 2 and 3 explaining only a 
small additional amount of variation (7% and 6% 
respectively). The accession scores on principal 
component 1 were highly correlated with accession 
mean yields (r2=0.98). Accession scores on principal 
components 2 and 3 were not correlated with yield, 
but accession scores on principal component 2 were 
correlated with accession psyllid damage rating 
(r2=0.39). Accession points on the PCA biplot 
(Figure 2) were therefore reasonably interpreted in 
terms of increasing DM yield potential on principal 
component 1 and psyll id resistance and other 
unknown factors on principal component 2. 

Environment scores on principal components 1 
and 3 were poorly correlated with environment 
indices (Table 4). Environment scores on principal 
component 2 were correlated with maximum 
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Figure 2. Biplot for the secondary peA, omitting the KX2 F1 hybrid accession. The first two principal component vectors 
for the ordination of 24 accessions of Leucaena grown in 61 'environments'. Vectors for individual environments have been 
replaced by vectors for environment groups (EGs) identified by cluster analysis. Accessions with the same symbols belong 
to the same accession group (AG). 
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Table 4. Coefficient of determination values for correlations between edaphoclimatic variables and psyllid pressure in 61 
"environments" and environmental loadings from second principal components analysis. Significant correlations are denoted 
by • (P<0.05) and •• (P<O.OI). 

PCA 2 Rainfall Max Temp. Min Temp. Psyllid l Acidit y2 Fertili ty3 Yield 

Principal component 1 0.06 O. I l ' 006 0.02 0.11* 0.02 0.04 
Principal component 2 0.03 0.40* • 0.2 1 •• 0.27** 0.00 0.04 0.08 
Principal component 3 0.15 O.QJ 0.19 0.00 0.07 0.01 0.09 

I Mean monthly psyllid pressure during environment period 
2 acidity index 
3 infertility index 

(r2=0.40) and minimum (r2=0.21) temperatures and 
psyllid damage ratings (r2=0.27), but were not corre
lated with acidity (r2=0.01) and infertility (r2=0.04) 
indices and rainfall (r2=0.03). Biplot environment 
scores on principal component 2 were therefore 
interpreted in terms of accession response to tem
perature and psyllids (Figure 2). These correlations 
reflect the degree of adaptation to environmental 
variables present in the test accessions. 

The second PCA elucidated considerable variation 
in the adaptation among accessions (Figure 2). 
L. IricllGlldra OFI 53/88 (AG 3) was identified as 
being specifically adapted to highland tropical and 
high psyllid pressure environments. In comparison, 
L. lellcocephala K636 and the KX2 F5 hybrid (AG 
2) were more productive in humid tropical , low 
psyllid pressure environments, but were less produc
tive in highland tropical and high psyllid pressure 
environments. L. pal/ida CQ3439 (AG 1) di splayed 
broad adaptation at a high yield level , whereas 
L. pal/ida accessions OFI 79/92 and OFI 52/87 (AG 
4) and L. macrophyl/a OFI 47/85 displayed broad 
adaptation with moderate yields. L. lellcocephala cv. 
Cunningham and to a lesser extent L. salvadorensis 
OFI 36/88, KX3 F2 and L. lanceolala OFI 43/85 
were productive in humid tropical , low psyllid 'envi
ronments' but were very poorly adapted to highland 
tropical and high psyllid 'environments' (Figure 2). 
AG 8 and AG 9 comprised 10 accessions which were 
very low yielding in all environments. 

Identification of environmental growth 
limitations 

Significant correlations were found between mean 
OM yields and 5 environmental variables (Figure 3), 
with strongest correlations being developed for the 
acidity index and minimum temperature. However, 
inconsistent variation across the data range pre
vented a relationship being developed with the infer
tility index and limited strong conclusions being 
drawn for correlations with rainfall and maximum 
temperature, although trends were obvious. 
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Yield was highly variable at acidity index ratings 
of 0 , but was strongly negatively correlated with 
acidity index at ratings above 0 (Figure 3c). A strong 
positive relationship was apparent between minimum 
temperature and yield (Figure 3b). Yields increased 
linearly as minimum temperatures increased up to 
22 °C, but at higher temperatures large variation 
about the regression line indicated that other factors 
were also affecting yield. Similarly for maximum 
temperature, yield increase was I inear up to 28 °C, 
but the correlation was weak at higher temperatures. 

Yield decline as psyllid damage rating increased 
from 2 to 6 was close to linear (Figure 3e). There 
was a general trend of linear yield increase with 
increasing rainfall. 

Discussion 
The MET design and genotype x environment anal
ysis methodology enabled clear identification of 
broad and specific adaptation in the Leucaena genus. 
Results indicated that specific adaptation to tempera
ture and psyllids existed but not to acid or infertile 
soi ls or to low rainfall. Variable resistance of 
Leucaena species to the psyllid insect (Wheeler and 
Brewbaker 1990; Mullen et al., these Proceedings) 
and to low temperature (Sorensson and Brewbaker 
1987) is well reported. However, adaptation to acid 
soil environments has also been reported (Hutton 
1990). In this study, best performing accessions in 
acid infertile soils were broadly adapted accessions 
which produced comparatively high yields in all 
environments. However, even the highest yields in 
the strongly acid infertile 'environments' of the MET 
were insufficient to confidently recommend any 
accessions to farmers. More encouraging yields were 
achieved at the mildly acid-infertile, Sungei Putih 
site in North Sumatra (Table 3), confirming that 
Lellcaena can produce high yields at pH less than 
5.5, as long as aluminium saturation is low (Blarney 
and Hutton 1995). 

Most Lellcaena species are known to survive long 
periods of drought in their native range. However, 



this survival adaptation did not confer biomass 
production adaptation in the seasonally dry environ
ments of this s!t.dy. Access ion rankings at seasonally 
dry sites did not change significantly between wet 
and dry seasons. 

Broadly adapted accessions 
The outstanding broad adaptation of the L. pallida 
K748 x L. leucocephala K636 Fl hybrid is an 
important outcome of the study. This accession was 
among the highest yielding accessions in the founda
tion collection evaluations, together with other s imi
larly high yielding L. pallida x L. leucocephala 
(KX2) F1 hybrid access ions and a L. diversiJolia x 
L. leucocepha/a (KX3) F4 hybrid accession (Mullen 
and Shelton; Gabunada and StUr, these Proceedings). 
These hybrids were developed by Charles Sorensson 
at the Universi ty of Hawaii and seed scarcity has 
prevented their widespread eva luation. Methodolo
gies for commercial seed or vegetative production 
should be a priority in o rder to evaluate ruminant 
production from the KX2 F1 . The KX2 F5 accession 
(L. pallida K376 x L. leucocephala K8) was broadly 
adapted at a lower level of productivity than the KX2 
Fl. Commercial quantities of seed of the KX3 F4 
and KX2 F5 hybrids are currently available and these 
accessions should be eva luated on-farm. 

Several other accessions were broadly adapted, 
but less productive than the KX2 F]. Accessions of 
L. pallida were also broadly adapted and, from an 
agronomic perspective, their inclusion in previous 
hybrid breeding programs is well justified. The com
posite accession L. pallida CQ3439 (and its second 
generation OFI 137/94), was consistently the highest 
yielding L. pallida accession. L. leucocephala K636 
was generally well adapted but did not perform well 
in highland tropical env ironments. In comparison, 
cv. Cunningham was specifically adapted to hot, wet, 
low psyllid pressure 'environments' and was less 
tol erant of environmental stresses. In the foundation 
collection evaluations, L. leucocephala access ions 
K584, K584 x K636 and OF132/88 were of s imilar 
yie ld and adaptation to K636. 

Lesser known species L. macrophylla subsp. 
istmensis, L. salvadorellsis and L. collillsii subsp. 
collillsii were also broadly adapted at moderate yield 
levels. Of these, the latter species is of interest 
because of its very high forage quality (McNeill 
et al. these Proceedings) . 

Two accessions of L. diversiJolia (OFI 82/92 and 
K]56) were very poorly adapted to all environments, 
displaying none of the low temperature and acid so il 
adaptation reported for this species. Better acces
sions (K778 and K784) than those evaluated here 
were identified in the foundation coll ection evalua
tions. Other accessions displaying very low yields in 
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all 'environments' were L. Irichodes OFI 61/88, 
L. involucrata OFI 87/92, L. trichandra OFI 4/91 
and CPI 46568, L. lempirana OFI 6/91, L. pulveru
lenla OFI 83/87, L. magniJica and L. collinsii subsp. 
zacapana OFI 56/88. All accessions of these spec ies 
were low yi elding in the foundation collection 
evaluations. 

Specific adaptation 
In this study, specific adaptation to low tempera ture, 
highl and tropical ' environments' was identified in 
L. trichandra OFI 53/88, and to a lesser extent in 
L. diversiJolia OFI 83/92 and L. esculenta 47/87 but 
not in other access ions. In addition, L. diversiJolia 
accessions K778 and K784 were identified in the 
foundati on collection evaluations as possessing con
s iderable low temperature adaptation. High yielding, 
broadly adapted access ions KX2 F1 and L. pallida 
CQ3439 also produced worthwhile yields in low 
temperature 'environments ' (approx. 250 and 
125 g/m row/month respectively). The low tem
perature adaptation reported for L. diversiJolia K156 
(Brewba ker and Sorensson ] 987) was not evident in 
the METs. 

No specific adaptation to acid/infertile so il 
environments was identified. Furthermore, mean 
accession yields in acid-infertile 'environments ' 
were very low, and even the highest yielding 
accessions did not produce worthwhil e yi elds. 

L. leucocephala cv . Cunningham was very pro
ductive in fertile , low psyllid pressure, tropical s ites, 
but yi elded poorly in low temperature, acid soil and 
high psyllid pressure sites. L. leucocepha/a K636 
di splayed a similar adaptation trend but was consid
erably less affected by these I imitations to growth. 

Edaphic and environmental limitations to growth 
The correlations between mean OM yi eld and 
environmental variabl es revea led prel iminary infor
mation of the effects of env ironmental chall enges to 
growth of the Leucaena genus. Yi eld decline was 
most dramatic with increasi ng soil acidity and, to a 
lesser ex tent, with decreasing minimum temperature. 
Critical levels were apparent for most environmental 
variabl es. 

Sharp reductions in growth occurred as the acidity 
index increased above 1 (Figure 3c), indicating the 
deleterious effects on growth of soil acidity 
decreasing below a pH of 5.0 and aluminium satura
tion increasing above 50%. These levels a re in agree
ment with controlled experiments investigating the 
effects of soil acidity on growth of Leucaena (Ruay
soongnem 1987). The acidity index was a very poor 
predictor of OM yield below an index of 1, indi
cating that factors other than pH and aluminium 
saturation dominated growth. 



The relationship between minimum temperature 
and growth was close to linear from 10 to 22°C, 
with higher growth rates occurring as temperature 
increased (Figure 3b). However, as minimum 
temperature increased above 22°C the relationship 
became weak, indicating that other factors had more 
affect on growth. The weaker correlation of 
maximum temperature with growth may reflect the 
importance of minimum temperatures to growth in 
environments with wide diurnal temperature fluctua
tions. However, while growth rates varied greatly 
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across the maximum temperature range, highest 
growth rates were achieved only when maximum 
temperature exceeded 28 °c (Figure 3d). In a con
trolled temperature glasshouse experiment (Mullen 
Castillo et aI., these Proceedings), mean growth of 
17 Leucaena accessions increased linearly as 
maximum and minimum temperatures increased 
from 18 to 33°C and 13 to 28 °c respectively . 

Psyllid pressure was a moderately effective 
indicator of growth of psyllid susceptible Lellcaella 
accessions (Figure 3e). The highest yielding 
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Figure 3. Scatter plots of mean OM yield of accessions of LeucaellIJ in 14 to 28 'environments' against infertility index 
(a), minimum temperature (b), acidity index (c), maximum temperature (d), psyllid pressure (e) and rainfall (I). Psyllid 
pressure correlation was based on yields and psyllid damage ratings for 6 pyllid susceptible accessions. For other 
correlations mean yields of 25 accessions were used. Coefficients of determination are given for the line. 
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'environments' were low psyllid pressure 'environ
ments' (mean PDR<2), indicating that optimum 
growth rates will not be achieved in the presence of 
moderate-high psyllid pressure. Within an environ
ment, psyllid pressure can significantly impact upon 
the utilisation of susceptible accessions such as 
L. leucocephala (Mullen, Gabunada et al. these 
Proceedings). However, the effects of psyllids in the 
MET were comparatively minor in comparison to 
edaphocl imatic I imitations. 

A weak positive correlation was evident between 
rainfall and rate of growth (Figure 3f). This result is 
not unexpected, however, as mean monthly rainfall 
is likely to be a poor indicator of plant available soil 
water (not measured in these experiments) in the 
diverse soil types of the MET sites, and particularly 
in the subhumid environments where temporal 
distribution of rainfall is uneven. 

Conclusions 
Soil acidity and infertility and minimum tempera
ture, and to a lesser extent psyllid pressure and rain
fall most affected the yield of Lellcaena accessions 
in the test 'environments ' in this study. However, 
specific agronomic adaptation existed only to low 
temperature and h igh psyllid challenges. No specific 
adaptation to strongl y acid-infertile soil 'environ
ments' or to seasonally very dry ' environments' was 
identified within the Lellcaena genus. There existed 
a number of broadly adapted accessions which were 
comparatively high yielding in all test environments. 
Of these accessions, the L. pallida K748 x L. lellco
cephala K636 Fl hybrid was very high yielding in 
all 'environments ' except the strongly acid-infertile 
soil 'environments' and seasonally very dry environ
ments. The authors conclude that it would be more 
constructive to look outside the Lellcaena genus 
for adaptation to the strongly acid-infertile soil 
env ironments. 

The multi-environment trial design and genotype 
x environment analytical methods used in the study 
enabled reduction of the large data set without sig
nificant loss of information . Further, the truncation 
of growth of Leucaena accessions at experimental 
sites into seasonal 'environments' allowed growth to 
be matched to relatively specific environmental fac
tors. These methodologies enabled identification of 
broad and specific adaptation within the Lellcaena 
genus and would be useful for evaluation of other 
multipurpose tree genera. 

Ultimately, utilisation of Lellcaena accessions will 
depend not only on DM productivity, but on edible 
fraction, nutritive value, abil ity to tolerate grazing 
and coppicing, wood quality, seed availability, ease 
of vegetative propagation and other factors not 
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included in this analysis. Many of these important 
issues are investigated in subsequent papers in these 
Proceedings. 
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Psyllid Resistance in Leucaena 

B.F. Mullen1, F. Gabunada2, H.M. Sheiton1, W.W. Stiir2 
and B. Napompeth3 

Abstract 

The leucaena psyllid (Heteropsyl/a cubal/a Crawford) has severely reduced the productivity of 
Leucaena ieucocephaia pantropically since spreading from its native range in the early I 980s. 
Quantification of a commonly used psyllid damage rating scale in terms of loss of yield showed 
that, at even moderate damage ratings, yield loss of susceptible accessions can be greater than 
50%. Psyllid populations have responded differentially to it number of climatic variables; psyllid 
damage was low when temperatures were above 33°C or below 10 °C. The two main approaches 
to psyllid damage management are biological control and genetic resistance. Biological control 
agents, including the coccinellids Curillus coeruleus and Ol/a v-nigrum and the parasitoid 
Psyl/aephagus yaseelli, have reduced the severity of yield reduction due to psyllids but damage can 
still be significant. Genetic resistance in Leucaella spp. is therefore an important goal and, when 
comprehensively evaluated in Australia and the Philippines, ranged from highly resistant to highly 
susceptible. There was considerable intraspecific variation in psyllid resistance within species such 
as L. COl/illSii, L. diversifolia, L. trichalldra and L. pal/ida. L. lellcoceplwia was the most suscep
tible species. Chemical and physical plant factors conferring psyll id resistance were reviewed. 
No single factor was identified and data were inconsistent across studies. 

DURING the 1 O-year period from the early 1980s, the 
leucaena psyllid, Heleropsylla clIballa Crawford 
(Homoptera: Psyllidae), a sucking insect which 
damages the young leaves of Lellcaella lellco
cephala, has spread westward from tropical America 
to Asia and Australia and finally to Africa in the 
early 19905 (Geiger et al. 1995). The initial impact 
of the leucaena psyllid was particularly serious 
throughout the Asia- Pacific region where L. lellco
cephala has been extensively adopted as a multi
purpose tree (MPT) legume (Napompeth 1994). The 
psyllid caused defoliation levels of 95 %-100% in 
older trees in the Philippines (Napompeth 1994) and 
considerable tree death in Indonesia (Geiger et al. 
1995). The initial devastation has been alleviated to 
some extent as populations of natural control agents 
have increased (Geiger et al. 1995), but damage can 
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still be severe. In Austral ia, yield reductions in 
L. lellcocephala due to psyllids were reported at an 
average 36% across seven sites and up to 75 % at a 
highly productive site (Room et al. 1993). Economic 
losses to the Australasian- Southeast Asian region 
were estimated to be US$525 million in the year 
following invasion (Room et al. 1993) with losses of 
US$316 million occurring in Indonesia alone during 
1986 (Oka 1990). 

Aside from economic losses, the psyllid problem 
has negatively affected the adoption and use of leu
caena (Sheiton and Jones 1995). In Indonesia, many 
farmers found that their animals did not eat psyllid
infested leucaena and this has reduced the number of 
new plantings (M. Tuhulele, pers. comm.). Psyllids 
have not only affected the use of leucacna for feed 
but also its use for charcoal (Sampet et al. 1995). 

The two principal means of controlling psyllids 
are: Cl) biological control using natural insect preda
tors and parasitoids (Napompeth 1994); and (2) 
genetic control using psyllid resistance within the 
genus (Mullcn et al. 1997). Chemical control cannot 
be seriollsly considered because of the high cost and 
cnvironmental concerns. 



In developing an understanding of the psyllid and 
management stlategies for its control, research pro
grams have studied the biology of the psyllid 
(Napompeth and Maneeratana 1990), climatic varia
bles responsible for the rapid fluctuations in psyllid 
populations (Mangoendihardjo et al. ] 990), variation 
in resistance between and within species o f leucaena 
(Sorensson and Brewbaker 1987) and plant factors 
that may be responsible for genetic resistance to 
psyllids (Sorensson and Brewbaker 1987). This 
paper presents recent research findings relevant to 
management of the leucaena psyllid. 

Psyllid Biology 

Life cycle 
The biology of the leucaena psyllid, H. cubana, was 
described by Napompeth and Maneeratana (1990). It 
is a sap-sucking insect of approximately 2.0 mm in 
length. The psyllid undergoes 5 nymphal stages to 
reach adulthood. Eggs are laid singly but in dense 
clusters, lodged between the folds of dev eloping 
leaflets of you ng leucaena shoot tips. After hatching, 
the early instar nymphs feed gregariously. 

In later instars, they begin to feed in a solitary 
manner as the leaflets unfol d. Eggs, nymphs and 
adults are often found together on the shoot termi
nals. On average, the tota l life cycle from egg to 
adult t.akes ] 0-20 days, depending on environmental 
cond itions. 

In Thailand, it was reported that populations dou
bled every 2 .5 days and this explains the popu la tion 
explosions and rapid subsequent damage to host 
plants that are frequently observed (Napompeth and 
Maneeratana 1990). 

Climatic influences on psyJlid populations 
Psyllid population pressure is often highly seasonal, 
and dramatic patterns of abundance and decline 
throughout the year have been reported in its native 
range and in other countries (Napompeth ] 994). 
Many studies have attempted to correlate cl imatic 
variables with psyllid pressure but there appears to 
be little agreement between studies as to which 
factors most affect psyllid populations. 

At a humid-tropical site in Indonesia (1800 mm 
annual rainfall), Mangoendihardjo et al. (1990) 
found psyllid pressure to be negatively correlated 
with rainfall, and positively correlated with solar 
radiation and wind velocity (r2==0.51, 0.52 and 0.68 
respectively). Wet season rainfa ll suppressed psyll id 
populations whereas higher wind velocities during 
the dry season helped to dissemi nate and increase the 
number of psy llids. 

In the sub-humid, seasonally dry tropics of 
Thailand, psyllid numbers peak at the end of the dry 
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season and the beginning of the wet season (Napom
peth 1989), whereas in cooler cl imates such as 
Southeast Queensland and upland regions in Hawaii , 
psyllid numbers can be high throughout the year 
(Castillo et al. ] 997; Austin et al. 1996). In the drier 
sub-humid environments of Central Q ueensland 
(650 mm annual rainfa ll), psyllids are no t seen 
during dry or windy weather, but populations build 
up quickly during rainy periods associated with high 
relative humidity. 

A 3-year evaluation of a large collection of 
Lellcaena accessions at Los Banos, Philippines 
(humid tropical site with 2100 mm annual rainfall) 
and at Brisbane, Australia (sub-tropical with summer 
dominant rainfall of 1500 mm annually) provided 
some insights into the effects of climatic parameters 
on psyllid damage. Psyllid pressure was assessed by 
psyllid damage to susceptible LeucaenG accessions. 
Plant responses to changes in climatic variables may 
also affect the severity o f psy llid damage, there by 
confounding studies based solely on psylli d damage. 
However, psyllid dam age scores (Wheeler 1988) are 
highly correlated with psyllid populations (Bray and 
Woodroffe 1988) and in this s tudy, minimum scores 
only occurred in the absence of psyllids. 

At subtropical Brisbane, psyll id press ure was high 
throughout summer, aut umn and winter but was 
consistently low during the spring, a season associ
ated with low rainfall and relative humidi ty, cool 
nights and warm days (Figure 1). At this s ite signifi
cant, positive correlations we re obta ined between 
psyll id damage and mean minimum temperature 
(r2==0.30), mean maximum temperature ( r2==0. 17) and 
mean daily temperature (r2==0.22), ind icat ing that 
psyllids may favour warmer temperatures. T he study 
also showed that there was li ttle o r no psy llid 
damage when mean minimum temperatu res we re 
less than 10 °C (Figure 2). T hese fin d ings confirmed 
those of Austin et a!. (1996) in Florida where low 
mean da il y temperatures below 12 °C were associ
ated with low psyllid populations. 

At tropical Los Banos, significant but negati ve 
relationsh ips were obta ined between psyllid damage 
and mean daily maxi mum te mperature (r2==0.62), 
mean daily radiation (r2==0.46) and mean dai ly tem
perature (r2==0.42). The results showed that psyll id 
damage was low at max imum temperatures above 
33°C (Figure 3) and confirmed the findings of Patil 
et al. (1992) who ident ified an upper developmental 
temperature ra nge for psyllids of 30-35 °C under 
labo ratory condit ions. A simil ar effect was observed 
at Townsville, A ustralia (RJ. Jones, pers. comm.) 
and at sites in the Philippines (A.C. Castillo, pers. 
comm.). 

In tropical countries such as Mexico , T hai land, 
Papua New Gu inea and northern Australia, the 
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psyllid is most active during the cooler months 
(Napompeth 1994). Napompeth (1994) hypothesised 
that psyllid populations required a narrow optimum 
temperature range for persistence and development. 

The relatively low coefficients of determination 
obtained in these studies imply no strong relationship 
between psyllid da mage and climatic variables. It is 
likely that psyllid damage is a result of interaction 
between several different climatic factors. 

Production Losses due to Psyllids 
Production losses of L. leucocephala cv. Cun
ningham due to psyllids were est imated at 52% and 
79% for leaf and stem respectively in Southeast 
Queensland, Australia (Bray and Woodroffe 1991), 
whereas in eastern Indonesia, yield reductions due to 
psyllids were 20% and 38% (Palmer et al. 1989). 
However, both studies used checks in which psyllids 
were controlled wi th dimethoate (Rogor) which is 
mildly phytotoxic to many species of Lellcaena 
(Mullen and Dalzell, these Proceedings). 

Sinc~ these studies were undertaken, the damage 
rating scale of Wheeler (1988) has been widely 
adopted. While it provides a relatively objective 
indication of damage, it is not known how these rat
ings relate to lost production. Consequently, an 
experiment was conducted at Brisbane, Australia to 
quantify the loss in dry matter (OM) production 
associated with the psyllid damage ratings (PDR) of 
Wheeler (1988) and to confirm the effects of psyllids 
on production using non-phytotoxic insecticides. 

Quantifying psyllid damage 
Twelve accessions of Leucaena (Table 1), covering a 
range of species and psyll id resistance levels, were 
established in the field at Brisbane and, after a 

5-month establishment period, were cut back to 
single stems, 50 cm high. Regrowth was measured 
over a 9-week period from plants subjected to 
psyllid damage and from plants in which psyllids 
were controlled by spraying with chlorpyrifos (1 mg 
ai/L water), a chemical which was shown to be least 
phytotoxic to Leucae1la while giving effective con
trol of psyllids (Mullen and Dalzell , these Proceed
ings). 

The experiment was conducted during a period of 
moderate-to-high psyllid pressure and all accessions 
experienced yield losses due to psyllids (Table 1). 
Quantification of yield reductions was achieved by 
calculating 2-weekly OM yield increments from 
growth curves for psyllid-controlled and psyllid
affected plants of the same size, and then calculating 
percentage yield reductions. These were then associ
ated with corresponding PDRs for each 2-weekly 
period. 

Yield reductions were significantly correlated 
with associated PDR for 10 of the 12 accessions 
(Table 1). Correlations were not significant for 
L. pallida K953 and for L. salvadorellsis OFI 36/88. 
Visual damage ratings for these accessions were 
highly inconsistent across sites in the previous 
experiment (Mullen et al. 1997). 

Data for the 10 accessions for which significant 
correlations existed were combined and a linear rela
tionship between PDR and percentage yield reduc
tion was developed (Figure 4). While only 43% of 
variation was explained by the model, it gave a 
highly significant relationship for predicting yield 
loss due to psyllid pressure. From this analysis, a 
PDR of 2 resulted in a yield reduction of 53% while 
a psyllid damage rating of greater than 6.5 resulted 
in >100% yield loss due to substantial leaf fall. 

Table 1. Reduction in total OM yield of 12 accessions of Leucaella over a 9-week period due to psyllid insects and 
correlations of psyllid damage rati ngs (POR) (Wheeler 1988) with yield decline. 

Species Accession Mean POR I and . Reduction in Correlation of POR 
code resistance category2 OM yield (%) with yield decline (r2) 

L. collillsii subsp. zacapalla OF156/88 5.0 HS 76 0.7]* * 
L. pallida (unknown hybrid) K953 3.8 MS 74 not correlated 
L. leucocephala subsp. glabrala K636 5.1 HS 69 0.52** 
L. diversifolia OFI83/92 3.2 MR 64 0.59** 
L. leucocephala subsp. glabrala K500 5.6 HS 62 0.60*' 
L. lallceolala OF144/85 4.7 MS 55 0.5 1 ** 
L. magllifica OF119/84 4.4 MS 43 0.50** 
L. macrophylla OF147/85 3.7 MR 38 0.32" 
L. pallida CQ3439 2.4 MR 33 0.44** 
L. salvadorensis OF136/88 4.5 MR 37 not correlated 
L. collillsii subsp. colfillsii OF152/88 2.1 MR 27 0.31 " 
L. slenocarpa OF153/88 1.4 HR 10 0.68" 

I Source: Mullen and Sheiton, these Proceedings 
2 Resistance categories: HR=highly resistant; MR=l11oderately resistant; MS=l11oderately susceptible; HS=highly susceptible 
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Figure 4. Correlation between psyl lid damage ratings 
(Wheeler 1988) and yield loss (% of control OM) for 
9 accessions of Leucaena . 

This does not imply that a negative yi eld is pos
sibl e over an exte nded regrowth pe riod, as psyllid 
pressure fluctuates and is o ft en low during early 
regrowth. However, yiel d loss wil l occur during the 
reg rowth period when da mage ratings exceed 6.5. 
Even a PDR of 1, indicating no vis ibl e damage, 
resulted in a yi eld loss of 17%. T his result was not 
to tally surprising, as subc lini cal insect damage is 
likely to reduce yield. It may g ive justifica tio n to 
extending the ratings scale to include a ' 0 ' ra ting, 
indicating that no psyllids are present. 

Biological Control 
Soon after its detectio n in Hawa ii, wo rk began to 
identify natural enemi es of the leucaena psyllid. Two 
important predatory coccinell ids , Curinulls coerulells 
Mulsant and Olla v-nigrum M ulsant (Coleo pte ra : 
Coccinelli dae) had been impo rted into Haw a ii fro m 
Mexico in the early pa rt of th e century but the ir 
numbe rs had decl ined dram atically. With the 
invasion of the psyllid, both of these coccinell ids 
increased in numbers and s ignificantl y depressed 
populations of the psyllid. 

A third natural enemy , an encyrtid nymphal para
s ito id, P5yllaephaglls yaseeni Noyes (Hy meno ptera: 
Encyrtidae), was introduced into Hawaii from 
T rinidad in 1987 and has become widely establi shed. 

An eupelmid nympha l paras ito id, Tamarixia lell
caena Bo ucek (Hymeno ptera: Eupelm idae), intro
duced to C hina, Malaysia, Nepal and Tha iland in 
1993 fail ed to become established (unpubl is hed data, 
B. Napo mpeth) . The exotic natural e ne mies int ro
duced as bio logica l control agents o f the psyllid , 
thei r sources and destinations in the Asia-Pacifi c 
region are given in T abl e 2 . 
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Both coccinellids and paras ito ids were introduced 
into Thailand and the Philippines in 1987 and later 
into Reunion, India, Nepal , Vi etnam, Indonesia and 
the Pacific Islands (Napo mpeth 1994). Of these, 
C. coerulells and P. yaseeni established well and 
have become significant bio logica l contro l agents 
limiting the devastation achieved by initia l psyllid 
o utbrea ks. They fo rm associatio ns with the psyllid 
all-year-round at elevations above 300 m in the 
northern and central highland regions o f Thai la nd . 

Since these initial introductio ns of natural ene
mies, an increas ing numbe r of ende mic enemi es have 
been identified. A number of entomopathogens of 
the psyllid have been repo rted in As ia. The mo re 
dom inant of these are Conidiobolus coronatus 
(Constantin) Butko, Entomophthora sp. , Hirsutella 
thompsonii Fischer, Fusarium spp., Beauvaria 
bassiana , Metarhizum anisoplae vaT. anisoplae and 
Paecilomyces javaniclls. Under suitabl e climati c 
conditio ns, many of these ento mogenous fungi were 
fo und infecting the leucaen3 psy llid resulting in 
heavy mo rtality . Unfo rtunate ly, no ne have been cul
tured and deve loped unde r laborato ry conditions and 
cannot be tran sferred fo r use as microbi al co ntrol 
agents (Napompeth 1994). 

In T hai land, 30 species of insects, 3 spec ies of 
spide rs and 6 spec ies of fungi have been identifi ed as 
natural ene mi es o f the leucaena psyllid (Wi notai 
1989). Napompe th (1994) concl uded that na tural and 
exotic e nemies we re at least pa rti a lly respons ib le fo r 
the decline in psyllid popula tio ns througho ut the 
As ia-Pacific regio n. Neverthe less, psyllids remain a 
signi ficant seasonal problem to fa rmers dependent on 
L. leucocephala fo r forage and fu e l wood . 

Psyllid Resistance in L eucaena 

Early work 
S tudy o f earl y psyl li d infesta tions in Leucaena germ
p lasm evaluation experi ments in Flo rida, USA iden
ti fi ed resistance in L. shallnonii and L. pulverulenta 
but moderate suscepti b ility in 10 accessions of 
L. diversifolia, 572 of L. lellcocephala and 12 o f 
L. esculellta (O thman and Prine 1984). A later evalu
ation in Hawaii and an international psylli d trial 
network coordin ated from Hawa ii, reported results 
wh ich conflicted with the Flo rida study. L. shallllollii 
a nd L. pulverulellta accessions were fo und to be 
highl y s usceptible, w hereas L. COl/illSii, L. esclllenla 
and L. pallida we re highly resistant, and L. diversi
folia, L. greggii and L. retusa were noted as hav ing 
va ri able resis tance depend ing on access ion 
(Sorensso n and Brew baker 1987; Wheele r and B rew
baker 1990). Unfo rtunatel y, no res is tance has been 
found in L. leucocephala. T hese findin gs were 



Table 2. Exotic and natural enemies introduced as biological control agents of the psyllid in the Asia-Paci fi c region . 

Species Sources and destinations 

Curinus coeruleus Mulsant 
(Coleoptera: Coccinellidae) 

Mex ico via Hawai i to Indonesia, Palau Islands, Phi lippines, T hailand, and v ia 
Thailand to Reunion, India, Nepal and Vietnam 

a lia v-/ligrum M ul sa nt 
(Coleoptera: Cocc inellidae) 

Mexico v ia Hawaii to Samoa, T ahiti and Thailand 

Psyllaephagus yasee/li Noyes 
(Hymenoptera: Encyrti dae) 

Tabago v ia Hawai i to T ha iland and via T hail and to Reunion, Indonesia, 
New Caledon ia 

Tamarixia leucae/la Boucek 
(Hymenoptera: Eupelmidae) 

Trinidad to China, Hawai i, Malaysia, Nepal and Thail and 

supported by an evaluation of 20 accessions in Aust
ral ia (Bray and Woodroffe 1988). Sorensson and 
Brewbaker (1987) evaluated 531 access ions of 
L. /eucocepha/a and, w hile a ll were fo und to be sus
ceptibl e, considerable va riation in degree of suscepti 
bility was evident. Late r studi es elsewhere examined 
the suscepti bility of L. pa //ida x L. /eucocepha/a 
hybrids to psy ll ids (Castill o et al. 1997; Austi n et al. 
1996) and reported that severa l hybr id I ines were 
intermediate in resistance between the two parents. 

Resistance and Susceptibility among Species 
A more detailed evaluation of psy lli d resistance in 
the gen us Leucaena was recentl y coordinated by T he 
University of Q ueensl and. A comprehensive coll ec
tion of accessions was acq ui red from the Oxford 
Fores try Instit ute (OFt), augmented by hybr id and 
elite accessions from the Univers ity of Hawaii and 
CSIRO, Austral ia . The co ll ec tion comprised 116 
accessions of Leucaena fro m 22 spec ies and hybrids 
and was g rown at Brisbane, Austra li a and at Los 
Banos in the Phil ippines (M ull en et al. 1997) 

Psyll id damage ra tings (PDRs) were taken 
monthl y throughout the experimental pe ri od (May 
1995 to June 1996 at Brisbane; Novem ber 1995 to 
June 1996 at Los Banos) usi ng the dam age scal e 
developed by Wheeler (1988) (rat ings of 1-9, ra ti ng 
1 = no damage observed, rating 9 = blackened stems 
with total leaf loss). Da mage by psy llids, rather than 
psyllid nu mbers was used as an index of res istance 
or susceptibi lity (Austin et a l. 1996). For si mpli ci ty, 
the psy lli d da ta were averaged fo r each speci es and 
mea n an d range are show n for a ll accessions in each 
spec ies fo r B ri sbane and Los Banos in Table 3. Da ta 
were omi tted fo r periods of very low psy llid 
chall enge (mean PDR<2.0) as useful da ta on resis t
ance and susceptibi li ty could no t be collectcd dur ing 
such periods. 

A complete range of psy llid damage responses, 
from highl y resis tan t to hi gh ly susceptibl e, was 
measured. T here was broad agreement in the 
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find ings betw een the two s ites. L. col/insii subsp. 
col/insii, L. confer/if/ora, L. escu/enta, L. pueblana, 
L. relusa, L. greggii and L. mallldae were hig hly 
resistant at bot h s ites, wh il e species such as L. /euco
cephala, L. lempirana, L. leucocephala x L. /euco
cepha/a and L. mllllicapil ll/a were hig hly susceptible 
at both s it es . Ot her species were in termed iate and 
fell into ei ther res istant or suscept ibl e catego ries as 
shown in Table 3. 

T here was co ns iderable variation in psy ll id res is t
ance w ith in so me speci es. L. col/illsii subsp. col/illsii 
was highly res istant to psy ll ids at bo th s ites, whereas 
L. col/insii subsp. zacapana was moderate ly suscep
tible at Bri sbane and moderate ly res istant at Los 
Banos. Va ria tion withi n L. pal/ida, L. Iriclwndra and 
L. diversifolia indicated that the mea n PDR fo r each 
species in Table 3 was an overs implification as the re 
are bo th res istant and susceptible accessions in these 
species. 

At the Brisbane site, damage ra tings fo r individ ual 
accessions of L. pal/wa varied from highly res istant 
(K376 and OFI 44/87) to moderate ly susceptible 
(OFI 92/94), except fo r hig h suscept ibi lity in K953 
perhaps due to its hybrid orig in (H ughes 1993). 
L. Irichalldra damage rati ngs also var ied from highly 
resistan t (OFI 53/88) to moderate ly suscept ible (OFI 
4/91). For L. ditJersifo/ia, dam age ratings varied fro m 
highly res istant (K778) to highly susceptible (OFI82/ 
92). The ranges were less at Los Banos a lt hough the 
general trends were simil ar. It is thercfore c lca r that 
g reat divers ity exists, no t only between species and 
subspec ics, but also within some species. Ot her taxa 
to show high variability in dam age ra ti ngs were the 
interspecific hybrids. T his was expected due to the 
pol ar ity of pa rental psy ll id res istance. Lack of va ri a
bi lity in other spec ies may be due to the li m ited 
ava il ab ili ty of access ions tes tcd in those spec ies. 

The re was littl e variation in psy llid resista nce in 
e ither subspecies of L. /ellcoceplw/a refl ecti ng the 
na rrow ge net ic diversity w ith in th is spec ies reported 
by Hug hes (1993). 



Table 3. Psyllid damage of Leucaella species at Brisbane, Australia and at Los Banos, Philippines. 

Species Bri sbane Los Banos 

Psyll id damage l Resistance Psyllid damage Resistance 
category2 category 

Mean Range Mean Range 

L. greggii 1.4 (1? 4 HR 1.0 ( I) HR 
L. escule11la 1.7 (2) 1.4-1.9 HR 1.3 (2) 1.3-1.4 HR 
L. matudae 1.7 (I ) HR 1.5 (1 ) HR 
L. pueblana 1.7 (2) 1.4-2.0 HR 1.1 (1 ) HR 
L. re/usa 1. 7 (1) HR 2.3 (I) M R 
L. coffinsii subsp. co ffinsii 1.9 (2) 1.8-2.1 HR 1.0 (2) 1.0-1.0 HR 
L. confer/if/ora 1.9 (2) 1.5-2.3 HR 1.4 (1) HR 
L. cuspidata 2.1 (I ) MR 1.1 (1) HR 
L. pallida 2.8 (9) 1.7-4.6 MR 1.8 (6) 1.0-3.0 HR 
L. paffida x leucocephala 3.0 (6) 2.6-3.8 MR 1.8 (2) 1.3-2.3 HR 
L. trichalldra 3.2 (1 2) 1.4-5.4 MR 2.4 (12) 1.0-3.6 MR 
L. lanceolata subsp. sousae 3.2 (2) 3.0-3.4 MR 2.3 (2) 1.6-2.9 MR 
L. diversifolia 3.7 (12) 2.8--5.4 MR 2.4 (10) 1.3- 4.1 M R 
L. coffillsii subsp. zacapana 4.1 (3) 3.4-5.0 MS 2.9 (3) 1.4-2.9 MR 
L. macrophylla subsp. macrophyffa 4.1 (2) 3.9-4.3 MS 3.2 (2) 2.5- 3.9 MR 
L. trichodes 4.2 (2) 3.9-4.4 MS 4.2 (2) 3.3-5.1 MS 
L. macrophyffa subsp. istmensis 4.3 (2) 3.7- 4.9 MS 4.0 (3) 3.5-4.3 MS 
L. magnifica 4.3 (2) 4.1-4.4 MS 3.3 (2) 3.3-3.4 MR 
L. leucocephala subsp. ixtahuacana 4.4 (1) MS 
L. diversifolia x L. lellcocephala 4.5 (9) 3.0-5.8 MS 4.0 (5 ) 2.3-5 .3 MS 
L. salvadorellsis 4.6 (3) 4.4-4 .8 MS 1.5 (3) 1.4-2.1 HR 
L. shannonii subsp. shannonii 4.6 (4) 3.7-5.3 MS 3.3 (4) 1.5-5.4 MR 
L. lanceolata subsp. lanceolata 4.7 (4) 4.4-5.2 MS 3.7 (4) 3.1 - 4.8 MR 
L. pulverulellla 4.7 (3) 4.5- 4.8 MS 2.6 (3) 2.5- 2.8 MR 
L. ill volucrata 4.9 (1) MS 6.1 (1 ) HS 
L. lempiralla 5.2 (2) 5.1 - 5.3 HS 4.4 (2) 4.1 - 4.8 MS 
L. multicapitula 5.2 (2) 5.2-5.3 HS 5.6 (2) 5.3-5 .9 HS 
L. leucocephala subsp. glabrata 5.5 (19) 5.1-5.9 HS 5.4 (15) 4.4--6.6 HS 
L. leucocephala subsp. leucocephala 5.7 (6) 5.6-5.9 HS 6.0 (4) 5.3-6.8 HS 

I Psyllid damage rati ng: I = no da mage to 9 = blacke ned stems wi th total leaf loss (Whee ler 1988) 
2 Resistance categories: see Table 1 
3 Values in paren theses are number of accessions 
4 One accession only, therefore no range 

Stability of psyllid resistance 
There was a significant relat ionship between damage 
scores at Brisbane and Los Baiios (r2 = 0 .75) 
(Figure 5), although the mean damage score was 
lower at Los Banos (3.8) than at Brisbane (4. 1). This 
gives confidence that the psyllid resistance rankings 
of the species are robust and sufficient ly objective to 
enable consistency among inumerators. The relation
sh ip was also non-linear and gave a g reater nu mber 
of highly and moderately resis tant accessions at Los 
Banos than at Brisbane. This was attri buted to the 
higher psyllid chall enge at Brisbane. 

It was frequently observed at Brisbane that nor
mally resi stant accessions were attacked and showed 
some damage during periods of extreme psy llid 

pressure. During periods of lower psyllid pressure, 
these access ions had few or no psyllids, and were 
undamaged; more suscept ible accessions were dam
aged at all times. T herefore, periods of low psyllid 
pressure reduced the expression of differences in 
psy ll id resistance between accessions and increased 
the number of accessions in the res istant categori es. 
Th is would explain the early flat ness of the relation
ship between the data from the two sites, and the 
subsequent steeper slope when more susceptible 
accessions were compared . The lower psyll id pres
sure at Los Banos has therefo re erroneously classi
fied some moderatel y res istant accessions as highl y 
resistant, and some moderatel y susceptible acces
s ions as moderately resistant. 
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Figure 5. Correlation between psyllid damage ratings 
(Wheeler 1988) of 1 J 6 accessions of Leucaena at Bri sbane, 
Austral ia and at Los Banos, Philippines. 

Identifying the mechanisms for psylJid resistance 
Resistance to homopterous insect a ttack in pl ants is 
no rm aliy achieved by physical o r chemical modifica
tions (e.g., m idge in sorghum). Phys ical resistance 
might occu r due to pubescence whic h prevents the 
insect from feeding. Induced c he mi ca l resistance 
occu rs when insect herb ivory results in chem ical 
changes wit hin the plant which deter insects from 
continued fee ding (Wa iter and Pa rry 1994). 

T here has been much inte rest in the unde rl y ing 
mecha ni sm o f psylli d res ista nce in Lellcaena. 
Sorennson a nd Brewbaker (1 987) exami med pl ant 
phys ical, mo rphological, and some c hemical charac
teris tics in psyllid res istan t geno types. They fo und 
th at tw ig- pubescence, flower s ize or colo ur, leafl et 
s ize, mimos ine and chromoso me number we re 
poorly corre lated w ith psyliid res istance, but s pecu
lated that a st icky leaf exuda te fo und o n several 
res istant species may have been re lated to resis tance. 
T his hypo thes is has not been fu rthe r developed. 

Mo re recent s tudies have focussed on the hypoth
esis that co ndensed tann ins we re respo ns ib le fo r 
conferri ng psy lii d resis tance. For a segregating popu
lation of L. pallida x L. leucocephala hybrids, 
Castilio e t al. (1 994) found th at condensed tannin 
co ncentratio n was sig ni fica ntly an d negative ly corre
lated with psyllid damage (r2=0.3 ]). However, in a 
re- exa mination of the sa me segregating hybrids, 
Purdy (1996) fo und no correlati o ns between psylJ id 
resistance and condensed tann ins (Cf), neu tral deter
gent fi b re (NDF), acid detergent fib re (A D F), lignin , 
leaf nitrogen (N) or low mo lecul ar w eight pheno lics . 
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In ano ther s tudy, an exam inatio n of 16 access io ns 
of L. diversifolia , L. pallida and L. lellcocephala 
revea led a significant correlatio n between CT and 
psy li id resistance ( r2=0.41) (Castill o et al. 1997) a nd 
co nc urred w ith s tudies of s imil ar access ions by 
W heeler et a l. (1 994). Castill o e t al. ( ] 997) reported 
even stronger correla tio ns with leaf dete rgent fibre 
frac tions (ND F and ADF) (r2=0.65 and 0 .71 respec
tively) . The authors co nc luded that condensed 
tann ins may co ntri bute to psy li id res istance by 
inc reasing leaf toug hness, whic h together with 
highe r hemicellu lose concentrati ons in cell wa lis 
may co nfe r psylJid res istance by making it mo re 
di fficult fo r psy llids to feed. 

To clarify these rela tio nshi ps, the Lellcaena foun
dat ion co li ection of 116 access ions at Bri sbane, 
Q ueensland, Austral ia (Tabl e 3) was analysed fo r d ry 
matter di gestibi lity (I V DMD), NDF, ash, N and Cf 
co ncentrations. T hese parameters were then corre
lated with mean PDRs for accessions of Lellcaena 
(Table 4). 

Table 4. Correlations between psy llid damage ratings and 
forage quality parameters and for 11 6 accessions of 
Leucae/1a . 

Parameter Correla tion (r2) Model 

IVDM D 0.22** y=o..b 
NDF 0.03 y=o..b 
Ash 0.03 y=mx+b 
Condensed tann i ns 0.28** y=mx+b 
Leaf N 0. 12** y=o..b 
CT x leaf N 0.27** y=o..b 

Psylli d damage rat ings we re sig nifica ntl y a nd 
pos itive ly corre lated with IVDMD and leaf N, nega
tively co rre lated with CT levels and no t co rre lated 
with ash and NDF values . The corre lati on between 
PDR and Cf was s imil ar to those repo rt ed by 
Wheeler et al. ( 1994) and CastilJo et al. ( 1997). T he 
autho rs therefote conc ur with the concl us io n of those 
autho rs that Cfs are not s in gul a rly respons ible fo r 
psy liid res istance in Lellcaena. For in stance, L. col
Iinsii subsp. collinsii has s ho wn high levels of psylli d 
resistance but conta ins no CT. 

Conclusions 
Fro m mo re than 10 years of resea rc h and manage
ment , a detail ed p rofile has been developed of the 
psyliid problem. Psy lli d popul ati ons are va riabl e but 
can build up rapidly in response to an interactio n o f 
cl imatic va riables w ith host plan t facto rs. Wh ile the 
s ig nificance of c l imatic variables var ied from s ite to 
s ite, very hi gh and low temperatures appeared to 
limit psyllid damage as did very dry periods. 



Natural enemies of the psyll id, the coccinellid 
C. coeruleus and the parasitic wasp P. yaseeni, have 
been only partially effective in controlling psyllid 
outbreaks. However, a complete range of psyllid 
damage responses exists in the Leucaena genus from 
highly resistant to highly susceptible, and there is 
considerable variation in accession response both 
between and within species. Quantificat ion of psyllid 
damage ratings (POR) showed a loss of potential dry 
matter production of 25%, 40% and 100% at PORs 
of 1, 2 and 6.5 respectively. C he mical s tudies indi 
cate that resistance to psyllids is associated with the 
condensed tannin content of tissues but not singu
larly attributable to it. T he underlying mechanisms 
for resistance are not known, but it is probable that 
more than one mechanism exists. 

Future management of the psyllid probl em will 
depend on the use of resistant accessions in high 
psyllid challenge areas bu t the use of high quality sus
ceptible L. leucocephala accessions will contin ue in 
environments whe re psyllid challenge is minimised. 
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Environmental Hazards of Leucaena 

C.E. Hughesl and R.J. Jones2 

Abstract 

The benefits of the cultivation of Leucae/la leucocephala in various farming systems are now 
well documented and acknowledged. However, there are two possible env ironmental hazards asso
cia ted w ith the use of leucaena. These are its poten tial for weediness and its ability to increase soil 
acidity with consequent increase in toxic aluminium and manganese that could affect production 
and reduce the crop options for a site. These potential hazards arc explored and discussed in this 
paper. A lthough the maj or weed concern in the past has been associated wi th the use of L. leuco
cephala subsp. leucocephala (the 'common' type), there is increasing evidence that L. leuco
cephala subsp. glabrata and L. diversifolia, which are increasingly used in fanning systems, al so 
have invasive traits, together wi th spontaneous hybrids. The use of bruchid seed beetles could 
prove to be very effecti ve in grea tly reducing the threa t of weediness. Sterile tri pl oid hybrids may 
have many benefi ts, including the prevent ion of spread. However, methods of propaga tion need to 
be developed before the technology can be widely applied. So il acidifica tion associated with the 
growth of nodulated legumes is inevitable. Changes of I pH unit to a depth of 60-80 cm ha ve been 
mcasured over a 20-25 ycar period under grazed leucaena pastures. The rate of acidifica tion is 
grea test from high yielding, pure stand s which are cut and removed from the site; where soil s are 
lightl y textured and of low butTering capacity, and where pH is neutral to slightl y ac id. se lection of 
lines with low ash alka linity and, hence, lower potential for soil acidifica tion, may be possible. 

THE benefits to be ga ined f rom the intrOductio n and 
cultivation o f Lellcaena lellcoceplwla to new areas 
are widely documented an d include i ncreased animal 
production, shade fo r plantation crops, erosion pre
vention on sloping lands, and prov ision o f firewood 
and building materi als (Pound and M artfn ez-Cairo 
1983; N ational A cademy of Sciences 1984; Brew
baker 1987; Jones et al. 1992; Hocking 1993). A s 
natural hab itats become progress ively more frag
mented and degraded, agrofores try trees are in 
increas ing demand to create robust utilitarian agro
ecosystems - the' brave new ecosystems' referred to 
by C ronk (1 995) - to meet the needs of human pop
ul ations (Hughes 1988; Hughes and Styl es 1989). 
However, many of the attri butes which confer suc
cess in such agroecosystems are by definiti on also 
characteri stics o f w eeds. It is therefore no t surprising 
that as w ell as benefit s, introductio n o f success ful 
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2 CSIRO Tropica l Agriculture, Dav ies Laboratory, Private 
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agro forestry trees, such as L. leucoceplwla , ca n also 
ca use problems of w eediness. Furthermore, the ' circa 
situm ' conservation benefits deri ved fro m grea ter use 
of loca l tree di versity to crea te and maintain agro
ecosystems may be lost throug h over- rei iance on 
introduced species such as L. lellcoceplwla. 

In the first part of thi s pa per, the envi ronmental 
hazard of w eediness is discussed. T he statu s of 
L. lellcocephala as a w eed is revi ew ed and the potcn
tial risks associated with int roductio n o f o ther 
species of lellcaella are assessed by taking 
L. lellcocephala as a benchmark for comparison. 
Pro tocols for species introductions that incorporate a 
w eed ri sk assessment are outlined. O ther measures 
that may reduce risks, such as use of seed predato rs 
as biocont ro l agents, o r development of steril e 
hybrids, are also discussed. 

T he other haza rd consi dered is soi l acidifi ca ti on. 
Like all nit rogen-fixing legumes, leucaena has the 
potential to acid ify soil s on which it is grown. This 
aspect is di scussed from the I imited data avail able 
for leucaena and from the evidence of long-term 
studi es using o ther legumino us spec ies . 



Weediness 

Leucaena leucocephala 

An invasive plant may be defined as 'an al ien plant 
spreading na turally (w ithout di rect ass istance of 
humans) in natu ral and se mi -natura l habitats, to pro
duce a s ignificant change in terms of co mpos ition, 
structure and ecosystem processes ' (Cronk and 
Fulle r 1995). Under this defin it ion , L. leucocephala 
subsp. leucocephala , the shrubby 'common ' type, is 
a widespread and well -known invasive weed. It is 
spreading natu rally and has been reported as a weed 
in more than 20 count ries scattered across all conti 
nents except Europe and Antarctica, e.g., in Afr ica: 
in Tanzania (Sheil 1994), Cameroon (D uguma 
1995), and South Africa (Henderson 1989; Wells et 
al. 1989; Neser 1994); in Southeast As ia: in the Phil
ippines (Merrill 1912), Java, Indonesia (Macdonald 
and Frame 1988), Papua New G ui nea (Verdcourt 
] 979) and Malays ia (Corner 1938); severa l Pacific 
is lands: including Guam (Debell and W hiteswell 
] 993), Vanuatu (Cock ] 984), New Brita in and 
Tonga (Verdcourt 1979) and Hawaii , U.S .A. (S mith 
1985; 1989); on several Indi an Ocea n islands: 
inc lud ing Reun ion, Mau rit ius and Rodrigues (Polhill 
1990); northern Austral ia (Lonsdale 1994; Lambert 
1996; Jones and Jones 1996); the is land of Fernando 
de Noronha off the coast of Brazi l (Felfili and Da 
Si lva 1990); several is lands of the Ca ribbean such as 
Ha iti (T imya n 1996) and Puerto Rico (Li ttl e and 
Wadsworth 1964); in sout hern Flo rida (Gordon and 
T ho mas 1997), and Texas ('semi-weedy' in urban 
areas, Isely 1970, 1973); in the Bahamas; and in the 
Yucatan Peninsul a of Mex ico where it is only doubt
full y native (McClay 1989; Hughes 1998). 

L. leucocephala subsp. leucocephala is a weed of 
open (o ft en coastal) habitats , semi-natural, d istu rbed, 
degraded habitats, other ruderal s ites (e.g ., roads ides, 
cree ks, abandoned fie lds and waste ground) and 
occasionally of agricultural land where it has been 
planted as a shade tree over cacao . In their system of 
invas ive categories, C ronk and Fulle r (1995) 
ass igned L. leucocephala to the ir category: ' a 
serious or widespread weed in vading semi-natural 
or natural habitats which are of some conservation 
interest' . 

In Florida, it is classif ied as a Category " weed, 
defin ed as a species whi ch has a local di stribution 
and e ithe r rapidl y expanding popul ations, or known 
potential to inv ade and di srupt native vegetation 
elsewhere (Gordon and T homas 1997). In thi s sense, 
it is not one of the world 's worst weeds and it is not 
known to invade undisturbed closed fo rest habitats . 
For exampl e, in Australia , although a known weed, it 
is not a procl aimed noxi ous weed (Parsons and 
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Cuthbertson 1992). However, in many areas it has 
fo rmed dense monospecific thickets. 

In Hawaii , it is reported to be replac ing native 
Metrosideros-Di05pyros open fo res t and poss ibl y 
threatening the Hawai ian endemic Erythrina san
wichensis in parts of its range (Cronk and Full e r 
1995). It is present on at least f ive of the isla nds of 
the Fernando de Noronha archi pelago in Brazil 
where it is al so competing w ith native is land 
endemics, in th is case Ficlls noronhae and Oxalis 
norollha (Felfili and da Silva 1990). 

O n the Acra plains of G han a, a num ber of rare 
endemic species of c ritical conserva tion concern, 
incl udi ng Commiphora dalzielii and HlInteria ghan
ensis, occur in areas now severely invaded by in tro
duced trees including Azadirachta indica and L. 
lellcocephala (W.D. Hawthorne, pers . comm.). 
Dense monospecifi c stands, even if no t o f immedia te 
conserv at ion concern, can render ex tensive areas of 
disturbed ground unusabl e and inaccess ibl e (Cock 
1984). 

L. lellcocephala is therefo re an important weed, 
but by no mea ns the worst weed in the wo rl d. T hi s is 
confirmed by apply ing protocols des igned to assess 
weed risks of spec ies proposed fo r introductio n, 
befo re they are int roduced. T he weed ri sk assessment 
procedure devised and tes ted by Pheloun g (1995) to 
regu late plant imports to Aust rali a, and subsequentl y 
modif ied for use in New Zea land (Wi lli ams 1996), is 
one of several systems developed recentl y (for o the rs 
see Reichard and Hamilton 1997; T uck er and R ich
ardson 1995). 

Under the Australian system, plants are scored 
acco rd ing to a set of 49 criteri a including evidence of 
weediness elsewhere and a w ide range of b io log ica l 
attributes of the pl ant. Weed Ri sk Scores we re 
calibrated using 370 known A ust ralian int roductions 
as the bas is fo r ass igning one of three categories: 
' reject' , 'evaluate flirt her ' o r ' accept' (Pheloung 
1995). L. lellcocephala scored between 2 and 5 
(Pheloung 1995; Willi ams 1996) although Hughes 
(1 998) obtained a s lightly hig her score of 7 po ints) 
scores which a ll fall with in the 'e valuate furthe r' 
category. T his means that should L. lellcoceplwla be 
proposed fo r introduction to New Zeal and or Aust
rali a today, further evaluat ion would be demanded 
prior to introduction under new quarantin e proce
dures. Eva luation co uld cons ist of repeating the 
weed ri sk assessment with upda ted and more com
plete info rmation, undertaking an env ironmental 
impact assessment and a cost-benefit ana lys is to 
justify the ri sk, and/or ensuring post-entry evalu atio n 
in the fo rm of fi e ld studies supervi sed by an ex pert 
panel to examin e more d irectly the weed potenti al 
and to verify its potenti al benefits . 



The weedin ess of L. leucocephala subsp. leuco
cephala has been attributed to its abundant, preco
cious (w ithin first year), year-round seed production 
(Gonzalez et al. 1967), lack of polli nator specificity, 
its abil ity to resprout after cutting or burning, the 
bu il d-up of a persistent seed bank in the soil, its 
drought tolerance, its abil ity to fo rm dense impene
trable th ickets and its self-co mpatib ility which means 
that it can spread from seed produced from an 
isolated tree. Conversely , it is thorn less, has no doc
umented allelopathic effects, is highly palatable, is 
non-climbing in habit, and seed dispersal is largely 
by g ravity with only limited movement of seed on 
the ground by insects and rodents, or by water along 
streams (although lones and lones (1 996) suggest 
that some seed may survive passage through cattle), 
a set of traits which may limit its invasiveness to 
some extent. 

Other species of leucaena 
Given the curren t in terest in introduction of a wider 
spectrum of species and hybrids of leucaena to new 
areas, some resea rchers are asking whether th ese 
species are likely to be more or less weedy tha n 
L. leucocephala subsp. leucocephala in order to 
j udge the advisabi li ty of new int roductions. Many 
authors have highlighted the difficulties of predicting 
the outcome of species introductions (Cronk 1995; 
Cronk and Fuller 1995; Hughes 1994; 1995) and as 
Cronk (1995) suggested it is likely that ' whatever we 
predict about the future of weeds, the reality is likely 
to surprise us' . T his is because of three main factors. 
Firstly, the long-term perspective that is required to 
take account of possible changes in land use, pro
duction goals and management practices is difficult 
to achieve. Secondly, there is often a lag of up to 
100 years between first in troduction and emergence 
of an invasive problem. Th irdly, spontaneous hybrid
isation between introduced species and nati ve 
species o r other introduced species may give rise to 
new and potentially weedy hybrids. 

Taking L. leucocephala as a benchmark fo r 
comparison, other species of leucaena have been 
assessed usi ng the Pheloung (1995) weed risk assess
ment procedures as one way to compare the potential 
weediness of d iffe rent species of leucaena. 

It has been suggested tha t L. leucocephala subsp. 
glabrata is likely to be less weedy than subsp. leuco
cephala (Shelton 1996). No bas is for this can be 
seen , and under the Pheloung (1995) system, both 
subspecies obtain identical scores except that subsp. 
glabrata has not been recorded as a weed elsewhere, 
thereby reducing its score. Other systems (e.g., 
Reichard and Hamilton 1997) suggest stricter scoring 
for species that are congeneric with known weed 
species. Subspecies glabrata is somewhat less 
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precocious than subsp. leucocephala, but even the 
less seedy varieties such as K636 (cv . Tarramba), 
still produce prodigious qu ant ities of seed at an early 
age if allowed to grow ungrazed. Indeed, Hutton and 
Gray (1 959) showed that the ' Salvador' type (subsp. 
glabrata) produced more pods and seeds per plant 
than the 'common ' type (subsp. leucocephala , 
referred to by them as the 'Hawaiian ' type). 

The fact tha t subsp. glabrata is not recorded as a 
weed yet is quite possibly because it has only been 
w idely introduced in the past three decades, and is 
used for fodder, whereas subsp. leucocephala has 
been spreading fo r more than 150 years. As early as 
1912, L. leucocephala subsp. leucoceplwla was 'so 
thoroughly naturalised, common and widely distrib
uted that the casual observer would consider it a 
native species ' in the Ph ilippines (Merril l 19J 2). As 
noted above, it is well -known that ' invas ion trajec
tories' (int roduction, natu ra l isation, fac il itation, 
invas ive spread, in teraction with other biota, stabili
sation) typicall y span 100 years or more (Cronk 
1995; Hobbs and Humphri es 1994 ; Scott and Panetta 
1993; Lodge 1993). Subsp. leucocephala has had 
severa l centuries to become a weed. It seems likely 
that, given tim e, subsp. glabrata may al so naturali se 
and become weedy. 

One other species, L. di versifolia, al so appears to 
have all the invasive trai ts of L. leucocephala and 
does not differ significantl y in the weed risk assess
ment. It is also self-compatible and seeds heav ily at 
an early age. T he rem ai ning speci es of leucaena 
differ from L. leucocephala and L. d iversifolia in 
being self-incompatible and somewhat less seedy 
and precocious although this is a matter of degree in 
tha t most are still re lat ively seedy from an early age 
(1-2 years). On ly L. cuspidata, L. greggii, 
L. matlldae, L. retusa and L. salvadorellsis are 
known to be less precocious, seeding at 2-3 years of 
age. Further than this, four species, L. lallceolata, 
L. pulverulellla, L. shanllonii and L. trichodes show 
marked weedy tendencies, spread ing and colonisi ng 
ruderal sites such as roads ides and abandoned fie lds 
and forming dense th ickets within their nat ive ranges 
(e.g., Isely 1970 for L. pulverl/lenta in Brownsvil le, 
Texas, USA; Hughes 1998). Given that known 
weedin ess e lsewhere is a key factor in weed risk 
assessment (Pheloung 1995), and probably the best 
predictor of weediness (Scott and Pa netta 1993), 
documenta tion of the weediness of these four species 
(H ughes 1998) will be important if they are proposed 
fo r new introd uctions elsewhere. Species are tenta
tively assigned to one of four weed risk categories 
taking L. leucocephala as a benchmark: 0 = lower 
risk; 1 = significant risk ; 2 = risk as for 
L. leucocephala; 3 = known weed (Table 1). 



Table 1. Weediness risk categories of species of leucaena. 

Known weed Risk as for L. leucocephala 
subsp. leucocephala 

Significant ri sk Lower ri sk 

L. leucocephala 
subsp. leucocephala 

L. leucocephala subsp. glabrala' 
L. diversifolia 

L. col/insii 
L. conferriflora 
L. esculenla 

L. cU5pidala 
L. greggii 

KX3 hybrid L. leucocephala x 
L. diversifolia* L. involucrala 

L. lanceolala' 
L. lempirana 
L. macrophyl/a 
L. magnifica 
L. mullicapilula 
L. pallida 
L. pueblana 
L. pulverulenla' 
L. shannonii' 
L. IrichaJ/dra 
L. Irichodes' 

L. matudae 
L. relusa 
L. sa lvadorensis 

• Species which show weedy tendencies somewhere within their native ra nge, spreading and colonising ruderal sites such as 
roadsides and abandoned fields and forming dense thickets in some areas. 

Protocols for new species introductions 
There is growi ng awareness of the environmenta l 
hazards posed by introduced speci es in general 
(W il liamson 1996), plants (Cronk and Full er 1995), 
and trees in part icu lar (H ughes 1994, 1995; Hughes 
and Styles 1989). This has prompted calls for a more 
pa rsi monious approach to reduce ill-considercd and 
unnecessary introductions th rough more careful prior 
assessment of likely benefits and risks (e.g., Lons
da le 1994). T he much stricter ru les now being 
applied to regulate new species introductions in New 
Zealand and A ustra l ia re ly on a 'gllilty-until-proven
innocent' approach (Pheloung 1995; Hughes 1995). 
Such systems are likely to be applied more widely in 
the future. One part of these protocol s is more active 
consideration of alte rnat ive native species. In gen
eral , it is accepted that in troductions should only be 
considered if no native species is suitable fo r the pur
pose for which the introduction is being made 
(Hughes 1995). It is aga in st this backdrop tha t poten
tial importers must judge the advi sability of new 
in troduction s. 

Hybrids 
Spontaneous hy bridisat ion between an introduced 
and a nat ive spec ies or between two introduced 
species can pose new and unpred ictable threats of 
weediness (reviewed by Abbott 1992; Abbott and 
Milne 1995). Th is is very much the case for Icucaena 
with its high inte rspecifi c crossability (Sorensson 
and Brewbaker 1994) and know n frequency of 
spon taneous hybrid isation (Hughes and Harris 1994, 
Hughes 1998). There are a lready several documented 
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cases o f spontaneous hybridisation in leucaena fol
lowing introduction of speci es to new areas (Hughes 
and Harris 1994, H ughcs 1998). O ne of these hybri ds 
between L. /eucocep/7a/a and L. diversi/o/ia has 
arisen spontaneously in Mexico, Guatemala, Haiti, 
Jamaica, Dominican Republic , Papua New Guinea 
and the Phi lipp ines (Hughes and Harri s, in press) fo l
lowing cultivation of the parents. T his hybrid is self~ 
fertile , produces prodigious qu antit ies o f seed from 
an early age and shows weedy tendenc ies in sec
ondary vegetation in Veracruz, Mex ico. T his hybrid 
has a lso been created artificially and promoted, as 
KX3, by the University of Hawaii (Brewbaker and 
Sorensson 1990; Sorensson 1995). T he 
L. /eucocep/7a/a x L. diversi/o/ia hybrid is thus 
a lready widely distributed and is potent ially as 
weedy as L. /eucocep/7a/a. Under the Austral ian 
Weed Risk Assessment procedures (Pheloung 1995), 
it scores the same as L. /eucocep/7a/a and L. diversi
folia. Furthermore, multiple origins of a hybrid, as 
documented for L. leucocephala x L. diversifo lia 
(Hughes and Harri s 1998), provide insurance against 
ex ti nction, particularly d uring the early stages o f 
establi shment, and may increase the am ount of diver
sity sampled fro m the parent spec ies (Abbott 1992) 
further enhancing the weedy ri sks associated w ith 
such hybrids. As an increasip.g number o f speci es a re 
introduced and tested in field tri als there w il l be 
many new opportunit ies fo r spontaneous hybrids, 
some of which may a lso pose threats of weed iness. 
However, not all hybrids produce seed readily . F t 
hybri ds between L. /eucocep/7a/a K636 and 
L. pa//ida K748 produce only small quant it ies of 



seed compared with the K63 6 parent (Shelton, 
pers. comm.). 

Field t rials and containment 
Introductions are normally made initiall y into small 
sca le experimental fi el d tria ls such as those under 
way now on a large scale wit hi n LEUCNET. It is 
oft en assumed that tr ia ls leave open the option of 
eradication if post-entry evaluat ion indicates cause 
fo r concern (I UCN 1987; Cronk and Fuller 1995). 
However, such tria ls, which are normal practice in 
forest ry int roduction programs, w ill provide onl y 
limited info rmation on invas ive tendencies. Further
more, to be effecti ve in controll ing invasive species, 
tria l sites wo ul d need to be heav ily protected, iso
lated and closely monito red for severa l years and in 
some cases fo r decades; these condi t ions are rarely 
met in prac tice. 

T rial assess ments rarely look at the reproducti ve 
ecology o r seed dispersal and regenera tion . There are 
many cases where a few trees surpl us to tr ial require
ments are dist ributed to fa rmers, on-fa rm testi ng of 
species is recommended, and tria ls rema in in a 
neglected state long after assessment is complete, 
th us provid ing a long-term source of possible inva
sives (Shei l 1994). 

For leucaella species, wi th their abundant and pre
cocious production of hard-coated seed, most tria ls 
will leave behi nd a soi l seed ba nk that may pers ist 
fo r ma ny years . Seedl ings can emerge up to seven 
(and probably more) years after seeding (Jones and 
Jones 1996). Often seed is collected fro m trial s by 
experimental stat ion workers or visi to rs to plant in 
ot her areas or back in the ir ga rdens and farms. 

In Honduras, putati ve spo ntaneous hybrids 
deri ved in thi s way fro m a species trial have been 
observed grow in g on the fa rm of a station worker 30 
km distant. Thus, although trial s provide some scope 
for monitori ng and control , and should be pursued 
wi th improved monitoring procedures, it is a fa ll acy 
that movement of introduced spec ies can be reliably 
controlled at the stage of ini tia l fi eld testing of new 
leucaena species fo llowing current pract ice. 

Once establ ished, leucaena may be hard to con tro l 
or e radicate (Evenson 1982; Sorensson 1992). Trees 
have the ab il ity to resprout afte r fi re o r other 
damage. Although leucaena species have highly pal
atabl e leaves, trees may be remarkably persistent 
even when repeatedly grazed c lose to the groun d and 
are thus hard to control or erad ica te th rough grazing 
managemen t. 

Bruchid seed predators 
Introduction of host-specific seed-destroying insects 
has been used successfully to limit the spread of a 
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number of econo mi ca lly important invasive legum e 
trees in South Africa, reducing the fea r that they w ill 
become un manageabl y weedy and mak ing thei r con
tinued planti ng and use acceptable (Neser and Kluge 
1986). By reducing seed production below a crit ical 
level, popu lati ons shou ld eventuall y decli ne reduci ng 
the ' aggressiveness' of introduced species. Effective 
seed predation of Acacia melanoxyloll (Neser 1996) 
and Prosopis species (Zim mermann 1991), two eco
nomicall y important ali en invas ives in South Africa, 
has been achieved by int roducing hos t-specific 
bruch id beetles. 

A si milar approach has been proposed fo r 
L. leucocephala in South Africa (Neser 1994; 1996; 
Tribe 1995). A leucaena seed- feedin g bruchi d beetle 
Acanthoscelides macrophthalmus, was de liberately 
int roduced to South Africa in 1989 for specificity 
stud ies and in 1996 the Sout h African Plant Protec
tion Research Inst itute applied for perm ission to 
release it. The accidental in troduction of A. macro
phthalmlls to Queensland, Austral ia in 1996 (Jones 
1996), is vi ewed overall as a posit ive influence to 
restrict furth er spread of weedy leucaena there (Jo nes 
and Jones 1996). Introduction of seed-feed ing 
bruchids might thus make w ide-sca le use of leucaena 
more acceptable, a lt hough the effectiveness of 
A. macrophthalmus in reducing seed prod uction 
rema ins to be assessed. 

In the ir nat ive ranges in Mex ico and Central 
America, leucaena seeds are predated by seven 
species of bruchid in two genera, Slafor and Acan
thoscelides. Wh ile the two species of Stator are 
known omnivores that feed on a w ide range of 
mimosoid legume genera, the f ive species of Acan
thoscelides fe ed exclusively on leucaena and have 
not been recorded on an y other host plant gen us 
(Hughes and Johnson 1996). A lthough differen t 
species of Acanthoscelides feed on diffe rent nu mbers 
of host plan t species in the ir nati ve range, host 
records cannot be ta ken to indica te spec ific ity else
where. However, A. mucrophthalmlls is known to 
feed on seeds of 18 di ffe rent species of leucaena and 
may thus provide so me insurance against possible 
weediness of species o ther than L. lellcocephala in 
Austra li a and South Africa. 

T he disadvan tages of int roduci ng seed-destroy in g 
bruchids for leucaena seed producers are obvious. 
However, Neser (1994; 1996) proposed that pods in 
seed orcha rds can be readi ly protected from bruchids 
by insectic ide treatment (as pursued for Acacia 
mearnsii in So uth Africa) o r, fo r smal ler quantities, 
by protecting ind iv idual branches with sleeves unti l 
harvested. It has al so been suggested that g reate r 
co ntro l over seed production might encourage wider 
use of improved geneti c material. 



PsyJlids 
Although not used delibe rately as such, a second 'bio
control agent' for leucaena, the psyllid Heteropsylla 
cl/bana, has spread throughout the tropics in the past 
15 years. There are few quantitative studi es of the 
ecological impact of the psyllid on weedy populations 
of leucaena. However, it is clear that it poses an 
impo rtant limitati on fo r growth o f L. lellcocephala. 

L. lellcocephala, the only species of lellcaena 
which has so fa r beco me an important weed, is 
highly susceptibl e to the psyllid compared to other 
species of lellcaena , some of which are highly 
resi stant (Bray 1994; Mull en et al. 1997). Breeding 
for psyllid res istance and control of the psyllid, 
ei ther by general ist predato rs or special ised biocon
trol agents, will tend to reduce the impact of the 
psyllid with time. 

Sterile triploid hybrids 
The other route to avoid problems of weedin ess in 
leucacna that has been proposed is the deve lopment 
and use of seedl ess, o r nea r secdless tripl o id hybrids 
(D ijkman 1950; B rewbake r and Sorcnsson 1990; 
SorenssonI995). T he principal adva ntages of seed
less hybrids are the elimination of weediness ri sks 
and concentration of photosy ntha tes in leaf and 
wood rather than in pod and seed producti on. Seed
less hybrids are th us viewed as env ironmcntall y
benign fo r planting in conservation-sensitive envi
ronments and agroforestry systems w he re wecdincss 
o f seedy L. lellcocephala can be a p roblem. 

T he first sterile, or near-steri le triploid hybrid to 
be used commcrcia lly was the L. lellcocephala x 
L. pulverlllenta hy brid which had ari sen spontane
ously in Indones ia (Dij km an 1950). Intcrcst in thi s 
hy brid arose in Indonesia because of problems of 
natural regenerati on and weediness o f secdy 
L. leucocephala when planted as a shade tree over 
tea and co ffee. T he sparsely seeding hybrids were 
noticed and subsequently propagated by grafiing 
(D ijkman 1950). Wider in terest in thi s hybrid e lse
where was driven by attempts to breed low mim osine 
lines by combining L. pulverulenta, with its known 
low mimosine content with L. leucocephala 
(Gonzalez ct a l. 1967; Bray 1984; Hutton 1985). 
However, qui te apart from the obvious propagation 
difficulties, expectations were short-lived due to its 
overwhelming susceptibility to the psy llid . 

A set of other sterile or near-sterile triploid 
hy brids have been created and have proved to be fast 
growing, o ffering diverse combinations of useful 
traits. T he L. leucocephala x L. esculenta hybrid has 
been art ificia lly recreated in Hawai i, des ignated as 
' accession' K I 000, (Sorensson and Brewbaker 1994; 
Brewbaker and Sun 1996). The seed sterility o f th is 
triploid has been verified in artificial hybrids in 
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Hawaii (Brewbaker et al. 1989; Sorensson 1995) and 
Colombia (Hutton 1988) and has been attributed to 
chromosome irregularities observed at meiosi s 
(Hutton and Tabares 1982) and consequent low 
pollen viability of between I % and 8% (Hughes and 
Harri s 1994) and 13% (Hutton and Tabares 1982). 
The L. leucocephala x L. esculenta hybrid is an 
extremely vigorous and leafy tree, shows outstanding 
psy llid resistance, and being seedl ess, poses no risk 
of weediness, making it one of the most attract ive 
leucaena hybrids for reforestation , assum ing the 
problems of propagation can be overcome (Brew
baker et al. 1989; Brewbaker and Sun 1996). How
ever, inform ation on its forage quality and resistance 
to browsing is lacking. 

Other seedless triploid hybrid combinations, such 
as L. leucocephala x L. trichandra or L. diversifolia 
x L. pulverulenta (Hawaii accession K I 00 I) a lso 
have the potential to combine high psyllid res istance, 
cold tolerance and vigour (Sorensson 1995). Trip lo id 
hybrids between L. lellcocephala and L. trichandra 
apparent ly arose spontaneously in Indonesia 
(Toruan-Mathius et al. 1995) and have been created 
in Hawaii (Sorensson 1995). They set few seeds, 
have good in vitro dry matter digestibility , are hi ghly 
psy llid-resistant and moderate ly cool-tol erant 
(Sorensson 1995; Toruan-Mathius et a l. 1995). 

O ther genet ic approaches to reducing weediness 
might a lso be proposed. Seediness of L. lellco
cephala may be reduced by se lection (e.g. , accession 
K29). A lternati vely, it is possible to transfer sel f
sterility to spec ies such as L. leucocephala through 
hybridi sation with spec ies such as L pallida. Some 
F I L. leucocephala x L. pallida (KX2) hybrids are 
se lf-sterile and weakly seedy . 

W idcr use o f steril e o r near-ste rile tri ploid hybri ds 
has been prohib ited to date by difficu lties of propa
gation. Routin e low-tech vegeta tive propagat ion o r 
effec tive hybrid seed o rcha rds (discussed by Bray 
1984) wo ul d bc needed if use of seed less hybri ds is 
to become routine. There is no doubt that abu nda nt 
loca l availabi lity of seed has been an important 
fac to r contributing to the spread and wi despread 
adoption of improved L. lellcocephala subsp. 
glabrata. Less seedy , self-incompatible or ste ril e 
hybrids o r varieti es will be much less easy to ue li ve r 
to fa rmers and growers . 

Soil Acidification 
Agricultural and pasto ral systems in evitably remove 
product fro m the system in te rms of c rops o r I ive
stock . Th is removal gradually resul ts in an inc rease 
in so il acidity co mpared to a na tural ecosystc m 
where product remova l is mi nimal (Wi lli ams and 
Chartres 1991). When legumes a re in troduced to the 
systcm, the rate of ac idification can inc rease. 



This is now well documented for grazed tem
perate/mediterranean pasture systems in Australia 
where a gradual decrease in soil pH occurs over 
time. Decreases of 1 unit of pH have been measured 
over a period of 25 to 50 years in such systems 
(Haynes 1983). This accel erated rate of acidification 
with nodulated legumes is due to several causes. 

On poor soils, the growth of legume-based pas
tures results in a fairly rapid rise in organic matter in 
the surface soil. This results in an increase in the 
cation exchange capacity (CEC), an increase in 
exchange acidity and, hence, a decrease in pH in the 
surface horizon (top 10 cm or so). Acidification 
deeper in the profile can occur through the net excre
tion of H30+ ions (protons) from legume roots . This 
is the outcome of the uptake of excess cations rela
tive to anions in N-fixing legumes and inevitably 
results in displacement of cations on soil colloids 
with consequent increase in acidity. 

The downward leaching of cations is further pro
moted by the mineralisation of soi l organic matter 
and subsequent leaching of nitrates contributing to a 
further decline in soil pH. Although the rate of 
nitrate leaching would be slower in grass/legume 
mixtures compared with pure legume stands, appre
ciable soil acidification can occur in mixtures of leg
umes (Stylosanthes spp.) and C4 grasses (Jones et al. 
1997). Compared with temperate or Mediterranean 
pastures, the rate of acidification in mixed tropical 
pastures may have been expected to be lower. 
Firstly, the rainy season occurs when temperatures 
support rapid growth of the perennial C 4 grasses with 
deep root systems and high capacity for nitrate 
uptake to prevent leaching. Secondly, tropical leg
umes generally have a lower total cation content rel
ative to temperate legumes resulting in a lower 
acidifying effect in the rhizosphere (Haynes ] 983). 

The limited evidence from grazed leucaena/grass 
pastures, however, indicates that the acidification 
rate can be as high as that measured in temperate 
pastures in Australia (Nobl e and Jones 1997). They 
reported that the pH in the top 10 cm under a grazed 
leucaena/urochloa pasture growing on a sandy clay 
loam alluvial soil (Haplic, Eutrophic, Red Demosol 
(Isbell 1996» with low buffering capacity (17.7 
mmol+H+/kg) declined by 1 unit over a period of 22 
years. Furthermore, significant depression in pH 
occurred to a depth of at least 70 cm. There were 
associated losses of the cations Ca2+, Mg2+ and K+ 
down the profile compared with an all-grass control 
pasture (Noble and Jones 1997). These changes 
occurred despite a dense productive grass associate 
between the 3 m spaced rows of leucaena. Calcula
tions of the excess cations over anions (expressed as 
ash alkalinity in meq/100 g OM) for L. leucocephala 
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shows that values (56-116) can exceed those for 
temperate legumes such as lucerne. 

Similar depressions in soil pH below grazed leu
caena pastures have been measured in the sub-tropics 
and tropics in Australia (A.D. Noble, pers. comm.). 
The decline in soil pH would be much greater under 
a cut-and-carry system where leucaena is grown as a 
monocrop and there is no return of manure or addi
tion of lime. 

Leucaena is known to be deep rooting - an 
attribute which confers drought tolerance. T hi s 
attribute could, however, lead to acidification over 
time throughout the soil profile. 

In Australia, the greatest development of leucaena 
fo r cattle production has occurred in central Queens
land on clay soils of high buffering capacity and high 
pH. Under these situations, the effect of leucaena 
growth on soil acidity would be minimal. However, 
growing leucaena on lighter textured neutral or acid 
soils of low buffering capacity, will inevitably lead 
to soil acidification. This, in turn, may increase sol
uble aluminium and manganese and decrease the 
availability of molybdenum (Haynes 1983). These 
cha nges will lead to reduced leucaena growth and 
reduced growth of any acid-sensitive crop species 
grown in association with or following the leucaena. 

To prevent the soil acidification described here 
may require the use of lime to counter the acidifica
tion wherever leucaena is grown on slightly acid 
soils of low buffering capacity; or leucaena plantings 
may need to be restricted to well-buffered, heavy
textured soils with high pH. It may also be possible 
to select or breed leucaena with low ash alkalinity to 
reduce the rate of soil acidification. 

Conclusions 
Optimal use of leucaena genetic resources in forestry 
and farming systems, will depend as much on clear 
understanding and recogn ition of the socio-economic 
and environmental contexts as on technical or 
biological advances . L. leucocephala is a ubiquitous 
small, seedy tree in most tropical countries. Whether 
it is perceived as a valuable asset providing basic 
products to smallholder farmers, as the salvation for 
sloping lands, as the 'a lfalfa of the tropics ' to com
mercial beef producers, or cursed as an undesirable 
alien weed, depends on the pe rspective of the 
observer and the wider socio-economic and environ
mental context. The widely varying socio-economic 
and environmental contexts in which leucaena is 
used dictate in large part, whether leucaena is per
ceived as an environmental hazard or an asset. 

There is scope for grazing or cutting management 
of leucaena to prevent seed set; the use of bruchid 
seed eating beetles and the use of sterile hybrids to 



overcome the po tent ial fo r weedin ess. However, the 
chal lenge to reduce so il ac id ifi cat ion is a formidabl e 
one that may requ ire much research, s ince in many 
s ituati ons if may not be econom ic to use li me. 

Acknowledgments 
T he authors thank J im B rewbake r, Bryan Hacker, 
J.B. Lowry, Sue Mclntyre, A lan Po tti nger and Ma x 
S helton fo r suggestions and com ments that have 
helped to im prove this paper. Colin H ughes ' pa rtici
pation in the Hano i Leucaena Wo rksho p was sup
ported by the Australian Centre for Inte rn ati onal 
Agricultural Research. 

References 

Abbott , RJ . 1992. Plant invasions, interspecific hybridi sa 
tion and the evolut ion of new plant ta xa. T rends in 
Ecology and Evolution, 7: 401 -405. 

Abbott, R.J. and M ilne, R.1. 1995 . Origins and evolutionary 
effects of invasive weeds. In : Stirton, C H. (ed) Weeds in 
a Changing World. Brit ish Crop Protect ion Council 
Symposium Proceedings 64. Brit ish Crop Protect ion 
Counci l, Surrey, 53-64. 

Bray, R.A . 1984. Evaluating hybrids between Leucaena 
leucocephala and L. pulverulenla as potent ial forage 
plants. A ustra lian Journal of Experimental Agri culture, 
24: 379-385 . 

Bray, R.A. 1994 . The leucaena psyllid. In: Gutteridge, R.C 
and Shelton, H.M. (eds) Forage Tree Legumes in 
Tropical Agricu lture. CAB International. Wa llingford, 
UK, 283-291 . 

Brewbaker, 1.L. 1987. Leucaena: a mUltipurpose tree genus 
for tropical agroforestry. In: Steppler, H.A. and Nair, 
P.K. (eds) Agroforestry: A Decade of Developmen t. 
International Council for Research in Agroforestry. 
Nairobi , Kenya, 289-323. 

Brewbaker, 1.L and Sorensson, C T. 1990. Leucaena : new 
tree crops fTom interspecific hybrids. In: Janick, 1. and 
Simon, J. (eds) Advances in new crops. Timber Press, 
Oregon, 283-289 

Brewbaker, J.L. and Sun, W. 1996. Improvement of 
nitrogen-fix ing trees for enhanced site quality. In: 
D ieters, M.l. , Matheson, A.C, N ikles, D.G., Harwood, 
CE. and Walker, S.M . (eds) Tree Improvement for Sus
ta inable Tropical Forestry. Proceedings QFRI-IUFRO 
Conference, Queensland, Australi a, 437-442. 

Brewbaker, 1.L., Sorensson, CT. and W heel er, R.A. 1989. 
New tree crops from interspecific Leucaena hybrids. In: 
Napompeth, B . and MacDicken, K .G. (eds) Leucaella 
psyll id : prob lems and management. Proceedings Inter
national Workshop, Bogor, Indonesia, 105- 110. 

Cock, M .J .W. 1984. Report on consultancy to the Republic 
of Va nuatu to adv ise on bio logical control of weeds and 
pests. Commonwea lth Institute of Biological Control, 
Ascot, UK. 

Corner, EJ.H. 1938. Ways ide Trees of Ma laya. Vol. I. 
T hird edition. T he Malayan Natu re Society. Kuala 
Lumpur. 

68 

Cronk, Q.Cs. 1995. Changing weeds and changing worlds. 
In: Stirton, C H. (ed) Weeds in a Changing World . 
B rit ish Crop Protect ion Council Symposium Proceedings 
64,3-14, Briti sh Crop Protection Council. 

Cronk, Q.Cs. and Full er, J.L. 1995. Plant Invaders: T he 
T hreat to Natural Ecosystems. Chapman and Hall, 
London. 

Debell , D.S. and Whiteswell , C D. 1993. Upland forests of 
the AmericanIPaci f ic Islands: research opportuniti es in 
Micronesia and Ameri ca n Samoa. USDA Forest Service 
Paci f ic SW Resea rch Station General Technica l Report s. 
PSW GT R-145 . 

Dijkman, M.J. 1950. Leucaena - a promising so il erosion 
contro l pl ant. Economic Botany, 4: 337-349. 

Duguma, B. 1995. Leucaena in the humid lowla nds of West 
A fri ca . In: Shelton, H.M ., Piggin, CM. and Brewba ker, 
J.L. (eds) Leucael1a - opportuniti es and l imitations. 
Proceedi ngs of a Workshop held in Bogor, Indonesia, 
January 1994 . ACIAR Proceed ings 57, 146- 151, 
Canberra. 

Evenson, C l. 1982. Chemica l and non-chemica l con trol of 
Lell caena: preliminary studi es . Leucaena Resea rch 
Reports, 3: 79-80. 

Felfili , J.M . and da Silva, M .C 1990. A vegetacilo do 
arqu ipelago de Fernando de Noronha. In: IBAMA
FUNATURA. Piano de manejo do parq ue nacional 
marinho de Fernando de Noronha. IBAMA, Braz il , 
37-49. 

Gonzalez, V.; Brewbaker, 1.L. and Hamill , D.E. 1967. 
Leucaena cy togenetics in relation to the breed ing of low 
mimosine lines. Crop Science, 7: 140-1 43. 

Gordon, D.R. and T hom as, K .P. 1997. Florida 's invasion 
by non-indigenous plants: history, screening and regu la
tion. In: Simberl of f, D., Schmitz, D.C and Brow n, T. C. 
(eds) Strangers in Paradise: impact and management of 
non- indigenous species in Florida, 21-37, Island Press. 
Washi ngton, DC 

Haynes, R.J . 1983. Soil acid i fication induced by legumi
nous crops. Grass and Forage Science, 38 : 1- 11 . 

Henderso n, I. 1989. Inv asive al ien woody plants of Natal 
and the NE Orange Free State. Bothal ia, 19: 237-26 1. 

Hobbs, R.J. and Humphries, S.E. 1994. A n integrated 
approach to the ecology and management of plant 
invasions. Conservation Biology, 9: 76 1- 770. 

Hocking, D. (ed) 1993 . Leucaella lellcocephala. T rees fo r 
Drylands. Oxford and IBH. New Delhi. 

Hughes, C E. 1988. Exotic and nati ve trees for social 
forestry. A ppropriate Technology, 15,(1 ): 22-23. 

Hughes, CE. 1994 . Risks of species introductions in trop
ical forestry. Commonwea lth Forestry Review, 73(4): 
243-252. 

Hughes, CE. 1995. Protocols for plant introductions w ith 
parti cul ar re ference to forestry : changing perspecti ves on 
ri sks to biodiversit y and economic development. In: 
Stirton, C H. (ed) Weeds in a Changing World. Br i ti sh 
Crop Protection Council Sympos ium Proceedings 64, 
15- 32. Briti sh Crop Protection Council , Surrey. 

Hughes, CE. 1998. Lellcael1a. A Genetic Resources 
Handbook. Tropical Forestry Paper 37. Oxford Forestry 
Insti tute. Oxford, U K. 

Hughes, CE. and Styl es. BT. 1989. The benefi ts and ri sks 
of woody legume introductions. In : Stirton, C H. and 



Zarucchi, J.L. (eds) Advances in Legume Biology. 
Monographs in Systematic Botany 29, 505- 53 1. 
Missouri Botanical Garden, SI. Lou is, Missouri. 

Hughes, C.E. and Harris, S.A. 1994. The characteri sa tion 
and ident ification of a naturally occurring hybrid in 
Leucae/Za Benth . (Leguminosae: Mimosoideae). Plant 
Systematics and Evolution, 192: 177- 197. 

Hughes, C.E and Johnson, C.D. 1996. New host records 
and notes on Bruchidae Coleoptera of Lellcaena (Legu
minosae: M imosoideae) f rom Mexico, Central and South 
America. Journal of A pplied Entomology, 120: 137- 141. 

Hughes, C.E. and Harris, S.A. 1998. A second spontaneous 
hybrid in the genus Leuw ena Leguminosae: Mimosoi
deae. Plant Systemat ics and Evolution, 21 2: 53-77. 

HUllon, E.M . 1985. Problems in breeding low-mimosine 
types in the genus Leucaena. T ropical Agriculture, 
62: 329-333 . 

Hullon, E.M . 1988. Results from two interspccific Leu
caena crosses - L. /eucocepila /a x L. escll/ellla and 
L. /eucocephala x L. slw/Z/lonii grown in an acid ox isol. 
Leucaena Research Reports, 9: 37-39. 

Hutton, E.M . and Gray, S.G. 1959. Prob lems of adapting 
Leucaena glauca as forage for the A ustral ian tropics. 
Empire Journal of Experimental Agricu lture, 27: 
187-196. 

Hullon, E.M. and Tabares, Z.E. 1982. Leucaena escu/ellta 
and L. tricilodes - some similari ties and differences. 
Leucaena Research Report s, 3: 12-13. 

Isbell , R.F. 1996. T he A ustralian Soil Classi fi ca tion. 
CSIRO Publishing, Melbourne, A ustrali a. 

Isely, D. 1970. Legumes of the Un ited States V . A /bizia, 
Lysi/oma, Leucaella, Adena/Zthera ; and rej ected genera 
of the M imosoideae. Castanea, 35 : 244-260. 

Isel y, D. 1973. Mimosoideae, Leguminosae. Memoirs of 
the New York Botanical Garden, 25: 94-97. 

IUCN 1987. T he IUCN posit ion statement on translocation 
of living organisms. Internat ional Union for the Conser
vation of Nature, Gland, Swit zerl and. 

Jones, RJ . 1996. Leucaella bruchid bee tle now in Austral ia. 
L EUCNET News, 3: 14. 

Jones, RJ. and Jones, R.M. 1996. Thickening up of 
Lellcoella stands in A ustralia - a caution. LEUCNET 
News, 3: 19-20. 

Jones, RJ., Brewbaker, lL. and Sorensson, C.T . 1992 . 
Lellcaena /ellcocepha/a. In: M annetje, L. and Jones, 
R.M. (eds) Plant Resources of Southeast Asia, No. 4 
(Forages), 150-- 154. Pudoc Scientific, Wagcningen, 
Netherl ands. 

Jones, RJ., Mclvor, J.G., Middleton, C.H., Burrows, W .H., 
Orr, D.M . and Coates, D.B . 1997. Long-term botanica l 
changes and their implications in grazed Sty /osamiles 
pastures. Proceed ings of an Internat ional Sty/osamiles 
Workshop, Townsvi ll e, Au strali a. T ropical Grasslands, 
3 I: in press. 

Lambert, G. 1996. Feral Lellcaella at M ackay. T ropical 
Grassland Society of Austral ia NeWSletter, 12(3): I I. 

Littl e, E.L. and Wadsworth , F.H. 1964. Common trees of 
Puerto Rico and the Vi rg in Islands. Agri culture Hand
book 249, United States Department of Agr iculture, 
Washington, DC, USA. 

Lodge, D.M . 1993 . B iological invas ions: lessons for 
ecology . T rends in Ecology and EVOlution, 8: 133- 137. 

69 

Lonsdale, W.M . 1994. Inviting trouble: introduced pasture 
species in northern Austra lia. A ustralian Journal of 
Ecology, 19: 345-354. 

MacDonald, I.A.W. and Frame, G.W. 1988. The invasion 
of introduced species into nature reserves in tropical 
savannas and dry woodlands. Biological Conservation, 
44 : 67-93. 

McClay, A.S. 1989. Distribut ion of the Leucaena psyllid 
and its natural enemies in M exico: implications for bio
logical control. In: Napompeth, B. and MacD icken, K.G. 
(eds) Lellcaena psyllid: problems and management. Pro
ceedings of a workshop in Bogor, Indonesia, January 
1989, 139-143. Winrock International Institute for Agri
cultura l Development, Arkansas. 

M errill, E.D. 191 2. Notes on the nOTa of M anila with 
special reference to the introduced element. Philippine 
Journal of Science. Botany, 7: 145- 208. 

M ullen, B.F., Shelton, H.M ., Gabunada, F. and Stur, W.W. 
1997. Psy ll id resistance in the Lell caena genus. Proceed
ings International Grasslands Congress. Agoroforestry. 
Session 6: 23-24. 

National Academy of Sciences 1984. Leucaena: promising 
forage and tree crop for the tropics. W ashington DC, 
USA. National A cademy of Sciences. 

Neser, S. 1994 . Conn icts of interest? The Leucaella contro
versy . Plant Protection New s South A fri ca, 6: 8. 

Neser, S. 1996. Acalllhoscelides of Lellcaella in South 
Afri ca . LEUCNET News, 3: 16--18. 

Neser, S. and K luge, R.L. 1986. The importance of seed
attacking agents in the biological control of invasive 
alien pl ants. In : Macdonald, I.A.W., Krugcr, FJ. and 
Farrar, A.A . (eds) T he ecology and management o f bio
logica l invas ions in southern Afri ca. Proceed ings of the 
National Synthes is Symposium on ecology of biologica l 
invasions, 285- 293 . Oxfo rd Un iversi ty Press, Cape 
Town, South Africa. 

Nobl e, A. and Jones, RJ. 1997. Long-term impact of 
Leucae/la-based grazing systems on soil ac idity. Eighth 
International Grass land Congress, Winnipeg, Canada, 
in press. 

Parsons, W.T. and Cuthbert son, E.G. 1992. Noxious Weeds 
of Austral ia. Inkata Press, Melbourne, A ustrali a. 

Pheloung, P.e. 1995 . Determining the weed potential of 
new pl ant introductions to Austral ia. Australian Weeds 
Committee, urypublished report. 

Polhill, R.M. 1990. Flore des Mascareignes 80. 
Legumineuses. 

Pound, B. and M artfnez-Cairo, L. 1983. Leucaella: its Cul
ti va tion and Use. Overseas Development Ad ministration, 
London. 

Reichard, S. H. and Hami lton, C.W. 1997. Predicting inva
sions of woody plants introduced into North A merica . 
Conservation Biology, 11: 193- 203. 

Scott , J.K. and Panella, F.D. 1993. Pred icting the A us
tralian weed status o f southern A frican pl ants. Journal of 
Biogeograph y, 20: 87-93 . 

Sheil, D. 1994. Natura li sed and invas ive plant species in the 
evergreen forests of the East Usambara Mountains, T an
zania. Afri can Journal of Ecology, 32: 66--7 1. 

Shelton, H.M. 1996. Lellcaena - fri end or foe? 
LEUCNET News, 3: 20--2 1. 



Smith, C.W. 1985. Impact of alien plants on Hawaii's 
native biota. In: Stone, c.P. and Scott, J.M. (eds) 
Hawaii's Terrestrial Ecosystems: Preservation and Man
agement, 6(}-69. University of Hawaii, Hawaii . 

Smith, C. W. 1989. Controlling the flow of non-native spe
cies. In: Stone, c.P. and Stone, D.B. (eds) Conservat ion 
Biology in Hawaii, 139-145. University of Hawaii, 
Hawaii. 

Sorensson, C.T. 1992. Phytotoxicity of diesel oil applied 
basally to standing Leucaena leucocephala trees. 
Leucaena Research RepoT1s, 13: 88-90. 

Sorensson, C.T. 1995. Potential for improvement of 
Leucaena through interspecific hybridisation. In : 
Shelton, H.M., Piggin, C.M. and Brewbaker, J.L. (eds) 
Leucaena - Opportunities and Limitations. Proceed ings 
of a Workshop held in Bogor, Indonesia, January 1994. 
ACIAR Proceedings 57, 47-53, Canberra. 

Sorensson, c.T. and Brewbaker, J.L. 1994. Interspecific 
compatibility among 15 Leucaena Leguminosae : 
Mimosoideae species via aTlificial hybridisa tion. Amer
ican Journal of Botany, 81: 240-247. 

Timyan, J. 1996. Bwa Yo: Important T rees of Haiti. 
South- East ConsoTlium for International Development. 
Washington, DC. 

Toruan-Mathius, N., Home, P.M. and Wardojo, S. 1995. 
Leucae/la in Indonesia. In: Shelton, H.M ., Piggin, C. M. 
and Brewbaker, J.L. (eds) Leucaena - OppoTlunities 
and Limitations. Proceed ings of a Workshop held in 
Bogor, Indonesia, January 1994. A ClAR Proceedings 57, 
186-191 , Ca nberra. 

70 

Tribe, G.D. 1995. Apparent opposing biological control 
strategies protecting Lellcae/la lellcocephala while 
curbing its invasiveness. In: Ciesla, W .M . and Nshube
muki, L. (eds) Lellcaena psy llid: a threat to agroforestry 
in Africa. Proceedings of a Workshop, 162-164, 
Tanzania, 1994. FAO, Rome. 

Tucker, K.C. and Richardson, D.M. 1995. An expeTl 
system for screening potentially invasive alien plants in 
South Afri ca n Fynbos. Journal of Environmental 
Management, 44 : 309-338. 

Verdcourt, B. 1979. A Manual of New Guinea Legumes. 
Botany Bulletin 11. Office of Forests, Lae, Papua New 
Guinea. 

Well s, MJ., Balsinhas, A .A ., Joffe, H., Engelbrecht, E.M ., 
Harding, G. and Stirton, C.H.1989. A catalogue of 
problem plants in southern Africa. Memoirs of the 
Botanical Survey of South Africa. 

Williams, J. and Chartres, CJ. 1991. Sustaining product ive 
pastures in the tropics I . Managing the soil resource. 
Tropical Grasslands, 25: 73- 84. 

Wi Jl iams, P.A. ] 996. A weed ri sk assessment model for 
screening plant imports into New Zealand. Unpublished 
Report. Landcare Research, New Zealand. 

WiJliamson, M. 1996. Biolog ical Invasions. Population and 
Community Biology Series. Chapman and Hall. 

Zimmermann, H.G. 1991. Biological control of mesquite, 
Prosopis spp. Fabaceae, in South Africa. Agriculture, 
Ecosystems and Environment, 37: 175-186. 



Low Temperature and Acid Soil Tolerances in Leucaena 

B.F. Mullenl , A. Castillo2, H.M. Shelton1, C.C. Wong3, P.F. Wandera4, 

C. MiddletonS, R. Clem6, B. Bino7, L.V. Khoa8, T.M. Ibrahim9, P. Horne10 

and R.C. Gutteridgel 

Abstract 

T he prospects For developing low temperature and acid so il adapted cultivars of Leucaella arc 
discussed Foll owing a review of experiments conducted under the ACIAR Leucaella project and 
related literature. Agronomicall y use ful co ld adaptation was identified in some accessions of 
L. trichandra, L. di versiJolia and L. pallida. In add ition, the broadly adapted KX2 hybrid accession 
L. pa llida K748 x L. leucocephala K636 produced high yields in cool environments. A lthough 
adapta tion is un l ikely to significa ntly improve yields at very low minimum temperatures 
experienced in sub-tropical , seasonall y cold loca tions, it will improve yie lds in highland tropical 
loca tions where temperatures are cO lltinuously cool, but with higher minimum da il y temperatures. 
Access ions in the species L. trichalldra, L. diversiJolia and L. leucocephala and the K X2 hybrids 
were ident ified as having some frost tolerance. Temperatures in the native range of accessions 
were unrel iable predictors of frost and cold tolerance. Lell caella accessions were not greatly 
affected by soil acidity above pH 5.2 provided that aluminium s;lIuration was low. However, at 
higher alu minium sat uration and lower soil pH, growth of Lellcaella species was severely l imited. 
Best y ield ing accessions incl uded K X2 and KXJ hybrid accessions and L. pallida, although thei r 
yields at strongly acid sites may be insufficient to gain adoption by fanners. It is co ncluded that the 
Lellcaella genus does not possess significa nt adaptation to strongly acid so il s. 

U T ILISAT ION o f Lellcaena lellcoceplzala (Lam .) de 
Wit throughout the tropics and sub-tropics, in both 
developed and develop ing countries, is testament to 
the valu e of this m Ulti -purpose tree- legume and its 

I School of Land and Food, The Uni versity of Queensland, 
QLD 4072, A ustralia 
2Bureau of A nimal Industries, Quezon City 1100, M anila, 

Phil ippines 
3 Malaysian Agricultural Research and Development Insti 

tute, PO Box 12J0 1, Ibu Pej aba t Pos Besar, 50774, Kuala 
Lumpur, Malaysia 
4 Kenya A gricultural Research Institute, PO Box J40, 

M achakos, Kenya 
5Tropical Beef l nstitute, Roekhampton, QLD 4702, Australia 

6Dept of Primary Industri es, Brian Pastures Research 
Station, QLD 4625, A ustralia 
7 Dept of Agr iculture, H igh lands Agricultural Experi 

mental Station, A iyura, Papua New Guinea 
H Faculty of B iology, Hanoi University , T hu ong D inh , 

Hano i, Viet nam 
9 Sungei Putih, North Sumatra, Indones ia 

I II Forages for Smallholders Proj ect, PO Box 6766, Vientiane, 
Laos 

71 

ad aptation to diverse edapho -ciim atic cond itions 
(Shelton and Jones 1995). For exa mple, L. leuco
cephala is seasonally vigorous o n heavy b lack 
verti sols, with 700 mm rainfall in subtrop ica l 
Q ueensland, Australi a, but is also h ighly producti ve 
on free d raining alfiso ls, w i th 4000 mm rain fa ll in 
lo wl and, equato ri al Papua New G uin ea. 

Because o f its high va lue, farmers and resea rchers 
have att empted to extend its adaptation boundaries . 
H ow ever, L. leucocephala has been unproductive in 
acid so ils and in coo l environ ments (Shelton and 
Jones 1995). The Leucaella genus contains 
22 species (/-fughes, these Proceedings) and geno
typi c adaptati on to these growth li m itatio ns lll ay 
ex ist (Shc lton 1997). 

/-f utton ( 1981) f irst repo rt ed ac id-soil to lerance in 
L. trichalldra and L. diversifolia, but deve lopmcnt o f 
acid-so il to lerant cultivars has been slow , w ith an 
aci d to lerant hybrid betwecn L. Iriclzalldra and 
L. leucoceplUlla due for release i n 1998 ( W ong et aI. , 
these Proceedings). S imil arly , low tem perature adap
tation within the genus w as reported by B rew bakcr 



(1982), who noted the lack of forage tree-legumes 
well suited to the high land tropics. 

A comprehensive collection of Leucaena germ
plasm assembled by the University of Q ueensland, 
comprising accessions from the Oxford Forestry 
Institute, the University of Hawai i and CS IRO, Aus
tra li a, has enabled a more thorough investiga tion of 
ac id-soi l and low temperature tolerances. T his was 
carried out under the auspices of the ACIAR project 
" New Leucaenas for Sout heast Asia n, Pacific and 
Australian Agriculture" (Shelton 1997), and prelimi
nary results are presented here, together with a brief 
revi ew of the literat ure and findings from other 
research groups. 

Cold Temperature Adaptation within the 
Leucaena Genus 

Low temperature constr aints 
Target environments for new co ld-tolerant acces
sions of Leucaena range from wet, frost-free eq uato
ria l high land sites, such as the Papua New G uinea 
highlands, with mi nor seasonal and diurnal fluctua
ti ons in mean monthly maximum/minimum tem pera
tures (e.g. 23/13 °C day/ night tem peratures in 
summer and 20/1 0 °C in w inter); to sub-tropical , 
sub-humid sites, such as southern Queensland w ith 
large seasonal an d d iurna l fluct uation s in mean 
mont hly maxi mum/mi ni mum temperatu res (e.g. , 
32/21 °C day/night temperatures in summer and 
22/4 °C in winter) and up to 50 frosts/year. Temper
atures at these si tes are often well below the 
optimum temperature for growth of tropical legumes 
of 31°C reported by Ludl ow and W ilson (1971). 

Of the two distinct cl im atic reg imes, low tempera
ture may be a greater limitation to growth at high
land tropical si tes than at su btropical lowland s ites, 
as sub-optimal temperatures for growth occu r year
round in the hi ghland tropics (Austin et al. 1997). In 
contrast, temperatu res at subtropical sites may be 
non-limiting to growth over 7-9 months of the year, 
although growth will slow significan tly or cease 
during the winter period. 

While many species of Lellcaena are of lowland 
tropi ca l o rigin (L. lanceolala, L. macrophylla, L. Iri
dIOdes, L. leucocephala, L. coIlinsii, L. shannonii, 
L. magnifica, L. lempirana, L. salvadorenesis and 
L. matudae), several speci es are nati ve to cool, high 
altitude locations (L. Irichandra, L. diversifolia, 
L. esculenta, L. pallida an d L. pulverulenla) and/or 
higher latitude regions (L. involucra la, L. greggii 
and L. relusa). 

In their nat ive range, L. relusa and L. greggii reg
ul arly experience severe frost ing, but these speci es 
are of low inherent productivity and therefore of 
little interest agronomically. More productive 
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species such as L. Irichandra, L. diversifolia , L. pal
lida , L. esculenla and L. plllverlllenla may possess 
explo itabl e low temperature adaptation (Hughes 
1993). Brewbaker (1982) repo rted excellent growth 
of L. diversifolia accessions at high altitude in 
Hawai i. Co ld adaptation was a lso identifi ed in 
studies in the tropi ca l highlands of southern Et hiopia 
(Berhe and Tothill 1995) and in contrasting env iron
ments in Hawaii (Austin et al. 1997), where L. diver
sifolia, L. pallida and to a lesser extent, L. Iric!lOndra 
accessions sign ificantly out yiel ded L. lellcocephala 
access ions. There also appears to be considerable 
cold adaptation in the hybrids L. pallida x L. lellco
cephala (KX2) and L. diversifolia x L. leucocephala 
(KX3) (Brewbaker and Sorensson 1987; Gutte ridge 
and Sorensson 1992; Swasdiphanich 1993; Castillo 
et al. 1994; Austin et al. 1997). 

Several experiments conducted by the authors to 
test for the prescnce of cold and frost tol erance in 
Leucaella are now reported. 

Controlled temperature glasshouse experiment 
A repl icated, controlled tempe rature gl asshouse 
experim ent was conducted at the Un iversity of 
Q ueensland, Austral ia in early 1997 to determine the 
grow th res ponses of 17 accessions of Leucaena to 
low temperat ure treat ments. 

Resul ts showed little cold adaptat ion in the spe
c ies eva luated, as evidenced by the steep lin ear 
response to increas ing tempera ture in Figure 1. Mean 
OM yields fo r temperature- limiting treatments 
(18/1 3 cC, 23/18 °C and 28/23 0C) were 9, 40 and 
67% respectively of the non-l im iting treatment 
(33/28 0C). Some accessions demonstrated higher 
re lat ive productivity at both 18/13 °C and 23/1 8 °C 
temperature regimes. These were the KX3 hybrid, 
L. lellcocephala K636, L. pa/lida K953 and L. pul
verulenla OFI 83/87. At 28/23 cC, th e best per
forming accessions were rela tively un affected by 
reduced temperature, with L. lanceolala OFI 43/85, 
the KX3 hybrid and L. lellcocephala K636 pro
ducing relative· yields of 99, 91 and 85% respec
ti vely. However, thi s temperature regime is well 
above those of highland tropical and seasonally co ld 
env ironments . 

When the relative yi eld of accessions was 
regressed against mean annual temperatures in the ir 
native ra nge, the re was a significant , nega tive corre
lation with re lative yield at the 18/ 13 °C temperature 
regime (r2=0.32), but no correlation wi th relative 
yields at the 23/18 °C and 28/23 cc. Of the acces
s ions d isplay ing adaptation to low temperatures, 
L. pallida K953, L. plllverulellta OFI 83/87 and the 
L. diversifolia K 156 parent of the KX3 hybrid have 
evol ved in low temperature environments (Table 1). 
S imilarly K636, the most productive non-hybrid 
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Figure 1. Response of 10 accessions of Leucaella to 4 temperature reg imes in a temperature controll ed glasshouse 
(17 access ions were eval uated but only 10 are presented) . DM yields were expressed as a percentage of yields at the highest 
temperature. 

L. leucocephala accession in the Hawaiian highl ands 
(Brewbaker and Sorensson 1987), and a cons istent 
cool temperature performer in thi s experi men t, was 
coll ected at a coo l highl and location (1575 m 
altitude) in Mex ico (Bray et a l. 1997). L. leuco
cephala is o f lowland tropical o rigin and was co ns id
ered by Hug hes (1993) unli ke ly to possess to lerance 
to low tempe ratu res. 

In summary, there were o nl y minor diffe rences in 
tole rance among accessions to the lowest tempera
ture regi mes but these findings requi re ve rificatio n 
under fi e ld condit ions. Only the KX3 hybrid , L. leu
cocep/zala K636 and L. pa/lida K953 d isplayed con
sisten tly high re lative performance at sub-opt imal 
temperatures . 

Cold adaptation in multi-environment field trials 
Several cool temperature environments were 
included in the mult i-enviro nment tri a l (M ET) 
reported by Mu ll en, Shelton et al. (these Proceed
ings), viz., h ighland tropical s ites at Machakos in 
Kenya and Ai yu ra in Papua New Gui nea, an d the 
winter seasons of 3 subtropical s ites in centra l and 
southern Q ueensland (Table 2). This permitted 
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assessment of the growth of 25 access io ns of 
Lellcaella during cool pe riods of 4-6 months over a 
2-yea r pe riod . 

From cl uster a nalysis, based o n access io n growth 
respo nses to environments, it was apparent that 
access ions respo nded differently to h igh land tropical 
environments tha n to seasonall y cold subtropical 
environm ents (Table 2, Figure 2) . In seasonall y cold 
envi ronments where night te mpe ratures we re s uffi
cientl y cold to sto p growth (mean monthly minimum 
te mpe ratures of coldes t mo nths < 10 °C), accession 
y ields in the winter and summer seasons we re hig hl y 
posi ti vely co rre la ted (r2>0.80). At leas t 75% of 
annual DM production occurred in the warme r 
mont hs in these e nvironments, a nd therefo re acces
s ion selectio n s ho ul d be based on hot season 
performance. 

At tropica l hig hl and locatio ns, low temperatu re 
adaptation was comparative ly more impo rta nt in 
achi evi ng high annua l D M yields beca use low tem
peratures pers isted year round. Aust in et al. (1 997) 
reached s imil ar conc lusions based o n eva luat ions 
conducted in Haw aii and Florida. 



Table 1. Passport details (Hughes 1993) and accession group memberships for accessions of Leucaella used in low-
tempera ture and acid soil studies. 

Species/subspecies Accession Latitude Altitude Mean Soil type Cold Acid soil Hughes Revised 
range annual accession accession (1993) frost 

(m a.s.l.) temp Cc) group I group I frost rating 3 

rating 2 

L. coltillsii subsp. OF! 52/88 16°36'N 40(}""55 0 24.7 vert isol 4 4 3 2 
col/illsii 

L. col/insii subsp. OF! 56/88 15°0T N 1O(}""200 27.3 alluvial 6 3 2 
zacapalla 

L. diversifotia K1 56 18°56'N 1225 ? ? 2 7 
L. diversifolia K784 18°52'N 1175 
L. diversifolia CPI33820 I 
L. diversifolia OF! 82/92 ? ? ? 1 7 2 
L. diversifotia OF! 83/92 18°04'N 35(}""500 2 1.9 5 4 2 
L. diversifolia K 156 x KX3 F2 bred accession I 4 2 
L. leucocephala K8 
L. esculenta OF! 47/87 18°18'N 140(}"" 21.9 calcareous 4 2 3 

1700 
L. involucrata OF187/92 28°55'N 700 18.6 calcareous 6 0 2 
L. lanceolata subsp . OF143/85 16°02'N 10 27.2 alluvial 5 3 3 

lanceolata 
L. lempiralla O F1 6/9 1 15°1TN 200 24.5 vertisol 1 5 3 
L. leucocephala subsp. Cunningham bred access ion 3 5 3 

glabra/a 
L. leucocepha/a subsp. K636 4 25°15 'N 1000 ? 5 4 3 2 

glabrata 
L. macrophyl/a subsp. OF147/85 15°59'N 10 28.2 vertisol 4 3 2 3 

ne /soll ii 
L. magnifica OFI 19/84 14°04'N 90(}....950 24.0 ? 2 6 3 2 
L. paltida CQ3439 bred accession 6 I 2 
L. pallida K376 17°08'N 1675 ? 
L. pallida OFI79/92 17°41'N 1900 16.3 4 2 2 
L. pal/ida (unknown OF1 52/87 18°38'N 2100 17.6 calcareous 4 4 1 

hybrid) 
L. pa/lida K376 x KX2 F5 bred accession 5 7 

L. leucocephala K8 
L. pal/ida K748 x KX2 Fl bred accession 8 2 
L. leucocephala K636 
L. pulvemlellta OF183/87 23°36'N 100(}"" 18.4 calcareous 6 

1500 
L. salvadorellsis OFI 36/88 13°26'N 48(}""600 26.5 mildl y 2 3 3 3 

acidic 
L. trichandra CPI46568 ? ? 7 2 
L. trichalldra OF14/91 14°1 2'N 185(}"" 17.3 brown 7 2 

2000 earth 
L. trichalldra OF! 53/88 14°49'N 140(}"" 21.6 ? 7 4 2 

1450 
L. trichodes OF161/88 I 021'N 150--400 24.8 vertisol 6 3 3 

I Access ion group membersh ips from ACIA R multi-environment trials (identified by cluster analysis). For cold temperature 
memberships refer to Figure 2 and ac id soil memberships refer to Figure 3. 

2 Frost tolerance based on climate in native range: 0 = full frost tolerance; I = moderate frost tolera nce; 2 = minor frost 
tolerance; 3 = no frost tolerance. 

3 Revised frost tolerance based on data from Queensland and Botswana (ratings as per 2). 

4 Passport data from collection site, not native range. 

74 



Table 2. Climatic characteristics, psy llid pressure and mean accession yields for low temperature environments included in 
ACIAR mult i-environment trials (METs). 

Site Seasons Rainfall Max temp. Min temp. Altitude Latitude Psyllid DM yield 
(mm/ ("C)1 ("C) 1 (m a.s.l.) pressure2 (g/m row/ 

month) month) 

Brisbane, Australia Establ ish ment 91 24.5 14.3 10 27°37'S 3.5 69 
I " winter 40 22.0 10.5 1.9 69 
2nd winter 53 21.7 10.7 3.7 47 

Gaynda h, Austral ia I" winter 39 26.7 12.6 131 25°39'S 1.3 21 
Theodore, Austral ia IS! w inter 40 26.9 11.4 150 24°51 'S 1.1 10 

2nd winter 78 28.1 13.6 1.0 25 
A iyura, Papua New Establishment 194 23.4 13.1 1700 6'15 'S 1.5 49 
Guinea Period 1 137 23.6 13.5 1.6 68 

Period 2 145 23.2 12.9 2.8 9 
Machakos, Kenya Establishment 22 24.5 11 .9 1600 10 58'S 5.3 4 

Warm/wet 70 26.5 13.9 3.8 73 
Cool/dry 5 23 .6 10.8 5.9 33 

1 Mean month ly temperature for the environment period. 
2 Based on mea n monthly psyllid damage ratings for 6 susceptible accessions. 
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Figure 2. Yield response of Lellcaella accessions to cool environments included in the ACIAR multi -environment trials 
(METs). Accession groups and environment groups were identified by cluster analysis (see Mullen. Shelton et aI., these 
Proceedings). Access ion group memberships are listed in Table I. 
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Only the KX2 Fl hybrid (L. pallida K748 x 
L. leucocep/tala K636) displayed excellent broad 
adaptation, producing worthwhile yields (>100 g/m 
row/month or 2000 kg/ha/yr of ed ible materi al) in 
both cool environment groups (Figure 2). 
L. trichandra OFf 53/88 disp layed excell ent spec i fic 
adaptation to the continuous low temperatures in 
highland tropical env ironments. L. pal/ida accession 
CQ3439 was of low product ivity in the co ldest envi
ronments, but yi elded well in the sl ightly w arm er 
environments (data not presented). 

All other accessions performed rel ativel y poorly 
in cool environments, including several accessions of 
L. trichandra, L. diversifolia, L. escl/lenta, L. pal
lida , and L. pulverulenta . This w as su rpri sing due to 
their high altitude origins. L. leucocephala K 636 and 
the KX3 hybrid, accessions which displayed some 
cool to lerance in the glasshouse trial , also performed 
poorly . However, cold tolerance in access ions of 
L. diversifolia (K778 and K784) and L. pal/ida 
(K376) was demonstrated in the foundation trial 
which evaluated 116 accessions of Leucaena in 
southeast Queensland, Aust ralia (Mullen and 
Shelton, these Proceedings). 

In summary, excellent cool season growth was 
identified in the L. pallida K748 x L. leucocephala 
K636 Fl hybrid and L. trichandra OFI 53/88. 
Growth responses were not consistent accross envi
ronments however, w ith L. trichandra OFI 53/88 
superior in the tropical highland environments. There 
may be potential to produce oth er col d to lerant 
hybrids between L. trie/wl/dra or L. diversifolia and 
L. lellcocephala . 

Frost tolerance 
Temperatures below 0 °C can cause frost damage in 
tropica l pasture spec ies, due to the formation of 
intracellular and/or extracellular ice ultimately 
resulting in cell death (Whiteman 1980). The 
severity of frost damage is dependent on environ
mental factors such as the rate and duration of 
freezing, relative humid ity and wind veloci ty, and 
pl ant factors such as species adaptation, degree of 
preconditioning to low temperatures and levels of N 
(Gates et al. 1973) and P (Bryan et al. 1971). Fluxes 
in these environmental factors are assoc iated with 
topography and so il type, and restricti ons to air 
movement, and can res ult in significant variati on in 
frost damage between plants in close proximity. For 
this reason, caution must be exercised in assessing 
frost damage at variabl e si tes. Frost damage occurs 
at temperatures well below those th at stop or 
severely reduce growth of tropical forages. Frosts 
may kill plants, but if forage plants survive frost, it s 
most significant effect is loss of leaf for winter 
feeding. 

76 

L. relusa (Long 1992; Glumac 1986) and 
L. greggii (Hughes 1993) are reported to tolerate 
f rosting to _ lOoC, a temperature which w ill kill 
L. leucocephala (Long 1992), but these species are 
poor agronomically. L. pulverl/lenta is reported to be 
intermedi ate in its frost tolerance (Glumac et al. 
1987), but no information is available regarding the 
frost tol erance of other species. 

Three experiments were conducted to evaluate 
susceptibility of Leucaena accessions to fros t 
damage in central and southern Queensland and in 
Botswana. At B ri galow Research Station in central 
Queensland, frost damage, based on leaf fall and 
stem death to 25 accessions of Leucaena, w as 
assessed over 3 winters. Frost damage ratings for 
newly planted seedlings affected by a late frost (i n 
1995) differed considerably to ratin gs for mature 
accessions (1996 and 1997). In contrast, frost ratings 
for 1996 and 1997 winters were significantly posi
tively correlated (r2=0.72). Based on the mean frost 
damage ratings for th e 1996 and 1997 winters, no 
access ions demonstrated complete resis tance to frost 
damage, but three accessions of L. diversifolia , two 
KX2 hybrids, L. leucoceplwla cv. Cunningham and 
L. trichandra OFt 4/9 1 were the most frost tolerant 
(mean rating <1). 

Results from an experiment at Da lby in southern 
Queensland (Dalzell et aI., these Proceedi ngs) 
broad ly agreed with the Brigalow result, with L. leu
cocephala K636 and cv. Cunn ingham being most 
frost tolerant, fo llowed by accessions of L. diversi
folia and L. trie/wlldra. However, accession frost rat
ings from Botswana (Karachi and Lefofe 1997) 
differed markedly with those from Queensland. This 
may be due to the differing envi ronmental conditions 
at the sites affecting the relative hardiness of plants 
at the time of frosting. At the Botswana si te on ly L. 
lempirana and L. flulverulenta possessed significant 
frost tolerance. 

Pl ant survival following frosting was very high 
for all access ions at all sites. Where frost had 
severely damaged plant stems regrowth occurred 
from th e crown. Frosting increased branching of 
arboreal accessions in Queensland, improving their 
util ity as grazing plants. 

Hughes (1993) predicted the frost tolerance of 
Lellcaena accessions based on climate in the native 
range (Table I). However, these predictions were 
inconsistent with field data from Queensland and 
Botswana. A revised frost to lerance rat ing based on 
data from these fi eld tri als is given in Table I. 

In summary , identification of frost res istance 
from these studi es was difficult as frost damage 
was highly variable betwecn sites. However, frost 
tolerance may be present in access ions of 
L. pulverulenta, L. di versifolia , L. trie/wndra, 



L. leucocephala, L. pallida and KX2 hybrids. 
Accessions of L. macrophylla subsp. istmensis, L. 
lanceolata subsp. lanceolala , L. esclllenta, L. sal
vadorellsis and L. trichodes were consistently frost 
susceptible at all sites. Cli mate in the na tive range 
of access ions of Lellcaena was an unreliable pre
dictor of frost and cold tolerance. 

Acid-soil Adaptation in Leucaena 
The genus Lellcaena has evolved predominantly on 
calcareous so ils of neutral to alka line reaction 
(H ughes 1993) (Table 1). Not suprisi ngly, L. lellco
cephala is often reported to be intoleran t of acid soils 
and associated infertili ty factors such as low calcium 
and phosphorus and high soluble Mn and AI satura
tion (Blamey and Hutton 1995). It is also thought to 
be poorly competi tive for nu trients in acid soils 
when compared to acid-adapted native forages 
(Halenda 1989). 

Acid soils cover more than 50% of agricultural 
lands of the tropics and sub-tropics and are predomi
nantly highly leached, acid-infe rtile ultisols and 
oxisol s (von Uexkull and Mu tert 1993). Tropical 
acid soils are com monly deficient in Ca, Mg, K, P or 
Mo and the availability of many of these nutrients 
decreases as pH drops (Fisher and Juo 1995). 
Humid-tropical regions, ideally suited for develop
ment with Lellcaena in climatic and socio-economic 
terms, are commonly limited by strongly acid and 
infertile soils. 

Specific element toxici ty and deficiency 
The complexity of nutritional growth limitations to 
L. lellcocephala was highlighted by Ruaysoongnern 
(1990), w ho reported negative effects of low pH, 
high alu miniu m and manganese concentrations, low 
phosphorus and calcium concentrations, and ineffec
tive rhizobial and mycorrhizal symbioses. However, 
he found that L. leucocephala was not affected by 
acidity until pH dropped below 5.2 (1:5 H20), and 
that the reduction in growth could be attributed to 
sharply increasing concentrations of AI and Mn in 
the soil solution. 

These findings concur with evidence from field 
trials in Nigeria (Cobbina et al. 1987) and Ethiopia 
(Berhe and Tothill 1995), where a range of acces
sions of L. lellcocephala grew satisfactorily on acid 
soils of pH 5.1 (1:1 H20) with low AI saturation and 
high available P levels. However, high AI saturation 
is common in acid soils (Blamey and Hutton 1995) 
and can limit growth of L. leucocephala at pH levels 
below 6 (Fox and Whitney 1981; Olvera et al. 1982). 

In Hawaii, the toxic effect of high soluble Mn 
concentrations to the growth of L. leucoceplwla was 
reported using a liming regime to create a pH 
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gradient from 5.0-7.0 (Fox and Whitney 1981). The 
growth of L. Lellcocephala increased linearly with 
increasing pH, and this was attributed to the sharp 
decrease in soluble Mn levels up to pH 5.8. The con
tinued y ield response from pH 5.8- 7.0 was attributed 
to increased Ca availability . 

Poor growth of Lellcaena species on acid soils is 
commonly exacerbated by ineffective rhizobia I and 
mycorrhizal symbioses (see Lesueur et aI., these 
Proceed ings). 

Acid soil adaptation within the genus Leucael/a 
Many researchers have reported poor adaptation of 
accessions of L. lellcocepliala to acid so ils compared 
to other more acid tolerant species. Surviva l of 
L. lellcocephala in five acid soils (pH range 3.4-5 .1) 
in Sarawak, East Malaysia was very poor (4%) com
pared to survival of Acacia mallgillm and Paraseri
alltlies Jalcataria (58% and 69%, respectively) 
(Halenda and Ting 1993). However, an apparent ly 
modest level of acid-tolerance in L. lellcocephala has 
been exploited in Malaysia, where cv. MLl signifi
cantly outperformed cv . Cunningham on acid soils 
(Wong et al. 1997) and in Nigeria, where L. leuco
cephala accession K28 produced four times more 
dry matter than K8 on a mildly acid soil (Cobbina et 
al. 1987). Some tolerance of acid soils has been 
reported in other species of Lel/caena including 
L. macropliylla, L. sliallllollii , L. diversiJolia (K408 
and K454), L. trichandra (K 145a and CP146568) and 
L. pallida (CPI85891) (Hutton 1981, Bray et al. 
1997). 

Hulton (1990) init ia ted a breeding program in 
1979 to develop acid tolerant leuacenas based on 
hybrids of L. diversiJolia and L. trichandra with L. 
leucocephala (Hutton and Chen 1993). Selection of 
four filial generations was carried out in a virgin 
oxisol (pH 4.5 with 85% AI saturation) in Brasil 
between 1982 and 1987 (Hutton 1990) and s ubse
quently six generations were produced in Malaysia 
on three acidic soil types between 1986 and 1995 
(Wong et al. 1997). In Brasil, approximately 60% of 
second, third and fourth generation segregating 
hybrid populations were vigorous, achieving 1.5- 2.5 
times the height and girth of cv. Cunningham. 
Hulton (1990) concluded that the acid-soil tolerance 
of the selected L. diversiJolia and KX3 hybrids was 
due to greater tolerance of selected lines to the inhib
itory effects of high exchangeable AI, thus allowing 
increased Ca uptake by plant roots. 

Subsequently in Malaysia, the best hybrids, 
40-1-18, L. diversiJolia x L. leucocephala and 
62-6-8, L. trichandra x L. lellcocephala, outper
formed cv. Cunningham, but were not consistently 
more productive than L. leucoceplwla cv. MLl. 
Edible fraction and DMDs were similar to cvv. MLl 



and Cunningham but the hybrids had higher tissue 
Ca levels and were marginally more psyllid tolerant. 
This work has recently lead to the release of 2 culti
vars based on the lines 40-1-1 8 (forage and wood 
production) and 62-6-8 (forage production) (Wong et 
aI. , these Proceedings). 

Multi-site evaluations in acid-soil environments 
Five acid soil sites were included in the multi-envi
ronment trial (MET) reported by Mullen, Shelton et 
al. (these Proceedings). At Sungei Putih in North 
Sumatra, Indonesia, the soil was mildly acid with 
low AI saturation, whereas soils at 4 sites in 
Vietnam, Ph ili ppines and Laos, were more acidic, 
with moderate to high AI saturation and low base 
saturation (Table 3). Yields of 24 accessions of Lell
caena were assessed in 14 discrete environment 
periods during a 2-year evaluation period. Cluster 
and principal com ponents analyses (Mullen, Shelton 
et aI., these Proceedings) were used to identify 
specific adaptation to acid soil environments. 

Mean yields were highest at Sungei Putih 
(>240 g/m row/month) and were comparable to 
yields achieved in highly productive environments in 
the MET, indicating that acidity factors at this site 
(pH 5.4 and AI saturation 2%) did not limit growth 
of Leucaena accessions. Bray et al. (1997) also 
reported excellent yields of Lellcae/la accessions at 
this site. In contrast, grow th of leucaenas in more 
strongly acid environments was greatly depressed 
(Figure 3). At Bac T hai, Nam Suang, and Tanay, 
mean yield of all accessions was approximate ly 
5 g/m row/month, whereas a slightly higher mean 
yield was achieved at Ha Tay (29 g/m row/month). 
Soils at the Ha Tay site contained high P concentra
tions (17 ppm Col well) compared to the other 
strongly acid sites, despite similar pH and high AI 
saturation . This may have accounted for the superior 
growth at this site. 

At the Tanay site in the Philippines, mean survival 
of 24 accessions of Leucaella was only 15% in 
unlimed plots. Th is si te was characterised by high AI 
saturation (67%) and low soil pH (4.4, 1:5 in H20). 
Application of 3 t/ha of lime reduced AJ saturation to 
49% and raised pH to 4.9, and although plant sur
vival increased to 80%, growth of accessions was 
very poor. This result is consistent with the findings 
of many authors (Ruaysoongnern et al. 1989; Hutton 
1990; Kerridge 1991) and confirm the severe effects 
of high exchangeable AI on surv ival and growth of 
Leucae/la. The critical AI saturation percentage at 
which Leucaella accessions cease to produce worth
while yields remains to be defined. 

At Ha Tay, L. pallida CQ3439, L. escu/ellta OFI 
47/87, L. pallida OFI 79/92, L. macrophylla OFI 
47/85 and L. salvadorellsis OFI 36/88 from acces-
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sion groups 1-3 (Table 1) were the highest yielding 
accessions (average yield 48 g/m row/ month) 
(Figure 1), producing 4 times the yield of cv . Cun
ningham. These accessions displayed above-average 
broad adaptation in the METs, but the yields 
achieved at Tanay , Bac Thai and Nam Suang were 
very low (average 6 g/m row/month). 

There was poor stability of yield of accessions 
across strongly acid sites (Tanay , Bac Thai and Nam 
Suang). For example, L. macrophylla OFI 47/85 and 
L. sa/vadorellsis OFI 36/88 were the most productive 
accessions at Nam Suang (average 14 g/m 
row/month), but were less productive at Tanay and 
Bac T hai. At the latter sites, L. palfida CQ3439, 
L. diversifo/ia K 156 and L. trichalldra OFI 4/91 
were most productive (average 12 g/m row/month), 
but these accessions were very low yielding at Ha 
Tay and Nam Suang (2 g/m row/ month). Only at the 
limed Ha Tay site were potentially useful yields 
achieved. Here, L. pallida CQ3439 produced 
180 g!m row/month OM, out yi elding the next best 
leucaenas by twofold and cv. C unningham by six
fold. Bray et al. (1997) reported a similar result for 
L. pa/lida CPI85891 grown at acid soil sites in 
Australia and Indonesia. 

Unfortunately, the high yielding KX2 Fl hybrid 
was included at only one acid so il site (Tan ay) due to 
seed Shortage, but the authors speculate that yields 
would have been at least as good as the best acces
sions. A t Tanay, KX2 Fl was the highest yielding 
accessio n, out yielding cv. Cunningham by at least 
tenfold. However, ultimately it is probable that 
yields of less than 100 g/m row/month (approx. 2000 
kg edible OM/year) will be considered insufficient to 
gain widespread adoption of a forage species by 
farm ers. It is therefore unlikely that any accessions 
of Leucaella, incluing the KX2 Fl , can achieve 
yields of this magnitude in the stro ngly acid soil 
environments of this study. 

Prospects for developing acid-soil tolerant 
Leucaena 
The development of acid soil tolerant Lellcaella 
cultivars clearly represents a major challenge for a 
genus that has evolved in neutral to alkaline soils. 
Genotype x environment interaction studies indi
cated that the best yielding accessions of Leucae/la 
possessed general vigour or broad adaptation rather 
than specific adaptation to acid soils. It is unfortu
nate that the hybrids of Hutlon and Chen (1993) 
were not evaluated in the multi-site trials , but the 
available data suggest that they will not exceed the 
productivity of L. pallida accessions or the KX2 Fl 
hybrid. Although a degree of acid tolerance in 
L. leucocepha/a accessions MLl , K28 and K636 was 
identified in other studies, the productivity of these 



Table 3. Soil (0-15 cm) and climate characteristics and environment group memberships for AClAR multi-environment 
trial acid soil sites. 

Country Site Environment Soil pH P (mglkg CECl AI sat'n Mean temp Monthly 
(1:5 H2O) Colwell) (meq/lOOg) (%) CC) rainfall 

(mm) 

Ph ilippines Tanay (limed) Establishment 4.7 10 6.6 38 24.1 283 
Year 2 4.7 10 6.6 38 23.8 105 

Tanay (unlimed) Establ ishment 4.4 3 2.7 68 24.1 283 
Vietnam Ha Tay (Iimed) Establishment nda nda nda nda 24.0 289 

1 st hot season nda nda nda nda 27.2 240 
Ha Tay (unlimed) Establ ishment 4.8 17 3.3 68 24.0 289 

1 st hot season 4.8 17 3.3 68 27.2 240 
Vietnam Bac Thai Establishment 4.9 6 2.4 39 23.3 110 

I st hot season 4.9 6 2.4 39 27.7 275 
Laos Nam Suang Establ ishment 4.6 3 J.3 71 26.9 150 

1 st wet season 4.6 3 J.3 71 27.8 333 
Indonesia Sungei Putih Establishment 5.4 5 3.9 2 26.0 112 

I st wet season 5.4 5 3.9 2 26.0 130 
1 st dry season 5.4 5 3.9 2 25 .5 113 
2nd wet season 5.4 5 3.9 2 26.0 130 

1 Cation exchange capacity. 
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Figure 3. Yield response of Leucaella accessions to acid soil environments included in the ACIAR multi-environment trials 
(M ETs). Accession groups and environment groups were identified by cluster analysis (see Mullen, Sheiton et aI., these 
Proceedings). Accession group memberships are listed in Table 1. 
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accessions in strongly acid soils is likely to be low, 
leading to unsatisfactory yields 'on farm'. 

Ultimately the value of leucaenas growing on acid 
soils will be gauged by their productivity and nutri
tive value in relati on to more genuinely acid adapted 
forage shrub/tree legumes such as Cratyha argentia, 
Desmodillm rensonii , Callialldra caiolhyrslIs and 
Gliricidia sepillm. 
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Developing Leucaena Hybrids for Commercial Use 

M.T. Austin!, W. Sun2, J.L. Brewbaker3 and 
M. T. Schifino-Wittmann4 

Abstract 

Leucaena breeding strategies in Hawaii and Brazil arc based on tetraploid-level crosses using 
Leucaena leucocephala, L. pal/ida and L. diversifolia germplasm in various combinations. The 
objectives of the Hawaiian and Brazilian programs arc to capitalise on heteros is of growth, psyllid
resistance, cold tolerance, and acid-soil tolerance. Hawaiian breeding objectives include increasing 
biomass yie ld, psyllid resistance for lowlands and cooler temperature tolerance for the upland 
tropics and subtropics. Brazilian objectives are largely associated with developing lines that have 
cold and acid-soil tolerance. 

SPECIES from the Leucaena genus are fast growing 
neotropical trees and shrubs used for forage, green 
manure and fuel wood (Sorensson and Brewbaker 
1994). There are 22 recogn ised species in the genus 
(Hughes 1997) an increase from] 2 recogn ised species 
as recently as ] 987 (Brewbaker 1987). Interspecific 
crossibility among 15 leucaena species is high with 
77% of 118 combinatio ns (reciprocals combined) pro
ducing viable seeds (Sorensson and Brewbaker 1994). 

Interspecific hybridisation of Leucaena produces 
vigorous hybrids resulting in highly adaptable varie
ties that expand the range in which the plant can be 
grown (Austin et al. 1997). The predominantly 
grown species of Lellcaena, is L. lellcocephala 
(Brew baker e t al. 1989). However, L. leucocephala 
only reaches its full potential in psyllid-free lowland 
environments. Interspecific F, hybrids between 
L. pallida x L. leucocephala and L. diversifolia x 
L. leucocephala have increased biomass productivity 
and environmental adaptability . In Hawaii, the 
average yield of 14 interspecific Ft hybrids (L. pal
lida xL. leucocephala) taken over seven harvests in 

J Pionner HI-Bred International, Inc. 743 1 Kaumualii 
Highway, PO Box 8, Kekaha, Kauai , HI 96752. 
2 Hawaii Agriculture Research Center (HA RC), 99-193 
Aiea Heights Drive, Suite 300, Aiea, HI 9670l. 
3 Department of Horticulture, University of Hawaii, 3190 
Maile Way, Honolulu, HI 96822. 
4Departamento de Plantas Forrageirase Agrometeorologia, 
Faculdade de Agronomia, Universidade Federal do Rio 
Grande do Sui (UFRGS), Caixa Postal 776, 91501-970 
Porto Alegre, RS, Brasil. 
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an 18-month period was 24.0 t/ha/yr, and was four 
times higher than L. lellcocephala (Brewbaker and 
Sun 1996). Austin et al. (1 997) reported that the F J 

hybrid L. pallida K748 x L. lellcocepllGla K636 
significantly out yielded K636 not only in psyllid
infested lowlands, but also in cool tropical uplands. 
The advanced KX3 F3 selections f rom the cross 
between L. diversifolia K 156 x L. lellcocephala 
K636 also out yielded K636 in the cooler uplands in 
the same study (Austin et al. 1997). 

KX3 selections tolerate col d well in subtropical 
Brazil (de Freitas et al. 1995), and form the basis of 
a majo r breeding effort to identify cold tolerant Leu
caena lines (de Freitas et al. (991). Coincidentally, 
L. diversifolia also has genes for acid-soil tolerance 
(Hutton 1981) and KX3 hybrids betwee n L. diversi
folia x L. lellcocephala have shown improved acid 
soil tolerance' compared to the L. leucocephala 
parents (Hutton 1989). 

Stmtegies for Developing Commercial 
Hybrid Leucaena 

There are three major bottlenecks for expanding Leu
caena production worldwide. T hese are psyllids, 
cold climates and low pH so ils. The three most 
widely used polyploid Lellcaena species (L. diversi
folia, L. lellcocephala and L. pallida) can be used to 
overcome these bottl enecks to produce F, hybrid and 
synthetic seed through judicious breeding and selec
tion . Strategies should encompass either Ft hybrid 
seed production, developing synthetic varieties 



through advanced selection, and direct use of inter
specific FI hybrids via vegetative propagation . 

Genetic variability for psyllid resistance in the 
genus is extensive. Resistant species include L. pal
lido, L. esclllenta and L. collinsii subsp. collinsii 
(Austin et a!. 1996; Glover 1987; Wheeler and Brew
baker 1989). The polyploid L. pallida is best suited 
for developing psyllid-resistant hybrids with L. lell
cocephala as observed in earlier studies (Austin et al. 
1997). An added bonus of this cross is that it has 
greater cool temperature tolerance. 

There are basically two types of cold tolerance 
that need to be considered when breeding cold tol
erant Lellcaena cultivars. The first is to breed trees 
for cooler environments with no frost hazard such as 
high elevational tropical locations. Lellcaena pallida 
and L. diversifolia both impart cool temperature tol
erance to their hybrids (Austin et a!. 1997). The other 
cold-weather environmental constraint is located in 
the subtropics where the growing season for Leu
caena is restricted by frosts and spring regrowth is 
relatively slow until warmer temperatures initiate 
budding. Since psyllids are not a major threat in sub
tropical environments where winter temperatures can 
dip below freezing (Austin et a!. 1996), an intraspe
cific breeding approach using Leucaella leuco
cephala is a good method for developing highly 
vigorous and nutritious forage types. 

The final environmental constraint in Leucaella 
breeding programs is acid soils below pH 5 .0. Leu
caella species and hybrids differ with respect to acid
soil tolerance (Hutton 1985; Oakes and Foy 1984). 
Some polyploid L. diversifolia I ines are acid-soil 
tolerant (Hutton 1981) and hybrids between L. diver
sifolia xL. leucocephala have shown improved acid 
soil tolerance compared to the L. lellcocephala par
ents (Hutton 1989). Breeding programs that target 
acid-soil tolerance can concurrently focus on cool 
temperature tolerance since some L. diversifolia lines 
impart both characteristics. 

Bottlenecks to Commercial Ft Hybrid Seed 
Production 

In order to assure hybrid seed quality, the self
incompatibility (SI) of the female plant must be 
durable. Earlier efforts to produce FI hybrid seed 
have not succeeded because the SI mechanism 
somehow broke down. Bray and Fulloon (1987), 
working on the cross between grafted SI L. plllverll
lell/a and L. lellcocephala, produced an average of 
15% hybrid seed over three years. In Hawaii, efforts 
to produce FI hybrid seed between SI L. pallida and 
L. lellcocephala met with similar results. The cross 
between grafted SI L. pallida K953 and L. lellco
cephala K636 was only 27% hybrid, while the cross 
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between grafted SI L. pallida K804 (an arboreal 
accession) and L. lel1cocephala K636 produced 81 % 
hybrid seed (Brennen pers. corn m.). 

The same SI breakdown occurred in Australia 
where a small percentage of the cross between 
grafted SI L. pallida K748 and L. leucocephala 
K636 were FI hybrids (Shelton pers. comm.). There 
is a small chance that grafting may breakdown the SI 
mechanism and allow for self-pollination in these 
examples. What is more likely is pollen mentoring, 
which is self-pollination after the SI mechanism has 
broken down because of outcrossing. 

The SI mechanism in Lellcaella is reported to be 
gametophytic (Brewbaker 1982). Gametophytic 
incompatibility involves the presence of the sa me 
S-allele in pollen and style; when the S-allele is not 
matched in the style, fertility occurs (Brewbaker 
1982). Pollen mentoring breaks down the SI mecha
nism of the plant whenever pollen from an outside 
Leucaena source comes in contact with the stigma. 
In effect, the outside pollen source opens the gate for 
self-pollination. This could be tested by examining 
seed from individual outcrossed pods with morpho
logical characteristics such as Sorensson and Brew
baker (1994) employed. Maybe the only reliable 
method to assure purity of F I seed production is 
through male-steril ity. 

A second bottleneck concerning hybrid seed pro
duction is cloning. However, recent advances in 
Hawaii have helped eliminate this as a serious bottl e
neck. In Hawaii, a reliable cloning teChnique has been 
developed for many Lel1caella species and FI hybrids. 
(Sun et a!., these Proceedings). This improved tech
nique has allowed the HARC-UH breeding program 
to develop clonal (non-grafted) seed orchards. 
Cloning can be used to capture F I hybridity by 
cloning superior FI field-tested trees. T hese trees can 
form the basis of a mother-plant system which can 
produce thousands of hybrid clones much like what 
is done in Eucalyptus plantations. 

Another man.agement bottleneck is compatibi I ity 
of flowering to produce F I hybrid seed. In order to 
produce hybrid seed both parents must flower simul
taneously. In Hawaii, flowering compatibility has 
been found between SI KX2 F I (L. pallida x 
L. lellcocephala) and one L. lellcocephala pollen 
donor. The authors are currently producing a three
way cross from this orchard whose progeny will 
have a 25% L. pallida and 75 % L. lel1cocep/wla 
genetic makeup. 

Commercial Clonal Seed Orchards 
The Hawaiian breeding strategy encompasses both 
advanced (synthetic) and FI hybrid seed production . 
The breeding program has developed several seed 



sources tha t proliferate in a variety of environmental 
gradients. This has been achieved through the devel
opment of four clona l Lellcaena seed o rchards at 
Kunia, Hawaii (21 0 21' N, 155 0 02' W). O rchards are 
based on superior cl onal material from trees tha t 
have been tested under many environments. 

Orchard 1 is a F6 composite called KX2 OHANA 
from the o rig inal cross between L. pallida K376 x 
L. lellcocephala K8. Th is composite was derived 
from intense selection for psyllid resistance and 
vigorous regrowth to yield clones from 15 families 
(Austin 1995). T he composite has exce ll en t psyllid
resistance, handl es in tensive, rotational ca tt le 
grazing, and was selected for fo rage production in 
tropical low to mid-elevation environments. 

Orchard 2 produces F2 composite seed from six 
clonal intraspecific L. lellcocephala FI hybrids. T he 
orig ina l L. leucocephala parents were selected fro m 
several fie ld tes ts and a re composed of the F I hybrid 
combina tions K397 x K565, K584 x K636, K608 x 
K565, K608 x K397 and K397 x K608 . T hi s com
posite was developed fo r subtropical locations like 
Texas and Australia. The composite yie lds 70% 
higher than K636 under forage management in 
Hawaii (Austi n et al. un pub.) 

Orchard 3 was developed to produce F I hybrid 
seed that is 75% L. lellcocephala and 25% L. pallida. 
Th is o rchard is made up of th ree dis ti nct self
incompati ble clonal FJ hybrids based on L. pallida x 
L. lellcocephala parentage: (K748 x K636, K748 x 
K584 or K748 x K48 1) whic h are crossed to an iso
zymically different L. lellcocephala pol len donor 
(eithe r K397 o r K608). T hi s c ross will have superi or 
fo rage characte ristics in comparison to the KX2 
cultivar OH ANA, whil e maintaining the psyll id
resistance and cool temperature tolerance of the less 
fo rage-like L. pallida . 

O rchard 4 capital ises on the male steri l ity of 
L. diversiJolia K785 which, when crossed to 
L. lellcocephala K636, will produce a new I ine of 
KX3 FJ hybrids. KX3 FI progeny are fa st-growing 
trees su ited to low land and cooler upl and tropical 
environments. This line of hybrids may a lso do well 
in frost-prone areas of Southern Brazi l. 

Brazilian strategies are aimed at produc ing a 
synthet ic composi te of advanced KX3 selections at 
El dorado do Sol , Brazi l (30 0 05' S, 51 0 39' E) which 
show good cold to lerance and rapid recovery after 
winter (minimum tempe ratures in 1994 and 1995 
were 8 .8°C and 7.2 °C, respectively). Testing in 
cooler areas has allowed resea rchers to identify 
several famili es with cold temperature tol erance. 
Five pl ants obse rved in the winters of 1994 and 1995 
maintained 75% to 100% of the ir leaves (Simioni et 
al. 1997). It is env is ioned that recurrent selection 
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over years will eventually produce cold-tolerant 
pl ants fo r Southern Brazil. 

Conclusions 
The three majo r limitat ions (psyll ids, cold c limates, 
and acid soils) of Lellcaena production can be over
come with use of interspecifi c FJ hybrid and 
advanced se lections of the hybrid . New Lellcaena 
varieties have been produced that expand the range 
in which Lellcaena can trad itional ly be grown. 
Commerci al hybrid seed product ion is feas ible and 
currently practiced in both Hawaii and Braz il on 
limi ted acreage. Furt he r research must be conduct ed 
to assure hybrid purity and reliabili ty of crosses. 
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Rhizobium Specificity in Leucaena 

D. Lesueurl, R.A. Date2 and B.F. Mullen3 

Abstract 

Knowledge of the speci f icity of Lellcaella for stra ins of rhi zobia that form effecti ve N-fixing 
associat ions is confined mostly to Lell caclla /clI cocepha/a . However, recognition of the agrofor
estry potential of other species has sti mula ted an assessment of rh izobial requirements of all 22 
species in the genus. In N- fTee systems, Lellcaella exhibits very sign ifica nt genotype interactions 
with rhizob ial strains that form effective symbioses. Speciflc ity for effecti veness w as observed 
both between and wit hin species. In two g lasshouse experiments, all tested rhi zobial stra ins formed 
nodules wi th all species, but the level of effectiveness, based on plan t dry weights, ranged from 
totally ineffecti ve to more effecti ve th an plants suppl ied wi th mineral nitrogen. Plant dry weight 
and nitrogen content responses were used to place host genotypes into three broad simi lar ity 
groups. No strain of Rhizobium w as universa ll y effective on all host accessions, although several 
reasonably wide spectrum strains were identified and recom mended for fiel d test ing. Need-for
inoculation fi eld exper iments shou ld be used to assess the effect iveness of backgrou nd rhi zobial 
strains and when found to be unsa tisfactory, newl y planted Lellcaella shoul d be inoculated with 
suitable Rhizobium. Strain CB3060 has demonstra ted an intrinsic competiti ve ab ili ty in the fi eld, 
but other el ite strai ns (CB3 126 and LDK4), identi fied in glasshouse trial s require f ield test ing. T he 
ma in factors affecti ng nodulat ion and N2 f ixa tion are identified as: I) soil acidity and phosphorus 
deficiency; 2) high levels of nitrate-N in the soil ; 3) moistu re stress combined with high tempera
tures; and 4) the effects of defoliation. The importa nce of these observat ions to establishment o f 
Leucaella in new areas, especiall y in acid soil s, is discussed in relation to selection of suitable 
strai ns for successful early nodulation and plan t growth. 

TREE legumes are econom ically important in agro
forestry systems, reducing inet1 gaseous N2 to 
organic forms in symbiosis w ith the root-nodul e bac
teria (RN B), Rhizobium. In this way, they enable the 
legume to produce nitrogen-rich fo rage that may be 
used as green manure for other crops or w hich can 
be substituted for purchased protein concentrates in 
l ivestock feeds. Most of the f ixed nit rogen is 
returned to th e so il via an imal excreta, root exudates 
and decaying leaf matter. 

Leucaena leucocephala is the most wi del y studied 
and used ni trogen fixi ng legume tree species, espe
ciall y for animal product ion and alley cropping 
systems in tropica l countri es (NAS 1984). However, 
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Tropicales (CIRAD-Foret/ORSTOM), Nogent/Marne, 
France 
2 CSIRO T ropical Agriculture, 306 Carmody Rd, St Lucia 
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the susceptib ility of L. leucocephala to the psyll id 
insect (M ullen, Gabunoda et aI., these Proceedings) 
and i ts poor adaptation to acid so ils and low tem
peratures (Brewbaker and Sorensson 1990) have 
sti mu lated increasi ng interest in lesser known 
species of Lellcaena. 

Leucaena is a member of Mimosaceae and, as far 
as is reco rded; all 22 spec ies are known to nodul ate 
w ith RNB (A lien and A lien 1981). W ith the excep
tion of L. leucoceplwla, there is very little in forma
tion ava ilable rega rdi ng the spec ificity or genotype 
interaction between the va ri ous species and acces
sions and effecti ve slrains of Rhizobium. L. leuco
cephala forms effecti ve nitrogen fi x ing symbioses 
wi th fast-growin g, ac id-producing rhizob ia (Alien 
and A l ien 198 1; T ri nick 1968). In this respect, it can 
be grouped with other woody legu me trees such as 
Callialldra calolhyrslIs, Prosopis juliflora and 
Gliricidia sepium (T urk and Keyser 1992; Lesueur 
et al. 1996). Al though nodulated effecti vely by some 
o f the same strai ns of Rhizobium, these legumes are 
moderatel y specific in thei r rhi zob ial requirements 



(Date and Halliday 1980). T hus, in the absence of 
effective soi l strains or in the presence of ineffective 
strains of rhizobi:: , inoculation with appropriate 
rhizobia can improve establi sh ment and yield 
(Singleton et al. 1992). The efficiency of the 
nitrogen-fi xi ng sy mbios is between L. leucocephala 
and Rhizobium is an intri nsic characterist ic of the 
species or more exactly o f the plant genotype x 
rhizobial st ra in combina tion (Dommergues 1995). It 
is, therefore, reasonable to expect si milar specifi
cit ies between and wi th in the other species of 
Leucaena. As the potential of these addi tional spe
cies in agrofo restry is now recognised, it is important 
that a more detai led knowledge of their rhizobi al 
stra in requi rements is obtained. 

T his paper examines the rhizobial specificity 
requ irements of the genus Leucaena, and some of the 
more important facto rs affect ing nodulation and N2 
fi xation in the field . 

Host-Strain Interactions in NrFixing 
Symbiosis 

Species-strain interactions 
In a recent glasshouse study in Australia, 27 acces
s ions of Leucaena were evaluated for effective N2 
fixa tion wi th 13 strains of Rhizobium (Mullen et al. 
1998). Two major species groups were identified 
based on effecti veness response indices (Figure 1). 
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Group A contained 16 accessions, 8 of w hich (7 
spec ies and 1 hybrid) associated effectively w ith 
10 or more strains, and Group B with 11 access ions, 
3 of which (2 species and 1 hybrid) were hi ghly 
specific and nodulated effecti vely with onl y 1 or 
none of the strai ns. Proxim ity of the accessions in 
their native range (geographic distribution) did not 
influence species grou pings. Stra in CB3126 fo rmed 
the greatest number of effecti ve associations (22) 
(Table 1) and the w idely-used strai n CB3060 (also 
know n as TA L1 145) was eq uall y broad spectrum 
(21 effective associations) across the range of 
species. Strain NGR8 and 6 ot her strains were effec
tive on at least 16 accessions of Leucaena. Strain 
MS11 1, although recommended fo r its performance 
in ac id so ils (Wong et a!. 1989), was much less 
effective and on fewer species. Only strain CB3299, 
representing rhizobia from northern Australia, fai led 
to form any effect ive associat ions. 

In a si mil ar glasshouse study in France, Lemkine 
and Lesueur (these Proceedi ngs) assessed the effec
tiveness of l4 species of Leucaena w it h 7 rh izobia l 
strain s. Strai n CB3060 maintai ned its good perform
ance but st rain LDK4 from Kenya was superior (1 2 
of 14 accessions effecti ve). Stra in MS111 was aga in 
less effective and with fewer species (Table 2). 
When examined for efficiency of ni trogen fixat ion 
(n it rogen fixed/nodule dry we ight) the species sepa
rated into three g roups (Table 3), bu t no relat ionshi p 
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I 
L. esculenta L. greggii L. collins;; collins;; L. cuspidata L. puebfana 
L. maludae L. involucrala L. cOllinsii zacapana L. lrichandra OFf 4/91 
L. diversifofia x L. feucocephafa L. Leucocephafa gfabrala L. diversifofia 
L. fempirana L. pallida L. trichandra OFf 53/88 
L. shannoni; magnffica L. retusa 

L. pulverulenta 
L. macrophylla istmensis 
L. salvadorensis 
L. Irichodes 

L. macrophylla macrophylla 
L. shannonii 

L. lanceo/ala lanceo/ata 
L. lanceo/ala sousae 
L. multicapitula 

L. pallida x L. feucocephala 

Figure 1. Dendrogram of accession groupings from cluster analysis, based on the level of assoc iation with 13 strains of 
Rhizobium. 
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Table 1. Growth responses of 16 accessions of Leucaena, grown in an N-free system, to six strains of Rhizobium 
(Source: Mullen et al. 1(98). Data are presented as percentages of weight of plants inoculated with the most effective strain 
for each accession. 

Species Accession CB3216 CB3060 NGR8 NiITAL MSIII CB3299 Uninoc. 
Control ' 

L. collinsii OF152/88 69 69 100 72 29 11 15 
L. diversifolia+ OFI83/92+ 80 80 58 74 58 14 13 
L. esculellla OF147/87 98 82 100 86 50 18 24 
L. lanceolala OFf 43/85 99 46 59 100 40 14 13 
L. lempirana OF16/91 100 83 76 78 45 12 8 
L. leucocephala cv. Cunningham 91 96 100 76 60 9 17 
L. macrophylla OFf 47/85 fOO 45 87 80 54 9 12 
L. magnifica OFlf9/84 98 65 61 100 49 16 16 
L. mullicapilula OF187/92 92 97 61 100 44 17 14 
L. pallida OF152/87 100 98 96 99 69 13 13 
L. pulverulenla OFf 83/87 100 91 61 79 44 14 12 
L. salvadorellsis OFf 36/88 100 49 73 78 51 15 18 
L. Irichandra OFf 53/88 100 100 96 100 40 17 14 
L. Irichodes OFf 61/88 100 67 83 93 61 24 23 
L. pallida x L. leucocephala F5 hybrid 89 83 100 68 53 10 17 
L. diversifolia xL. leucocephala F2 hybrid 87 93 100 68 66 10 11 

No. accessions (of 27) effective:!: 22 21 17 17 2 0 

'Equivalent values for +N controls ranged from 65 to 130 
+ For accession OF183/92 the best performing strain was CB3522 
:j: Accession-strain interact ions of .,80% are cons idered effective 

Table 2. Growth responses of 14 accessions of Leucaella, grown in an N-free system, to six strains of Rhizobium 
(Source: Le mkine and Lesueur, these Proceedings). Data are presented as percentages of weight of plants inoculated w ith the 
most effective rhizobial strain for each accession. 

Species Accession+ LDK4 CCR IO CB3060 CC K13 PJl2 MS lll Control 

L. collinsii OF152/88 100 57 72 49 39 47 10 
L. diversifolia OF! 83/92 62 87 100 59 25 28 4 
L. esculenla OF147/87 74 66 100 5 1 64 31 12 
L. lanceolala OF1 43/85 100 76 72 71 39 66 25 
L. lempiralla OFf 6/91 100 71 53 71 19 33 7 
L. leucocephala 79/02348 100 0 72 91 86 85 14 
L. macrophylla OF147/85 100 42 82 90 58 47 12 
L. magnifica OF119/84 100 89 78 75 34 54 9 
L. mullicapilula OFf 87/92 100 82 72 59 59 61 23 
L. pallida OF! 52/87 100 53 84 82 62 54 6 
L. pulverulenta OFf 83/87+ 90 57 51 35 61 40 22 
L. salvadorensis OF! 36/88 84 0 100 41 42 44 23 
L. trichandra OFf 53/88 84 lOO 64 70 36 845 4 
L. tricllOdes OFf 61/88+ 85 95 66 73 73 60 10 

No. accessions (of ]4) effective:!: 12 5 5 3 2 

+ For accessions OFf83/87 and OFf 61 /88 the best performing strain was TAL582 
:j: Accession-strain interactions of .,80% are considered effective 

was identified between groupings and proximity to 
one another in their native range. 

These data (Mullen et al. 1998; Lemkine and 
Lesueur, these Proceedings) show strong and practi
cally important interactions between species of Leu
caena and strai ns of rhizobia fo r effective nitrogen 
fixation, and they provide strong support for the 
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observation of Somasegaran and Mart in (1986) that 
host genotype x stra in of rhizobia interaction is 
intluenced more by the host genotype than by the 
rhizobial partner. 

Field studies have al so highl ighted accession vari
ation for N2 fixation. Sanginga et al. (1990a) 
reported significant differences in' the percentage of 



Table 3. Leucaena access ion groups based on efficiency for N2 fi xation in associa tion with 7 stra ins of Rhizobium 
(nitrogen fixed/nod ule dry we ight) (source: Limkine and Lesueur, these Proceedings). 

High N2 fixat ion potent ial Intermediate N2 fi xat ion potential Low Nz fi xation potent ial 

L. leucocephala 79/02348 
L. macrophylla OFI 47/85 
L. magni/ica OFI 19/84 

L. col/insii O FI 52/88 L. multicapitula OF! 87/92 
L. ptdverulenta OF! 83/87 
L. salvadorellsis OFI 36/88 

L. pal/ida OF! 52/87 
L. trichodes O FI 61 /88 

L. divers ifolia OFI 83/92 
L. esculenta OF! 47/87 
L. lanceolata O F! 43/85 
L. lempirana O F! 6/91 
L. trichalldra OF! 53/88 

nit rogen de rived from atmosph eric N2 (% Ndfa 
ra nged from 37% to 74%) for accessions of L. leuco
cephala. Provided that strains such as CB31 26 and 
LDK4 are ecologicall y co mpetent and abl e to fo rm 
nodul es in fie ld s ituations, they provide a potential 
fo r inc reased N-fi xati on for a ra nge of species of 
Leucaena . Stra in CB31 26 is known to pers ist fo r 3 
years and fo rms a high proportion of nodu les on 
Desmanthus virgatus (Brandon et a1. 1998). How
ever, its perfo rmance in ac id so ils is no t known . 

Rhizobium specificity within species of Leucaena 
The effic iency of the ni trogen-fi xing symbiosis 
between stra ins of Rhizobium and host legumes is 
dependent on both the host plant and the microbi al 
partner. As with herbaceous and sh rub legum es, tree 
legumes have varying degrees of specifi c ity. 

This variabil ity was observed in L. leucocephala 
cv. C unn ing ham when it was inoculated with 135 
strai ns of rhizobia that origin ated fro m Mexico, 
Colombia, Antigua, Hawaii and Australia (Figure 2) 
(R.A. Date, unpublished da ta). S ince these plants 
were grown in an N-free system, the plant dry 
weights ca n be used as an index of the effectiveness 
of the strains used to inoculate the plants. Assuming 
th at these strains represent regional popul ations of 
rhizobia for leucaena in each of the countries, it is 
evident that new sowings o f L. leucocephala would 
need to be inocul ated with an effective stra in of 
rhizobia to obtain ea rl y nodul ation, es tablishment 
and g rowth in those areas represented by the in effec
tive stra ins. 

A simil ar dive rsi ty in response was obtained fo r 
L. diversifolia inocul ated with 14 stra ins of di fferent 
origins (Bahij and Lesueur, unpu bli shed data). In 
add ition, responses varied with di fferent access ions 
of L. diversifolia. Stra in CCR20B was less effic ient 
than strain ORS800 on accession 94/1 0175 but the 
responses were reversed with access ion 92/9283 
(Figure 3). Vari ation of thi s kind in L. leucocephala 
and L. diversifolia and in the ir rhi zobia l partners 
appears co mmo n to a ll specics of the genus. Further 
studi es aimed at documenting the extent of this type 
of varia ti on across the genu s is recom mended. 
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Inoculation of Leucaena in Field Conditions 
Lack of nodulation fo ll ow ing introd uction of 
L. leucocephala to new areas has been observed in 
Australia (Norris 1973; Bushby 1982a), Ma lays ia 
(Wong et a1. 1989), T ha il and (H omchan et a1. 1989), 
Nigeria (Sanginga et a l. 1989), the easte rn pla ins of 
Colombia (Halliday and So masegaran 1983) and 
Keny a (Shepherd et al. 1996). T his poo r nodul atio n 
occurs due to the absence o r scarcity of compati ble 
rhizobia in the so il. Fiel d studi es have demonst rated 
that the earl y growth of L. leucocephala can be 
improved sign ifica ntly by inocul ati on with specifi c 
Rhizobium (Norri s 1973; Bushby 1982a; Wong et al. 
1989; Homchan et al. 1989; Sanginga et a l. 1989). 
However, in several instances the growth d iffe rences 
between inoculated and uninocul ated plants were not 
evident 1-2 yea rs aft er sowing (Homchan et al. 
1989; Bushbyl 982a; Norris 1973). Where g rowth of 
uninocul ated pl ants is sati sfactory th is may indicate 
the presence of effective backgroun d strains in the 
so il. However, loss of benefit from inocul ation with 
an effectiv e stra in may be due to poor adaptation to 
so il conditions and to competition from in effective 
indi genous rhizobi al strains. Locations such as the 
eastern Colombi an L1 anos (Halliday and So maseg
man 1983) and Nige ri a (Sang inga et al. 1994) are 
wholly dependent on inocul ation with effective 
strains fo r good growth and the maintenance of those 
growth differences. In Ni geri a, introduced rhizobia 
were recovered in the nodules of pl ants 10 years 
afte r the origin al inocul atio n. Survi ving strains were 
equally effective as the o riginal inoculum and 
acco unted for 95% or more of the nodul es fo rmed 
(Sanginga et al. 1994). 

In so il s where leucaena is sparsely nodul ated 
because the number of res ident soil strains is low 
(Bushby 1982a), and where L. leucocephala has not 
previously been cultivated (Halliday and So maseg
a ranl 983; Sanginga et a l. 1989) it is necessa ry to 
inocul ate w ith the appropriate strains of Rhizobium. 
T he inoculum stra in must have an intrinsic com
petitive ability to fo rm nodul es and to co loni se roo t 
systems readily (Dart, 1994). Moawad and Bohlool 



1" 
0> 
.~ 

~ 

10 

8 

o 4 

-N 

,~ 
o I ••• 

LEUCAENA STRAIN SCREENING 
(Representative 33 of 135) 

Strain of Rhizobium 

Figure 2. Dry matte r yield of L. leucocephala cv. Cunni ngham grown in an N-free system w it h a representat ive set (33 of 
135) of stra ins of Rhizobium orig inating from Mexico, Antigua, Colombia, Hawai i and Australi a. 

1" 
'" ." 
~ 

~ 
-0 
(J) 

:; 

" 0 

~ 
(J) 
x 
.;: 

Z 

Host accession )( strain of Rhizobium interaction 
1.5 ,-______________________________________________________________ -, 

1.0 

0.5 

0.0 

CCR20B CB3060 

_ L. diversifolia 92/9283 

C=::J L. diversifolia 94/10175 

TAL5 PJ12 TAL33 
Strains 

ORS800 

Figure 3. Nod ule efficiency of two accessions of L. diversifolia grown in an Rhizobillm-free system with six effective, or 
partially effect ive, strains of Rhizobium. 

90 



(1984), Homchan et al. (1989), Wong et al. (1989) 
and Somasegaran and Martin (1986) advocated the 
utilisation of the Rhizobium st rai n CB3060 
(=TAL1 145) as an elite stra in for L. lellcocephala 
and L. diversifolia due to its high capacity fo r 
nit rogen fi xation, excell ent competit ive ability in the 
presence of ind igenous rh izobi a and its adap tation to 
ac id so il s. Some researchers prefer to use a mi xture 
of strai ns of rhizobi a for fi eld inoculat ion. For 
example, the Oxford Forestry Insti tute and the 
NIFTAL Projec t of the Uni vers ity of Hawa ii di s
tr ibute a mixed inoculum contai ning three st rains 
(one of which is CB3060) w ith a ll seed lots of 
Lellcaella (Hughes 1993). 

Factors Affecting Nodulation and N2 
Fixation 

L. leucocephala has a high N2-fix ing potenti al 
(>30-50 g Nz fixed/tree/year; Dommergues 1995) 
but the actual amount of N2 fi xed in the field is lower 
than the N2-fixing potenti al and may be negated 
altogether by environmenta l constraints (O'Ha ra et 
al. 1988; Danso et al. 1992). The four main limi ting 
factors are: 1) so il acidity combi ned w ith a defi 
c iency in so il phosphorus; 2) effect of ava il abl e N in 
so il ; 3) mo isture stress co mbined wi th e levated tem
peratures; and 4) e ffect of defoliation. 

1. Soil acidity and phosphorus availability 
Aluminium toxicity and phosphorus defici ency are 
recogni sed as the ma in factors affect ing the g rowt h 
of L. leucocephala in ac id soi ls (Almcida et a l. 1981 ; 
Duguma et al. 1988; Mu llen, Castill o, et a l. these 
Proceedi ngs). There has been some debate as to 
whether ac idi ty per se has more effect on the host 
pl ant roots o r on the assoc iated rhizobia responsibl e 
for nodul ation and nitrogen fix ation. Halliday and 
Somasega ran (1983) described the results of sel ec
tion programs in Co lom bia and in Hawaii in whic h 
they identifi ed new stra ins of Rhizobilllll with hig h 
levels of to lerance to so il aci dity. One of these 
stra ins CB3060 (=TAL1 145) was found to be more 
competitiv e for nodul ati on (M oaw ad and Bo hloo l, 
1984) than other selected or indi genous strains. 
However, despite the effecti ve nodul ation, plants in 
pl ots at pH 4.5 remained less deve loped than neigh
bouring plants in plots li med to pH 6.0 (H alli day and 
Somasega ran 1983). These data sugges t that the poor 
perfo rmance of leucaena in acid soils ca n be att ri b
uted to the leucaena-plant geno me, prov iding the 
rhizobi al partner is acid to lerant , rather th an to its 
rhizobial partne r. Ruaysoongnern (1 990) reported 
the oppos ite res ult us ing a mixed inoculum of CB8 1, 
a moderately acid-tol erant stra in of Rhizobium , and 
NGR8, an acid- into lerant strain. 
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Phosphorus fe rtil isation and liming of so il a lso 
affect N supply via symbios is but experimental 
results are not always clear. Brandon and Shelton 
(1 997a, 1997b) fail ed to obta in a response to lime 
in modera tely acid so ils , whereas Ruaysoongnern 
(1990) fo und a positive response. A combined appli
cation of lime and phosphorus in three so ils in 
Nigeri a s ignificantly en hanced growth of L. leuco
cephala, but the magn itude of the responses varied 
w ith so il type (Duguma et a l. 1988). High rates of 
li me (2000 ppm in a pot experi ment) limited growt h 
of pl ants in one of the so ils, but in general, lime and 
phosphorus interacted positively (sy ne rgist ica lly) 
resu lt ing in significant improvement in pl ant growth . 
It is highl y li ke ly that the responses to li me were in 
fact responses to improved nodulation and nitrogen 
fi xa tion. Unfortu nate ly, Duguma et al. (1988) d id no t 
provide data regarding the nod ulat ion of the plants . 
Norris (1973) showed that nodul at ion of L. le/lCo
cephala in fi el d condit ions was improved when seed 
was li me-pelleted. Sangi nga et al. (1989) noted that 
L. lellcoceplw la needed abo ut 80 kg/ha P fo r good 
establ ishment in Nigerian so ils, especia ll y when it is 
effec ti vely nodulated. T his high demand fo r phos
phorus by L. leucocephala for both normal g rowth 
and nodul at ion, is supported by more recent wo rk by 
Brandon and S helton (1997a; 1997b) and Brandon et 
al. (1 997). Another important aspect of this problem 
is the demons trated dependence of L. leucoceplw la 
o n mycorrhiza l associations fo r improved P supply 
(Habte and Manjunath 1987; S hepherd et a l. 1996; 
Brandon and S helton 1997a, 1997b). Phospho rus 
defic iency can be overco me by phospho rus fe rt il isa
tion and/o r se lecti on of species o r accessions of Lell
caena to lerant to low phosphorus soi ls. La rge 
d ifferences in growth and P use effi ciency w ith in 
e leven accessions of L. lellcoceplwla were observed 
by Sang inga et a l. (1991). T hese differences were 
cruc ia l at early growth stages and suggest that selec
t ion of L. leucocephala access ions tolerant to phos
phorus deprivation deserves furt her inves tiga tio n. 

2. EIl'eet or available soil nitrogen 
T he inhi b ito ry effect of pl ant ava il abl e ni trogen on 
nodul ati on and Nz-fi xa tion is common in most 
sy mbiotic nit rogen fixing associations. However, the 
extent of the inh ibitio n is highly variabl e and re fl ects 
the ex tent to wh ich both th e host legume and the 
rhi zobi al strain are tol erant of nitrogen in respect to 
nodul ati on (Vessey and Waterer 1992; Domm erg ues 
1995; Sang inga et a l. 1995). T here is I ittl e spec ifi c 
info rmation avail able for leucaena, although it is pre
sumed that the presence o r absence of nodul es 
la rgely reflects level of ava il abl e nitrogen under non
defo li ated stands. That is, as N accumul ates in the 
so il , dependency on nodul e-N declines, but then 



returns when the soil N levels decl ine. Such an 
hypothesis is supported by the ev idence that N2-fixa
tion of weli -ilodulated L. leucocephala was reduced 
by 50% with 40 or 80 kg/ha of nitrogen fe rtiliser 
(Sanginga et al. 1988); that L. leucocephala obta in ed 
80% of its nit rogen from fixation (pNdfa) at 12 and 
18 months, but only 70% at 24 months (Parrotta et 
al. 1994, 1996); and that as ava il able so il nitrogen 
accumulated in a L. leucocephala pla ntation, sym
biot ic nit rogen-fixing activi ty declined stead ily and 
ceased withi n 6 years of planti ng (Van Kessel et al. 
1994). If th is observa tion reflects the general sit ua
tion in the Lellcaena genus then agronomic solut ions 
may need to be devised to li mit th is in hibit ion. Defo
liation management by grazing and cutt ing may be 
sufficient , but it may be possible to exploit the varia
tion between species (and even accessions), to select 
or breed genotypes with greater tol erance to soi l N as 
suggested by Sanginga et al. (1992) for Gliricidia 
sepium. 

3. Moisture and high temperature stresses 
Although leucaena is described as a species that 
performs well in ra in fa ll environments from 650 to 
3000 mm, so il moisture appeared to be a major lim i
tation to growth of L. lellcocephala at two inland 
sites (Theodore and Gayndah) in sout heast Queens
land, with mean annual rainfall of approximately 
725 mm (Brandon and Shelton 1997a). This seems 
contrary to the fact that leucaena is nat ura lised in 
regions of Hawaii that receive only 300 mm ann ual 
ra infa ll (Brewbaker et al. 1985) and reports that it is 
very drought tolerant even during establ ishment 
(Swasdiphanich 1992). However, none of these 
reports described the nodulation status of leucaena 
under these dry condit ions. In dry soil s, infection is 
restricted because normal root hairs are not present 
but instead appear short and stubby and inadequate 
fo r infect ion by rhizobia (Lie 1981). In add it ion, nod
ules init iated under dry condit ions are generally 
reta rded and do not develop (Bo rdeleau an d Prevost 
1994). Similarly, ni trogen fi xation is inactivated rap
idly if moisture stress exceeds 20% of nodu le fresh 
weight (Sprent 1971) but is restored wi thout st ruc
tural damage if this val ue is not exceeded. Plants wit h 
active nodule meristems, such as in leucaena, are able 
to resume grow th quick ly when the water stress is 
removed. 

L. lellcocephala is desc ribed as a tropical species 
requ ITI ng warm (25-30 CC) day temperatures fo r 
opti mum growth (Brew baker et al. 1985). The 
opt imum temperature for nodul at ion and nit rogen 
fixat ion by most rhizobia ranges between 25-30 °C 
(Bushby 1982b; T ri nick 1982). Data specific to leu
caena are very few, however, the opti ma fo r nodu la
tion and nitrogen fixation are nea r 25°C (R.A. Date, 
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unpublished data). In an N-free med ium at 25°C, 
plants were nodu lated 8--13 days after sow in g inocu
lated, pregerminated seed . When these plants were 
then exposed to root temperatures of 25, 30 and 
35°C, all at the sa me shoot temperature of 25 cC, 
nodu lat ion and growth decreased sign ificant ly as 
roo t temperature increased (Table 4). For seedli ng 
plants, this effect is amel io rated by the presence of 
the coty ledons at 30 °C, but not at 35 cC. Tempera
tures in the root zone of tropica l so ils frequentl y 
exceed 30 and 35°C for ex tended periods (Eagles 
and Date, unpubl ished da ta). The effects are not so 
marked for plants receiving mineral nit rogen. 

Table 4. Effects of root temperatu re and source of N on 
growth of seedling Leucaena leucocepha la. 

Treatments Root Dry weight 
temperature (mg) 

Coty ledons present, 25 QC 209 
Rhizobium inoculated 30 °C 201 

35 QC 150 

Coty ledons present, 25 °C 284 
NO)-N supplied 30 °C 223 

35 °C 229 

Cotyledons removed, 25 °C 174 
Rhizobium inoculated 30 °C 129 

35 QC 11 4 

Cotyledons removed, 25 °C 217 
NO)-N supplied 30 °C 186 

35 °C 200 

4. Effects of defoliation 
The infl uence of periodic defoliation on nodulation 
is not well documen ted (Sanginga et al. 1990b; 
Fownes and Anderson 1991). Snoeck (1996) 
observed that when the aerial parts of L. lellco
cephala were cut, there was a substantial decrease in 
the quantity of nodules after different periods. In a 
more detailed study, Kadiata et al. (1997) observed 
that 16 months after planting nodule dry weight 
decreased by 12% in plants defoliated successively 
at 4, 8 and 12 months, compared to non-defoliated 
plants, but by as much as 54% if defoliated only 
once at 12 months. Cu mul at ive data va lues for 
nodu le dry weight could well show significant 
increases since new nodules will fo rm and existing 
nodules will regrow in response to top regrowth after 
defoliation. Snoeck (1996) has show n that almost 
three months were necessary for the quant ity of nod
ules and nitrogen fixing activity to return to the pre
defoliat ion level. Acety lene reduction assay on defo
liated plants of L. lellcocephala was marked ly 



reduced co mpared to non-defoliated pl ants (Eriksen 
and Whit ney 1982). 

Future Research 
T he development of co mmerc ial cultivars of Leu
caena has inc reased in mo mentu m in recent years 
with the screen ing of large coll ections of lesser 
known access ions (M ullen and Shelton, these Pro
ceedings) and the re lease of hybrid access io ns in 
Ma laysia (Wong et aI., these Proceedings) and USA 
(Austin et a I. , these Proceedings). Research to date 
has highlighted Leucaena access ion x rhizobial 
strain interaction for effec ti ve N2 fixation and hence 
the necessity to identify elite rhizobial strains fo r 
these new c ul tivars. Wh il e there exist several rhizo
bial strains wi th broad effectiveness in the genus, 
e.g., CB3060, CB3126 and LDK4, these strain s were 
on ly moderate ly effect ive in associa tion w ith an 
agronom ically important hybrid accession (M ull en et 
al. 1998). The ident if ication of rhizobial stra ins, tol
erant of acid soil condit ions, that associate effec
tively with acid tolerant hyb ri d accessions is of 
im med iate necess ity. 

Much of the accession x strain interaction work 
wi th Leucaena has been carried out under contro ll ed 
conditions in the glasshouse. It is essential tha t the 
field competency of such stra ins is determined under 
fi eld cond it ions. T he aut hors reco lllmend that s imple 
need-to-inocu late trial s (Date 1977) should be an 
essent ia l prerequi s ite fo r rhizobi al st rain evaluati on. 
Such tri als should be done in the target area. T his 
req uirement is paramoun t as new cultivars are 
released about wh ich rhizobial st rain requirements 
are unknown . It is especiall y important as the adapta
ti on bou nda ries of Leucaena and its rhizobial part
ners are stretched. The abi li ty to form nodules in the 
presence of high levels of soil n it rogen, to compete 
with any nat ive rhizobia, and to survive as free
liv ing organisms as nodules 'cycle' on the root 
system is recognised as the most important criteria. 

Where successful introduc tion of a new cultivar is 
dependen t on simul taneous introduction o f a sui table 
rh izobial partner, met hods of inocul ati on a re impor
tan t. Improved surviva l of the inocu lu m rhizobia on 
the seed and the development of technolog ies that 
optimise rhizobial growth in the soil and infect ion of 
the host plant a re aspects that deserve renewed 
investigation . 
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Wood Density and Yield In the Genus Leucaena 

A.J. Pottinger1, I.D. Gourlayl, F.G. Gabunada Jr.2, B.F. Mullen3 

and E.G. Ponce4 

A bstract 

Despite acute fuelwood shortages occurring throughout the developing world , relatively little is 
known of the wood qual ity of importa nt mu lt i-purpose tree genera such as Lellcaella . To address 
this know ledge shortfall , 33 accessions of Lell caella, representing 1 S taxa, were assessed fo r wood 
density from samples collected from Lell caella eva luation trial s in Guata ma la, Phili ppines and 
Australia. Density was chosen as a measure of wood quali ty as it is ea si ly assessed and is directl y 
related to other wood quali ty character istics such as compress ive and tensile strength and ca lorifi c 
value. Wood densit ies of accessions were generall y consistent across si tes, with L. shal'lol'lll i, 
L. col/ills ii subsp. zacapalla and L. magllifica accessions havi ng the highest wood densities and 
L. mllllicapilllla and L. plllverlllenta hav ing the lowest wood densities. Al though wood density of 
accessions was uncorrelated with access ion wood y ield, L. salvadorel'ls is and L. col/insii subsp. 
zacapalla accessions prod uced high yields of dense wood. 

FOR many farm ers, the princ ipal product from agro
fo restry trees, and espec iall y L. /eucocep/w/a , is 
fodder for rumin ant li vestock. Acco rding ly, grea ter 
research effo rt has been directed towards improvi ng 
leaf yi eld and quality than towards wood production. 
Neverth eless, wood produced on farms is an impor
tant output. For example, in 1994, Asia was able to 
meet only 33% of its fuel w ood requirement wit h 
serious shortfall s occurring in M yanmar, M alaysia, 
Indones ia, Chi na, Cambodia and Bhutan (Anon. 
1996). How ever, there has been little attempt to 
quan tify wood quality and, to a lesser extent , produc
tiv ity in most agroforestry tree species. 
Comprehensive explorati on and seed co ll ecti on pro
grams covering a trees' nativ e range are expensive 
and time consuming, and few organi sa ti ons are in the 
pos it ion to fund, or provide experti se to embark on 
this initial phase o f a species int roducti on program. 
T his situation has meant that agroforestry tree evalu
ation programs are f requentl y initiated w ith seed 

I Oxfo rd Forestry Institute, Universi ty of Oxford , Ox ford, 
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from only a small number of we ll-known species. 
T his approach may exclude potentially usefu l closely 
re lated spec ies fro m enterin g eva luation programs. 
Whil e L. /ellcocephala has been promoted heavi Iy 
throughout the tro pi cs, the remaining species within 
the genus, which exhibit a diversit y of g rowth and 
qual i ty characteri sti cs, and are valued and explo ited 
by farmers within their native ranges (Hughes 1993), 
remain large ly unknown. 

W ood of L. leucocephala is described as being 
strong, li ght-weight and easy to w ork (National 
Research Counc il 1984; Rao 1984; V an Den Beldt 
and Brewba ker . 1985). It has been utili sed fo r pro
ducts ranging f ro m fu elwood to higher value items 
such as furniture, fl oo ring and ca rvings (J. L. Brew
baker, pers. comm .), and for pulp and industrial 
energy producti on (Pot tinger and Hughes 1995). 
Detail ed assessments of wood quality are usually 
undertaken by subj ecting large, defect f ree samples 
of mature stem wood to a se ri es of mainly destructi ve 
tests. Fortunately, timber pro perti es o f most value to 
fa rmers, including compress ive and tensile strength 
and ca lorifi c value, are rela ted directl y to densi ty 
(Pension and De Zeeuw 1980; Zobel 1980) and can 
be measured relati vely easil y from small samples of 
w ood. V an den Bcl dt and Brewbaker ( 1985) reported 
that L. leucocephala produced wood of medi um 
density. M acD icken and B rewbaker (1982) recorded 



a specific gravity (SG) of between 0.45 and 0.55, a 
value that comparf'~ favo urably with other commonly 
grown fuel wood species such as Gliricidia sepillm 
(0.5-0.6; Withington et al. 1987), Albizia spp. 
(0.45-0.59; Chundoff 1984), Callialldra cafolhyrslIs 
(0.51-0.78; National Academy of Sciences, 1980; 
B. Duguma, unpubli shed data) and Prosopis ill1iflora 
(0.7; National Academy of Sciences 1980), consid
ered one of the best fu el wood species. 

The calorific value of L. lellcocephala is compa
rable to other fast-growing non-resinous hardwoods 
(Pottinger and Hughes 1995), and some inte res t has 
been shown in exploiting this attribute in combina
tion with its rapid growth rate. Only in the Philip
pines, however, have extens ive dendrothermal 
energy schemes based on L. lellcocephala been 
developed, and these hav e met with mixed success 
(Brewbaker 1987). Wood of L. leucocephala has 
excell ent pulping qualiti es for the production of 
pri nting and writing paper (Brewbaker 1987; 
National Research Council 1984) but is unsuitable 
for heavy construction due to its low durability and 
susceptibility to termite attack (Bagwan 1983). 

Although it is un likely that any of the lesser known 
Leucaella species will match L. leucocephala in 
terms of its forage quality, the sa me cannot be sa id of 
wood qual ity o r productivity. Within the native range 
of the genus, stretching fro m southern Texas through 
Mexico and Central America to Peru, several 
Leucaella species are preferred to L. leucocephala fo r 
both construction and fuel (Hughes 1993). 

Table 1. LEUCNET trials used in the study. 

This paper reports on the wood densi ty and yield 
of a range of species in the genus Lellcaena. 

Materials and Methods 
Field tri als selected for inclus io n in the study were 
established for the purposes of assessment of wood 
or forage biomass. The majo rity of tria ls in the Leu
caena R & R Netwo rk (LEUC NET) were es tab lished 
principally to inves tigate the production of animal 
fodder, and comprised fo ur repl ications of ten-tree 
line plots with 50 cm between trees and 3 m between 
rows. Some were established principally to investi
gate wood production and utilised a range of designs 
based o n block planting, dete rmined la rgely by the 
number of trees ava ilable. Selectio n of the three 
trials fo r investigatio n of wood density was based on 
the large range of taxa included in these tri als. The 
trial s employed in the productivity study were those 
for which results of measurement of woody biomass 
were availabl e (Table 1). 

For the wood density eva luati on secti ons o f stem 
approximately 15 cm in length of a range of taxa 
(Tabl e 2) were cut at 1.3 m from the base of e ith er 
two o r three trees of each taxon in each o f the two 
replicati ons in the trial. The sections were ai r-dri ed , 
de-barked, co nd itioned to 12% relative humidity, 
and the length, diameter and we ight o f each sample 
were measu red . Analyses of variance we re per
formed o n mean va lu es of dens ity of each acccss io n 
at each s ite. 

Tria l location Organisation managing trial Princi pa l tri al Study for which trial 
objective was used 

Redland Bay, Queensland, School of Land and Food, Leaf biomass Wood density 
AUSTRALIA University of Queensland 

La Soledad, Comayagua, Forest Conservation & Tree Wood biomass Wood density and 
HONDURAS Improvement Proj ect (CONSEFORH) productivit y 

Dahod, INDIA Kribhco Indo-Brit ish Rainfed Leaf and wood Wood productivity 
Farm ing Project biomass 

Jhansi, Utta Pradesh, INDIA National Research Centre for Wood biomass Wood prOductivity 
Agroforestry 

Makoka, MALAWI International Centre for Research Wood biomass Wood productivi ty 
in Agroforestry (ICRAF) 

Lae, PAPUA NEW GU INEA PNG Universi ty of Technology Leaf biomass Wood productivi ty 

Markham Valley, PAPUA NEW Depanment of Agriculture & Leaf biomass Wood producti v ity 
GUINEA L ivestock 

IRRI, Los Banos, PHILIPPINES Forages for Smallholders Project Leaf bi om3ss Wood density and 
productivity 

Tabora, TANZANIA ICRAF Wood biomass Wood product iv ity 

Chiang Mai, THAILAND Faculty of Agriculture, University Leaf biomass Wood productivi ty 
of Chiang Mai 

Ch ipata, ZAMBIA ICRAF Wood biomass Wood productiv i ty 

Dombashawa, ZIMBABWE ICRAF Wood biomass Wood productivity 
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Table 2. Density measurement of the Lellcaena accessions used in the study 

Species Seed source Mean density (g/cm3) 

O FIID. Provenance Country Australia Ph ilippines Honduras Mean SE 
No. 

L. col/illSii subsp. 51 {88 Chacaj, Huehuetenango Guatemala 0.71 0.71 0.69 0.70 0.0067 
col/insii 

L. col/insii subsp. 18{84 Puerto de Golpe, Guatemala 0.72 0.88 0.87 0.82 0.0506 
zacapana Progresso 

L. col/insii subsp. 56{88 Gualan, Zacapa Guatemala 0.76 0.76 0.90 0.81 0.0456 
zacapana 

L. col/insii subsp. 57{88 El Carri zal, Chiquimula Guatemala 0.85 0.73 0.95 0.84 0.0636 
zacapana 

L. diversifolia 45{87 Corra l Fal so, Veracruz Mex ico 0.66 0.70 0.70 0.69 0.0133 
L. diversifolia 46{87 Xalapa, Veracruz Mexico 0.44 0.71 0.67 0.61 0.0847 
L. diversifolia K156' Univ. of Hawai i USA 0.42 0.62 0.72 0.59 0.0870 
L. escll/enta 47{87 San Marin Pachivia, Mexico 0.71 0.68 0.72 0.70 0.0123 

Guerro 
L. esclllellla 48{87 Tiringucha, Michoacan Mexico 0.60 0.65 0.68 0.64 0.0234 
L. hybrid 52{87 San Pedro Chapulco, Mex ico 0.66 0.65 0.67 0.67 0.0076 

Puebla 
L. lanceolata var. 43{85 San Jon, Oaxaca Mexico 0.65 0.73 0.75 0.71 0.0306 

lanceo/ata 
L. lanceo/ata var. 44{85 Escuinapa, Sinaloa Mex ico 0.65 0.80 0.70 0.72 0.0442 

lanceo/ata 
L. lanceo/ala var. 50{87 Cacalote, Oaxaca Mex ico 0.69 0.80 0.77 0.75 0.0388 

sousae 
L. lallceolala var. 51{87 Puerto Angal, Oaxaca Mex ico 0.75 0.72 0.73 0.74 0.0116 

sousae 
L. leucocephala 32{88 Operat ion Double Hai ti 0.56 0.68 0.69 0.65 0.0424 

subsp. glabrala Harvest 
L. lellcocephala 45{88 Operat ion Double Haiti 0.55 0.64 n{a 0.60 0.0425 

subsp. glabrala Harvest 
L. leucocephaLa K636' Univ. of Hawaii USA 0.61 0.63 0.59 0.61 0.0111 

subsp. gLabrala 
L. macrophylLa 55{88 Vellecitos, Guerrero Mexico 0.74 0.74 0.69 0.72 0.0164 

subsp. 
macrophyl/a 

L. macrophyl/a 47{85 San Isidrs L1a no Mexico 0.50 0.66 0.64 0.60 0.0519 
subsp. islmellsis Grande, Oaxaca 

L. magllifica 19/84 El Rincon, Chiqui mula Guatemala 0.75 0.86 0.88 0.83 0.0388 
L. magllifica 58{88 Quetzaitepeque, Guatemala 0.68 0.84 0.78 0.77 0.0482 

Chiquimula 
L. mallldae 49{87 Mezcala Mexico 0.77 0.84 0.58 0.73 0.0779 
L. mllllicapilllLa 81{87 Los Santos, Azuero Panama 0.38 .0.58 0.56 0.51 0.0652 
L. pulveru/ellla 83{87 Altas Cumbres, Mexico 0.49 0.52 0.65 0.55 0.0481 

Tamau lipas 
L. puLverlllenta 84{87 South Texas, Texas USA 0.62 0.61 0.66 0.63 0.0155 
L. salvadorellsis 17{86 La Garita, Chou luteca Honduras 0.84 0.70 0.81 0.78 0.0422 
L. salvadorellsis 34{88 Yusguare, Chouluteca Honduras 0.73 0.69 0.80 0.74 0.0321 
L. shallnollii 26{84 Comayagua, Honduras 0.79 0.92 0.87 0.86 0.0401 

Comayagua 
L. shanllollii 53{87 Champoton, Campeche Mexico 0.82 0.79 0.85 0.82 0.0164 
L. Irichandra 35{88 Zambrano, Francisco, Honduras 0.52 n{a 0.70 0.6 1 0.0885 

Morazan 
L. Irichandra 53{88 Los Guates, Guatemala Guatemala 0.73 0.72 0.71 0.72 0.0068 
L. Irichodes 2{86 Cu icas, Tragal Venezuela 0.56 0.62 0.59 0.59 0.0196 
L. Irichodes 61{88 Jipijapa, Manabi Ecuador 0.61 0.79 0.68 0.69 0.0500 
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Wood production was measu red by individual 
tria l managers largely follow ing the methodology of 
Stewart et al. (1992). As the age of trials, trial com
posit ion, pl ant ing design, harvest ing interval and 
harvesting method varied among experiments, direct 
comparison between tr ials was not appropriate. 
Instead, the rank of each taxon in each tr ial was 
weighted around the mean according to the nu mber 
of access ions in the experiment, and a mean score 
across tri als ca lcul ated, thereby enabl ing assessment 
of performance across sites. 

Results 
S ignificant variation (P<O.OO l) was recorded in 
wood density among taxa at each of the three s ites 
included in the study, and a lso among the mean den 
sities recorded over the three si tes (Table 2) . Signifi
cant correlatio ns (P<O.OOl) were also evident in 
ranking between the th ree s ites . 

Taxa wi th the highest wood dens ities over the th ree 
sites were L. shannonii, L. collinsii subsp. zacapana 
and L. magnifica for wh ich the best access ions had 
dens ities of 0 .83 glcm3 o r higher. The lowest dens ities 
were recorded fo r L. mullicapilula (0.50 glcm3) and 
L. pulverulenta 83/87 (0.52 glcm 3) (Figure 1). S ig
nificant int raspeci fic var iat ion in wood density 
was recorded for L. esculenta, L. pulverulenta, 
L. trichandra and L. trichodes (Table 2). 

The mean wood productiv ity assessment over 11 
si tes revealed the hi ghest scores for L. salvadorensis, 
L. leucocephala, L. macrophylla subsp. islmensis and 
L. collinsii subsp. zacapana (Fi gure 2). 

Differences in tri al designs, composition and age 
meant that product ivity da ta for tria ls establ ished 
pri nci pally fo r wood production were di f ficult to 
compare. However, results ind icate that where 
Lellcaena species are plan ted at spacings of 1.5-3 m 
on sites where rainfall was not limit ing, wood y ields 
of most productive accessions were over 18 t/ha/yr 
afte r three years can be expected . 

The rank correlat ion between wood productiv ity 
scores and mean wood dens ity was not significant 
(r2 = 0.11). The trials in Honduras and Phi lippines 
provided the opportunity to compare ranking 
between wood productivi ty and density for indi
vidual sites and both produced non-significant rela
tionships (r2 = 0.07 and 0.07 respectively). 

Discussion 
Co mpari son of values of wood densi ty between 
studies are complicated by both the age of the 
sample (Gourlay et al. in press; Hossain et a l. 1991; 
Sood 1995) and the method of measurement. How
ever, broad comparisons between experiments a re 
possible. In this respect it is interesti ng to no te the 
sim il arity in mean dens ity recorded for L. leuco
cephala recorded in this study (0.61 glcm 3) , w ith that 
recorded by Brewbaker (1 987) (0.5-0.6 glcm 3) and 
by Gourl ay (un published data fro m samples supplied 
by H.M. Shelton) (0.64 glcm 3). Furthermore, the 
mca n density for L. leucoceplzala recorded in this 
tria l was below the average recorded for all species 
(0.7 glcm3), refl ecting the low regard for its wood 
when compared wi th other species in the genus in 
their nat ive ranges (Hughes 1993). 

Given the wide variation in tree form within the 
genus and the comprehensive representa tion of that 
divers ity in the th ree trials assessed for wood den
sity, it is not surp rising tha t a highl y s ignificant va ri
ation in wood densi ty was recorded between taxa. In 
addition, the strong ove rall correl ation between si tes 
was largely ex pected given the gcneral high degree 
of genetic control of wood characte ristics in 
angiosperms (Zobel and van Buijtenen 1989). Of 
perhaps greater in te rest was the performance of the 
most promising taxa on each site. In this respect, 
each of the taxa that comprised the overall top ten fo r 
wood density (Table 3) occurred in the top ten on 
each site except in fou r instances. 

Table 3. T he lOp len rank ing accessions for mea n wood density and yield. 

Rank 

1 
2 
3 
4 
5= 
5= 
5= 

8 
9 

10 

Density 

Leucaena shannonii (26/84) 
Leucaena colfinsii subsp. zacapana (57/88) 
Leucaena magllifica (19/84) 
Lellcaena shannollii (53/87) 
Leucaena col/illsii subsp. zacapalla (1 8/84) 
Lellcaena col/illsii subsp. col/insii (45/88) 
Leucaena col/illsii subsp. zacapana (56/88) 

Leucaella salvadorensis ( 17/86) 
Lellcaena maglliJica (58/88) 
Lellcaena lanceolala var. SOllsae (50/87) 
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Rank 

1 
2 
3 
4 
5 

6 
7 
8 
9= 
9= 

Yield 

Lellcaella salvadorensis (34/88) 
Lellcaena salvadorellsis (17/86) 
Lellcaena lellcocephala subsp. glabrala (32/88) 
Lellcaella macrophyl/a subsp. iSlmellsis (47/85) 
Lellcaella pal/ida (79/92) 

Lellcaena col/illsii subsp. zacapana (18/84) 
Lellcaella leucoceplzala subsp. glabrala (K636) 
Lellcaella col/illsii subsp. zacapalla (57/88) 
Lellcaena col/insii subsp. zacapana (56/88) 
Lellcaella lanceolala var. lanceolala (43/85) 



col. col. 51/88 I 
col. zac. 18/84 

col. zac. 56/88 

col. zac. 57/88 

div. 45/87 

div. 46/87 

esc. 47/87 

esc. 47/87 

hybrid 52/87 

Jan. lan 43/85 

Jan. Jan. 44/85 

lan. sou. 50/87 

lan. sou. 51/87 

Jeu. 32/88 

Jeu. 45/88 

Jeu. K636 

Jeu . K156 

mac. 55/88 

mac. ist. 47/85 

mag. 19/84 

mag. 58/88 

mat. 49/87 

mu!. 81/87 

pul. 83/87 

pul. 84/87 

sal. 17/86 

sal. 34/88 

sha. 26/84 

sha. 53/87 

trichan. 35/88 

trichan. 53/88 

tricho. 2/86 

tricho. 61/88 
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Figure l. Mean wood density of 33 Leucaella accessions grown at three si tes (LSD 0.031). 
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Figure 2. Mean wood production score of 34 Leucaella access ions grown at I I sites. 
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Whi le no s ignifi cant in traspecific va ri atIon was 
found in wood density among the top ranking 
species, the presence of considerable levels of 
variat ion in certain species suggests tha t selection of 
provenance may be of great impo rtance when 
attempting to improve wood densi ty in Leucaen a. 

The assessment of mean wood product ivity 
revealed the good growth rate of L. leucocephala, 
bu t when viewed in conjunction with its lower wood 
density, this species shou ld not be favo ured for wood 
product ion if density is a principal cri terion. In fact, 
few taxa provided evidence of both high dens ity and 
good wood production. However, the results have 
highlighted two species that appear promising in 
terms of their abil ity to grow well and to produce 
wood of high density, when compared with com
monl y grown agroforestry species. T hese two 
species, L. salvadorensis and L. collinsii ssp. 
zacap ana are already valu ed high ly by fa rmers in 
Central America and Mexico fo r the vo lume and 
quality of thei r wood products (H ughes 1993; Hell in 
and Hughes 1993). 

While this study has provided an indication of 
Leucaena species tha t appear prom is ing for wood 
production, evaluation of wood productivi ty f rom a 
wider range of trials is required befo re fi rm conclu
sions can be drawn. For example, the production of 
wood by L. collinsii subsp. zacap ana has shown con
siderable variation in trials not included in th is study, 
being among the poorest in a range of field experi
ments in Southeast As ia, w hi le among the best in 
trials in Latin America (Argel 1998). Future assess
ment of fie ld trials incorporati ng informatio n on tree 
fo rm (Mullen and Shelton, these Proceed ings) w ill 
ass ist scienti sts, rural development agencies, and 
ult imately farmers, to make better informed choices 
fo r tree plant ing on fa rms where wood production is 
the pri nci pal outpu t. 
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Wood Anatomy of Four Strains of Leucaena leucocephala 

A. Ella1 

Abstract 

Wood samples were taken fro m three accessions of Leucaena feucocephafa subsp. gfabrata 
(K8, K28, and K67) and one of L. feucocephala subsp. leucocephafa (K21). Comparisons were 
made between general characteristics, a natomical descript ions and wood properties. The results 
indicated the difficulty of the specific identi ficat ion of the woods of the four stra ins based on 
macro-anatomica l structures. Many characteristics were common both in the gross and minute 
wood features. However, si ight differences were apparent in some microscopic fea tures, viz., 
vessel tange ntial diameter, length of vesse l members and height of mu ltiseriate rays. However, 
these differences were not sufficient to permit subspecies ident ification or to separate access ions 
w ithi n subspecies. 

LEUCAENA leucocephala is a fast-growing legumi
nous tree species. Its growth rate can be extremely 
high and its ability to fix nitrogen makes it one of the 
highest yield ing and highest qua l ity legumes. Its 
leaves average over 4% nitrogen in dry weight and 
few plants appear to be able match its an nua l yields 
of high quality forage. 

As a species, L. leucocephala is divided into two 
subspecies, subsp. leucocephala and subsp. glabrata. 
The common type of L. /eucocephala in the Phil ip
pines, known as ipil-ipil, is L. leucocephala subsp. 
leucocephala, while the faster-growi ng' giant' types 
introduced during the 1970s (known as giant ipil-ipil 
or leucaena) are classified as L. leucocephala subsp. 
glabrata. 

With the intensification of industrial plantations in 
the Phi lippines, it is important to exami ne the wood 
anatomy of the fas t-grow ing species and re late their 
anatomical findings with other wood properties to 
evaluate fu rther their potentiali ties. The growth and 
development of the different stra ins of g iant ipil -ipil 
have been studied here and abroad. Resu lts indicated 
that its mean annual increment has been estimated to 
be from 24 to 312 cubic metres per hectare per year 
or 13 to 150 bone-dry metric tonnes per year, 

I Supervising Science Research Speciali st, Materials 
Properties Evaluation Division, Forest Products Research 
and Development Institute, Department of Science and 
Technology, COllege, Laguna, Philippines. 
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depending probably on the site quality and the strai n 
involved (Bawagan et al. 1978) 

Studies on giant ipil-ipil , however, were mostly 
on the use of wood as fue l, and the leaves as swine 
and pou ltry feeds. The wood structure was not given 
much attention . 

The importance of the study on the anatomy of 
wood is a tt ributed to the fact that the behav iour of 
wood depends mainly on its microscopic and sub
microscopic structures. The strength, gluing, permea
bi lity, shr inkage and swell ing, pulpi ng, machi ning 
and other properties of wood depend mostly on the 
anatomical characteristics of wood. Therefore, 
benchmark informat ion on the wood anatom ical 
characteristics of the species is desi rably impo rtan t 
to serve as one of the bases in the uti lisa tion of Lell
caena. 

The objectives of the work reported here were 
firs tl y to see if obse rvable di fferences in wood c har
acteristics existed between subspecies, and secondly 
to see if differences existed wi thi n L. lellcocephala 
subsp. glabra/a. 

Materials and Methods 

Field sampling 
Three I ines of L. lellcocephala subsp. glabra/a (K8, 
K28 and K67) and one of L. lellcocephala subsp. 
/eucocephala (K21) were used in this study. Two 
trees of each li ne (4-year-old coppice regrowt h) were 
randomly selected from the gene bank of the 



Institute of Plant Breeding, University of the Philip
pines at Los Banos College, Laguna and Southern 
Luzon Polytechnic College, Lucban, Quezon 
Province. From each tree, a disc sample about 5 cm 
thick was taken at breast height and brought to the 
laboratory. 

Laboratory procedure 
Each disc sample was divided into four quadrants . 
From each quadrant, one block specimen or a total of 
four wood blocks per disc per tree was taken from 
the heartwood portions. 

The wood blocks were trimmed and designed in 
such a way that the tree planes (cross, tangential and 
radial sections) we re truly represented. These were 
softened in boiling water until waterlogged for 
microtome sectioning. The standard stain ing tech
nique and microscopic slide preparation were in 
accordance with Johansen (1940). Wood chips were 
macerated by use of the Franklin method (1945); that 
is, a mixture of equal parts of 60% glacial acetic acid 
and hydrogen peroxide (20% by volume) for meas
urement of isolated elements, e.g. , vessels (height 
and diameter; and size of intervessel and ray-vessel 
pittings) and fibres (length, diameter, lumen width 
and cell-wall thickness). 

Macroscopic observations included the physical 
properties and gross features of the wood with 
unaided eye or with the use of a 20X hand lens. 
Microscopic observation, on the other hand, was 
carried out using an ordinary light research micro
scope with amplification of 80X and 400X. 

Details for macroscopic examination followed 
those of Tamolang et al. (I 961) and Dadswell et al. 
(1947). Microscopic observations and descriptions 
followed those of Tamolang et al. (1963), which 
cited important anatomical references as a guide for 
describing wood . The terminologies used were in 
accordance with the 'lA WA List of Microscopic 
Features for Hardwood Identification' (1989). 

Description 
Macroscopic features 
Sapwood was lighter-coloured than heartwood, 
which was creamy yellow to medium brown; grain 
straight; texture was moderately fine to fine ; figure 
was mottled due to colour; no distinct taste and 
odour; glossy; moderately hard and moderately 
heavy. 

Growth rings were distinct , marked by darker
coloured latewood bands. Pores were indistinctly 
visible to the naked eye, diffuse, round to oval sol i
tary and had radial multiples of 2-5 commonly 
arranged in oblique pattern; reddish deposits and 
other dark contents were present along some vessel 
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lines on longitudinal sections. Axial parenchyma 
were slightly visible to the naked eye, typically vasi
centric to aliform and confluent. Rays were narrower 
than pores. Fibres were moderately dense to dense. 

Microscopic features 
Growth rings were indistinct; vessels were mostly 
solitary consisting about 80%, radial multiples about 
15%, and clusters about 5% in K8 ; about 73% soli
tary, 25 % radial multiples and 2-5% clusters in K28 
and K67; and 75%, radial multiples at 16% and 9% 
clusters in K21. There were few to moderately few, 
2-8, mostly 3-6 per mm2 in K8 and K21 , but few to 
moderately numerous, 2-10, mostly few to moder
ately few, 2-8 per mm 2 in K28 and K67, round to 
oval. They were moderately small to moderately 
large in K8 (73- 246 microns), K21 (103-200 
microns) and K67 (95-210 microns) and moderately 
small to medium-sized in K28 (72-140 microns) 
with average tangential diameters of 119 microns 
(K8), 140 microns (K21), 130 microns (K67), and 
105 microns (K28). Deposits we re present mostly 
reddish in colour. Vessel elements were extremely 
short to medium-sized in K8 (14(}....607 microns, av. 
403); K21 (123-683 microns, av . 384) and K28 
(138-(j36 microns, av. 35 1) and very short to 
medium-sized in K67 (208-(j64 microns, av . 546). 

Perforation plates were simple with horizontal to 
oblique end walls. Intervessel pits were small to 
medium-sized 4-9 (av. 6) microns in diameter, 
alternate and vestured . 

Axial parenchyma was vasicentric to si ightly 
a liform and confluent. Rho mboidal crystals in 
chambered parenchyma cells. 

Rays were few to numerous, 3- 8 per mm (av . 6) 
in K8, and few-to-moderately numerous in K28 
(3-7 per n1l11 , av. 5); K21 (3-5 per mm , av. 4) and 
K67 (2-7 per mm, av. 5); homocellular consisted of 
procumbent cells. Mostly multiseriates up to 5 cells 
wide, commonly 2-3; very fin e to medium-sized, 
21-45 microns in K8, K21 and K67, and very fine to 
moderately fine 24-48 microns in K28; extremely 
low in K8 (0.045-0.254, av. 0.121 mm), in K2 1 
(0.057-0.158, av. 0.120 mm) and K67 (0.046-0.471 , 
av. 0.147 mm) and extremely low to very low 
(0.093-0.676 mm, av. 0.318 mm), in K28. Uniseriates 
were very few; ext remely fine to ve ry fine; extremely 
low, 2-20 cells high in K8, 2-16 in K21 and K28, and 
2- 22 in K67. Ray vessel pittings were similar to 
intervessel pits. Deposits found in some rays. 

Fibres were Iibriform and septate; very short to 
moderately long (0.4-1.72 ram , av . 1.11 mm) in 
K8, K21 (0.49-1.17 mm, av. 1.08 mm) and K67 
(1.06-1.33 mm av. 1.14 mm); and mostly moder
ately short to medium-sized (0.80-1.45, av. 
1.12 mm) in K28. They were thin-wall ed, the lumen 



width averaged 0.0 15 mm in K8, 0.0097 mm in K28, 
0 .017 mm in K21 and 0 .0 11 mm in K67 and was 
g reater than the thickness of wa ll s (av. 0.0041 mm in 
K8 and K21, 0.0047 mm in K28 and 0.005 m m in 
K67) with an average fibre di ameter of 0 .024 mm, 
0.025 mm , 0.0194 mm and 0.022 mm in K8, K21, 
K28 an d K67 respectively. 

Discussion 
Generally, the wood m icroscopy of four strai ns of 
giant ip il -ipi l, v iz., K8, K2! , K28 and K67 showed 
com mon physical and anato mical features. T hey 
offered no di stinctio n with rega rds to gross and 
structural characteristics. However, slight variations 
were vi s ib le in the number of radi al po re multipl es, 
vessel tange nti al d iameter, length o f vessel members, 
and he ight of multiseriate rays. 

Based on the results of the study, specific identifi
catio n of the woods of the four stra ins of giant ipi l
ipil based on macro-a nato mical s tructure is rath er 
difficult. T hey lack s ign ificant anatomical characters 
to diffe rentiate them and the observed minor quanti
tative variation cannot be used when trying to 
separate them. 

To confirm the findings an d/o r to dete rmine the 
anatomical variation within sa mpl es and stra in s, if 
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any , it is suggested that a more ex tensive and 
comprehens ive study of thei r anatomical st ructures, 
using other samples, representing various age 
classes, be undertaken. 
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Accession evaluation 

Agronomic Evaluation of the Leucaena Foundation 
Collection: 1. Subtropical Australia 

B.F. Mullen and H.M. Shelton 

Abstract 

The dry matter (OM) product ivity of 116 Leucaena accessions was evalu ated in sub-tropical 
Australi a during a 2.5-year per iod. Harvests were timed to coincide with warm/wet and cold/dry 
seasons and data were anal ysed to compare growth in these environmcnts. Twelve access ion 
grou ps were identified by cluster analysis. Group I contained three Leucaena leucocephala x 
L. pallida F1 hybrid accessions that were very high ly productive in all env ironments. Accession 
Groups 2 and 3 were al so broadly adapted but at a lower yield level than Group 1 accessions. 
Growth of L. leucocephala accessions was severely checked by psyllids in warm/wet 
environments. Five groups, comprisi ng 66 accessions, were poorly productive in all environments. 
L. leucocephala accessions wcre very tolerant of regular cutting, bu t access ions of L. illvolucrata 
and L. greggii experienced high mortal ity. Both psyllid insect att ack and defo liation management 
tended to increase branchi ness. However, species such as L. magnifica and L. lempiralla were 
inherently arboreal, whereas L. leucocephala subsp. leucocephala and L. multicapitula were 
inherently well branched . Considerab le intraspeci fi c variation in tree form was evident in 
L. lellcoceplzala subsp. glabrata, L. pallida, L. diversifo lia and L. tricJwndra. 

A PRIMARY objective of the research program on 
New Leucaenas for Sou theast Asian, Pac ific and 
Australian Agricu lture (ACIAR Project 9433) was to 
eval uate the agronomic po tential of the Leucaena 
gen us in te rms of dry matter (OM) producti vity and 
adapta tion to grow th limi ting facto rs, such as the 
psyllid insect and low temperatures. A com prehen
sive collectio n of Leucaena access io ns was sourced 
principally from the Oxford Forestry Institu te, w ith 
additiona l accessions from the Univers ity of Hawaii 
and CS IRO, and plant ed at two sites: Brisbane, 
Southeast Queensland, Austral ia and Los Banos, 
Luzon Prov in ce, Ph il ippines (Gabun ada and Stur, 
these Proceed ings). A subset of this coll ectio n, repre
sentat ive of all important taxa, was selected for ev al
uat ion in mul ti-env ironment tria ls at 18 s ites in seven 
countries and results are presented in Mu ll en, 
Shelton et a l. (these Proceed ings). 

T hi s report presents pre li min ary results from the 
fo undation collecti on evaluation a t Brisbane. 

School of Land and Food, The University of QueenSla nd, 
QLD 4072, Australia 

106 

Materials and Methods 

Site 
T he Brisba ne site has a fertile, free-dra ining 
Krasnosem so il. From so il analysis, no li mitations to 
growth of effective ly nodulated Leucaena were 
expected. C limate is subtropical w it h summer-dom i
nant rainfa ll (1200 mm a nnually) (Figure 1). 

Germplasm a~d sampling procedures 
One hund red and s ixteen Leucaella accessions 
(Table 1) were raised in polybags, inocul ated wit h 
Rhizobium stra in CB3060, and subsequent ly planted 
into the fi eld in Ma rc h 1995. Single-row pl ots 5 m 
long were planted with seedlings at 50 cm spaci ng. A 
ra ndomised block des ig n with two re pl icates was 
used. Trees were not cut duri ng a lO-month estab
lishment per iod. T he OM productivity of trees was 
determined by harvesting the 6 central plants of each 
plot to 50 cm above ground-level. Ory matter was 
sepa ra ted into edible a nd wood fract ions and data 
were converted to OM/m row/ month. Harvests were 
schedul ed to determine OM productivity w it hin 
"environment" per iods (e.g. warm/wet or cold/dry) 
an d contin ued unti l Septembe r 1997. Psy lli d damage 
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Figure 1. Mean monthly maxi mum and mini mum temperatures and monthly ra infall at Brisbane, Austra lia, over the 
experimental period. 

Table 1. Accession identification, wa rm and cold season DM productiv ity , accessio n group membershi p from 
cluster ana lysis, psyllid susceptibility, mo rtality and tree form for 116 accessions of Leucaella evaluated at Bri sba ne, 
Australia. 

Accession 

L. collinsii collillsii 
L. collinsii collil1sii 
L. collinsii zacapana 
L. collinsii zacapana 
L. collinsii zacapal1a 
L. confer/if/ora 
L. confer/if/ora 
L. cuspidata 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia 
L. diversifolia x L. leucocepltala 
L. diversifolia x L. lellcocephala 
L. diversifolia x L. leucocephala 
L. diversifolia x L. leucocephala 
L. diversifolia x L. lellcocephala 

ID No. 

51/88 
52/88 
18/84 
56/88 
57/88 
88/94 
87/94 
83/94 
K778 
83/92 
K802 
105/94 
104/94 
K784 
82/92 
126/92 
K156 
46/87 
45/87 
106/94 
K156xK500 
98/94 
99/94 
KI56xK8 
K156xK636 

Warm 
season 

grow th (g/m 
row/month) 

22 1 
163 
156 

64 
119 
39 
43 

108 
244 
189 
206 
156 
206 
215 

90 
102 
106 
1J4 
130 
83 
97 

107 
78 

101 
110 

107 

Cold season 
growth 

(g/m 
row/month) 

41 
39 
30 
17 
41 
37 

9 
40 
94 
85 
75 
57 
7 1 
83 
65 
61 
75 
66 
44 
54 
59 
60 
77 
86 
86 

Accession 
group 

mem'shipl 

4 
8 
8 
9 

11 
12 
12 
8 
3 
3 
5 
5 
6 
6 

10 
10 
10 
10 
11 
11 
10 
10 
10 
10 
10 

Psy ll id 
damage 
rating2 

1.8 
2.1 
3 .4 
5 .0 
4.0 
2 .3 
1.5 
2.1 
2.8 
3 .2 
3 .0 
4.5 
2.9 
3.0 
5.1 
4 .5 
5 .4 
3.7 
3.1 
5 .0 
5 .6 
5.3 
5.8 
5 .1 
5.1 

Mortalit y 
(%) 

25 
5 

30 
10 
15 
30 
40 
5 
5 
5 
o 

10 
o 
5 
o 
o 
5 
5 
o 
5 
o 

15 
5 
o 

10 

T ree 
form 

ra ting3 

4 .0 
3.8 
2.3 
2.5 
4.0 
4.0 
2.4 
3.8 
3.3 
3 .8 
3 .1 
4 .1 
3.0 
3 .6 
3 .6 
4.5 
3.3 
4 .1 
4.5 
3. 1 
4.3 
3.5 
4.3 
3.6 
3.8 



Table 1. Accession identifica tion, warm and cold season DM product iv ity , access ion group membership from 
cluster anal ysi s, psy ll id susceptibili ty, mortality and tree form for 11 6 access ions of Leucaena eval uated at Brisbane, 
Australia. (continued) 

Access ion 

L. diversiJolia x L. leucocep/wla 
L. diversifolia x L. leucocephala 
L. diversiJolia x L. leucocephala 
L. diversifolia x L. leucocepllala 
L. esculen/a 
L. esculell/a 
L. greggii 
L. involucra/a 
L. lanceo/a/a /anceola/a 
L. lanceola /a lanceolata 
L. lanceola/a lanceola /a 
L. lanceola/a lanceola/a 
L. lanceola/a sousae 
L. lanceola /a sousae 
L. lempiral/a 
L. lempiralla 
L. leucocephala 
L. lel/cocephala 
L. lel/cocephala 
L. leucocephala 
L. leucocephala glabra/a 
L. leucocephala glabra/a 
L. lel/cocephala glabra/a 
L. leucocephala glabra/a 
L. lel/cocephala glabra/a 
L. lel/cocephala glabra/a 
L. lel/cocephala glabra/a 
L. lel/cocephala glabra/a 
L. lel/cocepllaia glabra/a 
L. lel/cocephala glabra/a 
L. leucocephala glabra/a 
L. lel/cocephala glabra/a 
L. lel/ cocephala glabra/a 
L. lel/cocephala glabra/a 
L. lel/cocephala glabra/a 
L. leucocephala glabra/a 
L. lel/cocephala glabra/a 
L. leucocepha la glabra/a 
L. leucocephala glabra/a 
L. lel/cocephala ix/ahl/acana 
L. leucocepha/a lel/cocephala 
L. lel/cocephala /el/cocepha/a 
L. lel/cocephala lel/cocephala 
L. macrophyl/a is/hmells is 
L. macrophyl/a islhmensis 
L. macrophylla macroplly l/a 
L. macrophyl/a l1lacrophy l/a 
L. magnifica 
L. magnifica 
L. ma/l/dae 
L. tnl///icapi/u /a 
L. mu/ficapi/ula 
L. pal/ida 
L. pallida 
L. pal/ida 

ID No. 

KX3F491-2 
KX3F492-4 
KX3F491-6 
KX3F491-3 
48/87 
47/87 
82/87 
87/92 
43/85 
44/85 
134/92 
90/92 
51 /87 
50/87 
6/91 
5/91 
CPI9081 4 
CPI58396 
CPI9 1953 
CP185176 
K636 
K584xK636F3 
K584xK636F2 
139/92 
145/91 
102/94 
136/92 
Cunn ingham 
94/92 
K584 
19/81 
121/92 
CPI33821 
K8 
91/92 
45/88 
32/88 
K8 
30/93 
4/117/92 
133/92 
147/92 
K997 
47/85 
39/89 
55/88 
132/92 
19/84 
58/88 
49/87 
81 /87 
86/87 
78/92 
K376 
CPI91309 

Warm 
season 

growth (g/m 
row/month) 

166 
247 
213 
31 8 
123 
148 

12 
8 

98 
84 
95 
83 

214 
180 
93 
63 

143 
11 5 
101 
126 
169 
176 
145 
148 
148 
147 
121 
136 
113 
126 
115 
116 
97 

107 
109 
127 
124 
86 
63 

187 
90 
65 
62 

196 
162 
212 
135 
164 
17 1 
129 
104 
72 

194 
239 
184 

108 

Cold season 
growth 

(g/m 
row/mont h) 

90 
110 
117 
137 

10 
14 
2 
1 

34 
15 
15 
10 
43 
16 
39 
23 
96 
96 
66 
71 

111 
80 

106 
99 
79 
89 
94 
99 
69 
78 
7 1 
85 
68 
84 
58 
6 1 
68 
92 
43 
91 
68 
5 1 
35 
42 
39 
35 
28 
49 
59 

5 
19 
25 
53 
41 
45 

Access ion 
grou p 

mem'shi pl 

6 
3 
3 
3 
9 
9 

12 
12 
11 
12 
12 
12 
4 
8 

11 
12 
7 
7 

10 
10 
6 
6 
6 
6 
6 
7 
7 
7 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
11 
7 

10 
11 
12 
5 
8 
5 
8 
8 
8 
9 
8 

12 
4 
4 
4 

Psyl lid 
damage 
rating2 

3.7 
3.6 
3.0 
3.6 
1.4 
1.9 
1.4 
4.9 
5.2 
4.7 
4.5 
4.4 
3.0 
3.4 
5.3 
5.1 
5 .9 
5.9 
5.7 
5.4 
5.1 
5. 1 
5.2 
5.7 
5 .7 
5.6 
5.9 
5.6 
5.4 
5.6 
5 .8 
5.4 
5.4 
5.6 
5 .8 
5.7 
5.3 
5.8 
5.9 
4.4 
5.9 
5.9 
5.6 
3.7 
4.9 
3.9 
4.3 
4.4 
4.1 
1.7 
5.3 
5.2 
2.0 
1.7 
1.8 

Mort ali ty 
(%) 

o 
o 
o 
5 

10 
20 
55 
85 
o 
5 

10 
20 

5 
15 
5 

10 
o 

10 
o 
o 
o 
o 
o 
o 
5 
o 
o 
5 
o 
o 
o 
o 
o 
o 
o 
5 
5 
5 
o 

30 
o 
o 
5 

15 
10 
15 
5 

15 
15 
10 
35 
35 
o 
5 
5 

Tree 
form 

rat ing) 

4.0 
4.0 
4.5 
4.0 
3.3 
3.6 
3.5 
3.8 
3.9 
4.0 
3.8 
4 .0 
2.9 
2.8 
3.8 
2. 1 
4 .5 
4.0 
4.6 
5 .0 
2.5 
3.4 
3.5 
3 .5 
3.8 
2.9 
4.9 
4.5 
2.0 
3.0 
3.4 
3.5 
4.4 
4 .8 
5 .0 
4. 1 
4.5 
5 .0 
4.5 
4.8 
4 .9 
4 .8 
5 .0 
3.0 
3 .6 
4.3 
3 .9 
2.0 
2.4 
:l .0 
4.6 
4.0 
3.8 
3.6 
4.1 



Table 1. Accession identi fication, warm and cold season DM producti v ity, access ion gro up membership from 
cluster anal ysis, psy ll id susceptibil ity, mo rtal it y and tree fonn for 116 accessions of Leucaena evaluated at Bri sbane, 
Australia. (cont inued) 

Accession ID No. Warm Cold seaso n Accession Psy llid 
damage 
ra ting2 

Morta li ty 
(%) 

Tree 
form 

ra ting3 
season growth group 

growth (glm (glm mem'shipl 
row/mo nt h) row/mon th) 

L. pal/ida 
L. pal/ida 
L. pallida 
L. pal/ida 
L. pallida 
L. pallida 
L. pal/ida xL. leucocephala 
L. pal/ida x L. leucocephala 
L. pal/ida x L. /eucocephala 
L. pa/lida x L. leucocephala 
L. pal/ida x L. leucocephala 
L. pallida x L. /eucocepha/a 
L. pueblana 
L. pueblana 
L. pu/verulenta 
L. puiverulenta 
L. puiverulenta 
L. retusa 
L. salvadorellsis 
L. salvadorensis 
L. salvadorensis 
L. shannonii 
L. shannonii 
L. shanlloll ii 
L. shannonii 
L. triclwlldra 
L. trichandra 
L. trichandra 
L. trichandra 
L. trichandra 
L. trichandra 
L. trichalldra 
L. trichandra 
L. trichandra 
L. trichalldra 
L. trichandra 
L. trichodes 
L. Irichodes 

CQ3439 
79/92 
52/87 
K953 
44/87 
92/94 
KX2F592-3 
KX2S PCP 
K806xK636 
K748xK636 
K748xK636b 
K748xK584 
125/92 
34/89 
22/86 
83/87 
84/87 
23/86 
36/88 
7/91 
34/88 
135/92 
141/92 
53/87 
26/84 
53/88 
35/88 
CPI46568 
3/91 
137/92 
13 1/92 
128/92 
CPI33820 
4/9 1 
138/92 
140/92 
2/86 
61 /88 

251 
249 
11 2 
111 
11 2 
88 

205 
196 
423 
393 
35 1 
439 
186 
113 
68 
62 
62 
85 

141 
130 
93 

170 
200 

73 
103 
302 
203 
110 
135 
112 
124 
149 
200 

97 
72 
51 

139 
64 

70 
25 
20 
20 

5 
40 
74 

106 
125 
167 
170 
223 

9 
7 

39 
55 
44 
10 
26 
37 
30 
45 
39 
25 
31 

107 
96 
54 
37 
38 
14 

6 
75 
59 
21 
18 
9 
8 

4 
4 
8 
8 
9 

11 
6 
3 
1 
1 
I 
I 
8 
9 

1I 
11 
1 I 
12 
5 

11 
11 
8 
8 

11 
11 
2 
3 
5 
8 
8 
8 
9 

10 
10 
12 
12 
8 

12 

2.4 
3 .1 
4.6 
3.8 
1.7 
3 .6 
3 .2 
3.8 
2.6 
2.7 
3.0 
2.6 
2.0 
1.4 
4.8 
4 .8 
4 .5 
1.7 
4.5 
4 .4 
4 .8 
3 .7 
4.8 
5.3 
4.7 
1.4 
1.8 
1.7 
3.5 
2 .0 
3 .1 
2.3 
3.3 
4.7 
3.9 
4.3 
3.9 
4.4 

10 
15 
10 
20 
o 
o 
o 
o 
o 
o 
5 

10 
5 
o 
o 
5 
5 

25 
35 
10 
30 
o 

20 
5 

15 
o 

10 
10 
o 

15 
20 
35 
o 

20 
30 
35 

5 
20 

2.6 
3.1 
4.3 
3.6 
3.1 
4.5 
4 .3 
4.4 
4.1 
2.4 
2.3 
2.5 
3 .4 
3.1 
3.8 
3.1 
4.6 
2 .3 
3.0 
2.6 
2.5 
3 .0 
3 .3 
4 .5 
4.4 
3 .0 
4.3 
2.0 
3.6 
3 .8 
4.4 
3.8 
2 .6 
3.4 
4.6 
4.8 
2 .1 
3 .0 

I Accession Group membership fro m c luster ana lys is (Figure 2); 2 Mean psyllid damage to accessions at Brisbane, Austra li a 
(see Mullen, Gabu nada et aI., these Proceedings); 3Tree form, l=s ingle stemmed arborea l, 3=bra nched, weak ap ica l 
domima nce, 5=heav il y branched, no ap ica l dom inance. 

ratings were collected monthly using the sca le of 
Wheeler (1988). Plant mortality was assesscd in 
January 1997. Tree form was assessed prior to the 
second harvest using a 1-5 ratings sca le, w here 1 = 
single stemmed and strongly arborea l, 3 = branched 
with weak ap ical dominance and 5 = heavil y 
branched w ith no apical dominance . 

Environments and data analysis 
Two disti nct ' env iron ments' were iden tified at the 
Brisbane site f rom long-term weather data. T hese 

109 

were a warm/wet period of 7.5 months receiv ing 
136 mm/month ra in fall and mean day/night tempera
tures of 28/1 9 QC fro m mid-October to the end of 
May, and a cold/d ry pe riod of 4 .5 months receiving 
43 mm/month ra infall and mean day/night tempera
tures of 23/1 5 QC from June to mid-October. Two 
and th ree harvests were taken during the warm/wet 
periods of 1996 and 1997 respec ti ve ly, and single 
harvests were taken duri ng the cold/dry peri ods. The 
establishment pe riod, from March 1995 to January 
1996, unavoidably spanned env ironments. 



Accessions were grouped, according to thei r DM 
response to each environment, by a hiera rchical, 
agglomerative cl ustering techn ique (Willi ams 1976), 
using S-Plus data analysis softwa re. For thi s ana l
ys is, data were environ ment standard ised to remove 
the effect of enviro nment means fro m the analys is, 
and thereby compa re the o rdi nati on of genotypes 
across environments to identi fy specific adaptation 
(Fox and Rosielle 1982). Access ion group da ta pre
sented in Figure 2 are derived from actua l (non
standa rdised) da ta . Total, rather than edible DM 
yie lds were used fo r th ese analyses. 

The relat ionship between edible DM production 
and total DM production were inves ti gated by 
regression anal ys is. 

Results and Discussion 
Twelve accession g roups (Table 1 and Figure 2) and 
3 envi ronment g roups (Figu re 2) were identi fied by 
c luster analys is. Env iron ments were grouped into 
co ld seasons , warm seasons and establishm ent 
period, indicating tha t variation existed among 
access ions in their response to these envi ronments. 
Mean wa rm season, cold season and establ ishment 
yields were 188, 70 and 86 g/m row/ month respec
ti vely. Resul ts from contro ll ed tempera ture studies 
(M ull en, Cas til lo et aI. , these Proceedings) indicated 

that the opt imu m temperature fo r growt h of 
Lellcaena was approxi mately 33/28 °C day/night. 
Bo th warm and co ld season temperatures at Brisbane 
were well below these temperatures . 

Broad adaptation 
Th ree inte rspecific F1 hybrid accessions of L. pal/ida 
x L. lellcocep!wla subsp. glabrata (known as KX2 
F1 hybrids) (Accession Croup 1) were very hi gh 
yieldi ng and broadl y adapted, out perfo rm ing all 
other access ions in all env ironments (Figure 2). 
Mean warm and cold season y ie lds were 441 and 
173 g/m/row/ mon th respectively. These hybri ds 
were produced by hand poll inati on at the University 
of Hawaii , and although they are self-fe rtil e, the F2 
and subsequent genera tions seg regate strongl y into 
high ly variabl e populations of lower yield potential. 
For this reason, methodologies fo r production of 
commerc ial quan ti ties of F1 hybrid seed requ ire 
development and thi s is clea rl y a resea rch priority. 
Methods are cu rrentl y being developed fo r produc
tion f ro m vegetative cutt ings (see Dick et al. and 
Sun et aI., these Proceedings). 

Accession g rou ps 2 and 3 were also broadly 
adapted to the test envi ronments, producing yields of 
approx imately 60 % of C rou p 1 accessions. Croup 2 
was a s ingle accession g roup conta ining the highest 
y ield ing non-hybri d accession, L. trichandra OFt 
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Figure 2. Performance of 12 lellcaella accession groups during establishment and in warm and cold seasons. 
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53/88. This accession was identified in multi-env i
ronment trial s (M ETs) as being specifically adapted 
to cold environments (M ull en, Shelton et aI., these 
Proceedings). 

Accession group 3 contai ned advanced generation 
KX2 F4 and KX3 F5 (L. pallida x L. lellcocephala 
subsp. glabrala) hybrid access ions that were devel 
oped from seed of self compatible plants, and were 
heavil y selected for high OM y ield, psyll id resi stance 
and uniformi ty over 4-5 generations. T he most pro
ductive Group 3 access ion was KX3 91-3, producing 
mean wa rm and cold season yields of 3 18 and 
137 g!m row/month respectiv ely. Prel iminary in 
vit ro herbage qua lity est imates ind icate that all KX2 
and KX3 hybrid accessions are hi gh qu ality forages 
(Oalze ll et aI. , these Proceedings). T he highest 
yielding non-h ybrid access ions in Group 3 were 
L. diversifolia K778 and L. Iriclrandra OFI 35/88 
(Table 1). 

Ot her accession grou ps of interest incl uded Groups 
6 and 7 which contai ned the 11 most productive 
accessions of L. lellcoceplrala, of w hich accession 
K636 was the highest yiel ding. Psyll id susceptibility 
severely limited the productivity of these groups 
du ring establishm ent and in warm seasons and the ir 
higher relati ve performance during the cold seasons 
was probably more related to the lower cold season 
psyllid pressu re rat her than to cold adaptat ion . 

Warm season adaptation 
Access ion group 4 consisted predominan tl y of 
L. pallida accessions that established rapidly and 
were productive in the warm season but were poorly 
adapted to co ld. Of these, access io n CQ3439 was the 
most productive. T his result is in agreement with the 
MET data, in whi ch L. pallida was identifi ed as 
be ing productive at sub-optima l temperatu res but 
not at cold season sub-tropi cal temperatu res (Mull en, 
Shelton et aI. , these Proceed ings). Group 5 was dom 
inated by accessions of L. diversifolia and L. macro
plzylla and were simila rl y adapted as Group 4, 
yieldi ng relati vely well in the warm seasons but 
be ing s low to establish. 

Low yielding accessions 
Groups 8, 9, 10, 11 and 12 conta ined 66 accessions 
of consistentl y low productivity, producing mean 
warm and cold season yields of 112 and 34 
g!m/row/month respectively. T hese access ions were 
hi ghly variable in thei r psyllid resistance. Groups 11 
and 12 were least producti ve and co nt a in ed acces
s ions of L. greggii, L. re il/sa, L. involucrala, 
L. mllllicapilllla, L. salvadorellsis, L. s/zall llollii, 
L. lanceolala, L. plllverulenla, and L. cOllfertif/ora. 

Access ion group 10 contained 23 psy llid suscep
tible accessions do minated by L. lellcocephala 
(12 access io ns), L. diversifolia (5 access ions), and 
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segregating KX3 hybrids (5 accessions). As w ith 
Groups 6 and 7, the comparatively higher cold season 
yields of Group 10 access ions were more rel ated to 
low psyllid pressure rather than to cold adaptation . 

Performance of MET accessions 
Representative accessions included in the METs 
were co ns istent ly the best perfo rmi ng access ions of 
their species in the Brisbane evaluat ion . This was an 
important result as the rest ricted number of acces
s io ns evaluated in the MET natura ll y led to specula
tion as to whether superio r accessions had been 
omitted . T he agrono mic superiority of MET acces
s ions was also reported fo r the Los Banos evaluation 
(G abunada and Stiir, these Proceed ings). 

Production of edible DM 
A st rong pos itive linear correlati on (r2=0.97) was 
fo und between edible OM product ion and to tal OM 
product ion (Figure 3), so that the highest yielding 
accessions in terms of to ta l OM also produced the 
most edible OM . T he rela tio nshi p appeared to be 
curv il inear at hig h total OM as leaf fa ll occurs at 
long harvest intervals reduc ing the relati ve leaf pro
portion. Bray et al. (1988) report ed that the wood 
co mponent of Lellcaella access ions increas ingl y 
dominated OM prod uction above a lea f: stem rat io of 
1 :1. However, clear di fferences have been identifi ed 
between access ions in their inherent leafiness 
(a uthors, unpubli shed data). T hese results hi g hlig ht 
the necess ity to consider factors of tree form and 
in herent leafiness, in addition to producti on of ed ibl e 
OM when selecting trees for use as forages. 

Psyllid damage 
T he Brisbane site ex perienced hi gh psy ll id pressure 
(da mage ra tings >2.5) fo r up to 8 months of each 
year duri ng the experiment (see Mull en, Gabunada et 
a I. , these Proceed ings) . Pressure was lowest during 
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Figure 3. Re lationships between product ion of ed ible DM 
and production of tOlal DM for 11 6 accessions of Lel/cael/a . 



late-wi nter/early-spring. T his period was character
ised by low tempera tures, low rainfall and low 
re lative hUlliidi ty . Psyllid pressure d uring other times 
of the year was periodically reduced by di screte 
cli matic events such as intensive rainfall or 3- 5 days 
of hot, dry wi nds. Accession specific deta ils of 
susceptib il ity/res istance, deri ved fro m psyll id 
damage ratings, are presented in T able ] . A compre
hensive review of psy llid resistance in the Lellcaena 
genus is presented in Mu ll en, Gabunada et £1 1. (these 
Proceedings). 

Plant mortality 
Species varied greatl y in their tolerance of regular 
defol iation (Table 1). Low levels of plant mortal ity 
(<5% mean mortality for species) occurred in 
L. leucocephala, L. diversifolia, L. pueblana, L. plll
verulenla , L. cllspidata and KX2 and KX3 hybrids. 
Of these species, L. lellcocephala subsp. glabrata 
had the lowest mortality levels (mean 1 %), and this 
is retlected in the excellent grazing tolerance of com
mercial cultivars such as Cunningham. S pecies intol
erant of the defoliation regime were L. confertiflora, 
L. greggii, L. involllcrata and L. mlllticapitllla , with 
mean mortalities of 35%, 55%, 85% and 35% 
respectively. Other species were intermediate in their 
mortality levels. Intraspecific variation in defoliation 
tolerance was high in L. trichandra , which ranged 
from 0% to 35% mortal ity for accessions such as 
OFI 53/88 and OFI 140/92 respectively. Similar 
intraspecific variation was recorded for L. collinsii, 
L. lanceolata, L. pallida and L. silannonii. Acces
sions experiencing high level s of mortality under 
regular defoliation management are clearly unsuited 
to forage or fuelwood production. 

Tree form 
All accessions were multi-branched following the 
initial coppicing, but while species such as L. lellco
cephala subsp. lellcocep/wla and L. mlllticapitllla 
were heavily branched with over 10 primary stems 
and no apical dominance, other species, such as L. 
magnifica and L. lempirana, were more arboreal with 
few primary branches (Table 1). Tree form varied 
widely in L. diversifolia, L. lellcocephala subsp. 
glabrata, L. pallida and L. trichandra , ranging from 
apically dominant with few large secondary branches 
to heavily branched with no apical dominance. 

Trees at the Brisbane site were generally more 
branched compared to the Philippines (Gabunada 
and Stiir, these Proceedings). This may be due to the 
heavy psyllid pressure at Brisbane, with psyllids con
stantly damaging or kill ing the apical shoots of 
plants. The change in tree form following the initial 
coppicing indicated that defoliation man agement has 
considerable potential to alter tree form. For 
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exampl e, the highly productive KX2 F1 hybrids we re 
ini tia ll y apically dominan t with 1-3 primary 
branches, but w ith repeated cutt ing they became 
heavily branched. 

Tree form is an important consideration in selec
tion of a multipurpose tree, but the dcs irable form 
varies with fa rming systems. In Austral ia heavil y 
branched, low growing accessi ons are requi red for in 
situ grazing by cattle, whereas in man y deve loping 
co untries more arboreal accessions may be preferred 
to supply bot h fuelwood and cut-and-carry fo rage. 

Conclusions 
T he outstanding broad ada ptation of L. pallida x 
L. leucocephala F1 hybrid access ions, demonstra ted 
in multi-environment trials (Mullen, Shelton et aI. , 
these Proceedings), was confirmed in thi s study. 
T hese KX2 Fl hybrid accessions were extremely 
high y ield ing in both warm and cold seaso ns at Bri s
bane. Methodologies for the commercial production 
of these hybrids, either from seeds or cuttings, is an 
important research priority. 

Grow th of L. lellcocephala accessions was 
severely checked by psyllids in warm/wet environ
ments. High OM productivity and psyllid to lerance 
were identified in other species, including accessions 
L. tric/wndra OFI 53/88 and L. pallida CQ3439. 
Sixty-six of the 1] 6 accessions evaluated were 
poorly productive in all environments. 

A strong linear relationship was identified 
between total OM yield and edib le O M yield , so that 
high forage yields were produced by accessions pro
ducing the most total OM. However tree form and 
inherent woodiness varied among accessions and 
were recognised as important characteristics, in addi
tion to yield, for selection of forage accessions. 
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Agronomic Evaluation of the Leucaena Foundation 
Collection: 2. Humid Tropics in the Philippines 

F.G. Gabunada Jr.l and W.W. Stiirl 

Abstract 

An agronomic evaluation of 113 accessions of Leucaena species and 12 accessions from other 
tree legume genera was carried out on a fert ile soil in the humid tropics at Los Banos, Philippines 
from July 1995 to December 1997. Trees were characterised in terms of growth habit, psy 11id 
tolerance and yield. Yield of the best species was high and psyllid pressure at the site was low to 
moderate. The most productive accessions were KX2 Fl hybrids, foll owed by a KX3 F4 hybrid 
and accessions of L. leucocephala . Yield of other, non-hybrid Leucaena species was much lower. 
There was a strong correlation between yield during estab lishment and yield during the subseq uent 
regrowth periods. However, some opportuniti es exist to select for higher seedling growth. Low 
psyllid damage among the 10 most productive species was recorded for KX2 hybrids, 
L. salvadore/lsis, L. collinsii and L. pallida. Gliricidill sepium cv. Monterrico had a higher yield of 
edible material than the best accessions of all species other than the LeuclIena hybrids and 
L. leucocephala. 

T HE Leucaena foundation co l lection pl anted at Los 
Banos, Ph il ippines, w as one of two si tes establi shed 
as pa rt of A CIA R Proj ect 9433 ' New Leucaenas for 
Southeast Asian, Pac ific and Australian A gri culture'. 

The obj ective of the evaluation was to characteri se 
the ent ire foundation coll ection of Leucaena spec ies 
in terms of y ield and tolerance to psy llids, when 
managed for fo rage production under regular cutt i ng, 
in a fertil e, high rain fa ll , tropica l envi ronment. 

Methods 
A total o f 125 accessions was evaluated, incl uding 
113 accessions of Leucaena , 3 accessions o f Cliri
cidia sepium , two access ions of Flemingia macro
phylla, two accessions of Calliandra calolhyrsus, 
and one accession each of Albizia lebbek, Cralylia 
argentea, Indigofera anil, Tipuana lipll , and 
Zapoteca tetragona. 

The experiment w as la id out as a randomised 
complete block (ReB) with two replicates. T en 

t CIAT Forages for Smallholders Proj ect, IRRI, Los Banos, 
Laguna, Philipp ines 
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pl ants of each accession were pl anted in 5 m long 
row s with 0.5 m between plants. Access ions were 
pl anted end-to-end with no extra spacing betw een 
pl ots (access ions). The spaci ng between rows w as 
3 m. Seedlings w ere inocul ated with a multi-strain 
rhizobium, applied by water ing two weeks aft er 
germin ation and were transplanted into the fi eld two 
months after sowing in September 1995. 

Trees that did not establi sh successfully w ere 
replanted betw een October 1995 and February 1996. 
Following a lO-month establishment period, dry 
matter productivity was assessed by cutting pl ants to 
50 cm above ground level every 3~ months until 
November 1997. Psyllid damage w as assessed 
monthl y using an empirical score of 1 to 9 developed 
for the L PT tri als in Hawaii (Whee ler and B rew baker 
1990). 

T he experimental site w as located at the Inter
national Rice Research Institute in Los Banos, 
Laguna, Philipp ines (14°13'N , 121 ° 15'E; 23 m above 
sea level). T he so il is a heavy , brown clay loam, which 
is prone to w aterl ogging during periods of heavy rain
fal l. It is fertil e with low N and poor drainage be ing 
the only factors limiting growth. Long-term rainfall 
averages 2100 mm/year with four months per year 
w hen monthly rainfall is less than 100 mm . 



Results and Discussion 

Establishment and growth 
Yield at harv est 1 represents growth for the firs t year 
of es tablishment and may be seen as an indicator of 
seedl ing growth. Growth during the first year was 
extremely variabl e bot h between and w it hi n species, 
with the highest yie ld (432 g/m/month) occurring 
within the KX2 hybrids. The o nl y other accessions 
reaching more than 50% of the highest yielding 
KX2, were e ither other hybrids or L. leucocephala 
entri es. The best L. leucocephala accession produced 
82% of the yield of the highest yi elding KX 2 acces
sion. Among o ther species, the highest yield duri ng 
the first year of growth was obtai ned by access ions 
of L. salvadorensis, fo ll owed by L. collinsii , 
L. pal/ida and L. shannonii. 

Dry matter production 
Overall, yie lds were hig h (max imum 37 t/ha/year) 
showing the potential of Leucaena w hen grow n on 
fertile so il s in the humid tropics. 

T he most productive species consistent ly were 
Leucaena KX2 F1 hybrids. Late r generat ion hybrids 
had much lower yie lds, showing the loss of hybrid 
vigour in subsequent generations. An exception was 
a Lellcaena KX3 F4 hybrid (K 156 x K8 [tree 91-
13]), which produced higher yields than pure lines 
and all other higher-generation hy brids (Table 1). 
Th is hybri d also had a low mean psyllid damage 
rating, and th us deserves close cons idera tion particu
larl y fo r high psyllid-pressure environments. The 
intra-specific L. leucocephala F1 hybrid produced 
slightly higher yie lds (4%) than the parents but was 
as susceptible to psy lli d damage as either parent. 
Among inter-specific hybr ids, KX2 hybrids had 
lower psy ll id damage than KX3 hybrids. 

Among non-hybrids, accessions of L. lellco
cephala produced by far the highest yields. T he best 
L. leucocephala access ions had 18% lower yield 
than the highest yield ing F l hybr ids du ring establish
ment and 27% during the subsequent cutt ing period. 
Th is appears to refl ect the low to moderate psy ll id 
pressure experienced at Los Banos, but also indicates 
that hybri d v igour o f the best crosses is re lat ively 
small. T he highest yield ing L. lellcocepllG la acces
sions were cv. Ta rramba (K636) and K584 (data not 
presented). 

The best access ions of other Lellcaena speci es 
(L. macrophylla , L. salvadorensis and L. pallida) 
produced 70% or less of the yie ld of the best L. lell 
cocephala accessions (based on harvests 2-6). Of 
these th ree altern at ive species, L. macrophylla had 
s low establishment. However, a ll three species may 
provi de alternat ives to L. lellcocephala in hig h 
psyllid-pressure o r low so il fertil ity environm ents. 
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T he higher percentage of ed ible material of Gliricidia 
sepillm cv. Monterr ico resulted in a higher edible 
y ield than the best accessions of all species ot her than 
the Lellcaena hybrids and L. lellcocephala . 

T here were a few access ions/species that fail ed to 
persist indicating poor adaptation to the environ
mental condit ions at the s ite. T hese included the 
species L. greggii, L. conferliflora, L. clIspidata, 
L. relusa , L. mallldae, L. hyb rid (OFI 52/87), and 
some accessions of L. pal/ida and L. Irichalldra . 
Calliandra calolhyrsus also pers isted poorly. Exten
s ive periods of waterlogging du ring early establish
ment may have contributed to th e early demise of 
some species. 

Psyllid damage 
Psyll id pressure at the site was low to moderate, with 
an average psyl lid damage score of 1.8 across all 
access ions and 2 .9 for the 10 most susceptible acces
s io ns. There were no strong re la tionsh ips between 
psyll id damage and cli mate characteristics. Psy ll id 
damage fluc tuated wi th long periods of no damage in 
both th e wet and the dry season (see Mull en et ai, 
these Proceedings). All Lellcaena spec ies reco rded 
some psy ll id damage du ring the experimental period 
with L. leucocephala and L. involllcrala recording 
the highest average damage (Table 1). T he lowest 
mean damage rati ng was recorded in L. salvado
rensis and L. pal/ida. 

Slow establishment is one of the main fac tors 
li miting the adoption of tree legu mes (Shelton an d 
Jones 1995). T here was cons iderable variat ion in 
ea rl y grow th between and w ithi n species, indi cati ng 
that there is scope for selecting for higher seedl ing 
growth among highl y productive accessions. 

Species with the hi ghest yield at harvest 1 were 
eit her Leucaena hybrids or access ions of L. leuco
cephala. The corre lation between yield at harvest 1 
and subsequent product ivi ty was hi gh (r=0.80) indi
cating tha t ea rl y g row th may poss ibly be used for 
selection of hi g.h yieldi ng access ions. 

Conclusions 
Lellcaena leucocephala has shown clearl y that it is 
the prem ier tree legume in areas wi th high soil fer
ti li ty, high ra infall and low to moderate psyllid pres
sure. F1 interspec ific hybrids offer the opportun ity to 
increase yie lds by 20%-30% and to prov ide more 
s tabl e yields in areas where psyll id pressu re is mod
erate to high. Other Leucaena srecies may wa rrant 
consideration in areas wi th high psyllid pressure and 
low soil fertil ity. O ther tree legume genera such as 
Gliricidia sep ium may prov ide an alterna tive to 
Lellcaena in areas where L. lellcocephala or 
Lellcaella hybrids are not adapted. 



Table 1. Yield, persistence, and psyll id damage of Leucaella species and hybrids tested. 

Species! Highest yield ing access ion Dry matter yield 
g/month/m row 

Harvest I Harvest Persistence Psyllid 
2-6 (%) damage 

(1-9)2 

L. coltinsii (5) OFf 56/88 86 396 100 1.9 
L. cOllfer/if/ora OF1 87/94 <1 0 0 1.2 
L. cuspida/a OF1 83/94 <1 0 0 1.1 
L. diversifolia (14) CPI 33820 95 404 100 1.8 
L. esclIlell/{l (3) OF1 48/87 67 245 100 1.1 
L. greggii OF182/87 <1 0 0 1.0 
L. ill volu cra/a OFI 87/92 13 83 85 2.8 
L. lanceola/{l (6) OF144/85 72 391 100 2.2 
L. lelllpirana (2) OFf 6/91 130 286 95 2.2 
L. leucocephala (8 ) cv T arramba 234 687 100 2.4 
L. macrophyl/a (4) OF1 47/85 62 487 90 1.7 
L. lIlagnifica (2) OF158/88 32 225 95 1.6 
L. lIlallldae OF1 49/87 <I 22 35 1.1 
L. mlllticapi/llla OFf 86/87 124 336 100 2.1 
L. pallida (5) K953 168 448 65 1.5 
L. pueblalla OF1 34/89 18 109 89 1.1 
L. plllveru lenla (3) OF184/87 3 187 100 2.1 
L. reil/Sa OF123/86 <I 0 0 1.7 
L. salvadorensis (3) OF1 7/91 206 485 85 1.1 
L. shalll/onii (4) OFI 141/92 154 387 100 1.6 
L. Iricltalldra (9) OF1 3/91 11 9 250 95 1.3 
L. Irichodes (2) OF12/86 23 190 95 1.6 
Hybrid 10<2: L. pallida xL. lel/cocephala (4) K748- 1 x K584 FI 205 937 100 1.1 
Hybrid KX3: L. diversifotia x K 156 x K8, tree 91-1 3 (F4) 306 760 80 1.3 
L. /el/cocepha/a (7) 
Hybrid: L. lellcocephala x L. lellcocephala (2) K584 x K636 FI 294 720 90 2.5 
Lellcael/a hybrid OFf 52/87 159 275 30 1.5 
A lbizia lebbek 22 153 100 1.0 
Calliandra calolhyrslls (2) 69 53 45 1.0 
Craly lia argelltea CIAT 18516 2 75 90 1.0 
Flelll il/g ia macrophy lla (2) CfAT 17403 126 238 100 1.0 
Gtiricidia sepiulll (3) cv Monterrico 27 366 95 1.0 
/lIdigofera ani! 101 283 90 1.1 
Tip"alla lipll 10 36 83 1.0 
Zapoleca lelragolla 28 33 90 1.0 

! W hen mu lt iple access ions were tested w ith in a species or hybrid the number tested is shown in parentheses. 
2 1 = no da mage, 9 = severe damage. 
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Agronomic Performance of New Leucaena Species and 
Hybrids in the Philippines 

A.C. Castillo·, R.N. Acasio·, E.E. Victorio·, F.A. Moog· and R. Palis2 

Abstract 

Twenty five Leucaena species, provenances and hybrids were evaluated for psyllid res istance. 
plant growth and biomass production at three locations in the Philippines with diverse agro
ecologica l conditions. Eleven accessions were highly resistant to the leucaena psy llid, but all three 
L. lell cocephala lines were highl y susceptible. A mong the lesser-known species only L. involucra/a 
showed a high degree of susceptibility. There were strong indications that res istance may al so vary 
within species. The hybrids of L. leucocephala x L. pal/ida (KX2 hybrid) and L. macrophylla subsp. 
iSlmensis 47/85 were fast growers and they were the most productive among the highly psyllid
res istant access ions across sites. No definit e trend rega rding plant growth and y ield was obtained 
on all other remaining access ions across sites indica ting the importance of matching the species with 
the environments. In the absence of psy llids, the L. leucocephala cultivars perform ed well. None of 
the newer species exhi bited strong tolerance to highly acidic so il s. 

L£UCA£NA /ellcoceplza/a has been one of the most 
productiv e and versa til e mUlti-purpose tree legumes 
available to tropica l agriculture. In its native range, it 
has been used by man for several mill ennia, and con
tinues to be conserved and cultivated by farmers 
from Texas to Peru . From thi s region, it has sp read 
to most countri es of the tro pica l world. 

In the Ph i lippines, L. /ellcocepha/a has long been 
a vital and integral part of smallholder agriculture 
where it is used mainly as a source of fodder and 
fuelwood. The arrival o f the psyllid insect (Helerop
sylla cubana) in late 1985 devastated many of L. /eu
coceplJa/a plantings and stimul ated the search for 
other multi-purpose trees (M PT). However, almost 
all of the promising MPT species fail ed to surpass 
the versatility and fodder quality (intake, digesti
bility) of L. /ellcocepha/a . Hence, there are strong 
reasons to re-examine the Lellcaena genus and to 
develop some of the lesser-known speci es for the 
benefit of the farmin g systems and rural communi
ti es of the country. 

Thi s study aimed to evaluate the agronomic per
fo rm ance of different Lel/caena access ions under 

I Bureau of Animal Industry, Diliman 1100. Quezon City , 
MMLA, Philippines 
2 Bureau of Soil and Water Management, Dilil11 an 1100. 
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different agro-ecolog ical conditions of the country. 
Another objectiv e was to identify psyllid-res istant 
provenances and hybrids which also have des irabl e 
agronom ic characteri st ics. 

Materials and Methods 

Location 
T he study w as conducted in three different locati ons: 
ITCPH, Lipa, Batangas; NSWRRC, T anay, Ri za l ; 
and PL PC, Palayan, Nueva Ecij a. 

The Internati onal Training Center on Pig 
Husbandry (ITCPH) in Lipa, Batangas (13 0 9' N ; 
121 0 25'E) is approximately 84 km south of Manil a. 
Elevati on is around 31 2 m above sea level (asl). The 
so il , a silty loam, is deep and fri abl e, fertil e and 
w ell-drained. The pH is 5.9 (1:5 in H 20) with 
organic ca rbon, phosphorus and potass ium contents 
of 1.6%, 67 mglkg and 1.53 meq/1 OOg, respectively. 
T he area has a tropi ca l climate with a mean annual 
rainfall of 1898 mm. The dry season « 25 mm 
monthly rainfall) fro m January to A pril is relatively 
short. M ea n monthly maximum/minimum tempera
ture is 32/23 0c. 

T he Nati onal Soil and W ater Resources Research 
Center (NSWRRC) in T anay, Ri za l ( 14 0 36' N, 
121 0 21' E) is about 80 km cast of M anila. Elevati on 
is 550 metres as l with slope vari ati ons from 20% to 



39%. The site has distinct dry (December to April) 
and wet (May to November) seasons. Average 
annual rainfall IS 2791 mm. Mean monthly 
maximum/minimum temperature is 28/20 cc. The 
soil, an Ultisol, is highly acidic with a pH of 4.4 
(1:5 in H20 ), low in calcium (2.3 meq/1 00 g) and 
phosphorus (10 mg/kg). Aluminium content is 
relatively high at 3.2 meq/100 g. 

The Palayan Livestock Production Center (PLPC) 
is located in Palayan, Nueva Ecija (15 oN 12] °E) 
approximately 160 km north of Manila. Elevation is 
about 50 metres asl. The area has 5 months dry 
(November to April) and 7 months of wet (May to 
October) seasons. Mean annual rainfall is 1866 mm 
with maximum and minimum temperature of 
33/22 cc. Mean relative humidity is 78%. The soil is 
a heavy clay, and grey brown in colour. Soil pH is 6.3 
(l:5 in H20) with 1.0 mg/kg nitrate nitrogen, 
14 mg/kg phosphorous and 0.33 meq/1 00 g potassium 
contents. Imperata cylilldrica and Saccharum spollta
Ileum form the dominant vegetation of the area. 

Treatments and design 
The experiment was laid out in a randomised com
plete block design with 3 replications, except at the 
Tanay site which had only 2 replicates due to seed 
limitation. Treatments were the Leucaella spp. and 
hybrids shown in Table] . Two rates of lime applica
tion (0 lime and 3 tons/ha) were imposed as addi
tional treatments in Tanay . Each accession was 
planted in a single row plot. There were 10 trees per 
plot planted 50 cm apart and rows were 3 m apart. 

Seedlings were grown in polyethylene bags for 
about 2-3 months depending on sites before trans
planting. The newly planted seedlings were provided 
with water 3 times/week during the dry season at the 
rate of 1 Llplant/application. Manual weeding was 
conducted regularly. 

Field measurements and sampling procedures 

Psyl/id damage 
Psyllid ratings were taken on a monthly basis using 
an empirical scale of 1 to 9 developed by the 
Nitrogen Fixing Tree Association (Wheeler 1988). 
The results were averaged and only those months 
where mean damage score across accessions was >2 
were analysed. 

Dry matter yield. 
Following the intial harvest, done when the trees 
were approximately I-year-old, a total of 7, 2 and 6 
destructive harvests were conducted respectively at 
Lipa, Tanay and Palayan for the duration of the trial. 
Harvests were carried out periodically depending on 
the amount of coppice regrowth. The last harvest at 
all sites was conducted in November 1997. 
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In each harvest period, four representative trees 
from each plot were cut to 50 cm height. Harvested 
plant materials were weighed fresh and immediately 
separated into edible (leaf + stem ~5 mm diameter) 
and non-edible (stems and branches >5 mm diam
eter) fractions and weighed. Sub-samples (c . 300 g) 
were oven-dried at 70°C for 5 and 7 days respec
tively for the leaf and stem fractions. Immediately 
after harvest, all the remaining trees were cut at 
50 cm height to maintain a uniform stand. 

Results and Discussions 

Establishment and survival 
Weather conditions during the early establishment 
period at all sites were favourable for plant growth. 
Seedling mortality was nil at Lipa and Palayan but at 
Tanay there were high mortality rates of the unlimed 
plants ranging from 70%-90% depending on species. 
Improvement of soil pH from 4.4 to 4.9 (1:5 in H20) 
and reduction in aluminium saturation from 67% to 
49% were attained at Tanay with lime application. 
The attained values however were still far from the 
critical pH level of >5.5 and aluminium saturation of 
<20% for the leucaena. In the limed treatments, the 
majority of entries had high survival rates, ranging 
from 70--100%, except for the KX3 hybrid (35 %), 
L. involucrala 87/92 (60%) and L. lanceolata 43/85 
(65 %) (Castillo et al. 1997b). 

Psyllid damage 
Psyll id damage was consistently low at Tanay and 
Palayan for the duration of the trial. Hence, only the 
data at Lipa (where high psyllid pressure was 
observed on several occasions) are presented. Psyllid 
damage was high during the months of October to 
February, a period when rainfall and temperature 
were very suitable for the growth of the accessions. 
No attempt however was made to measure the corre
lation of the climatic factors with psyllid damage. 
Nevertheless, it is clear as has been pointed out by 
Bray (1994) that climatic conditions favourable for 
the growth of leucaena also favour the multiplication 
of the psyllid insect. 

The mean psyllid damage ratings of the different 
accessions are shown in Table 1. Based on the resis
tance categories by Mullen et al. (this Proceedings) 
11 of 24 accessions were highly resistant (rating: 
1-2) while 4 entries were e ither moderately suscep
tible (rating: 4-5) or highly susceptible (rating: 5-9) 
to psyllids. Included in the highly resistant group 
were the L. pallida, L. diversifolia, L. col/insii, 
L. macrophylla, L. trichandra and the KX2 hybrid. 
The two KX2 hybrids and L. macrophyl/a were 
the most productive among the highly resistant 



Table 1. Psyllid damage ratings and edible dry matter production over an 18-month period of 25 Leucaena species and 
hybrids in the Philippines. 

Entry Psyllid damage Edible dry matter (glm of row) 

L. leucocephala cv . Tarramba 
L. lellcoceplwla cv. Cunningham 
L. leucocephala cv. Peru 
L. col/illsii 52/88 
L. collinsii subsp. zacapana 56/88 
L. diversifolia 82/92 
L. diversifolia 4/91 
L. diversifolia 83/92 
L. diversifolia K 156 
L. esculen/a 47/87 
L. illvolucra/a 87/92 
L. lanceola/a var. lanceola/a 43/85 
L. lempirana 6/91 
L. macrophyl/a subsp. is/mellsis 47/85 
L. magllijica 19/84 
L. pallida CQ3439 
L. pallida 79/92 
L. pulverulell/a 83/87 
L. salvadorellsis 36/88 
L. /richandra 53/88 
L. /richodes 61 /88 
L. sp. unknown hybrid 52/87 
L. leucocephala K636 x L. pallida K748 (KX2 Fl) 
L. leucocephala K636 x L. pallida K376 (KX2 F5) 
L. leucocephala K8 x L. diversifolia K 156 (KX3 F2) 

I Wheeler 1988 

accessions. All L. leucocephala lines were suscep
tible. Hence, there is a little scope for selecting 
psyllid resistant lines in this species. The new cul
tivar Tarramba (K636) exhibited tolerance rather 
than resistance to psyllids. It produced many axial 
branches when growing tips were damaged. Among 
the less-known species, L. involucrala was the only 
accession that exhibited a high degree of suscep
tibility to the psyllid insect. 

There were strong indications that psyllid resist
ance may also vary within species as has been 
reported by Bray (1994) and Castillo et al. (1997a). 
This is evidenced by the considerable variation in 
leaf damage scores within L. col/insii and the L. 
diversifolia . Likewise, the KX2 hybrid was more 
resistant to the psyllid than the KX3 hybrid as previ
ously reported by Castillo et al. (1997a). 

Dry matter (DM) production 

Edible dry maller (EDM) 

The total EDM production over two wet seasons and 
one dry season is shown in Table 1. 

score I 
(Lipa) Lipa Tanay Palayan 

(7 harvests) (2 harvests) (6 harvests) 

4.6 1367 421 1098 
4.6 1020 4 1116 
5.5 1155 1185 1250 
1.1 1412 5 235 
3.5 500 4 na 
1.7 500 407 60 
2.3 310 457 328 
1.2 919 7 88 
2.8 714 945 261 
1.0 1054 69 601 
5.0 158 1 202 
2.5 1544 55 905 
na na na 738 
1.6 2444 504 977 
1.3 911 1 275 
1.2 1374 250 717 
1.0 1412 189 631 
2.7 427 79 397 
3.2 907 40 na 
1.0 1421 122 na 
3.0 298 1 103 
2.3 1064 381 862 
1.0 4810 1095 na 
1.6 2518 611 na 
3.5 17 1 564 

At Lipa, EDM production of the KX2 F1 hybrid 
was outstanding at all harvests. The KX2 F5 hybrid 
and L. macrophyl/a 47/85 also yielded well. 
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At Palayan, none of the new species was able to 
surpass the yield performance of the L. lellcocephala 
lines probably due to nil psyllid pressure in the area. 
This is important in view of the higher feeding value 
of leucaena relative to other less-known species as 
has been reported elsewhere. The top yielding group 
also included the L. macropi1yl/a 47/85, L. lanceolala 
43/85, the hybrid 52/87, and the two L. pal/ida acces
sions. The KX2 hybrids were not planted at this site. 

At Tanay, because of the high plant mortality on 
the unlimed plots, only the limed treatment was har
vested. Yields were extremely variable. L. lellco
cephala cv. Peru, the KX2 F1 and F5 hybrids and 
L. diversifolia K 156 responded best to the acidic 
conditions and longer cutting intervals at this site. 

All of the most productive species were able to 
tolerate the cutting interval of 60--75 days imposed at 
Lipa and Palayan and remained productive during 
the study period. However, it must be remembered 
that these yield data have been obtained from only an 
18-mont~ period. Longer term evaluation is needed. 



To/al dry maUer 

Since total dry matter production was closely related 
to EDM, data are not presented. However, it is worth 
noting the exceptional wood production of the KX2 
Fl hybrid at Lipa (5425g) compared to the next 
highest yield of 2118g. 

Conclusions 
The KX2 Fl hybrid exhibited excellent seedling 
growth, was resistant to psyllids, and was the most 
productive entry . However, a considerable decline in 
biomass production was noted in the KX2 F5 gener
ation. Leucaena in developing countries such as the 
Philippines is used mainly as a source of fodder and 
fuel wood and the KX2 Fl hybrid appears very prom
ising for this situation . Its wide adoption and uti I isa
tion in the region, however, would depend on the 
development of simple and low cost methods of 
vegetative propagation. 

L. macrophylla 47/85 is also one of the highly 
productive and psyllid resistant species identified in 
this study. It exhibited broader adaptation relative to 
other new species as evidenced by its high rate of 
seedling growth and biomass production in the high 
psyllid environment of Lipa, in highly acidic soil of 
Tanay and under moisture stress at Palayan. Further 
studies are required on the management and feeding 
val ue of this large-leaflet species to confirm its 
value. 
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In the absence of psyll ids, none of the new species 
out yielded the currently available cultivars of 
L. leucocephala. 
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Evaluation of Sixteen Leucaena Provenances for Biomass 
Production, Drought Tolerance and Psyllid Resistance in 

Sri Lanka 

LP. Wickremasinghe1 and H.P.M. Gunasena1 

Abstract 

Sixteen provenances representing six Leucaena species and one unknown Leucaena hybrid were 
assessed for growth and biomass production, and drought and psyllid resistance at the University 
Experimental Station, Dodangolla, Sri L1nka during 1995/96. There was considerable variation for 
all characters both within and between species. Wood production was highest (2.64 kg/tree) in 
L. triclral1dra 35/88, while highest leaf production (0.97 kg/tree) was recorded in L. diversiJolia 
82/92. Although psyllids were not a major problem during the experiment, L. leucocephala 32/88, 
L. diversiJolia 46/87 and L. trichandra 4/91 were the most susceptible but L. trichandra 53/88 and 
L. esculenta 47/87 suffered no damage. Based on assessment of all characters, L. diversiJolia 83/92 
was the best overall performer. L. leucocephala 32/88 may be particularly useful for fuel wood 
production because of its large number of branches, although it is susceptible to the psyllid. 
L. diversiJolia 82/92 and L. leucocephala 32/88 showed good regrowth in the dry season and 
should thus be useful in seasonally dry areas. 

L£UCA£NA leucocephala was introduced to Sri Lanka 
in the early 1970s. Since then it has become natural
ised in both the dry and wet zones of the country. 
Farmers use L. leucocephala forage for feeding dairy 
cattle, buffalo and goats, and also use the wood as 
fuel for domestic cooking. In addition, L. leuco
cephala is used in agroforestry systems such as alley 
cropping and avenue cropping, as shade for annual 
and perennial crops, and as compost for vegetables 
and horticultural crops. 

Presently, the major constraint to its widespread 
use is its high susceptibil ity to the L. lel/cocepllGla 
psyllid (Heteropsylla cl/bona) which is common in 
all L. leucocephala growing areas of the country 
(Gunasena et al. 1989). In Sri Lanka, Leucaena 
species trials for psyllid resistance and biomass 
productivity have been conducted since 1992, as a 
collaborative research program between the Oxford 
Forestry Institute and the Faculty of Agriculture, 
University of Peradeniya. 

I University of Peradeniya, Peradeniya, Sri Lanka 
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This paper presents the results of a trial of 16 
provenances, from a range of Lellcaena species. The 
objectives were to select psyllid resistant species 
having high biomass productivity, coppicing ability 
and leaf nutrient composition. A secondary objective 
was to identify species with good growth during the 
dry season, as a possible source of livestock fodder. 

Materials and Methods 
The trial was' conducted at the University Experi
mental station, Dodangolla, in the mid-country inter
mediate zone of Sri Lanka (7°]5'N, 800 45'E, altitude 
367 m). The mean annual rainfall is 1563 mm, with 
major dry periods from February to March and June 
to September. The average temperature is 31°C. 

The 16 Lellcaena provenances and their countries 
of origin are given in Table 1. A randomised com
plete block design was used with 3 replicates. Each 
plot had 16 trees, at a spacing of 1.5 x 1.5 m. The 
experiment was established in February 1994. 

Measurements 
Diameter at Breast Height (dbh), plant height and 
branch number were measured on three occasions 



Table 1. Provenances used in the trial, their orig in, and some growth characteristics. 

Species Provenance Origin DBH 11 /95 Height No. 
(cm) I 1/95 branches 

(m) 11/95 

L. diversifolia 45/87 M ex ico 1.7cd 1 5. labc 20.5ab 
46/87 M ex ico 3.lab 5.0abc 20.8ab 
82/92 Guatemala 3.4a 6.23 21.3ab 
83/92 Mexico 3.4a 5.2ab 24.2ab 

L. esculellla 47/87 Mexico 1.7cd 3.1bcd 11 .8b 
L. leucocephala subsp. glabrata 32/88 Haiti 3. lab 4.4abcd 31.5a 
L. pallida 78/92 Mexico 2.0bcd 4.3abcd 16.4b 

79/92 M exico 3.0ab 3.9abcd 22.1 ab 
L. pulverulenta 83/87 Mexico 3.1ab 2.3d 12.9b 

84/87 USA 1.2d 2.8bcd 15.6b 
L. Irichandra 35/88 Honduras 2.6abc 2.8cd 14.6b 

53/88 Guatemala I.ld 3.3bcd 19.5ab 
:1/91 Honduras 1.5cd :1.4bcd 23.3ab 
4/9 I Honduras 2.0bcd 2.8cd 17.0b 

138/92 Guatemala 1.9bcd 3.5bcd 19.4ab 
Leucaella sp. (unknown hybrid) 52/87 Mexico 2.4abc 4.5abcd 17.8b 

1 Mea ns within a column followed by the same leller arc not significantly different (p>O.05). 

between February and November 1995. Dry weight 
production of lea f and wood was recorded in January 
1996, two years after planting. Regrowth stem length 
was measured after the dry season following this 
harvest (January to April). 

Psyllid damage was assessed on two trees in each 
plot on five occasions, usi ng th e 9-point sca le recom
mended by NIT A (Wheeler 1988) 

Results and Discussion 
The trees grew vigorously during the experimental 
period, with the best attaining a height of more than 
6 m in two years (Table 1). After one year, the four 
L. diversiJolia provenances (45/87, 46/87, 82/92 and 
83/92) and the Lellcaena hybrid (52/87) were the 
tall est of the entries. After two years, the four 
L. diversiJolia provenances were tall est. The shortest 
growth was within the L. Iriehandra provenances. 
The L. diversiJolia provenances 82/92 and 83/92 also 
had the greatest dbh after 2 years growth, with the 
L. Iriehalldra provenances again being small er. 

The L. lelleocephala provenance 32/88 had the 
highest number of branches, followed by the 
L. diversiJolia provenances, with the L. Iriehandra 
group generally being less branched. It would be 
expected that higher branch numbers should produce 
good wood y ields. Access ions with high branch 
numbers should also be particularly useful for fuel
wood producti on. 

121 

The highest wood production (Tabl e 2) was 
recorded by L. Iriehandra 35/88, followed by 
L. plllverulellla 83/87 and L. diversiJolia 83/92. 
There was considerable vari ati on within species, as 
evidenced by the poor performance of L. Iriclwndra 
3/91 and 4/91 , and L. pulverl/lellla 84/87. Leaf pro
duction was generally well related to wood produc
tion, with L. diversiJolia 82/92, L. Irichandra 35/88 
and L. plllverulenla 83/87 having the highest levels 
(Table 2). 

At the end of the l2-week regrowth period during 
the dry season, the tall est regrowth (over 1 m) was 
observ ed in L. lel/coeep/wla 32/88, L. diversiJolia 
82/92, 83/92 and 45/87, and L. pallida 78/92 and 
79/92. The provenances with the best branching at 
this time were L. lelleocep/wla 32/88, L. pallida 
78/92, L. Iriehaildra 35/88 and L. diversiJolia 83/92. 
The provenances with good regrowth during this 
period should be suitable for areas with pronounced 
dry seasons to provide seasonal suppl ies of fodder. 

Although psyllids were present th roughout the 
experiment, damage was never severe. However, dif
ferences were observed between provenances in the 
number of adults, nymphs and eggs in the various 
sampling periods. The mean damage rating, based on 
the two peri ods with most psyllid damage, is shown 
in Table 2. The most susceptible provenances were 
L. diversiJolia 46/87 and L. leucoeephala 32/88. 
L. Iriehalldra 53/88 and L. esculenla 47/87 suffered 
no damage. There was considerable variation within 
the L. diversiJolia and L. Irichalldra groups. 



Table 2. Wood and leaf production in January, 1996 and psyllid damage of 16 Lellcaella provenances. 

Species Provenance DW wood DW leaf Psyllid damage! 
kg/tree kg/tree 

L. diversifolia 45/87 0.5b2 0.3 1.8 
46/87 1.6ab 0.3 2.5 
82/92 l.4ab 0.1 1.9 
83/92 1.9ab 0.5 1.6 

L. esclllellla 47/87 O.4b 0.2 1.0 
L. leucocephala subsp. glabrala 32/88 1.7ab 0.6 2.2 
L. pallida 78/92 0.8b 0.2 1.5 

79/92 l.4ab 0.5 1.3 
L. pulverulellla 83/87 2.0ab 0.9 1.2 

84/87 0.3b 0.1 2.2 
L. Iricltalldra 35/88 2.6a 0.9 1.3 

53/88 LOb 0.4 1.0 
3/91 0.54b 0.2 1.2 
4/91 0.8b 0.4 2.6 

138/92 1.2ab 0.6 1.3 
Leucaella sp. (unknown hybrid) 52/87 1.7ab 0.3 2.8 

! Average rating from two worst sampling dates. 
2 Means within a column followed by the same letter are not significantly different (p>0.05). 
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Germplasm Evaluation of New Leucaenas 
in Papua New Guinea 

M.K. Komolongt, B.F. Mullen2, B. Bino3, J. Tarabu4 and K.K. GalgalS 

Abstract 

Twenty-eight accessions of Leucaena and 2 species of Callialldra were evaluated for dry matter 
(DM) yield, psyllid resistance and tolerance of regular coppicing at 3 contrasting sites in Papua 
New Guinea. Mean DM yields were very high at Lae, (a hot, high rainfall environment), 
moderately high at Erap, (a seasonally dry humid tropical environment), and low at Aiyura, 
(a highland tropical environment constrained primarily by low temperatures). Psyllid pressure at 
all sites was low. The L. pallida K748 x L. leucocephala K636 F1 hybrid accession (KX2 FI) 
displayed broad adaptation for DM yield and was the highest yielding accession at Lae and Erap. 
L. macrophylla OFI 47/85 displayed moderate adaptation to the wet, low solar radiation Lae wet 
season environment, but no specific adaptation was apparent to low soil moisture conditions 
experienced during the Erap dry seasons. L. Iricharulra OFI 53/88, and to a lesser extent, 
L. diversifolia PNG 4 and KX2 F1 were high yielding accessions at Aiyura. L. Iricha/ldra 
OF153/88 and L. diversifolia PNG 4 were only moderate yielding at lowland sites, but were 
considered to be specifically adapted to the low temperature environments. 

LEUCAENA lellcocephala was first introduced to 
Papua New Guinea (PNG) as a shade tree for coffee 
and cocoa and has since become naturalised in the 
coastal lowlands, where it has gained acceptance as a 
useful multi-purpose tree species. Its utilisation by 
smallholder farmers has been primarily for fuelwood 
and pole timber and as a shade tree for new settle
ments in semi-arid savanna areas. 

L. lellcocephala is increasingly being utilised as a 
high quality fodder for grazing in the Markham 
Valley in PNG. Slow uptake by graziers has been 
attributed to the invasion of the leucaena psyllid 
(Heteropsylla cuballa) in the mid-1980s, just as the 
DHP toxicity problem had been solved (Galgal et al. 

I Department of Agriculture, Papua New Guinea University 
of Technology, PMB, Lae, Papua New Guinea 
2 School of Land and Food, The University of Queensland, 
Brisbane, 4072, Austral ia 
3 Highlands Agricultural Experimental Station, Aiyura, 
Department of Agriculture and Livestock, PO Box 384, 
Kainantu, Papua New Guinea 
4 Agriculture Research and Development Centre, Erap, 
Department of Agriculture and Livestock, PO Box 1984, 
Lae, Papua New Guinea 
5 Smallholder Rural Project Management Company Pty Ltd, 
PO Box 2120, Lae, Papua New Guinea 
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1994). By the cnd of 1986, most of the naturalised 
L. leucocephala had been severely defoliated or 
killed by the psyllid. The experience with psyllids 
lead the Department of Agriculture and Livestock's 
Research Division in 1989/90 to investigate a 
broader range of leguminous shrubs and trees, 
including several lesser-known Lellcaella species, in 
its Multi-Purpose Tree Species evaluation program 
(Kanua and Sitapai 1992). Promising accessions at 
both highland and lowland sites included 
L. diversifolia PNG4 and a Leucaella hybrid (named 
'mexicana '). . 

In Papua New Guinea, evaluation of the diversity 
within the Lellcaena genus was initiated in 1995 as a 
component of an Australian Centre for International 
Agricultural Research (ACIAR) program New 
Leucaenas for Southeast Asian, Pacific and Aust
ralian Agriculture. The program sought to identify 
agronomic adaptation for forage yield under regular 
cutting to low temperatures (cold and frost) and acid 
soils, and resistance to the psyllid insect. In PNG, 
sites were specifically selected to investigate low 
temperature adaptation at Aiyura in the eastern high
lands, and yield potential at Lae and Erap in the hot, 
humid lowlands. Results of the PNG evaluation are 
presented in this paper. 



Materials and Methods 

Site descriptions 
Three si tes w ere selected to cove r the range of agro
climatic zones in PNG (Figu re 1). Lae and Erap are 
humid tropica l lowl and sites, but, whereas Lae has 
high annual rainfall and no dis tinct dry season, Erap 
has moderate annual rainfall and is seasonally dry . 

Aiyura is a highland tropical site with relatively 
low temperatures year-round and a short dry season. 
On ly m inor seasonal variations in maximum a nd 
min im um temperatures are experienced within s ites 
(Figure 1). So il s at Lae and Erap are free-draining , 
fertil e alluv ials of nea r neutral pH, whe reas the 
Aiyura site has a mildly acidic, fertil e o rganic so il 
(Tab le 1). 
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Figure 1. M onthl y maximum and minimum temperature and rainfal l for Lae, Erap and Ai yura over the ex perimental per iod. 
T he experimental period was subdivided into envi ronmental periods used for data analyses. T hese were: LE, L WI , LD I and 
L W2 for the cstabl ishment period, the first wet season, the first dry season and the second wet season at Lae; EE, EDI, EW I 
and ED2 for the establishment period, the first dry season, the first wet season and the second dry season at Erap; A E, AI 
and A 2 for the establishment period and subsequent periods at Aiyura. 
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Table I. Latitude, altitude, annual rainfall and soil chemical characteri stics for Leucaena evaluation sites in Papua 
New Guinea. 

Site Latitude Altitude Rainfall 
(m .a.s.l.) (mm/year) 

Lac 6' 35'S 30 4000 
Erap 6' 45'S 100 1200 
Aiyura 6' 15'S 1700 2000 

Experimental design and management 
At all sites a rando mi sed compl ete bloc k design was 
used with 3 replicates as blocks, and one plot of each 
access ion (trea tments) per replicate. Treatments con
sisted of 28 accessions of Lellcaella and 2 spec ies of 
Callialldra (Tabl e 2) pl anted as seedlings in line 
pl ots 5 m lo ng, with 10 plants a t 50 cm spacings 
within the rows. Ro ws were spaced 3 m apa rt. Seed
lings were inocul ated with an effective s tra in of 
Rhizobium , CB3060 , (Mull en et a l. 1998) prio r to 
transpl anting in November 1995. Weed growth was 
cont ro ll ed over the experimental period . 

Measurements and data analysis 
Initi al assessment of DM y ield w as carried o ut in 
June 1996, a t 7 mo nths aft er field pl anting. For each 
pl ot, the middl e 6 trees were cut at 50 cm above 
ground, separated into edibl e (l ea f and g reen stem) 
and non-edibl e fracti ons, and dehydrated to deter
mine yield. Subsequent ha rves ts were taken at three 
mo nthly interval s fo r the lo wl an d s ites (Lae and 
Erap) and at s ix mo nthly intervals at Aiyura. 
Harvesting continu ed over a 13-month period, and 
harves ts were schedul ed to correspond with the 
change of th e seasons (w et/dry). 

Psyllid damage was assessed on a monthly basis 
over the experimental peri od , us ing a damage score 
rating of 1 to 9. A score o f I = no damage observed, 
4 = tips and yo ung leaves badly curl ed, ye ll owi sh 
and covered w it h sa p, 5 = up to 25 % leafl e t loss 
form young shoots and 9 = bl ackened stems with 
total leaf loss (Wheeler 1988). 

Access ion yield data fo r each site and fo r each 
season w ere determ ined. Analy sis of varia nce was 
perfo rm ed fo r each site to ident ify stati stica l s ign ifi
cance among access ions. 

Results and Discussion 

Sites and environments 
Maximum and minimum temperatures ove r the 
exper iment al period at Lae and Erap we re consistent 
with lo ng-te rm ave rages, but be lo w average tem
peratures were reco rd ed at Aiyura during the fin al 
harves t pe ri od ( Fig ure 1). Ra infa ll was well below 
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Soil pH Avail P Cation ex. cap. 
(1 :5 in H2O) (mg/kg) (meq/100 g soil) 

6.4 >200 23.2 
6.7 >200 31.4 
5.6 47 7.9 

average at Erap a nd Aiyura from March to 
September 1997. 

Mean yi elds of access io ns at each s ite are pre
sented in Tabl e 2. Average DM yie ld of access ions 
w as hi g h at Lae (13.0 t/ha/yea r) , moderate at Erap 
(9 .3 t/ha/year) and very low at Aiyura (2 .1 t/ha/yea r) . 
Accession yi elds we re cons istent th rougho ut the year 
at Lae, but at E rap yi e lds dro pped by 60% in the first 
dry season and 90% in the second dry season co m
pared with wet season yie lds. Final period y ields 
were also very low at Aiyura due to bel ow ave rage 
ra infa ll and temperatures. 

At Aiyura, the low te mpe ratures experi enced 
throughout the eva luatio n and low rainfa ll in the 
fin al peri od clearly limited growth of Lellcaella and 
Callialldra access io ns. Ho wever, subs tantial diffe r
ences in the relative yields of access ions at Aiyura in 
co mpari son to the lowl and envi ronments at Lae and 
Erap was evide nt (Tabl e 1). 

Yields at Lae may have been limited by low so lar 
radi atio n due to e xtended peri ods of ove rcast 
weather. Sunlight hours at Lae averaged only 
5 .5 hours/day during the expe rimental pe riod; 
however, solar radi atio n was not measured . Severe 
decl ine in yi eld occurred during the dry seasons at 
Erap; however, no adapta ti on to th ese peri ods o f 
acute mo isture stress was apparent within the test 
accessio ns. 

Accession yield adaptation 
The L. pallida K748 x L. lellcocephala K636 F1 
hybrid (KX2 F1) was the highest y ie lding accession 
at the lowl and s ites, out yi eldi ng the next best acces
s io ns at Lae and Erap by 47% and 70% respective ly. 
Thi s agrees with res ults from the MET evalua tio n 
repo rted by Mull en, Shelton et al. (these Proceed
ings) and the fo undation coll ection evaluat ions in the 
Philippines (Gabunada and S tiir, these Proceedings) 
and in Austra li a (Mull en and Shelto n, th ese Proceed
ings). Comme rc ia l quantiti es of propagul es (seed or 
cuttings) of the KX2 Fl hybrid are currently not 
ava il abl e . Large-sca le seed productio n and/o r vegeta
tive propaga tio n iechniques are req uired so th at the 
fo rage quality fo r rumin ants and multi-purpose 
utility for sma llho lder agriculture of th is agro
no mica ll y exce ll ent access io n can be dete rmined. 



Table 2. Total OM yields from transplanting to final harvest at Lae, Erap and Aiyura, and mean psyllid damage rating 
(PDR) for Callialldra and Lellcaella accessions evaluated in Papua New Guinea. Accessions are ranked by OM yield at Lae. 

Genotype Accession 

L. pal/ida x L. lellcocephala K748 x K636 FI 
L. macrophyl/a subsp. is/mellsis OF147/85 
L. esclllellla OF147/87 
L. col/illsii subsp. col/illsii OF152/88 
L. salvadorellsis OF136/88 
L. lellcocephaia subsp. glabra/a PNG K636 
L. pal/ida x L. lellcocephala K376 x K8 F5 
L. pal/ida CQ:l439 
L. pal/ida OF179/92 
L. ? (unknown hybrid) OF152/87 
L. diversifolia x L. lellcocephala K156 x K8 F2 
L. lellcoceplzala subsp. glabrala K6:16 
L. lallceoiala var. lallceolala OF143/85 
L. lellcocephala subsp. glabrala cv. Cunningham 
L. diversifolia OF183/92 
L. ? (unknown hybrid) Mexicana 
L. col/illsii subsp. zacapalla OF156/88 
C. hoaslollialla PNG2 
L. Irichalldra OF153/88 
L. Irichodes OF161/88 
L. magllifica OFI 19/84 
L. diversifolia PNG4 
L. plllvemlellla OF183/87 
L. lempiralla OF16/9 1 
L. diversifolia OF182/92 
L. diversifolia KI56 
C. calolhyrslls PNG5 
L. Iriclzalldra CPI46568 
L. diversifolia OF14/91 
L. illvolllcrala OF187/92 
LSD (P<0.05) 

In addition to the KX2 Fl hybrid L. macrophylla 
OF147/85 was high yielding at Lae but was only 
moderate yielding at Erap. This accession was also 
highly productive in an evaluation trial in Honduras 
(Stewart et al. 1991). It has wood of medium density 
(Pottinger et aI., these Proceedings), but its forage 
quality requires clarification. Oespile high OM 
digestibility and low condensed tannin content from 
in vitro studies (OalzelJ et al. these Proceedings), 
Faint et al. (these Proceedings) reported L. macro
p/zylla OF147/85 to be less palatable than other 
Lellcaella accessions. 

Other high yielding accessions in the lowland sites 
were L. collinsii subsp. collillsii OFI 52/88, 
L. pallida CQ3439 and L. esclllenta OFI 47/87, but 
these produced only half the yield of the KX2 Fl 
hybrid. Lowest yielding accessions were L. diversi
folia OFI 4/91, L. involucrata , OFI 87/92 and 
L. tric/wlldra CP146568. 

GxE Lae Erap Aiyura Mean 
biplot OM yield OM yicld OM yield POR 

ID (t/ha/year) (t/ha/year) (t/ha/ycar) 

20 38.7 29.8 9.7 1.1 
18 26.4 9.7 0.2 1.4 
10 20.8 16.9 0.8 1.3 

I 20.1 17.5 0.6 1.2 
23 20.1 14.4 0.0 1.5 
28 19.8 13.5 0.4 1.7 
19 19.8 9.1 5.6 1.4 
21 19.6 16.0 2.8 1.2 
11 18.6 12.4 0.7 1.4 
12 17.4 9.:1 1.2 1.3 
:I 16.9 13.7 0.2 1.8 

16 16.2 11.4 0.2 1.9 
14 15.:1 8.0 0.0 1.7 
17 12.6 9.3 0.0 2.3 
7 11.9 6.9 2.8 1.1 

26 11.8 6.7 0.8 1.4 
2 11.3 5.3 0.2 2.0 

27 10.8 8.0 7.6 1.0 
5 9.0 10.7 15.2 1.0 

25 8.8 9.5 0.0 1.8 
24 7.8 6.3 0.4 1.4 
29 6.4 5.4 10.1 1.2 
22 5.6 4.9 0.0 1.6 
15 5.0 2.8 1.4 
6 4.7 4.:1 0.6 1.6 
8 4.5 4.4 0.1 1.2 

:ID 3.7 2.6 2.3 1.0 
4 2.8 4.4 1.0 
9 2.5 :1.1 0.8 1.3 

13 2.0 1.7 0.0 1.9 
5.1 6.4 5.5 

In the highlands, L. trichandra OFI 53/88 was the 
highest yielding accession, out yielding the KX2 Fl 
and L. diversifolia PNG 4 by approximately 50% and 
displaying excellent specific adaptation to the cool, 
highland-tropical environment. Initial in vitro tests 
indicate that this accession has high OM digesti
bility, but also a high CT content (OalzelJ ct aI., 
these Proceedings). Comparative feeding studies 
with this accession are currently being conducted 
(M. Komolong) to determine its forage quality. 
Wood quality evaluations indicate that L. tric/wlldra 
(OFI 53/88) will be a useful fuel wood, with a wood 
density of 0.72 g/cm' (compared to L. leLlcocep/wla 
K636 0.61 g/cm'). 
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The KX2 Fl hybrid, L. diversiJolia PNG4 and 
C. /zoLlslOllialla were moderately well adapted to the 
highland environment. Little is known about the 
wood and forage qualities of these accessions. 
C. /lOlIstollialla was a highly branched shrub with 



negligible wood component, a form better suited to a 
forage crop or a hedgerow for alley cropping. The 
Lellcaena accessions were more arboreal and could 
be managed for either wood or forage production. 
Twenty accessions produced less than 2 t/ha/year 
yield, and 6 accessions fa iled to produce measurable 
yields in the cool highland environment. 

Plant mortality 
Plant mortality was negligible at Lae, with only 
L. diversifolia PNG4 experiencing significant 
mortality (30%). At Erap, L. trichandra OFI 4/91 
and OFI 53/88, L. diversifolia PNG4, and L. involll
crata OFI 87/92 experienced substantial mortal ity 
(30-50%), whereas at Aiyura L. involllcrala OFI 
87/92, L. Irichodes OFI 61/88, L. macrophylla OFI 
47/85 and the ' mexicana' hybrid experienced highest 
mortality (30--60%). Plant death for other accessions 
was negligible. 

Psyllid pressure and accession resistance 
Mean psyllid damage ratings at the 3 PNG s ites were 
low. However, at Lae and Aiyura, psyllid pressure 
was periodically high (>4), whereas at Erap psyll id 
pressure remained low over the experimental period 
«3). Lae and Aiyura experience only minor annual 
variation in climatic variables (Figure 1) and no 
explanations for the fluctuations in psy llid pressure 
were apparent. 

Mean psyllid damage ratings for Leucaena acces
sions are presented in Table I. L. leucocephala cv. 
Cunningham and L. collinsii subsp. zacapana OFI 
56/88 were the most psyllid susceptible accessions, 
whereas L. Irichandra access ions C PI46568 and OFI 
53/88 were most tolerant. 

Although psyllid pressure was generally low at the 
PNG s ites, accession resistance to psyllids was 
reasonably well correlated with previous reports 
(r2 = 0.56) (Mull en and Shelton 1997). However, 
long periods of high psyllid pressure are required to 
effectively determine the psyllid resistance of 
Leucaena accessions (Bray 1994) and therefore 
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detailed analysis is not appropriate in this paper (for 
more information see Mull en, Gabunada et aI., these 
Proceedings) . 
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Leucaena Germplasm Evaluation in North Sumatra 

T.M. Ibrahim 1, H.M. SheitoD2, B.F. MulleD2 aDd P.M. HorDe3 

Abstract 

The genus Lellcaella contains many vigorous tree species which are potentially higher yielding 
than currently available cultivars. An experiment was designed to find accessions of Leucaella 
adapted to mildly acidic so ils and having tol erance 10 the Lellcaena psyllid. Twenty eight 
accessions of Lellcaella and two of other genera (Calliandra ca/olhyrslIs and Gliricidia sepium) 
were grown at Sei Putih, Indonesia in a randomised block design with three replications. Seedlings 
were transplanted in November 1995 and regrowth and yield was measured above a height of 
50 cm every 12 weeks from August 1996. Monthly measurements of psyllid damage commenced 
in October 1996. Six accessions of Lellcaella provided higher yields than Gliricidia and 
Callialldra giving yields >200 g/m row/month. The most productive accession was L. pallida 
CQ 3439, followed by L. /ellcocepha/a cv. Tarramba (K636). Three other high yielding accessions 
(L. collinsii 52/88, L. escll/ellla and L. trichandra 5]/88) were totally free from psy llid damage. 

ANNUAL meat consumption in North Sumatra is only 
5.7 kg per capita (D1SNAK SUMUT 1994) or 74% 
of the national standard (Soehadji 1993). K aro-karo 
et al. (1993) reported that only 45% of North 
Sumatra's demand for small ruminants is met by 
local supply. This shortfall in supply is a reflection 
of low animal population and productivity in the 
region where most ruminants are raised by small
holders. In addition, Middle East countries, Malaysia 
and Singapore need to import more than 3 mill ion 
head of small ruminants per yea r (Soehadji 1993). 
Thus there is significant unmet demand from both 
local and international markets and there is a need to 
increase both population and productivity of rumi
nants within this region. 

Many different feeding systems are used by small
holders in the Southeast Asian region including total 
or partial pen-feeding, tethering, free grazing and 
shepherding (Home and Ibrahim ] 996). However, 
the feed base of ruminants produced by smallholders 
is commonly characterised by high fibre and low 
protein contents (Mullen 1996). Protein and energy 
supplementation using agro-industrial by-products 

1 BPTP (Assessment Institute for Agricultural Technology) 
Gedong Johor, Karya Vasa 1, M edan 20143, North 
Sumatra, Indonesia 
lThe University of Queensland, Brisbane, Qld . 4072, 
Australia 
J Forage for Smallholders Project, Lao PDR 
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has been successful in overcoming nutritional limita
tions of low qual ity diets (Horne et al. 1995), but 
may prove too expensive for smallholders. 

Shrub and tree legumes have made a significant 
contribution to animal production in the tropics 
(Stobbs and lohnson 1975; lan es 1979) and their uti
li sa tion for ruminant production is popular in small
holder fa rming systems of Southeast Asia (Mullen 
1996). Forage tree legumes have the potential to 
increase the dry matter digestibility and voluntary 
intake of low quality diets by supplying a valuable 
protein source. 

Leucaena leucocephala (Ieucaena) is a vi gorous 
tree legume with potentially high forage yields and 
good nutritional qual ity. It is easy to manage and is 
highly persistent once establ ished; it is suited to 
deeper soils iri a wide range of climates, espec ially 
neutral or alkaline soil s, but it requires weed control 
during establishment. Leucaena does not grow well 
on acidic soils (Hill 1971; Brewbaker 1986) and this, 
along with the psyllid pest, are the major limitations 
for its expanded use in the humid tropics. This exper
imen t was designed as part of an integrated resea rc.h 
program aimed at finding suitable species of Leu
caena adapted to acidic soils in th e humid tropic.s 
and having tol erance to the Leucaena psyll id. Nine
teen trial sites in seven countries were chosen to 
evaluate genotypic and environmental interactions of 
a representative range of Leucae/la access ions as part 
of a comprehensive investigation of yi eld and adap
tation in the Leucaefla genus (Shelton 1997). 



Methodology 

Site description 
The trial was located at Sei Putih in North Sumatra, 
Indonesia . The site was chosen to represent acidic 
soils common to the humid tropics. Sei Putih is 
50 km southeast of Medan, North Sumatra, 
Indonesia located at approximately 3°30'N and 
99°00'E, about 70 m above sea level. The mean 
annual rainfall is 1910 mm with 82% falling in the 
months June to December. The soil at this site is 
classified as a tropudult. The experiment was estab
lished in a flat area previously occupied by native 
grasses. Soil samples were collected from the surface 
horizon (0-15 cm) for chemical analysis. 

Design, treatments and management 
Twenty eight accessions of Leucaella and two other 
shrub legumes (Callialldra calothyrsus and Cliri
cidia sepium) were grown (Table 2). Pre-scarified 
~eed was soaked for 24 hours in fresh water and 
placed on moist cotton wool for two days until ger
mination. The germinated seeds were planted into 
150 x 30 mm black polybags containing about 0.5 kg 
of soil collected from the experimental site. After 
three months (28 November 1995), the seedlings 
were transplanted into the field in a randomised block 
design with three replications. Each block consisted 
of 30 accessions with individual plots comprising one 
row of 10 plants with an inter-row spacing of 3 m and 
an intra-row spacing of 0.5 m. The soil surrounding 
each plant was inoculat ed with Rhizobium strain 
3060 at the time of transplanting. Pl ots were irrigated 
at transplanting. Throughout the experiment, the site 
was kept clean of weeds by both chemical and 
manual control as required. No fertiliser was applied. 

Measurements 
The first cutting was made on 26 August 1996, nine 
months after transplanting. Yield was measured by 
harvesting the four central plants in each plot above 
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a height of 50 cm. Samples were then separated into 
edible and non-edible components, with each com
ponent subsampled for dry matter determination . 
Four further harvests were made at ] 2-week 
intervals. Monthly measurements of psyllid damage 
were made between October 1996 and September 
1997 us ing the University of Hawaii damage rating 
scale (Wheeler 1988) where a rating of 1 indicates 
no damage and a rating of 9 indicates blackened 
stems with total leaf loss. 

Results and Discussion 

Soil properties 
The soil characteristics of Sei Putih site are pre
sented in Table 1; the soil is relatively fertile 
although mildly acid and marginal in available K. In 
addition, Ca, Mg and Mn concentrations are close to 
critical. All other nutri ents are in adequate supply. 

Table 1. Soil properties from thc expcrimental site at Sci 
Putih, Indonesia 

Soil properties Actual Critical Notes 
levels 

pH (H2O) 5.5 <5.5 marginal 
P (mg/kg) 49 <19 
K (mcq/100g) 0.2 <0.2 marginal 
S (mg/kg) 76 <5 
Ca (meq/ 100 g) 2.7 <2.5 close to marginal 
Mg (meq/ 100 g) 0.5 < 0.4 close to marginal 
Zn (mg/kg) 12.2 < 0.5 
Fe (mg/kg) 34 > 500 
Mn (mg/kg) 99 > 100 close to crit ical 
CEC (meq/ IOO g) 4 low 
AI Sat. (%) 7 > 20 

Rainfall 
Although the rainfall during the month of trans
planting (November 1995) was much higher than 
average (Figure 1), the ra infall for the experimental 

c:::r Actual .... Long-term 

'9' '9' '9' '9' 
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Figure 1. Actual and long-term rainfall distribution during the experimcntal period at Sei Putih. 
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Table 2. Dry matter yields and psyllid damage ratings for 28 accessions of Leucaena, Cal/iandra calothyrsus and 
Gliricidia sepium at Sci Putih. 

Accession 

L. col/illsii subsp. col/illsii OF! 52/88 
L. col/insii subsp. zacapana OF! 56/88 
L. diversifolia OFI 82/92 
L. diversifolia OF! 83/92 
L. diversifolia K! 56 
L. diversifolia OFI 4/91 
L. esculellta OFI 47/87 
L. lanceolata subsp. lanceolata OFI 43/85 
L. lempirana OF! 5/91 
L. leucocephala cv Cunningham 
L. leucocephala K636 (OFI 94/92) 
L. leucocephala K636 (cv Tarramba) 
L. macrophylla subsp. islmellsis OFI 47/85 
L. magnifica OF! ! 9/84 
L. mullicapilula OF! 81/87 
L. pal/ida OF! 137/94 
L. pallida OF! 52/87 
L. pal/ida CQ3439 
L. pal/ida OFI 79/92 
L. pulverulenla OF! 83/87 
L. salvadorellsis OFI 38/88 
L. trichandra CPI 46568 
L. Irichandra OF! 53/88 
L. tric/lOdes OF! 61/88 
L. diversifolia x L. leucocephala hybrid KX3 F4 (OF! 3/95) 
L. diversifolia x L. leucocephala hybrid KX3 F2 
L. diversifolia x L. leucocephala hybrid KX3 F4 
L. pal/ida x L. leucocephala hybrid KX2 F5 (OF! 2/95) 
C. calothyrsus (local) 
G. sepium (local) 

Average DM yield 
(g/m row/month) 

183 
77 

112 
]46 
100 
156 
151 
156 
116 
97 

2!7 
247 
154 
69 
87 

228 
214 
261 
167 
80 

147 
142 
!90 
81 

166 
193 
228 
136 
201 
113 

Average psyllid 
damage rating ' 

1.0 
2.0 
1.2 
1.0 
I.] 

1.3 
1.0 
1.3 
1.5 
2.! 
1.9 
1.8 
1.1 
1.1 
1.7 
1.0 
1.4 
1.1 
1.0 
1.4 
1.3 
1.3 
1.0 
1.3 
I.7 
1.6 
1.7 
1.2 

• Scale of Wheeler (1988) 1 = no damage 9 = death of young shoots. 

period was below the long-term average. In partic
ular, during the period from July to December 1996 
less than half the average rainfall was received. 

Dry matter (DM) yields 
DM yields during the establishment period 
(November 1995 to June 1996) were low. Subse
quently, yields varied between harvests, with the 
highest yield occurring at Harvest 4 during the dry 
season. There was no correlation between yield and 
rainfall. 

The total dry matter (DM) yields of the tree 
legumes are presented in Table 2. The seven highest 
yielding accessions (DM >200 glm/row/month) 
included 3 accessions of L. pallida (CQ 3439, OFI 
137/94 and OFI 52/87), 2 accessions of L. leuco
cephala K636, the hybrid L. diversifolia K 156 x 
L. leucocephala K8 KX3 F4, and Callialldra calo
Ihyrsus. The poorest performing accessions were 
L. leucocephala (cv. Cunningham), L. lIlulticapilula, 
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L. trichodes, L. plllverulellla, L. col/illsii subsp. 
zacapano and L. magnifica. 

The rankings of the entries for edible DM yield 
for each harvest were examined (data not presented). 
It was apparent that in the last 2 harvest periods, 
ranking of yield among entries became stable and 
close to the overall ranking based on total produc
tion. However, two accessions which were slow to 
establish but performed well in later harvests were 
L. Irichandra OFI 53/88 and L. col/insii OFl 52/88. 

The relative performances of some of the species 
reported in this experiment are at variance with those 
reported by Bray et al. (1997) in a trial at the same 
site. In their work, L. lellcocephala cv. Cunningham 
and C. calolhyrsus performed much better, but 
L. pallida performed worse. Some of these differ
ences may be due to intra-specific differences, with 
different accessions being tested in the two 
ex peri ments. 



Psyllid infestation and damage 
A high level of psyllid damage was recorded on only 
one occasion (December 1996), and there was no 
correlation between rainfall and the level of psyllid 
damage throughout the experimental period. How
ever, further study may be necessary to fully eluci
date the pattern of psyllid damage. 

The accessions most damaged by psyllids were 
L. leucocephala cv. Cunningham, L. collinsii subsp. 
zacapana and the two accessions of L. lellcoceplzala 
K636. However, the K636 accessions were in the 
top five yielders indicating that the level of psyllid 
infestation was not critical. This agrees with obser
vations from previous trials (Bray et al. 1997). The 
most productive accession (L. pallida CQ 3439) 
was almost free from psyllid infestation. Three 
other accessions, L. collinsii 52/88, L. esclllenla 
47/87 and L. Irichandra 53/88, were totally free 
from psyllid damage. These accessions also pro
vided an acceptable production of edible forage 
(Table 2). 

Conclusions 
A number of conclusions are possible from this trial: 

• Good growth of many Lellcaella accessions was 
recorded at this relatively fertile, mildly acid and 
marginally fertile site with most providing much 
higher yields than the commonly available 
L. leucocephala cv. Cunningham. 

• The seven highest yielding entries were three 
L. pallida accessions, two L. leucoceplwla acces
sions (K636), a KX3 hybrid and an accession of 
Callialldra calolhyrsus. The value of these acces
sions for animal production now needs to be quan
tified. 

• The highest psyllid damage occurred on the four 
accessions of the two most susceptible species 
(L. leucocephala and L. collillsii subsp. zacapana) 
and was in the damage scale range of 4 to 6; how
ever, the overall level of psyllid damage was not 
critical as some of these accessions yielded well. 
There was no correlation between psyllid damage 
and rainfall. 

• Further monitoring of psyllid damage is necessary 
to ascertain the pattern of psyllid infestation at 
this site through the year and its relationship to 
environmental factors. 
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Development of Acid/Psyllid Tolerant Leucaena Hybrids for 
Ruminant Production 

C.C. Wong1, C.P. Chen2 and E.M. Hutton3 

Abstract 

The cultivation of Leucaena leucocephala for high quality fodder production on acid soils is 
always a problem without generous application of lime. Breed ing for acid soil tolerance Leucaena 
was undertaken in CIAT, Cali, Columbia as early as 1981. In 1988, initial F2 and F3 hybrids from 
crosses between Leucaella leucocephala and diploid and tetraploid L. diversifolia were made avail
able for evaluation of acid soil tolerance and psyllid resistance in Malaysia. Over the years, 
screening and selection of the hybrids at four regional MARDI stations with acid soils of pH 3.5-5 
resulted in the identification of two best performing hybrids 40-1-18 and 62-6-8 for release in early 
1998. These two hybrids are superior to the ML1 cultivar in ed ible dry matter, vigour, and psyllid 
tol era nce under acid soil environments. 

FORAGE agronomists in MARDI have worked inten
sively w.ith Lellcaena lellcocephala for acidic soils 
for more than two decades. Several L. lellcocephala 
accessions such as MLl and ML2 have proven their 
superiority over all other nitrogen-fixing trees for 
beef and dairy cattle and small ruminant production . 
Small plot experiments conducted by MARDI 
researchers on some of the promising accessions of 
L. lellcocephala have produced dry matter yields 
averaging more than 20 metric tons per hectare 
per year. 

In view of the persistent and pressing psyllid 
problem on L. lellcocephala and the extensiveness of 
the acid-soils in Malaysia and in neighbouring coun
tries of the Southeast Asian and Pacific Region, there 
is an urgent need for incorporation of psyllid resist
ance/tolerance into the acid-soil tol erant Leucaena to 
overcome both the pest and edaphic problems. This 
approach offers a long-term solution to the problem 
at a lower cost than chemical amelioration of soil 
and chemical control of psyllid (Sanchez and Salinas 
1981 ). 

1 Livestock Research Centre, MARDI, PO Box 12301, 
50774 Kuala Lumpur 
278, lalan Reko, Taman Sri Reko, 43000 Kajang, Selangor 
D.E. 
311 /104, Station Road, Indooroopilly, Queensland 4068, 
Australia 
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A project was then initiated to develop key lines 
for adaptation to acidic so ils in order to produce dual 
purpose Lellcaena high in forage and wood pro
duction. The sites identified were at Serdang, Bukit 
Tangga, Jeram Pasu and Kuala Linggi which all have 
acidic soils of pH <5.5. 

This paper reports some of the results o f the 
screening and selection of the hybrids from the F2 to 
the F6 generation. 

Materials and Methods 
The methodology involved screening of the hybrid 
lines by documenting and initial screening of the 
acid-soil tolerant and psyllid-tolerant key lin es 
(developed by Dr. E.M. Hutton at EMBRAPA in 
Brazil) on acidic Malaysian soils. Initial evaluation 
and selection of the interspecific hybrids between 
L. lellcocephala and L. diversifolia was conducted at 
Serdang and subsequently at the different eco
cl imatic environments in Malaysia (Hutton 1990; 
Hutton and Chen 1993; Ch en et al. 1995). 

Fifty-nine groups of hybrid selections including 
the parental materials were planted in 1986/1987 at 
MARDI Research Station in Serdang. This led to the 
subsequent selection of 66 F2 lines for planting 
between October 1989 and April 1990 at four 
MARDI Resea rch Stations: Kuala Linggi, Mal acca 
(acid sulphate soil); Serdang, Selangor inland 



sedentary soil, acidic in nature; Jeram Pasu, Kelantan 
(granite wash); Bukit Tangga, Kedah. 

Seeds of F3 generation were made available for 
the December-April ] 991 planting season from the 
F2 planting at Serdang and Jeram Pasu. A minimum 
of 100 plants of each line were planted in double 
hedgerow arrangement of 1 m x 0.5 m x ].5 m. A 
common basal fertiliser rate was applied. It com
prised 50 kg each of triple superphosphate and 
muriate of potash and 5 kg each of copper sulphate 
and zinc sulphate and 500 g ammonium molybdate. 
The maintenance fertiliser rate was 10 kg P and 
25 kg K per hectare per year. 

Standard data from the screening at the various sites 
were recorded. These included soil chemical analysis, 
foliar mineral composition and tannin contents (young 
and old leaves), dry matter digestibility, dry matter 
yield, stem diameter at 50 cm, tlowering, plant height 
at different stages of growth, growth vigour rating and 
psyllid damage. This methodology of screening and 
selection was repeated for F3 to F6 generations. Each 
selection took a period of several years to complete. 
Only the top 25% of the hybrid plants were selected 
for further screening and selection. 

Final evaluation of selections was carried out at 
Serdang station, using cv. ML1 as a standard. 

Results and Discussion 

Initial hybrid assessment and selection 
In the F3 hybrids assessment, great variations in 
plant growth between and within lines were recorded 
(Table 1). The promising acid tolerant I ines of 11 x 
25 and] 1 x 31 had greater height and stem diameter 
than Cunningham. Among the lines, height and stem 

diameter were well correlated. The relative growth 
advantage of the hybrids over the acid-intolerant 
Cunningham was greater at Kuala Linggi (81 % AI 
saturation) than at Serdang (68% AI saturation). At 
Kuala Linggi, Cunningham had poor growth and 
yellow leaves but at Serdang, Cunningham remained 
healthy. Intensive selection based on plant height, 
stem diameter, and plant vigour was carried out on 
individual plants within the lines late in February 
1992. 

At Kuala Linggi, the best hybrids were 62-6-8, 
62-6-3, 62-12-1, 30-1-12, 45-4-]], 53-] -4, and 
40-1-14. At Serdang, the best performing hybrids 
were 62-6-8 and 40-1-18. At Jeram Pasu, best 
hybrids were 62-6-8, 45-4-11, 39-1-12, and 40-1-18. 
Hybrid 53-] -4 had good growth vigour as well as all 
the L. diversiJolia lines. 

PsyJlid reactions of hybrids and parents 

In both F3 and F4 assessments, Cunningham was 
badly affected by psyllids with a damage rating of 
4.2 retlecting considerable leaflet drop. The L. leuco
cephala 11 parent was also badly affected. Both L. 
diversiJolia parents were psyllid tolerant with 
damage ratings <2, indicating some yellowing and 
no leatlet drop. Five of ] 1 x 25 lines (including 
62-6) had a high percentage of tolerant trees as indi
cated by 62/6. In the F5 generation several psyll id
tolerant hybrids were identified (Table 2). Line 
40-1-18 was the most tolerant hybrid . Psyll id toler
ance appeared to be related to lower ratings for 
psyllid numbers. 

Three hybrids (40-1-18, 62-6-3 and 62-6-8) were 
selected for final evaluation. 

Table 1. Growth comparison of Leucaena F3 hybrids and Cunningham (control) in the acid soils at Kuala Linggi and 
Serdang Station. 

Site Hybrid Line No. . Mean height Mean stem diameter 
(cm) (cm) 

Kuala Linggi Cunningham (control) 114.8d 0.98 

11 x 25 62-6 265.3a 2.04 
11 x 25 62-12 228.5b 1.68 

11 x 31 30-1 221.0b 1.65 

11 x 25 39-2 119.6c 1.56 

Serdang Cunningham (control) 162.0d 1.19 

11 x 25 62-6 I 93.4c 1.28 
11 x 25 62-12 225.7b 1.80 
11 x 31 30-1 242.4a 2.02 
11 x 25 39-2 218.2b 1.82 

Means with different letters differ significantly at P<0.05. 
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Table 2. Mean ratings for psyllid number (0-3) and 
damage (0-5) on young lea nets of F5 hybrids, parents and 
Cunningham, each with 80-84 trees, during a severe psyllid 
attack at Kuala Linggi Station in July 1991. 

Entry Psyllid No. Psyllid damage 
mean 

Cunningham (control) 2.2 4.2 
L. lellcocephala 11 2.2 3.6 
L. diversifolia 25 1.5 
L. diversi.folia 30 1.4 1.8 
Hybrid 11 x 25 (62/6) 1.9 2.2 
Hybrid 11 x 25 (5111) 2.2 4.6 
Hybrid 11 x 31 (30/1) 1.4 1.9 
Hybrid II x 31 (40/1) 1.0 1.3 

Dry matter yield 
Cumulative dry matter yields of the 3 hybrids and the 
MU control over four harvests are shown in Figures 
1 and 2. Without lime application, hybrid 40-1-18 
was significantly (P<O. 05) higher in yield than the 
others entries. However, with lime application of 

SOOkglha, hybrid 62-6-8 was a better yielder than 
hybrid 40-1-18. Both the hybrids 40-1-18 and 62-6-8 
were significantly (P<O.S) higher than the control in 
dry matter yield ( Figures 1 and 2), and have been 
selected for release in 1998. 
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Psyllid Tolerance and Productivity of Leucaena Species and 
Hybrids in Semi-Arid Kenya 

F.P. Wandera l and D.M.G. Njarui1 

Abstract 

Thirty accessions of Leucaella species and hybrids were evaluated for psyllid tolerance and dry 
matter production at Katumani, Kenya. The most psyllid resistant lines were L. Irichalldra 5J/88, 
L. collinsii subsp. collillsii 52/88 and L. pallida CQ34J9. Averaged over five harvests covering an 
18-month period, the highest yield of both leaf and stem was produced by the hybrid 
L. lellcocephala )( L. pallida UQ45. Other high yielding entries were L. diversifolia )( 
L. leucocephala KX3 F4 5/95, L. pallida CQJ4J9 and \J7/94, and L. Irichandra 53/88. L. pallida 
and L. Irichalldra are spece is that should be further evaluated in the search for highly productive 
psyllid resistant Lellcaella. 

LEUCAENA leucocepha/a is grown in some areas of 
semi-arid Kenya as a high quality feed for livestock 
(Tessema and Emojong 1984) . It has also been found 
to grow naturally in the coastal sub-humid zone 
(Mure ithi et al. 1994). The cultivars Pe ru, C un
ningham and K8 were identified as some of the most 
suitabl e browse species in the semi-arid easte rn 
Kenya (Wandera et al. 1991). The expans ion and 
utility of these cultivars is, however, threatened by 
the leucaena psyllid (Heteropsylla cubana) which 
has been observed to cause widespread damage to 
the currently pl anted cultivars. Howeve r the damage 
caused has not been quantified in any part of the 
country. Neve rthel ess, in Australia, a reduction in 
yi eld of edibl e dry materi al by 52% and yield of 
stem by 79% has been repo rted to be caused by the 
psyllid (Bray and Woodroffe 1991). One of the 
options for addressing the psyllid probl e m is to 
explore poss ibl e psyllid tol e rance that may exi st 
within the wide range of Leucaella accessions and 
hybrids that are now available. 

A collaborative project between Kenya Agricul
tural Research Institute (KARI), Unive rsi ty of 
Queensland and Oxford Forestry Institut e was initi
ated in 1995, under the Australian Centre for Inte rna
ti onal Agricultural Resea rch (ACIAR) proj ect 9433, 

1 Kenya Agricultural Research Institute, National Dryland 
Farming Research Centre, Katumani, PO Box 340, 
Machakos, Kenya. 
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to screen the 'lesser known leucaenas' for psyllid 
tolerance and adaptability to the se mi-arid tropics o f 
eas tern Keny a. This paper repo rts the results of that 
work . 

Materials and Methods 

Site 
The experiment was carried out at the National Dry
land Farming Resea rch Centre, Katumani, 70 km SE 
of Na irobi (1 0 58'S, 38°28'E, 1600 m asl). The field 
where the expe riment was es tabl ished had been 
unde r Cellchrus ciliaris and Ch/oris gayalla pasture 
for about 10 yea rs unfertili sed. Analysis of the so il 
from the si te indicated that it is a sa ndy clay loa m 
with pH 6.4 (1:6, so il:water) ; o rganic C 1.1 %; and 
soi l nutrients (mglkg) nitrate N 4.2; P 24 (Colwell); 
S 6; Zn 2.1; Fe 24; exchangeable cations 
(meq/1 OOg) K l.26; Ca 3.92; Mg l.45; Na 0.02. The 
s ite has a mea n annual rainfall of717 mm, bimodally 
distributed with th e ' long ra ins' occurring from 
March to May and the 'short ra ins' from October to 
Decembe r. Mean maximum temperature is 24.9 QC 
whil e mean minimum is 13.1 0c. 

Treatments and design 
The access ions that we re screened in this experiment 
are show n in Table 1. 

Seedlings were ra ised in polybags for 10 weeks 
before transplanting in the field on 5 April 1996 into 



a well prepared field which had been ploughed to a 
depth of 45 cm and harrowed once. 

The design was a randomised complete block, with 
5 m single-row plots in 3 replications. The spacing 
between plants was 0.5 m with 3 m between rows. 

At planting, 40 kg/ha of PzOs as triple super
phosphate was mixed with the soil in a 0.5 m wide 
band along the rows on both sides. Plants were 
watered twice to supplement the low rainfa ll during 
the establishment period. The experimental area was 
kept weed-free by hand weeding. A chain I ink fence 
was used to exclude livestock and wildlife, and 
furadan was applied around the stem at 20 kg/ha to 
control termites. 

Psyllid damage 
Psyllid damage was monitored monthly us ing the 
damage scale of Wheeler (1988) (rating of 1-9; 
1 = no damage observed and rating 9 = blackened 

stem with total lea f loss). Only damage ratings in 
months when the s ite mean was greater than 2.5 were 
used to calculate the average for each accession. 

Dry matter production 
The six central plants from within each plot were 
sampled for dry matter production, at a cutting 
he ight of 50 cm. In plots where the number of plants 
was less than six, all the plants were sampled. The 
s ide branches below the cutting height were gathered 
vertically and cut at the main stem cutting height. 
The leaf and edible stem up to 6 mm in diameter was 
separated from th e non-edible wood materi a ls and 
both leaf and stem were dri ed in an oven at 70°C for 
48 hr and 5 days respectively . The dried samples 
were then weighed. There were six harvests, at inter
vals of between 2 and 4 months, commencing 
6 months after transplanting. 

Table 1. Leucaella accessions evaluated at Katumani site, Machakos Kenya, their psyllid resistance and mean dry matter 
production. 

Species 

L. col/insii subsp. coflinsii 52/88 
L. colfillsii subsp. zacapana 56/88 
L. diversiJofia 82/92 
L. diversiJolia 83/92 
L. diversiJolia K 156 
L. escufenta 47/87 
L. lallceofata var. fallceofata 43/85 
L. fempiralla 6/91 
L. feucoceplzafa subsp. gfabrata cv Cunningham 
L. feucocephala subsp. glabrata cv Peru 
L. feucocephala subsp. glabrata cv Tarramba 
L. leueoeeplzala subsp. glabrata K636 
L. leueoeeplzala subsp. glabrata K8 
L. macrophylla subsp. istmensis 47/85 
L. magnifiea 19/84 
L. mufticapitula 81/87 
L. pallida 137/94 
L. pallida 79/92 
L. pal/ida CQ 3439 
L. pulverulellta 83/87 
L. safvadorellsis 36/88 
L. trichandra 4/91 
L. trichalldra 53/88 
L. trielzodes 61/88 
L. diversiJolia x L. leucocephafa KX3 F4 5/95 
L. leucocephafax L. diversiJolia UQ6 
L. feucoceplzafa K584 xL. pallida K748 UQ45 
L. leucoeephafa K636 xL. pal/ida K748 (KX2 FI) 
L. leucocephala x L. pallida KX2 F5 2/92 
L. unknowll hybrid 52/87 

LSD (0.05) 

, Wheeler (1988). 

Psy llid damage 
rating' 
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1.3 
5.4 
2.6 
1.8 
3.9 
1.5 
5.1 
4.5 
5.4 
6.1 
4.0 
4.7 
5.2 
3.7 
3.6 
6.1 
1.7 
1.8 
1.3 
3.7 
4.8 
3.4 
1.2 
5.7 
2.0 
3.5 
1.7 
1.5 
2.6 
2.3 

Mea n dry matter production (glplant) 

Leaf Stem 

74.7 29.5 
6.0 2.2 

38.6 9.1 
65 .8 20.6 
60.0 25.7 
60.8 16.9 
19.3 4.0 
10.2 2.6 
38.9 5.2 
41.1 13.1 
71.5 15.3 
61.4 17.1 
54.5 12.1 
54.0 17.6 
39.9 15.6 

4.1 1.0 
108.1 47.8 
89.3 41.2 

118.7 57.5 
29.5 2.9 
29.3 5.7 
48.9 20.2 
98.6 55.5 
31.1 10.7 

116.8 31.7 
69.9 22.2 

209.4 96.5 
96.7 48.1 
67.6 24.2 
41.5 20.2 

24.3 10.6 



Results 
Throughout the period, rainfall was below the long 
term average, except during the warm/wet season of 
October-December 1997, when rainfall received was 
above average (Figure 1). 

Psyllid damage 
The highest psyllid damage occurred during the dry 
season, with the month of July having the highest 
psyllid pressure (Figure 2). Generally, the pressure 
was maintained at a high level for the experimental 
period of two years. Table 1 shows the mean psyll id 
rating for each accession . Of the 30 accessions 
tested, 10 showed high resistance to psyllids with 
L. trichandra 53/88, L. collinsii 52/88 and L. pallida 
CQ 3439 exhibiting the least damage. The seven 
highly susceptible accessions were L. lanceolata 
43/85, L. leucocephala cvv. K8, Cunningham and 
Peru, L. collinsii subsp. zacapana 56/88, L. trichodes 
61/88 and L. multicapitula 81/87. 

Dry matter production 
The weight of stem and leaf for all entries averaged 
across all seasons is given in Table 1. L. leuco
cephala x L. pallida UQ45 produced the highest 
amount of edible dry matter (leaf) across all seasons. 
Data for individual seasons are not presented, but 
during the warm/wet season the top accessions were 
L. leucocephala x L. pallida UQ45, L. pallida CQ 
3439, the KX3 F4 hybrid 5/95, L. pallMa 137/94 and 
L. trichandra 53/88. However, in the warm/dry 
season the top five accessions were L. lellcocephala 
x L. pal/ida UQ45, L. pallida 137/94, L. pulveru
len/a 83/87, L. diversiJolia K156 and L. leuco
cephala x L pal/ida KX2 Fl. The cool/dry season 
was dominated by the L. leucocephala x L. pallida 
hybrids, KX3 F4, and L. lellcocephala K636. 

Across all seasons L. leucocephala x L. pallMa 
UQ45 and L. trichandra 53/88 consistently yielded 
high stem dry matter. In the warm/wet season these 
two accessions together with L. pallida CQ3439 
were the top yielders. The warm/dry season was 
dominated by L. leucocephala x L. pallida UQ45, 
L. trichandra 53/88, L. pallida 137/94 and L. pallida 
79/92, while, during the cool/dry season, L. leuco
cephala x L. pallida UQ45, L. trichandra 53/88, 
L. leucocephala x pal/Ma KX2 Fl and L. magniJica 
19/84 were the top performers. 

Discussion 
During the rainy season, psyllid populations seemed 
to be reduced by adults and larvae being washed 
physically off the plants. This reduced population 
lowered the damage rating during the wet seasons. 
The population buildup in the dry season follows 
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general insect trends in the area as temperature 
increases (Or Songa (Mrs), pers. comm.). However, 
this does not explain the very high psyllid damage in 
July, which falls within a designated cool/dry season. 
The high level of psyllid pressure that was main
tained over the two years of experimentation may 
indicate that populations of natural predators (if they 
exist) are still low in Kenya and/or the site climatic 
factors are conducive to psyllid multiplication. 

Considerable variation exists between species and 
to a limited extent, within species, for psyll id toler
ance in semi-arid areas. Generally, L. diversiJolia, L. 
pallida accessions and hybrids of L. lellcocephala 
and L. pallida rated highly resistant while the L. leu
cocephala, L. trichodes and L. multicapitula acces
sions were highly susceptible. Within species 
variation was exhibited by L. diversiJolia with 82/92 
and 83/92 being moderately resistant, but K 156 
being quite susceptible. Within L. collinsii, sub
species collinsii was highly resistant while sub
species zacapalla was highly susceptible. Clearly, 
the opportunity exists for selection of psy llid 
resistant lines for further testing. 

Dry matter (DM) production followed the sa me 
pattern as psyllid resistance, with the highly resistant 
accessions yielding more than the susceptible ones. 
The commercial cultivars Cunningham, Peru and 
K8, identified earlier as suitable for the semi-arid 
Kenya by Wandera et al. (1991) were highl y suscep
tible to psyllids and had only moderate edible 
OM production. While slow establishment of some 
leucaenas was mainly due to low rainfall, the psyllid 
attack must have strongly contributed to low vigour. 

Leucaena in the semi-arid areas is planted as a 
multipurpose shrub with fodder and fuelwood as 
some of the products that are targeted. Thus com
bining the psyllid resistance, growth and edible DM 
production attributes, the top five accessions were 
L. lellcocephala x pallida UQ45, L. pallida CQ 3439 
and 137/94, L. trichandra 53/88 and the KX3 F4 
hybrid 5/95, in that order. 

The prominence of L. pal/ida in this I ist suggests 
that this is a species to which future attention must 
be directed in terms of screening for psyllid tol e r
ance. The other promising species was L. Iric/wlldra . 
However, L. pallida may be the more promising spe
cies since animals are reported to consume it even 
more than L. lellcocephala (Prof. Umunna, pe rsonal 
communication from ILRI, Addis Abbaba). 

These preliminary results suggest that the psyllid 
menace can be managed by selecting the tolerant 
accessions from the available germplasm. It appears 
that L. lellcocephala x L. pallida UQ45 was the most 
productive in leaf and stem production whil e 
L. trichandra 53/88 was most tolerant under current 
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Figure 2. Mean monthly psyllid damage rating for thirty Leucaena accessions at Katumani site, eastern Kenya. 
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levels of psyllid challenge in the semi-arid areas of 
Kenya. 

The psyllid menace had discouraged farmers from 
taking up planting of leucaena. Identification of 
psyllid resistant lines may see a renewal of interest. 
Seed multiplication of the best accession(s) identi
fied in this work is needed to enable on-farm trials 
and assessment of impact of the new accessions to 
livestock production. 
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Phytotoxicity of Insecticides and Wetting Agents to the 
Leucaena Genus 

B.F. Mullen! and S.A. DalzelP 

Abstract 

The phytotoxicity of common insecticide formulations and wetting agents to a range of 
L ellcaella species was evaluated in 2 glasshouse experiments. When applied separately, wetting 
agents and emulsifiable concentrate (EC) insecticides were phytotox ic, as evidenced by growth 
su pression. In contrast, so luble concentrate and wettabl e powder insecticides were not phytotoxic 
but fail ed to wet the leaf surface in the absence of a wetting agent. Growth reduction due to 
insecticides varied among the Lellcaella accessions eva luated, with L. lallceo /ala var. lanceolala 
being least affected and L. Irichalldra being most affected. Of the insecticides eva luated, the EC 
fonnulation of chlorpyrifos caused lowest mcan phytotoxicity and lowest variation in phytotoxicity 
among Lell ca ella access ions. Visua l symptoms of phytotoxicity were a poor indica tor of thc degree 
of growth supression. Resea rch and commercial ramifications are discussed. 

l NSEcn CIDES have commonly been uscd to control 
insect pests in Lellcaena leucocephala grown for 
both research and commercial purposes. However, 
dimethoate, one of the most commonly used insecti
cides, is known to be phytotoxic to many crop and 
tree species (Anon. 1992), and anecdotal reports 
have suggested it is phytotoxic to L. lellcocephala 
(B.F. Mull en, unpublished data). 

Phytotoxicity of insecticide formul ations may be 
ca used by insecticide active ingredients, the active 
ingredient ca rri ers or wetting agents (surfnctants). 
T he se verity of phytotoxic effects of insecticide 
active ingredients is dependent on the toxic ity and 
application rate of the insectic ide and the sensi tivity 
of the crop plant. Most insecticides arc phy totox ic to 
at least some crop plants (Anon. 1992). Phytotoxic 
effects range f rom reductions in photosy ntheti c rate 
and stomatal conductance, to damage to plasma 
membranes, t issue necros is and lea f absciss ion 
(Men et al. 1994). 

Two glasshouse experiments were conducted to 
identify insectici de trea tments capable of contro lling 
psyllids, and other insect pests, on a broad range o f 
Lellcaena species, without affecting OM yield. 

I School of L1nd and Food, The University of Queensland, 
4072, Austral ia 
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Experiment I tested the effect o f w etting agents 
alone and in combinati on with two contrasting insec
tic ide formulations, viz., a wettab le powder (WP) 
and an emulsifiabl e concentrate (EC), on growth of 
six accessions of Leucaena. Experi ment 2 aimed to 
confirm the phytotoxic effect of the w etting agents 
from Ex periment I, and to test the effect of a ra nge 
of insecticides applied without wetting agents on 
OM y ield of Leucaena. T his paper summarises the 
results o f these experiments. 

Materials and Methods 
Two controlleq experiments we re conducted at The 
University of Queensland, Brisbane, between 
January and April 1997. A sterilised, quarantine 
glasshouse with an airlock w as used to provide 
insect- f ree conditions. For all exper iments, well
established L. leucocep/wla plants grown in 200 mm 
pots were pruned to bare, single stems, 30 cm high 
with 1 plant/pot, and allowed to regrow for 5 weeks 
pri or to imposition of spray treatments. Treatments 
w ere arranged in random ised complete bl ock designs 
with 3 blocks (1 pot per treatment). Pots were re
randomised weekly . 

Insectic ide treatments were applied w eek ly, over a 
six-week peri od. Recommended rates of insecticides 
and w etting agents (Table I ) were sprayed to run-off. 
Control treatments were sprayed with w ater. Pl as tic 



Table 1. Trade names, active ingredients and their application rates, formulati ons and recorded phytotoxicities for insecti
cides used in Experiments 1 and 2. 

Active ingredlellt Trade name Formulation Rate of A.I. Phytotoxicity at 
(A.I.) applied recommended rates2 

A. I. Typel /carrier (g/L) 
concentration 

(g/kg) 

Dimethoate Rogor 400 EC/xylene 0.4 Crops, ornamentals 
Imidicloprid Confidor 350 WP/water 0.05 Unknown 
Tau-fluvalinate Mavrik 240 SC/water 0.96 None recorded 
Chlorpyrifos Lorsban 500 EC/xylene 2.0 Ornamentals, sorghum 
Prothiofos Tokuthion 500 EC/xylene 1.0 None recorded 
Alcohol alkoxylate 8S1000 1000 1.0 Unknown 
Alkyl phenol ethoxylate Agral60 600 1.2 Sensitive crops 

I WP = wettable powder, EC = emulsifiable concentrate, SC = aqueous concentrate. 
2 Source: Anon . (1992) and Worthing and Hance (1991). 

barriers were used to prevent over-spray from accu
mulating in the potting media. 

Clinical phytotoxicity symptoms were recorded 
for Experiment 1 by rating damage to the youngest 
fully expanded leaves one week after application of 
insecticide. Ratings were: 1 = no phytotoxic 
symptoms; 2 = mild chlorosis; 3 = chlorosis, mild 
necrosis; 4 = moderate - severe necrosis; and 
5 = leaflet abscission. 

Following the 6 week spraying period, plants were 
harvested to bare stems, 30 cm high. Harvested 
material was separated into leaf and stem and dehy
drated at 70 QC for 48 hrs. Phytotoxicity of treat
ments was assessed by comparing dry matter (OM) 
production of the sprayed treatments with OM pro
duction of control treatments. To compare the effects 
of insecticide treatments on the six Leucaena acces
sion treatments, data were converted to percentages 
of unsprayed controls and analysed by ANOV A. 
Regression analysis was used to examine relation
ships between visual phytotoxicity ratings and reduc
tion in OM yield in Experiment 1. 

Experiment 1 
Six accessions of Leucaena (Table 3) were sprayed, 
over a 5-week period, with two insecticide treat
ments alone and in combination with two wetting 
agents (Table 2). Insecticide treatments were dim
ethoate (EC formulation), reported to be phytotoxic 
to a range of crop species (Anon . 1992), and imidi
c10prid (WP formulation), no t known to be phyto
toxic. Wetting agents were Agral 60, a commonly
used wetting agent known to be phytotoxic to sensi
tive crops, and BSlOOO, a biodegradable product of 
unknown phytotoxicity (Table 1). 
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Experiment 2 
Six accessions of Lellcaena (Table 3) were subjected 
to seven spraying trea tments, viz., two welling 
agents appl ied alone, and five insecticides appl ied 
without welling agent over a 5-week period. Four of 
the insecticide treatments (imidicloprid, tau-tluvali
nate, chlorpyrifos and prothiofos) were selected for 
their low phytotoxicity to crop (Table 1). Dimethoate 
was included due to its common use for psyllid con
trol in L. leucocephala. 

Results 

Experiment 1 
With the exception of the imidicloprid trea tment, all 
spraying treatments caused significant reductions to 
mean OM yield of Lellcaena (Table 2). Imidicloprid 
failed to thoroughly wet the leaves of Leucaella 
when applied without a welling agent, but in combi
nation with welling agents, thorough welling and sig
nificant reduc'tions in OM yield occurred. 
Oimethoate + Agral and dimethoate + BSlOOO were 
the most phytotoxic treatments, causing mean yield 
reductions of 40% and 35% respectively . Welling 
agents applied without insecticides were moderately 
phytotoxic, reducing yields by an average 24%. 
Oimethoate applied without welling agents was less 
phytotoxic than when applied with welling agents, 
but all treatment combinations that included dimeth
oate significantly reduced OM yields. For all 
spraying treatments VSRs were a poor indicator of 
yield reduction (Tabl e 2). 

Accessions of Lellcaena differed significantly in 
their mean OM responses to spraying treatments 
(Table 3). The OM production of L. lanceolata 



Table 2. Mean treatment OM yields and OM yields as percentages of control treatments for Experiments I and 2, and 
visual symptom ratings (VSR) and correlation between VSR and yield loss for Experiment I. 

Insecticide treatment Experiment I Experiment 2 

Mean OM Mean OM Mean visual VSR as Mean OM Mean OM 
yield yield as symptoms predictor of yield yield as 
(g) percentage of rating yield loss (g) percentage of 

control (%) (VSR) (r2) control (%) 

Control 14.3 100 1.0 9.7 100 
Imidicloprid 12.9 84 1.0 0.16* 9.6 95 
BSI 000 11.6 78 1.9 0.24* 7.4 73 
Agral60 10.9 4 1.9 0.09 6.4 58 
Imidicloprid +BS]OOO 11.4 74 2.0 0.34** 
Oimethoate 11.5 73 2.0 0.10 7.9 75 
Imidicloprid +Agral 10.5 68 1.8 0.08 
Oimethoate +BS1000 10.0 65 2.8 0.06 
Oimethoate +Agral 9.5 60 2.8 0.27** 
Tau-fluvalinate 9.4 94 
Chlorpyrifos 9.3 87 
prothiofos 7.6 74 
LS05% 2.6 17.1 0.31 0.15 1.72 15.6 

* Significant correlation (P<0.05) and ** (P<O.OI) 

Table 3. Mean effects of insecticides on OM production for Experiments I and 2, and visual symptoms ratings (VSR) and 
correlation of VSR with % OM yield reduction of 6 Leucaena accessions for Experiment I. 

Species/su bspecies/variet y Accession Experiment 1 Experiment 2 

Mean OM Mean OM 
yield of yield as % 

accessions of control 

Mean visual VSR as 
symptom predictor of 

rating yield loss 

Mean OM Mean OM 
yield of yield as % 

accessions of control 
(g) (%) (VSR) (r2) (g) (%) 

L. lanceolala vaT. lal/ceolala 
L. leucocephala subsp. glabrala 
L. pallida 
L. leucocephala subsp. glabrala 
L. magnifica 
L. Irichalldra 
LS05% 

** Significant correlation (P<O.OI) 

OF143/85 
K636 
CQ3439 
Cunningham 
OFI 19/84 
OF153/88 

16.0 
13.1 
12.3 
9.4 

11.9 
2.7 
1.4 

OFI 43/85 and L. Leucocephala K636 was not signif
icantly affected by spraying treatments whereas 
mean OM production of L. trichandra OFI 53/88 
was reduced by 67%. Growth differences were 
apparent between accessions of Leucaena, with 
L. LanceoLala OFI 43/85 and L. trichandra OFI 53/88 
being the highest and lowest yielding accessions 
respectively . 

Visual symptom ratings correlated poorly with 
percentage yield reduction when all accessions were 
combined (r2 = 0.24). However, when accessions 
were analysed individually correlations were signifi
cant for all six accessions (Table 3). 
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95 
88 
79 
76 
61 
33 
14.8 

2.0 
1.8 
1.9 
2.2 
2.1 
1.5 
0.26 

0.38** 
0.34" 
0.55" 
0.58" 
0.66** 
0.54 *' 
0.11 

10.7 
10.1 
10.6 
7.1 
9.3 
2.5 
1.49 

84 
87 
86 
78 
79 
62 
14.5 

There were significant interactions between the 
Leucaena accessions and the spraying treatments. 
L. Irichandra OFI 53/88 and L. pallida CQ3439 
expressed the greatest variability whereas L. lanceo
lala OFI 43/85 and L. lel/cocephala K636 were least 
variable (data not presented). Wetting agents 
severely reduced OM yields of L. trichandra OFI 
53/88 and L. magnifica OFI 19/84, but were less 
phytotoxic to other accessions. Oimethoate and 
imidicloprid, applied without wetting agents were 
severely phytotoxic only to L. Irichandra OFI 53/88. 
In combination with wetting agents, however, 
dimethoate severely reduced OM yields of 



L. leucocephala cv. Cunningham, L. pallida 
CQ3439, L. magnifica OFI 19/84 and L. Irichandra 
OFI 53/88. In combination with wetting agents, 
imidicloprid reduced OM yields of L. magnifica 
OF! 19/84 and L. lrichandra OFI 53/88 and to a 
lesser extent L. leucocepltala cv. Cunningham and 
L. pallida CQ3439. 

Experiment 2 
Insecticide treatments imidicloprid, tau-f1uvalinate 
and chlorpyrifos did not significantly reduce the 
mean DM yield of Leucaena accessions, but of these 
treatments only chlorpyrifos thoroughly wet the 
leaves in the absence of a wetting agent (Table 2). 
Wetting agents Agral 60 and BS1000 were the most 
phytotoxic of all treatments, reducing mean OM 
yields by 42% and 27% respectively. Insecticide 
treatments, dimethoate and prothiofos, significantly 
reduced yields by approximately 26%. 

L. Iricltandra OFI 53/88 was the most severely 
affected by spraying treatments, experiencing a mean 
yield reduction of 38% (Table 3). Leucaena IwlCeo
lata OFI 43/85, L. pallida CQ3439, L. leucocephala 
K636, L. magnifica OFI 19/84 and L. lellcocephala 
cv. Cunningham were less affected, experiencing 
mean yield reductions of approximately 17%. 

Individual accessions of Leucaena varied greatly 
in their OM response to Agral 60, BS1000, dimeth
oate and prothiofos. Less variabil ity was apparent 
with imidicloprid, tau-fluvalinate and chlorpyrifos. 
Of the accessions evaluated, L. leucoceplwla K636, 
L. pallida CQ3439 and L. magnifica OFI 19/84 
expressed the least variabil ity in response to spraying 
treatments whereas L. tricltandra OFI 53/88 
expressed high variability . 

Discussion 
The experiments highlighted the sensitivity of a wide 
range of Leucaena accessions to common insecti
cides and the strong interactions between Leucaena 
species and insecticide treatments. In addition, the 
phytotoxic effects of wetting agents on OM produc
tion of Leucaena, whether applied alone or in com
bination with insecticides, was identified. The 
severity of yield reductions caused by spraying treat
ments varied between experiments, although the 
ranking of accessions of Leucaena in terms of phyto
toxic response was constant. 

Wetting agents and insecticides 
All EC formulations, applied with or without a wet
ting agent, appeared to thoroughly wet the foliage of 
all Leucaena accessions. In comparison, imidicloprid 
and tau-f1uvalinate, WP and SC formulations respec
tively, rapidly ran off the leaves of all accessions of 
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Leucaena when applied without a wetting agent. The 
low phytotoxicity of these treatments may be related 
to this poor wetting ability, and therefore lack of 
penetration of active ingredient into the leaf tissue. 

Considerable variation was noted among the EC 
formulation treatments, despite the fact that all used 
xylene as a carrier. This result indicated that xylene 
was not the principal cause of phytotoxicity in these 
treatments. Chlorpyrifos caused minimal phytotox
icity to most accessions of Leucaena. Chlorpyrifos is 
a contact insecticide with some fumigant action and 
a dermal L050 of 2000 mg/kg (Worthing and Hance 
1991 ). 

Accessions of Leucaena 
There was considerable variation in the phytotoxic 
response of Leucaena accessions to insecticide treat
ments. L. lanceolala and L. pallida accessions were 
least affected, whereas L. trichandra was most 
affected. Unfortunately, L. trichandra plants were 
smaller and more variable in size than plants of other 
experimental accessions due to their slow seedling 
growth and general lack of vigour as potted plants. 
Field grown plants of OFI 53/88 are comparatively 
robust and vigorous (Mullen, Shelton et aI., these 
Proceedings). These factors may have exacerbated 
the phytotoxic effects of spraying treatments to this 
accession. 

In a related experiment, intraspecific variation in 
phytotoxicity was evident in L leucocephala, 
L. collinsii and L. pallida (Mullen and Oalzell , 
unpublished data). 

Visual symptoms 
Ratings of visual symptoms (VSRs) of phytotoxicity 
gave a poor indication of expected yield supression 
for most species of Leucaena, and at best, observa
tion of clinical phytotoxicity symptoms following 
insecticide application indicated that yield loss may 
occur. In addition, the degree of yield supression as 
indicated by VSRs varied between species. The rela
tively poor VSR correlations with yield reduction 
indicate that the plants' ability to recover from mild 
phytotoxicity is highly variable, both within and 
between Leucaena species. 

Implications for commercial production of 
L. leucocephala 
While insecticide application to forages is generally 
uneconomic, seed crops of L. leucocephala are regu
larly sprayed to control bruchid beetles and psyllids. 
In these experiments, L. lellcocephala K636 and cv. 
Cunningham were highly variable in their phytotoxic 
responses to insecticide treatments, experiencing 
mean yield reductions of 13% and 23% respectively. 
However, the experiments were conducted in a 



glasshouse over the summer period and do not 
necessarily mimic the paddock situation. The high 
glasshouse temperatures and relative humidities 
(up to 38°C and >90% respectively) may have 
exacerbated the phytotoxicity of wetting agents and 
insecticides. 

In a field experiment Palmer et al. (1989) reported 
only a 9% yield reduction in dimethoate sprayed 
compared with unsprayed cv. Cunningham growing 
in a near psyllid-free environment. Field experiments 
with K636 sprayed with insecticide have not been 
conducted, but a significant phytotoxic effect is 
unlikely. Under field conditions, the phytotoxic 
effects of these insecticides to L. lellcocephala may 
be minor in comparison to the reduction in forage 
production due to the psyllid insect, and in seed yield 
and quality due to the bruchid beetle. 

Conclusions 
The experiments highlighted the sensItIvIty of a 
broad range of Lellcaena accessions to common 
insecticides. Wetting agents were also found to 
significantly reduce the OM yields of Leucaena 
accessions both solely and in combination with EC, 
SC and WP insecticide formulations. 

Accessions of Lellcaena were highly variable in 
their phytotoxic responses. This result has implica
tions for experiments involving several accessions of 
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Leucaena, reliant on these insecticide treatments, to 
control psyllid and other insect pests, for unchecked 
growth. Of the insecticides tested and likely to be 
effective when applied without a wetting agent, 
chlorpyrifos was least phytotoxic to most accessions. 

Commercial plantings of L. lellcocephala may not 
be measurably affected by application of these 
common insecticides. 
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Adaptation of New Species of Leucaena in Costa Rica, 
Central America - Preliminary Results 

P. J. Argel l and G. Perez1 

Abstract 

In a trial of 17 Leucaena species and hybrids in Costa Rica, considerable variation was recorded 
for plant height and vigour, foliar retention during the dry period, plant mortality and dry matter 
(OM) yields. Most Leucaena species showed strong apical dominance as their habit of growth. 
L. trichalldra 53/88, L. col/illsii subsp. col/illsii 52/88, Leucaella hybrid 52/87, L. pallidal4/96 
and L. lel/cocephala subsp. glabrata 34/92 (K636) were among the best yielders, while 
L. lempirana 6/91, L. col/insii subsp. zacapana 56/88, L. trichodes 61/88 and L. 1lIl/lticapitllla 
81/87 produced low OM yields reflecting their poor adaptation to the climatic and soil conditions 
of the trial area. Only mild attacks of the psyllid insect were recorded. 

THERE are 22 species of Leucaena, all native to the 
New World; however, the most researched and uti
lised species worldwide continues to be L. leuco
cephala (Lam) de Wit. It is known for its high forage 
production and quality, but also for its low cold and 
drought tolerances, poor growth on acid soils, heavy 
pod production, low wood durability and suscepti
bility to psyllid damage (Hughes 1993). The other 
species of Lellcaena are little known although indig
enous people, particularly of Mexico and Central 
America, have utilised them for centuries as sources 
of food, firewood, timber for construction and feed 
for domestic animals. 

In 1996, CIAT agreed to collaborate with the 
Oxford Forestry Institute (OFI) to evaluate the adap
tation and potential use of new species of Leucaena 
in the tropics of Latin America. OFI provided exper
imental seeds of 18 new lines of Lellcaena, inoc
ulum, and the experimental methodology for 
evaluation. During 1997, seed was distributed to col
laborators in Costa Rica, Mexico, Honduras, Nica
ragua, Belize, Panama, Colombia, Venezuela and 
Brazil. The trials were coordinated from a regional 
ClAT office located at the headquarters of the 
Instituto Interamericano de Cooperacion para la 
Agricultura (IICA) in San Jose, Costa Rica. 

I Centro Internacional de Agricultura Tropical (CIAT). 
Regional Office at IICA, Apdo 55-2200, San Jose, Costa 
Rica 
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Preliminary results of the first trial established in 
Costa Rica are presented. 

Materials and Methods 
The experimental site was located in the Escuela 
Centro Americana de Ganaderia (ECAG) (9° 58' N, 
84° 23' W, 200 m.a.s.l.) in Atenas, Costa Rica. It is 
classified as sub-humid tropical forest with 23.7 °C 
mean temperature and 1600 mm of annual rainfall 
distributed from May to November. The soils are 
inceptisols of medium fertility with the following 
characteristics: pH 5.9 (H 20); 7.6% OM; 3.6 ppm of 
P; 9.5, 6.0 and 0.24 meq/l00 g respectively of Ca, 
Mg and K; the AI content is negligible. 

Seed of 18 species of Lellcaena were scarified 
with sandpaper, inoculated with Rhizobium and 
planted directly in the field placing two seeds per 
site. Plants were later thinned to one per site for a 
total of 10 plants per plot spaced at 0.50 m between 
plants. Controls were provided by one I ine selected 
by CIAT of L. lellcocephala (ClAT 17263), one 
introduction of Calliandra calollzyrslIs from Aus
tral ia (CPI 115690) and the shrub Cra/ylia argelllea 
(ClAT 18668). Each species was rep I icated four 
times. 

Measurements of plant height, stem diameter, 
foliar retention and plant mortality were taken 
3.5 months after planting at the end of the dry 
season. Plant height was measured again 9.8 months 
after planting, before a uniformity cut was made at 



0.50 m height. At this age, the foliar retention of the 
different accessions was ranked using a scale sug
gested by OF!. (1-01 iar retention scale: 1 = less than 
20% foliar retention; 2 = 20% - 40%; 3 = 40% -
60%; 4 = 60% - 80% and 5 >80% foliar retention). 

Evaluation cuts at 0.5 m height to estimate dry 
matter production were carried out on 8 week 
regrowth during the rainy season; the material 
harvested was separated into edible component 
(leaves and thin stems) and woody parts. Samples 
were dried for 48 hours in a forced air oven. 

Psyllid damage was scored at monthly intervals 
on a nine point scale (1 = no damage; 2 = young 
leaves moderately curled; 3 = tips and young leaves 
curled and yellow; 4 = tips and young leaves 
severely curled, yellow and covered with sap; 5 = 
loss of up to 25% of young leaves; 6 = loss of up to 
50% of young leaves; 7 = loss of up to 75% of young 
leaves; 8 = loss of up to 100% of young leaves and 
darkening of older leaves, and 9 = stained stems and 
total loss of foliage). 

Results and Discussion 
Considerable variation in growth was observed 
between Leucaena species as indicated by plant 
height, stem diameter, foliar retention and plant 
mortality at the end of the 6 months dry period 
(Argel and Perez 1997). Most Lellcaena species 

showed strong apical dominance, with the exception 
of L. pallida 79/92, L. lellcocephala CIAT 17263 
and Lellcaena hybrid 1/95. 

Plant height varied from 0.5 m to more than 1.5 m 
9.8 months after planting, with ten lines reaching 
more than 1 m height (Table 1). The best growth was 
recorded in L. collinsii subsp. collinsii 52/88, which 
was more than three times taller than the poorest 
species (L. mlllticapitula 81/87). Other outstanding 
lines up to this date were L. salvadorensis 17/86, 
L. trichandra 53/88, L. diversifolia 83/92, L. lellco
cephala subsp. glabrata 34/92 (K636) and L. macro
phylla 47/85. These observations are in agreement 
with those reported by Karachi and Lefofe (1997) in 
a different environment at Morale, Botswana; how
ever, none of these accessions has shown any adapta
tion to acidic ultisols (pH = 4.7) with AI saturation of 
49% (Castillo et al. 1997). 

Foliar retention and plant survival are very 
important in environments such as Atenas which 
have 6 months dry season. L. magnifica 19/84, 
L. lellcocephala subsp. glabrata 34/92 (K636), 
L. macrophylla 47/85 and Leucaena hybrid 1/95 
have over 60% foliar retention and nil or very little 
plant mortality under the conditions of the trial. On 
the other hand, L. multicapitllla 81/87, an intro
duction from Los Santos (Panama) and the check 
Calliandra calothyrslIs had high plant mortality. 

Table 1. Plant height, foliar retention and plant mortality of Leucaella and other species planted for evaluation in Atenas, 
Costa Rica. (Adapted from Argel and Perez 1997). 

Entry Identification Plant height at Foliar Plant mortal ity after 
9.8 months (m) retention the dry season 

L. collinsii subsp. zacapana 56/88 1.1 3.4 0 
L. collinsii subsp. collinsii 52/88 1.5 3.5 0 
L. diversifolia 83/92 1.2 2.8 0 
L. trichalldra 53/88 1.2 3.1 0 
L. esculellta 47/87 0.8 1.9 0 
Leucaella hybrid (unknown parents) 52/87 1.1 1.9 1 
L. pallida 79/92 1.0 2.9 0 
L. leucocephala x L. pallida (F5) (K376 x K8) 1/95 0.9 4.0 0 
L. lallceolata 43/85 1.0 3.5 0 
L. lempiralla 6/91 1.I 3.1 0 
L. leucocephala subsp. glabrata 34/92 (K636) 1.2 4.4 0 
L. macrophylla 47/85 1.2 4.1 I 
L. multicapitula 81/87 0.5 2.5 t4 
L. pallida 14/96 1.1 3.1 I 
L. pulverulenta 83/87 0.6 3.4 0 
L. salvadorellsis 17/86 1.4 3.9 I 
L. magllifica 19/84 0.9 4.0 1 
L. trichodes 61/88 0.7 2.5 6 
L. leucocephala CIAT 17263 0.8 3.8 0 
Calliandra calothyrsus CPI 115690 0 .9 2.9 11 
Cratylia argentea ClAT 18668 1.5 4.5 0 
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Total plant dry matter yield also varied signifi
cantly both within and between species of Leucaena 
(Table 2). L. trichandra 53/88, L. collinsii 52/88, 
Leucaena hybrid 52/87 and L. pallida 14/96 were 
among the best yielders; L. diversiJolia 83/92 and 
L. col/insii subsp. zacapana 56/88 yielded signifi
cantly less (P<O.05). Other poor yielding species 
included the checks Calliandra calolhyrslIs and 
L.lellcocephala CIAT ]7263, L. lempirana 6/91, 
L. trichodes 61/88 and L. multicapilula 81/87. 
Nevertheless, all lines produced a high proportion of 
edible forage. 

The shrub Cratylia argentea was placed between 
the best Leucaena species in terms of OM yields and 
foliar retention during the dry season (Table 1 and 
2). This plant developed a form of 'climbing 
branches' that made it difficult to determine a clear 
pattern of growth; under cutting, it produced mul
tiple branches that replaced the main stem. 

The psyllid insect was present throughout the trial 
but plant damage has been mild up to date. Table 2 
shows that the lower yielding species of Leucaena 
have been slightly more affected by psyllids, 
resulting in curled young leaves and tips; with a 
maximum leaf loss of 25%. L. trichandra 53/88, 
L. pallida 14/96 and L. pulverulenta 47/87 showed 
less susceptibility to the psyllid insect. This insect 

has natural enemies in the area that probably make 
an effective biological control; however, it could 
become a problem if the area planted with Leucaella 
continues to expand (Schultze-Kraft 1994). 

Mild attacks of the fungus Camptomeris leu
caenae have been recorded, particularly in old leaves 
of Leucaena species. This fungal infestation is par
ticularly severe in L. lellcocephala, but it has been 
reported that the species L. diversiJolia, L. esculenta, 
L. lanceolata, L. macrophylla and L. trichodes are 
not affected (Moreno et al. 1988). 

This trial will continue for another growing 
season. 

Preliminary Conclusions 
Considerable variation has been recorded between 
Lellcaena species in terms of plant height and 
vigour, fol iar retention during the dry period, plant 
mortality and OM yields. 

Most Leucaena species showed strong apical 
dominance as their habit of growth. 

L. trichandra 53/88, L. collinsii subsp. collinsii 
52/88, Leucaena hybrid 52/87, L. pallida 14/96 and 
L. lellcocephala subsp. glabrata 34/92 (K636) were 
among the best yielders, while L. lempirana 6/91, 
L. col/insii subsp. zacapalla 56/88, L. trichodes 
61/88 and L. mlllticapilllla 81/87 produced poor OM 

Table 2. Psyllid damage and dry matter (OM) yields of LeucaenQ and other species established in Atenas, Costa Rica. OM 
is the mean of 2 evaluation cuts after 8 weeks of regrowth during the wet season, and psyllid damage is the mean of 4 ratings 
at monthly intervals. For total OM, means followed by similar letters are not significantly different (P>0.05). 

Entry Identification Psyllid OM yield (glplant) 
damage 

Total Edible % Edible 

L. trichalldra 53/88 1.1 111 a 90 81 
CratyJia argelltea CIATI8668 1.0 106 ab 98 92 
L. collinsii subsp. collinsii 52/88 2.1 90 abc 75 83 
Leucaena hybrid (unknown parents) 52/87 1.8 84 bed 65 77 
L. pal/ida 14/96 1.2 83 bcd 72 87 
L. leucocephala subsp. glabra/a 34/92 (K636) 3.5 81 bcde 67 83 
L. pallida 79/92 1.5 73 bcdef 63 86 
L. diversifolia 83/92 1.6 68 cdef 55 81 
L. leucoeephala x L. pal/ida (F5) K376 x K8) 1/95 2.4 64 cdef 61 95 
L. esculellla 47/87 1.0 64 edef 59 92 
L. salvadorellsis 17/86 3.9 58 defg 51 88 
L. maerophyl/a 47/85 2.3 54 efgh 46 85 
L. lanceolala 43/85 3.1 49 fgh 48 98 
L. pulverulenta 83/87 2.1 48 fgh 48 100 
Cal/iandra calothyrsus CPI 115690 1.0 47 fgh 43 91 
L. leucocephala ClAT 17263 2.6 47 fgh 44 94 
L. magllifiea 19/84 3.1 33 ghi 29 88 
L. lempiralla 6/91 3.7 31 ghi 29 94 
L. col/illsii subsp. zacapalla 56/88 4.0 28 hi 27 96 
L. Irichodes 61/88 3.6 13i 13 100 
L. multicapitula 81/87 4.1 7i 7 100 
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yields reflecting their poor adaptation to the climatic 
and soil conditions of the trial area. Only mild 
attacks of the psyllid insect were recorded. 
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Yield, Nutritive Value and Psyllid Resistance of Seven 
Accessions of Leucaena in Mexico 

J. Basulto-Graniel1 and L. Ramirez-Aviles2 

Abstract 

An experiment to compare the agronomic performance, nutritive value and resistance to 
Lellcaella psy ll id of seven accessions of Lellcaena was carried out in southeast M exico during the 
growing season of 1994. The seven accessions tested were three lines of Lellcaefla /ell cocepha/a 
(cv. Cunningham, a local strain, and an intraspecific hybrid), L. diversifolia K156, a L. diversifolia 
x L. /ellcocepho/a hybrid, a L. po/lida x L. /ellcocepha/o hybrid, and a L. po/lido mixture. T he 
three L. /ell coceplza/a accessions had the highest dry matter production, and also the highest crude 
protein content and rumen digestibility of dry matter and protein. They also suffered more psyll id 
damage than the other entries. L. diversiJolia K156 and the L. po/lida mixture had the least psyllid 
damage. It is concluded that, although the L. /eucocepho/a entries had the best agronomic perform
ance despite having the greatest psyll id damage, i t is still important to evaluate psyllid resistant 
accessions for the Yucatan peninsula. 

L£UCA£NA leucocephala is a leguminous shrub with 
high potential to improve animal product ion systems. 
However, in the past decade, i t has been severely 
attacked by the psyllid Heteropsyllo cubal/a , particu
larly outsi de its native env ironment. Currentl y, there 
is a plant improvement program, organised by the 
University of Hawaii and the Oxford Forestry Insti
tute, aimed at producing psy ll id-resistant genetic 
materi al w ith favourable agronomic character istics. 
T he present study w as undertaken to evaluate some 
of this genetic material in an environment where 
L. leucocephala is native. 

Materials and Methods 
The study was ca rri ed out at the Un ive rsity of 
Y ucatan in south-east M exico. T he region is sub
humid trop ical (MAR 960 mm/y r) and has a rai ny 
season of about six months, a dry season of about the 
same length, a relat ive humid ity of 80%, and an 
average annual tempera ture range between 24 and 
27 °C. Ma in so il types arc of ca lcareous ori g in , w ith 
a depth from 0 to 60 cm, well drained, low in organic 
matter and nutrien ts and ncutral pH. 

1 Inst ituto Nacional de Invcstigaciones Forcstalcs Agrico las 
y Pecuarias 
2 Universidad Autonoma de Yuca tan, PO Box 4-116 
Merida,Yucatan, Mex ico 97100 
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The evaluated genetic material s included a range 
of hybrids, mixtures and species. L. lel/cocephala 
commonly found in the local forest was included as 
control (Table 1). 

Seed was soaked in hot water (80 °C for 3 min) 
before sowi ng in pots. Two mont hs later, seedlings 
about 40 cm high w ere transplanted in the f ield. 
Each entry was planted in 8.0 x 2.5 m plots, con
taining fo ur rows 2.0 m apart with 0.5 m between 
plants. Eva luat ions were made on the two ccntral 
rows onl y. A randomised block des ign with fi ve rep
l ications was used. B locks were located in rocky 
(Iithoso l) and deep red (Iuvisol) so il s. Weeds were 
manually contro ll ed. 

Dry matter y ield (DMY) w as determined tw ice, 
on Jul y 12 and August 23, by cutting plants to a 
heigh t of 0.5 m. A ll cut materia ls were we ighed in 
the fi el d, and sampl es of about 1000 to 1500 g were 
obtained to determine the edible material (l eaves and 
fine green stems, less than 7 mm diameter). Plant 
height, diameter at th e base of the plant, and number 
of branches were measured before plants were cut. 

Leucaena psyllid damage evaluation 
Fifteen days before the f irst evaluation a psy lli d 
population assessment was undertaken. A sample of 
immature leaves (unopened leafl ets) 7 cm long was 
taken from two randomly se lected plants from each 



Table 1. Leucaella germplasm eva lualed in Ihe experimenl. 

Accession/Enlry Texl refere nce 

L. diversifolia K 156 K I5 6 
L diversifolia x L lellcocephala K 156 x K500, K 156 x K636, and K 156 x K8 (F2) 
L pallida x L lellcocephala (F4 of K3 76 x K8) 

D x L hybrid 
P x L hybri d 

L pallida (m ix llire o f K376, C Q3439 and K784 x K806) 
L leucocephala K584 x K636 (F2) 
L. leucocephala cv. C unningha m 
L. leucocephala (loca l co ll ecti on) 

plot. T his sample was frozen to kill the nymphs and 
to preserve the sampl e. The number of nymphs was 
later determin ed using a stereoscope and the number 
of pinnae in the 7 cm length counted. 

Visual assessment of Leucaena psy ll id damage 
was made on two occas ions (May 20 and June 20). 
T he psy llid damage rating (POR) sca le proposed by 
Wheeler (1988) was used. In thi s rating, scores 
ranged from 1, no damage, to 9, blackened stems 
w ith total leaf loss. 

Rumen digesti bi lit y was assessed wi th the ny lon 
bag technique (Orskov et aI.1 980). T he material 
incubated consisted of immature and mature leaves. 
Before incubation, samples were dr ied and ground to 
3 mm. Five bull s with rum en cannulas were used, 
and were fed Penllisetum purpurewll , L. leuco
cephala and mineral s. Sa mpl es were rumen incu
bated for 12 h. Crude protein (CP) w as dete rmin ed 
before and after incubation by the Kj eldahl method 
(AOAC I 980). 

T hree weeks before th e f irst evaluati on cut sam
pl es of immature unopened leaves and mature leaves 
were taken f rom f ive plants selected at ra ndom from 
each of the entries in each replicat ion. Tota l phenol s 
were determin ed by the technique of Price and B utter 
(1 977). 

Data were anal ysed by ana lysis of va ri ance. 
Ouncan 's M ulti ple Range Test w as appl ied w hen the 
va riance analysis was signi f ican t (P<0.05). 

Resu lts and Discussion 

Morphological characters 
There were no si gnificant differences among entries 
for the morpho log ical data of the first harvest. A t the 
second harvest, the three L. leucocep/7ala entri es 
were tall est (Table 2). Stem diamcters we re not 
significan tly different at thi s harves t. T he L. pallida 
hybrid was the most branched (Table 2). 

Dry matter yield 
There were significan t OMY differences onl y for the 
second harvest and for cumulative O M Y (Table 2). 
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L. pallido m ixture 
Lx L hy brid 
C unningham 
Loca l 

Cunningham, Local , and the L. pallida mixture al l 
yielded better than K 156 and the interspecifie 
hybr ids. T he d ifferences were more pronounced for 
edibl e OM than tota l OM . 

Since thi s experim ent had on ly been in progress 
for a short time, not a great dea l of rei iance can be 
placed on these OM resu lts. L. diversifolia has often 
not yie lded well in cutting trials (G lover 1988; 
Wheeler 1988) th e relati vely poor performance of 
K156 and the interspeci fi c hybrids is probabl y due to 
a lack of adaptation of the pa rental species to the 
Yucatan area. 

Psyllid damage 
There were no sign if icant di f ferences in psy ll id 
nymph numbers. However, w hen da ta we re 
expressed as dens it y of nymphs (number/p inna) 
K 156 had the lowest density, and Cunningham and 
the PxL hybr id the highest (T able 2). These fi gures 
did not corre late well w ith psy ll id damage (Table 2) 
indicati ng that higher density of nymphs did not 
always res ul t in greater psy llid damage. T he 
L. leucocepllllla entri es were most severel y damaged . 
A lthough K 156 and the L. pa/lida mixtu re had 
nymphs on their pinnae, they did not suf fer any 
damage. T he relative damage scores agree wel l w ith 
other reports for simil ar spec ies (Sorensson and 
Brewbaker 1986; Glove r 1987; Piggin and Mella 
1987; Bray and. W oodroffe 1989). 

Chemical characteristics 
There were significant differences among entries fo r 
CP content in immature leaves (Table 3), but not in 
mature leaves. The L. lellcocephala entries had the 
highest CP leve ls. A lthough the CP leve ls reported 
here are generally hi gher than usuall y reported (NAS 
1984; B rewbaker and H utton 1979), they support the 
observations of Lahane et al. (1987) that L. diversi
folia and L. pallida deri va ti ves genera l ly have lower 
CP values. 

Dry matter and CP rumen d igesti bility we re sig
ni fican t ly (P<O.OOl) d ifferent among the ent ries both 
in immature and mature leaves. Again, th e highest 
va lues were recorded for the L. lellcocepllllla entr ies 



Table 2. Plant height and number of branches at the second cut, cumulative dry matter (OM) yields over two harvests. and 
psyllid data for the seve,. ~ccessions. 

Entry Plant height Number of Edible OM Total OM Oensityof Psyllid 
(cm) Branches (kg/ha) (kg/ha) nymphs damage 

(no./pinna) score 

K156 98.7 bc 10.3 c 1140 b 1470 b 0.3 a 1.0 a 
Ox L hybrid 119.1 abc 15.2 b 1414 b 1770 ab I.3c 2.2 b 
P x L hybrid 95.2 c l3.4b 1066 b 1178 c 1.7 d 1.9 b 
L. pallida mixture 100.5bc 21.6 a 1891 a 2256 a 0.6 b 1.0a 
L. leucocephala hybrid 132. I a 10.5 c 1518 ab 1971 ab 1.2 c 5.0 cd 
Cunningham 122.8 ab 13.5 b 1714 a 1991 ab 1.6 d 5.4 d 
Local 136.4 a 14.7 b 2153 a 2509 a 1.3 c 4.6 c 

Oata within a column followed by the same letter are not significantly different (P>0.05) 

Table 3. Crude protein content (%), rumen digestibility (%) of dry matter (OM) and crude protein (CP), for the seven 
accessions. 

Entry Immature leaves Mature leaves 

CP OM dig. CP dig. OM dig. CP dig. 

KI56 27.8 e 32.6 d 39.3 d 57.2 a 31.7 c 
OxL hybrid 30.2 d 40.2 cd 49.1 cd 41.6 b 27.5 bc 
PxL hybrid 30.7 cd 47.8 bc 59.0 ab 49.8 ab 36.6 ab 
L. pallida mixture 27.3 e 47.8 be 54.9 bc 46.5 ab 36.4 ab 
L. lellcocephala hybrid 32.1 be 63.6 a 67.9 a 55.4 a 41.8 a 
Cunningham 34.8 a 63.5 a 71.4 a 57.2 a 47.2 a 
Local 33.3 b 59.9 ab 63.0 ab 52.7 a 36.8 ab 

Mean 30.9 

Oata within a column followed by the same letter are not significantly different (P>0.05) 

and this difference was maintained, to a lesser extent 
in the mature leaves. This difference between the 
mature and immature leaves reflects the accumula
tion of cell wall fibres in the mature leaves, which 
also could affect the digestibility of other nutrients 
(Schneider and Flatt 1975). 

Total phenols were highest in the non-L. leuco
cephala entries, with K 156 having the highest values 
(Table 4). Young leaves had higher total phenols 
than old leaves. Since there were no differences 
among accessions for psyllid nymph numbers, this 
could suggest that nymph number is to some extent 
independent of the concentration of total phenols, 
and that nymphs find some protection from the sun 
and predators in the unopened pinnae. 

Conclusions 
The three entries of L. leucocephala had better agro
nomic and quality attributes than the other species 
and hybrids evaluated, despite having more psyllid 
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damage. Because of the short term duration of this 
experiment, and the relatively low psyllid pressure, it 
is important to continue the evaluation of psyllid 
resistant material with good agronomic qualities for 
the Yucatan peninsula. 

Table 4. Total phenols (g gallic acid/kg MS) in immature 
and mature leaves of the seven accessions. 

Entry Immature leaves Mature leaves 

KI56 46.9 a 38.4 a 
Ox L hybrid 39.9 ab 18.3 b 
P x L hybrid 43.4 ab 18.3 b 
L. pallida mixture 35.9 abc 10.1 c 
L. lellcocephala hybrid 31.7 bcd 8.9 c 
Cunningham 21.7 d 7.0 c 
Local 26.0 cd 8.3 c 

Mean 35.1 15.6 

Oata within a column followed by the same letter are not 
significantly different (P>0.05) 
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Evaluation of Leucaena Germplasm on Clay Soils in 
Central and Southern Inland Queensland 

C.H. Middleton1 and R. Clem2 

Abstract 

Leucaena eval uation sites were established at Br igalow and Brian Pastures Research Stations in 
September 1995. Twenty-seven Leucael1a access ions from 14 species and hybrids were pl anted in 
neutral cracking clay soil at Br ian Past ures Research Station and 25 accessions in alkaline cracki ng 
cl ay soi l at B ri galow Research Station to evaluate cold and psyll id tolerance, edibl e yield and 
persistence. Performance in the first season after establishment indica ted a w ide variat ion between 
accessions in growth form, leafi ness, y ield and frost res istance. T he hybrid L. pa/lida K748 x 
L. /eucocepha/a K636 was the most outstanding line at both sites, being high yielding and 
reasonably frost and psy llid tolera nt. No other lines were better in edible y ield th an the commercial 
L. leucocephala cuit ivars Cunningham and T ilrramba. 

LEUCAENA /ellcocepha/a ( leucaena) has been used 
com mcrc iall y in tropical A ustra l ia as a grazing 
legume for more than 40 years. Some 50 000 ha have 
been planted, most of this in central Queensland 
(Middleton et al. 1995). Leucaena is used in a free
grazing system where it is grown in rows 5- 12 m 
apart w ith an adapted grass sueh as buffel (Cenchrus 
ciliaris), rhodes grass (Ch/oris gayana ) or green 
panic (Panicllm max imum) grown in the inter-rows. 
It is the on l y rain -grown tropical pasture capable of 
consistentl y finishing beef animals to meet the major 
export weight for age ca rcase specifica ti ons. Its 
potent ial to improve animal product ion w as recentl y 
demonstra ted in central Queensland (Esda le and 
Middleton 1997). 

In Queensland, most leucaena is grown on 
brigalow and downs (cracking clay) so il because of 
th eir relative high fert il ity . Average annual rainfall in 
th ese areas is 600-800 mm. On the higher rainfall 
coastal areas, the so ils are generall y shallow, low 
fertil ity , dupl ex so ils unsuited to leucaena. 

L. /eucocep/za/a is the only species that has been 
ex tensively tes ted in tropica l A ustra l ia and only two 
commercial culti vars (Cunn ingham and Peru) are 

I Queensland Beef Industry Insti tute, PO Box 5545 , 
Rockhampton, Qld 
2 Queensland Beef Industry Institute, PO Box IJ 8, 
Gayndah, Qld 
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widely used. A new cul tivar (Tarramba) was 
released for commercial use in late 1997. 

T he w ider use of leucaena has been lim ited by 
psy ll ids and poor so il in coastal areas and marginal 
rain fa ll , slow estab lishment and w inter f rost in 
in land areas. Better leucaenas would require to ler
ance to psy ll ids, fros t, and drought as well as being 
able to compete w ith grass and weeds. In add ition 
any new cult ivars must be highly palatab le and man
ageable (avoid ing tal l , robust trees) so as not to 
become env ironmental threats. 

Materials and Methods 

Sites 
The sites were Bri ga low Research Sta t ion (BRS, Lat 
24 5 1' S; Long 149 4S' E; AAR 709 mm) and Brian 
Pastures Research Station (BP, Lat 25° 39 ' S; Long 
1510 45' E; AAR 70S mm) and represent the main 
leucaena growing areas of Queensland. So il s are 
alkali ne crack ing cl ays (BRS) and neutral alluvi al 
clay (BP) , relat ively fertil e, well drained, and of 
medium to high ferti lity . 

A ccessions 
T wenty-seven Lellcaena accessions from 14 spec ies 
and 3 hybrids, including the three L. /e /lcocep/za/a 
cultivars, as well as representati ves of the di versit y 
among the lesser known Lellcaella spp. , w ere 
selected for the tri al (Table 1). 



Design and Layout 
Three replications of the accessions were set out in a 
5 x 5 lattice (BRS) and a randomised block (BP). 
Each plot consisted of 10 seedl ings planted 50 cm 
apart in the centre of a ].5 m rotavated strip in a 
native grass pasture. Rows were 5 m apart. Planting 
was carried out on 5-6 September 1995 (BRS) and 
13 September 1995 (BP). Trickle irrigation was 
applied to ensure establishment. 

Weed control (mechanical and chemical) was 
carried out on about ].5 m either side of the 
rows. 

Measurements 
After establishment, plots were sampled for dry 
matter yield about three times per year. Edible 
material was considered to be leaf plus green 
stems up to 6 mm diameter. Psyllid and frost 
damage were rated periodically on a ]-8 scale 
where ] was no damage and 8 was total leaf loss. 
Primary stem branching and stem diameter were 
also measured. 

Results and Discussion 

Persistence 
At BRS, some lines were badly frosted just after 
planting but survived. 

At the BRS site, 14 lines have given a survival 
rate of 80% or better. Poor survival (less than 50%) 
occurred with L. involucra/a, L. /ric/wlldra OFl 
4/9], L. pallida OFl 52/87, L. lempirana , and 
L. salvadorensis. Persistence was better at BP (all 
but 6 lines gave better than 80% persistence), 
probably due to a lighter textured, better drained soil 
and more supplementary irrigation during establish
ment. L involucra/a (40% survival) and L. lempirana 
(60% survival) had the poorest persistence. 

Psyllid damage 
Psyll ids caused no damage at the BRS site. At BP, 
psyllid pressure was highest in the periods 
November 1995 to January 1996, April to May 1996, 
November 1996 and July 1997. The mean damage 
rating over these periods is shown in Table 1. The 

Table 1. Frost and psyllid damage and edible dry matter yield of 27 Leucaella accessions at Brigalow (BRS) and Brian 
Pastures (BP) Research Stations. 

Species/Accession Frost-BRS Psyll ids-BP Relative edible Re lative edible 
3-yr mean l 3-yr mean2 OM yld3-BRS OM yld3-BP 

L. eollinsii ssp. eollinsii OFf 52/88 4.7 1.0 12.7 24.1 
L. eollinsii ssp. zacapal1a OFf 56/88 5.1 4.5 8.3 5.3 
l.. diversifolia OFI 82/92 2.3 1.4 5.8 15.9 
L. diversifolia OFf 83/92 2.8 1.3 20.0 21.7 
L. diversifolia CPI 33820 not planted 1.0 not planted 6.4 
L. diversifolia K 156 2.1 2.2 27.3 16.0 
L. diversifolia K 156 x L. leueoeephala K8 (F2) 3.3 2.8 29.8 25.6 
L. eseulenta OFI 47/87 6.7 1.1 10.5 33.8 
L. involucrata OFI 87/92 3.4 3.8 4.1 2.9 
L. lanceolata var. lanceolata 43/85 6.6 4.1 17.3 27.2 
L. lempirana OFl 5/91 4.8 3.2 3.0 8.1 
L. leueoeephala ssp. glabrata cv. Cunningham 3.0 3.9 66.5 38.9 
L. Jeucoeep/wla ssp. glabra/a cv. Peru 3.4 not planted 32.2 not planted 
L. lelleocephala ssp. glabrata cv. Tarramba 3.2 3.1 48.6 43 .8 
L. macrophylla ssp. istmensis OFI 47/85 6.8 2.8 8.9 15.6 
L. magnifiea OFI 19/84 5.5 3.1 4.2 12.1 
L. pallida CQ3439 (CSfRO composite) 3.2 1.3 19.1 41.4 
L. pallida OFf 52/87 4.9 1.4 30.2 36.7 
L. pallida K376 x L. lellcoeephala K8 ( F5) 3.7 1.7 32.4 56.2 
L. pallida K748 x L. leucoeephala K636 (FI) 2.7 1.1 100.0 100.0 
L. pollida OFI 79/92 3.8 1.2 49.9 37.0 
L. pulvemlenta OFI 83/87 1.8 2.6 1 1.4 17.3 
L. solvodorensis OFI 36/88 7.2 2.6 7.9 22.2 
L. triehandra CPI 46568 not planted 1.0 not planted 15.6 
L. triehandra OFI 4/91 3.8 1.6 8.2 7.7 
L. triehandra OFI 53/88 4.0 1.0 28.3 31.2 
L. triehodes OFI 61/88 7.1 3.9 3.0 9.5 

I Mean frost damage rating at BRS over 1995, 1996 and 1997 winters. 1 = no leaf damage, 8 = I 00% leaf killed 
2 Psyllid damage at BP at peak damage period (mean of 1995,1996 and 1997). 1 = no psyllids, 8 = 100% leaf killed. 
3 Edible dry matter yield (summer) expressed as a percentage of the highest yielding accession. 
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most consistently susceptible lines were L. collinsii 
OFI 56/88, L. lanceolala OFI 43/85, L. lellcocephala 
cv. Cunningham, and L Iric/lOdes OFI 61188. Some 
other lines showed occasional moderately severe 
damage. Cunningham was generally more severely 
damaged than Tarramba. Compared to th e L. le/leo
cephala cultivars the hybrid L. pallida K 748 x 
L. lellcocephala K636, other L. pallida lines and 
hybrids, L. Irichandra, L. diversifolia and L. escu
lenta showed only minor damage. 

Frost damage 
Frost occurred at both sites in all yea rs. However, at 
BP in 1996 frequent heavy frost kill ed all top growth 
of all lines. The plants had been sampled to 50 cm in 
late autumn and there was not much regrowth 
present at time of frosting. In 1997, a mild winter 
and tall er plants resulted in littl e damage on any line. 

At BRS, frosts occurred just after establ ishment 
(Sept 7-8,1995) with a terrestrial minimum temper
ature to -4°C; Aug 20-31, 1996 (minimum to 
--6 0 C); Aug 26-30, 1997 (minimum to - 7°C). Over 
the three winters, there were five I ines consistently 
badly frosted (Table 1). These were L. salvadorensis 
OFI 36/88, L. Irichodes OFI 61/88 L. macrophylla 
OFI 47/85, L. esculellta OFI 47/87 and L. lanceolala 
OFI 43/85. Two other lines, L. magllifica OFI 19/84 
and L. collinsii OFI 52/88, were badly frosted in two 
of the three winters. The most frost tol erant acces
sions were L diversifolia K 156 and L. pulverulenla 
OFI 83/87. All the commercia l L. lellcocephala lines 
had reasonable frost tol erance with no rea l difference 
between them. The hybrid L. pallida K748 x 
L. lellcocephala K636 also had good frost tolerance. 

Branching habit 
There was a big range in both primary branching and 
stem diameter between lines (data not shown). At 
both sites, branch numbers were greater and stern 
thickn ess small er in cv. Cunningham than in cv . Tar
ramba and the high-yielding L. pallida x L. lellco
cephala hybrid. 

Edible yield 
The hybrid L. pallida K748 x L. leucocephala K636 
clearly out yielded all other l ines at all tim es of the 
year at both si tes. This occurred despite a relativ ely 
high proportion of inedible stem. Other I ines that 
yielded as high ly as the commercial cultivars Cun
ningharn and Tarramba were L. pallida OF! 79/92 
(BRS) and L. pallida K376 x L lellcocephala K8 
(BP). 
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Yields of other I ines were variable. At BP 
L. Iric/wndra OFI 53/88 and L salvadorensis OFI 
36/88 yi elded well initially but rapidly declin ed. This 
may be a consequence of the cutting regime 
imposed. Others accessions such as L. collillsii OFI 
52/88 and L esclllenta OFI 47/87 at BP and L pal
lida OF 52/87 and 79/92 at BRS gave relatively high 
yields in the late summer but relatively low yi elds in 
the ea rly growing season. All th ese lines appear rela
tiv ely frost susceptible. 

At BP, Tarramba gave a slightly higher edible 
yi eld than Cunningham. The reverse happened at 
BRS supporting the view that T arramba possesses 
better psyllid to lerance. 

Conclusions 
The results to date indicated th ere were major dif
ferences in perform ance characters (yield, branching 
hab it, f rost and psyllid susceptibility) among the 
access ions. In general , the yield rankings were con
sistent between sites. The hybrid L. pallida K748 x 
L. lellcocephala K636 was outstanding in perform
ance at both sites, possessing rapid growth, high 
yield, good frost to lerance and moderate stem 
branching at both sites. Thi s access ion tended to 
grow very tall and its stems were relatively thick . 
Under grazing it would need to be managed to keep 
it within grazing hei ght. 

Of all the others, none were superior in ed ibl e 
yi eld to the L. leucocepliala cuitivars Tarramba at 
BP and Cunningham at BRS. Basal branching of 
Cunningham was the best of all lines at BRS and it 
had a high percentage of edible materi al compared to 
other lines. Whil e Tarramba had a high total yi eld, a 
higher proportion was inedibl e stelll. In terms of 
commercial po tential, whi ch includes a readily avail
ab le source of seed, th e L. lellcocephala cultivars 
remain the best choice in the low psyllid environ
ments of Central Queensland. Once establ ished they 
possess reason-able frost tol erance. 
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Evaluation of Leucaena Species in the Dry Tropics of 
N.E. Australia for Yield and Psyllid Tolerance 

R.J. Jones1 

Abstract 

Twenty-six accessions from 15 Lellcaena species, including three hybrids, were grown in rows 
3 m apart on a Kandosol (red earth) in the dry tropical environment of NE Queensland, Australiil. 
Plants were cut to 50 cm, 3- 4 times a year. Stem and edible material were separated, dried and 
weighed. Psyllid damage was also estimated on a 1-9 scale. The objective was to identify material 
that could replace the psyllid-susceptible cultivars of L. lellcocephala, Cunningham and Peru, in 
this environment. The outstanding accession was the psyllid tolerant L. pallida K748 )( 
L. lellcocepJzala K636 FJ hybrid (UQ118). It was taller and outyiclded all other accessions at every 
harvest. Other psyllid-tolcrant accessions were: L. Irichandra OFI 53/88, CPI 46568; 
L. diversifolia CPI 33820; L. pallida CSIRO composite; and L. esclIlellta OFI 47/87. Despite high 
psyllid tolerance, none of these five lines was ranked in the top nine for yield. L. pallida OFI 52/87 
(believed to be a hybrid) ranked 3 in terms of total yield, but 9 in terms of edible yield due to a low 
leaf:stem (L:S) ratio. The eultivars Cunningham and Tarramba ranked 2 and 4 with similar total 
DM yields, though Cunningham produced more edible DM, had a higher L:S ratio and a higher 
leaf density. Tarramba was less damaged by psyllids and, as a result, had less variable yields 
across harvests. Other high yielding accessions were L. salvadorensis :\6/88, the L. IClIcocephala )( 
L. diversifolia hybrid UQ5, L. macrophylla OFI 47/85, L. lanceolala OFI 43/85 and the 
L. lellcocephala )( L. pallida Fs hybrid. No clear-cut replacement for Cunningham and Peru has 
been identified. Seed of the FJ hybrid UQ118 cannot be produced commercially and it could be 
more difficult to manage under grazing in this environment due to high stem production. High 
yielding species/hybrids other than L. iellcocephaia may have lower nutritive value. 

LEUCAENA lellcocephala cvs Peru and Cunningham 
have proved to be persistent, palatable and pro
ductive legumes when grown on the deeper, well 
drained soils of coastal and sub-coastal Queensland 
(l anes and Bunch 1995 ; Foste r and BI ight 1983; 
Quirk et al. 1988; Wildin 1994). Steer gains on 
Cunningham leucaena, following rumen infusion of 
the DHP-degrading bacteria Synergis/es jonesii , have 
attained 275 kg/head in a yea r (lones and Megarrity 
1986). This high animal production is associated 
with high leaf production, high digestibility, ready 
accessibility and possibly the protection of p rotein 
from digestion in the rumen by the presence of 
condensed tannins (Norton et al. 1995). 

The advent of the psyllid insect (He/eropsylla 
cllballa) in 1986 seriously reduced yields in cutting 

J CSIRO Tropical Agriculture, Davies Laboratory, Private 
Mail Bag, Post Office, Aitkenvale, Qld 4814, Australia 

157 

experiments by up to 50% or more (Palmer et al. 
1989; Bray and Woodroffe 1991). Although attacks 
have not been serious every year, psyllids are still an 
additi onal risk to a crop that is expensive to 
establish. Graziers are therefore reluctant to continue 
investment in establishing more leucaena except in 
the drier, more inland areas less prone to psyllid 
challenge. This situation generated a need for 
psyllid-tolerant materi al that could replace cvs 
Cunningham and Peru but still retain the ir yield and 
animal production potential. 

The experiment reported here was part of a much 
wider evaluation of Lellcaella germpl asm in the 
ACIAR Project 9433. 

Materials and Methods 

The site 
The site, a well drained Kandosol (Isbell 1996) on 
the Lansdown CSIRO Pas ture Research Station , 



50 km south of Townsville (19°40 ' S, 146°5 1 ' E) was 
used for the experiment. It is a grey brown sa ndy 
loam grading to a medium clay at 0.5 m and to water 
worn gravel at 0.9 m. T he surface soil is ha rd setting 
when dry. It had a pH (1:5 water) of 6.3, and an 
organic carbon content of 1.0%. Nutrients in mg/kg 
were P (Colwell) 13; S 3; Cu 0.2; and Zn 1.2. 
Other nutrients in meq/100g were: Ca 2.05 ; K 0.35; 
Na 0.19. The cation exchange capacity (C EC) was 
3.23 meq/1 OOg. Electrical conductivi ty was a low 
0.04 dS/m. 

Climate 
Lansdown has a sub-humid tropical marine climate 
with a mean annual rainfall of 861 mm, 86% of 
which falls in the wet season from October-March. 
On average, there are only 49 wet days a year. Rain
fall variability is high with coefficients of variation 
for summer and winter rainfall of 23 and 39% 
respectively (Cook and Russell 1983). Mean average 
temperature is 23°C. Frosts are rare. 

Accessions 
A total of 26 accessions were used. These are listed 
in Table 1. 

Plants, grown in soil-filled plastic tubes, were 
10--20 cm tall when planted 0.5 m apart in rows 3 m 
apart. There were 10 plants in a single row per plot 
giving a density of 6667 plants/ha . A randomised 
block design with three replicates was used. 

Accessions 1-23 were planted on July 28, 1995; 
accession 24 on October 12, J 995; and accessions 25 
and 26 on December 20, 1995. Those planted in 
December 1995 suffered from drought stress and 
were not considered comparable to the others for 
yield assessment. Data from these two entries were 
not included in the statist ical analysis for yield. 

The six plants in the centre of the plot were used 
for yield estimates and height measurements. Two 
plants at each end of the plot were border plants that 
were cut and removed at each harvest period. All 
10 plants were used to assess survival in each plot. 

Establishment fertiliser applied along the rows 
was 67 kg single superphosphate/ha. Trickle irriga
tion along the rows was used to establish the seed
lings in a season of below average rainfall and 
intermittently to help late planted lines in 1996. No 
irrigation was given after October 1996. 

Height and diameter of seedl ings at 10 cm above 
ground level was measured on November 20, 1995. 
The first full harvest was made 207 days after 
planting on February 2, 1996 and further harvests on 
May 20 (88 days) and October 23 1996 (156 days). 
In 1997, there were 4 harvests: on January 8 
(77 days), March 8 (59 days), May 5 (76 days) and 
September 24 (124 days), and in 1998 one harvest on 
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January 22 (121 days). At each harvest, plants were 
cut to 50 cm above ground leve l, weighed fresh and 
subsa mpl ed (about 1-2 kg fresh weight). This was 
divided into edible (all leaf plus flowers and young 
soft stem <6 mm diamet er) and stem. Each fraction 
was dried for 3 days at 100°C in a dehydrator to 
obtain dry weights. The heights of shoots above th e 
50 cm stumps were also measured. T he weight o f th e 
edible fraction was di vi ded by the mean height above 
50 cm to give a leaf density measure. A leaf:stelll 
ratio was also calculated by dividing the edible dry 
weight by the stem dry weight for each plot. 

Psy ll id damage to leaf and young stem was 
assessed at intervals of about one month on a scale of 
I (no damage) to 9 (total loss of young leaf and 
blackened stem) (Wheeler 1988). Only the data for 
dates when psyllids were presen t have been 
analysed; these were for scores recorded on May 22, 
July 16, August 20, September 16, October 24 1996, 
and May 20 and September 25 1997. 

Results 

Psyllid damage 
Serious damage occurred to susceptible lines in the 
cool months of July to September 1996, and May to 
September 1997, with large differences between 
accessions (Table 1). Damage during the warmer 
months was minor. The most tolerant lines were 
L. trichalldra OFI 53/88, C PI 46568; L. diversifolia 
CPI 33820; L. esculellta OFI 47/87; L pal/ida 
CSIRO composite, OF! 79/92, and the L. pallida x 
L. leucocephala hybrid UQ118. At these times, th e 
two L leucocephala cultivars were severe ly affected, 
with cv. Cunningham the most susceptible accession , 
having scores 1 to 2 units higher than cv. Tarramba 
(Table 1). Overall, eight I ines had damage scores <2, 
six lines had scores of 2 to 3, five lines scores of 3-4 
and seven lines >4. Of the L. diversiJolia acc.essions, 
K 156 was more severely damaged than the other 
accessions, and in general they and the hybrid (21) 
had more damage than did the L. pallida and 
L. pallida hybrids (20, 22). L. collinsii var. zacapana 
(2) sustained far greater psyllid damage than 
L. collinsii var. collinsii (1). 

Seedling growth 
For early growth measured on November 20, 1995, 
most accessions grew taller than cv. Cunningham 
(719 mm), accessions 2, 3, 4, 5, 6, 8, 12, 15, 16, 18, 
21, 22, 23 significantly so (P<0.05). The tallest 
growing accessions were L. pallida 52/87 and the F J 

hybrid L. pallida x L. leucocephala UQ 118 at 1348 
mm and 1276 mm respectively. Only these two 
accessions had significantly greater (P<0.05) stem 



diameters at 11 .3 mm and 12.2 mm respectively 
compared wit h 10.1 mm for cv. Cunningha m. 

Plant height in mm (y) was linearly rel ated to stem 
diameter in mm (x) by the equation: y = 23.5 + 103 
x (r2 = 0.732). 

Dry matter yields 
Highly significant (P< O.OOOl) differences we re 
measured for accessions, harvests and the interaction 
of access ion x harvest. Cu mul ative plant DM yi eld 
fo r the sum of the eigh t harvests ranged from 
25.8 tlha to 3.2 tlha, or fro m 10.4 to 1.3 tlhaly r. 

Only one access ion, 22, the FI L. pallida x 
L. lellcocephala KX2 hybrid gave a signi ficantly 
(P<O.Ol) higher yield than the standard cul tivars 
of L. le llcocepJzaJa Cunningham and Ta rramba 
(Table 1). This hybrid was exceptional in that it gave 
the highest DM yield at all eight harvests. The 
ran king of the other accessions var ied with harvest 
(Table 2) result ing in a highly significant accession x 
harv est interaction (P< O.OOOl). 

The cause of the interactions was not fully clear. 
However, at least two factors appeared to be 
implicated: psy ll id challenge ,md drought. For 

Table 1. Total yield, ed ible yield, stem y ield, height, lea f :stem ratio, leaf density and psyll id damage scores of 26 Icucaena 
accessions. Values are mea ns of 8 harvestsl . 

Access ion Total OM Edible OM Stem OM Height2 L:S 'Leaf Psyllid 
y icid yield yie ld (mm) ratio density ' score' 

(kg/ha) (kg/ha) (kg/ha) (g/cm) ht (1-9) 

I . L. col/insii 52/88 IJ84 642 742 IJ74 0.98 4.1 2 1.8 
2. L. col/illsii 56/88 98:1 :1 n 610 IJ45 1.05 2.67 4.:1 
3. L. diversifolia 82/92 705 353 352 1283 1.:14 2.70 2.7 
4. L. diversifolia 83/92 1163 576 587 IJ 19 1.23 4.38 2.4 
5. L. diversifolia 4/9 1 115 1 525 625 IJ74 1.07 3.55 3.0 
6. L. Iricilalldra 53/88 1509 759 750 131 5 1.1 4 5. 18 1.0 
7. L. esculellta 47/87 1265 760 505 11 22 1.75 5.84 1.4 
8. L. pal/id" 52/87 2 11 3 793 IJ20 1681 0.77 4.04 2.4 
9. L. pal/ida 79/42 1587 76 1 826 1370 1.09 4.9:1 1.8 

10. L. illl 'olucmta 87/92 741 :176 365 I \:,5 1.79 3.00 4.7 
I I. L. lallcevlllla 43/85 1758 807 952 1401 1.71 5.37 4.3 
12. L. lellll'iralla 5/9 1 400 189 209 II IJ 1.35 !.79 4.3 
13. L. macropilyl/o 47/85 2036 954 108:1 1766 1.15 4.89 3.4 
14. L. flull'erll/ellla 83/87 449 325 120 637 3.22 4. 72 :1.8 
15 . L. salvadoreJ1sis 36/88 2080 874 1207 157:1 0.92 5. 13 3.7 
16. L. magllifica 19/84 1178 5 10 667 1523 0.84 3.14 2.5 
17. I.. trichodes 61/88 M9 347 301 1046 1.65 3.07 3.7 

18, L. leucocephala K636 2089 947 1141 1842 1.23 4,84 4.0 
cv. Tarrdmha UQI97 

19. L. leucocephala 2121 1117 1005 1469 1.56 6.67 5.4 
cv. Cunningham UQ8 

20. L. /eucocepilala x 1643 834 809 1438 1.1 4 5.30 3.0 
I .. pal/ida K X2 F5 

2 1. L. /eucocepilala x 1845 875 969 1676 1.:11 4.67 4.4 
L. dil'cTSlfolia UQ5 

22. L. pal/ida x 322] 136] 186 1 2]42 0.8] 5.]9 ,. 1.:1 
L. leucocephala UQ 118 

2]. L .dil'crsifolia 941 453 488 1274 1.47 :l.]] 4.4 
K I 56 UQI 

24. L. pal/ida CSIRO 11 92 597 596 1240 1.14 4. 14 1.2 
Compositc CQ34]9 

25 . L. di l'ersifolia 803 449 355 1065 1.51 ].88 1.'1 
CP13]820 

26. L. trichalldm 540 3 10 230 1011 1.59 
CPI 46568 

I Onl y 5 harvests for numbers 25 and 26. 
A hove the SOO I11m stulllp . 

.1 Means or 7 occasions when psyllid damage occurred . 
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Table 2. Total OM yield rankings (1 = highest, 24 = lowerst) over 8 harvests for 24 accessions of Lellcaena. Accession 
numbers in the body of the table are those given in Table 1. Enlies in bold type (18 and 19) are Tarramba and Cunningham. 

Harvest 

Rank 1 2 3 4 
21.2.96 22.5.96 23.10.96 8.1.97 

1 22 22 22 22 
2 8 21 16 19 
3 21 8 6 13 
4 18 15 13 8 
5 15 13 4 15 
6 6 19 15 11 
7 19 18 24 18 
8 11 9 20 9 
9 5 11 18 24 

10 13 6 1 1 
11 9 20 5 20 
12 4 4 21 7 
13 20 1 11 21 
14 7 7 3 5 
15 23 5 17 6 
16 16 2] 8 16 
17 2 16 19 4 
18 I 2 7 23 
19 3 24 9 2 
20 10 17 23 10 
21 17 3 12 17 
22 24 10 14 3 
23 12 14 10 14 
24 14 12 2 12 

Cunningham, total yield ranking ranged from 2 to 
17. The low rankings in October 1996 and in 
September 1997 followed heavy psyll id attacks. 
High rankings in January and March 1997 and 
January 1998 occurred when psyll ids were absent. 

Overall, the yields of Cunningham and Tarramba 
were similar. However, rankings varied at the 
different harvests, with those of Tarramba being 
higher than Cunningham whenever psyllid challenge 
was high . The reverse was generally the case when 
psyllids were absent, Ihus Tarramba gave a more 
stable ranking across harvests. 

For psyllid-tolerant material, the fluctuation in 
yield ranking is less easy to explain. For accession 8, 
L. pallida OFI 52/87, which was reasonably psyllid
tolerant, rankings ranged between 2 and 20, with low 
rankings in October 1996 and in September 1997 
when both moisture stress and psyllid challenge were 
high. Accession 15, L. salvadorensis, was more 
stable across harvests, rankings only ranging from 3 
to 8 with an overall rank of 5 (Table 2). The seventh 
ranked accession, 21, L. lellcocephala x L. diversi
folia UQ5, yielded highly in the first two harvests, 
but gave only average yields in harvests 3, 4, 6 and 7 
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5 6 7 8 Overall 
8.3.97 23.5.97 24.9.97 21.1.98 rank 

(8 harvests) 

22 22 22 22 22 
19 18 18 13 19 
8 8 20 15 8 

1 1 15 6 19 18 
13 24 16 18 15 
18 13 4 11 13 
21 9 15 8 21 
15 20 13 9 11 
20 19 3 20 20 
9 11 21 24 9 
1 21 19 1 6 
7 6 5 21 1 
2 7 I 2 7 
6 1 24 6 24 

23 16 14 7 16 
16 4 7 16 4 
10 5 11 4 5 
5 2 9 10 2 

24 3 23 5 23 
17 10 8 23 10 
4 23 2 3 3 
3 17 12 14 17 

14 14 17 17 14 
12 12 10 12 12 

following psyllid attacks. At the different harvests, 
ranking ranged from 2 to 13 (Table 2). 

Two of the larger leaved accessions, 13 and 11, 
performed reasonably well. Accession 13, L. macro
phylla, ranked in the first 10 at all harvests with 
L. lanceolala (11) following a similar pattern except 
for harvests 3 and 7, where under heavy psyllid 
damage it ranked 13 and 17 (Table 2). Accession 20, 
L. lellcocephala x L. pallida KX2 Fs material, 
improved from a rank of 13 at harvest 1 to rank 3 at 
harvest 7. It performed well under psyllid challenge 
although it had only a moderate average psyllid score 
of 2.9 (Table 2). 

Accessions with ranks above 10 had yields less 
than half of the highest yielding accession 22. They 
are not considered as useful in this seasonally dry 
environment. 

Edible DM yield 
Although the general pattern for edible OM yield 
was similar to that of total OM yield, the rankings 
for individual harvests, and for the mean of all 
harvests, changed (Table 1). At harvests 4 and 5, 
when psyllid challenge was low, Cunningham had 



the highest rank. Overa ll, however, accession 22 
again had the highest yields, with Cunningham and 
Tarramba ranked 2 and 3. L. pallida 52/87 (8) 
dropped to rank 9 compared to rank 3 for total yi eld 
(Table 1). This was associated with a low LS ratio. 
Conversely , L. macrophylla (13) and the L. lellco
cephala x L. diversifolia hybrid (21) with higher L:S 
ratios were elevated from rank 6 and 7 to rank 3 and 
5 respectively (Tabl e 1). However, the actu al range 
in edible DM yi eld per harvest for the access ions 
ranked 4 to 12, varied by only 188 kg/ha or 2.5 x SE 
(Table 1). 

Stem DM yield and height 
Not unexpectedly, there was a general linear relation 
between stem yi eld (y) and height (x) for the acces
sions: y = --685 + 0.987 x (r2 = 0.853). Both vari ed 
greatly by factors of 17 and 3.7 respectively 
(Table 1). A ccess ion 22 was the tall est, followed by 
Tarramba (1 8), L. macrophylla (13), L. leucocepllllla 
x L. di versifolia (2 1), L. pallida (8), L. salvadorellsis 
(15) and L. magllifica (16). Highcst stem DM yields 
were recorded for access ions 22, 8, 15, 18, 21 , 13, 19 
and 11. 

Leaf:stem ratio 
These valu es vari ed widely from 0.77 in L. pallida 
(8) to 3.22 in the low yi elding L. pulverulen/a (14), 
with most accessions falling in the range of 1.0 to 
1.5. Cunningham at 1.56 had a higher L:S ratio than 
Tarramba at 1.23 or UQ118 at 0.83. 

Leaf' density 
Cunningham had the highest leaf density of 6.67 and 
L. lempirana, with very small leaves, the lowest, at 
1.79. All nine access ions with the highest edibl e 
yi eld had leaf density measurements above 4.0 g/cm 
of height (Tabl e 1). 

Plant survival 
Overall , plant survival was very good. Two acces
sions - L. diversifolia 4/91 and L. involucra/a 87/92 
had lower survival (77%) than the other accessions 
which exceeded 85% survival. 

Discussion 
M ost of the access ions evaluated were either 
inherently low yielding or not well adapted to thi s 
site and did not attain the production of the control 
cv Cunningham. This was unexpected in view of the 
known susceptibility of cv. Cunningham to psyllids. 
The outstanding exception was the F I hybrid 
L. pallida x L. leucocephala UQ11 8. In total yield, it 
ranked first at every harvest, it had good psyllid
tolerance and was the tall est accession grown. Other 
research (Austin et al. 1997; Castill o et al. 1997) has 
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highlighted the value of this particular hybrid in both 
hot and cool climates, particul arly where psyllid 
challenge is high. Unfortunately , production of this 
FI hybrid appears not to be commercially viabl e, 
and, for Austral ian situati ons, vegetative propagation 
for seasonally dry tropical sites would be risky , even 
if technology to root cuttings is developed. A further 
problem under Australian conditions is its rapid stem 
growth that could require intensive graz ing manage
ment or frequent mechanical slashing to control. 

The other hybrids (20 and 21) together with the 
suspected hybrid (8) al so performed well, although 
the L. leucocephala x L. diversifolia hybrid was 
damaged more by psyllids than th e other hybrids. 

L. /ric/wndra , L. diversifolia and L. pallida all 
showed greater psyllid-to lerance than L. lellco
cephala as has been shown in other stud ies 
(Soren sson and Brewbaker 1986; Bray et al. 1990). 
Furthermore, within these speci es, there w as also 
vari ation - the K1 56 L. diversifolia showing by far 
the most psyllid damage. Despite the good psyllid
tolerance of most of these accessions, their y ield per
forrnance was poor and they cannot be recommended 
for pl anting in this environment. 

L. salvadorensis , L. macrophylla and L. lallceo
lala gave above average yi elds despite the fact that 
they were not highly psyllid-tolerant. The latter two 
had good lea f:stem ratio and all had high leaf density 
making them attractive for forage. 

L. collillSii, L. lempirana, L. f1/ agnijica , L. pulver
ulen/a , L. /richodes were low yi elding and not highly 
psyllid- tolerant. Of these, the most promising was 
L. collinsii 52/88 which had good psyllid-tolerance 
and moderate yi eld, but with a low LS ratio . 

Although T arramba was more psyllid-to lerant 
than Cunningham, it produced less lea f overall, had a 
lower LS ratio, and a lower lea f density . Its tall er 
habit could demand more exacting grazing manage
ment or more slashing to keep it within reach o f 
grn ing animals under Australian conditions. In this 
envi ronment, ihe L. leucocephala cultivars per
formed far better than in the coo ler, moister and 
more psyllid-prone environments of Southeast 
Queensland where they gave lower y ields than 
accessions of L. palIida , L. diversifolia and various 
L. lellcocephala hybrids (Castillo et al. 1997). In this 
respect, their performance was more similar to that 
in Fl orida, where they out-performed L. pallida 
K376, L. eSClllenla K948 and also the KX 1, KX2 and 
KX3 hybrids (Austin et al. 1995). 

The high leaf yi eld of Cunningham, despite heavy 
psyllid attack, indica tes that it is very well adapted to 
this seasonally dry tropical environlllent wh ere it was 
selected. It al so has high LS ra tio and high leaf 
density and should be considered as a useful parent 



for crossing with o ther species to produce adapted , 
psyllid-tol erant find nutritious hy brids . 

It is important that in any selectio n for rep lace
ments to e xisting cultivars for Australian conditions, 
due consideration be given to the assessment of 
animal producti on potential. In this regard , th e 
L. leucocephala accessions appea r to have higher 
leaf di gestibili ty (Norton e t a l. 1995; Castillo e t a l. 
1997; A ustin et al. 1995) a nd promote bett er I i ve
we ight ga ins (lones et a l. 1998). 
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Evaluation of Leucaena Germplasm in Northern 
Western Australia 

M.J. Bolam l and T. Triglone 

Abstract 

Twenty-two taxa belonging to the genus Leucaella were assessed for their agronomic potential 
under irrigation in northern Western Austral ia. Surviva l of seedlings, height, dry matter pro
duction and insect damage were recorded over a 27-month period . There was considerable 
variabi lity in the survival of seedlings with some species being poorly adapted. Edible dry matter 
production was grea test for Leucaena leucocephala cv. Cunningham and cv. Tarramba, three 
interspccific hybrids, and L. salvadorellsis 36/88. Further evaluation for potential production 
under graz ing is needed. No psyllids were observed, but thrips had a variable effect on plant 
growth immedia tel y after harvest. 

THE ORD Riv er Irriga tion Area (ORIA) of northcrn 
Western Austra lia (WA) is currently the only 
Lellcaella grow ing area in WA. L. leucocephala is 
grown exclusive ly to provi de fo rage for cattlc. The 
industry is based on producing ca tt le for live export 
to Southeast As ia, with a small number of animals 
slaughtered for the local meat trade. 

At present, approximately 1400 ha is planted in the 
OR lA to cv. Cunningham. L. lellcocephala is planted 
on beds wi th inter-row grasses, such as pangola (Digi
taria erialltha), and tl ood irriga ted. Produce rs use a 
rotati ona l grazing system and stock at an average of 
six head per hectare (hd/ha). T he poten tia l l ivewe ight 
gains are of the order of 200--250 kg/hd/y r. 

L. lellcocephala provides market advantages for 
growers by extend ing the season that ca ttl e can be 
sold, by prov iding good growth rates, and allowing 
easy mustering for sale. M uch of the L. lellcocephala 
grown in the ORIA is part of the vert ical integration 
of ex tensi ve grazing businesses in northern A ust
ralia. There is the potential for 2500--5000 ha of 
L. leucocephala to be planted in a new stage of the 
irrigat ion area currently being developed. T here is 
also potentia l to produce prime quality table beef for 
local consumption. 

Key limit ing factors to rea li sing the poten ti al of 
Lellcaella in the ORIA incl ude the effects of the root 

I Agriculture WA, Durack Drive, (PO Box 19), Kununurra, 
WA, 6743, Australia 
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rot fungus, Pirex subvinosus, and the price and ava il
ability of irrigation land. 

Involvemen t in thi s Australian Cen tre for Inter
national Agricultu ral Research (ACIAR) funded tri al 
prov ided an opportunity to examine lesser know n 
species of Leucaena for their potential for edible dry 
matter (DM) production and to assess their suscepti
bility to insect damage in the ORIA. 

Materials and Methods 
T he list of accessions planted at the trial site is 
presented in Table 2. T he twenty-two entri es were 
planted in random ised complete blocks with three 
replicates. Nine seed lings were planted per plot, 
0.5 m apart on 1.8 m beds. 

The site, which had been prev iously laser
levelled, was ploughed, scari fi ed, bed-shaped, rotary 
hoed and bed-shaped again before planting. No ferti
l iser or no pre-emergent herbici des were applied . 
The so il at th e site is described as Cununurra clay 
(self-mulchi ng, brownish cracking clay w ith fine 
structure and high pH topso il ) and had been used for 
vari ous irrigated crops for 10 years. Chem ica l 
analysis of the soil is presented in Table 1. 

T he experimen t was pre-irriga ted before planting 
on the 28/9/95 and watered every fi ve days for four 
w aterings then every 14 days, w ith adjustment for 
rainfall over the 27-month period. Fertiliser was 
applied (240 kg/ha tripl e superphosphate and zinc) in 
January 1996, after receipt of soil analysis results. 



Data collection took place on the following dates: 
Girth and height measurements: 23/11/95, 

29/1/96, 1/5/96. 
Thrip damage assessment: 23/1 ]/95, 15/7/96, 

19/9/96. 
Nutritive value: 20/2/96. 
Plant form and habit: 1/5/96. 
Dry matter production: 1/5/96,5/9/96,22/1/97, 

15/5/97, 22/9/97, 10/1 /98. 

Table 1. Soil analysis at the germplasm evaluation site 
including an expected range of values from numerous sites 
and critical levels below which plant growth may be 
adversely affected . 

Plot site Expected range Critical level 

pH 8.1 4-8 
C 0.7 1-5 
P 19 5- 200 < 25 
K 0.92 0-2 < 0.2 
S 8 2-100 <5 
Ca 16.6 I- 50 < 2.5 
Mg 11 .25 0-20 < 0.4 
Zn 0.2 0-10 < 0.5 
Fe 9 0-500 
Mn 8 0-200 > 100 
CEC 29.29 2- 40 <5 
AI Sat 0.001 0-90 
Ca/Mg 1.48 1-8 <1.5 >5 

Results and Discussion 
The establishment procedures used in this trial are 
typical of those used commercially in the aRIA and 
are discussed further by Pratchett and Triglone 
(1990). Long-term climatic data indicated that the 
growing environment of the aRIA was divided into 
three periods. Firstly, the dry season period 
(May-Sep.) where night-time temperature can limit 
production of edible OM; secondly, the early wet
season period (Oct.-Dec.) which has good growing 
conditions; and thirdly, the late wet season period 
(la n.- Apr.), where overcast conditions and water
logging may affect plant production. 

Psyllids were not observed during the trial period 
and, although recorded on occasion in the aRIA as 
causing damage to L. leucocephala they are not 
considered a problem. Thrips are a more significant 
problem, especially at establishment and after L. leu
cocephala has been cut, and therefore insect damage 
assessment focused on these insects. 

At the initial assessment on 23/11/95 (8 weeks 
post-planting), few thrips were evident. On 15/7/96 
(10 weeks after the first OM production assessment), 
a moderate thrip challenge was present and low 
damage scores were recorded for accessions 
L. salvadorensis 36/88 and L. leucocephala cv. 
Cunningham. High damage scores were recorded for 
accessions L lanceolata var. lanceolata 43/85, 

Table 2. Plant survival, height and total dry matter production of the 22 lellcaena accessions. 

Entry Identification Plants Plant height Total dry matter production 
surviving 1/5/96 (cm) (g/m of row/month) 

1011 /98 (%) 
Edible Non-edible 

L. leucocephala cv. Cunningham 89 247 1333 1995 
L. pallida x L. leucocephala K748 x K636 FI 79 298 1318 2505 
L. leucocephala cv Tarramba 89 264 1213 1873 
L. leucocephala x L. pallida K376 x K8 Fs 82 170 1047 1623 
L. salvadorensis 36/88 82 208 975 1416 
L. diversifolia x L. leucocephala KI56xK8F2 86 '187 925 1302 
L. macrophylla subsp. iSlmensis 47/85 86 162 825 1108 
L. lanceolala var. lanceolala 43/85 79 198 724 1019 
L. pallida 52/87 82 247 682 1011 
L. pallida 79/92 68 205 642 879 
L. collinsii subsp. zacapana 56/88 82 203 556 885 
L. collinsii subsp. collinsii 52/88 86 144 527 607 
L. diversiJolia K156 64 172 495 638 
L. diversiJolia 83/92 79 145 404 562 
L. involucrala 87/92 18 128 381 424 
L. Irichodes 61 /88 50 135 262 353 
L. magniJica 19/84 54 156 220 262 
L. esculenla 47/87 32 123 199 153 
L. Irichandra 53/88 14 134 142 112 
L. pulverulell/a 83/87 7 47 113 82 
L. diversiJolia 82/92 57 114 94 100 
L. Irichalldra 4/91 14 138 46 25 

]64 



L. collinsii subsp. zacapana 56/88, L. diversifolia x 
L. leucocephala (K 156 x K8 F2), L. trichandra 53/88 
and L. pallida x L. leucocephala (K748 x K636 Ft). 

On 19/9/96 (two weeks after the second OM pro
duction assessment), a moderate thrip challenge was 
present and low scores were recorded for accessions 
L. collinsii subsp. zacapana 56/88, L. trichodes 
61/88, L. magnifica 19/84, L. trichandra 53/88 and 
4/91. High damage scores were recorded for L. mac
rophylla subsp. istmensis 47/85, L. leucocephala cv. 
Tarramba, L. pallida x L. leucocephala (K748 x 
K636 Ft), L. leucocephala cv. Cunningham and 
L. leucocephala x L. pallida (K376 x K8 Fs). 

Plant survival 
Plant survival after six dry matter harvests varied 
between 7% and 89% (Table 2) with only 12 of the 
accessions having more than 75% survival. Clearly, 
many of these species are not adapted to regular 
defoliation in the ORIA. 

Plant height 
The heights of the accessions measured before the 
first dry matter assessment are also shown in Table 2. 
Again, there was a considerable range observed. 

Dry matter production 
The total OM production measured for six harvests is 
presented in Table 2. Clearly, total OM production is 
related both to plant survival and to plant height. 

Included in the varieties which produced the 
greatest amount of edible OM in this comparison are 
the varieties that are currently grown in the ORIA, 
L. lellcocephala cv. Cunningham and cv. Tarramba. 
Tarramba was planted on an adjoining site two years 
previously for comparison of the potential OM yield 
and animal production with cv. Cunningham. In 
these larger plantings of leucaena, cv. Cunningham 
has had slightly higher OM yields than cv. 
Tarramba. However, animal production from the two 
cultivars has been similar (see lones et aI., these 
Proceedings). The results from the germplasm 
evaluation are consistent with the results from this 
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larger grazing trial, in that the new cv. Tarramba 
does not produce more dry matter (edible or non
edible) in this environment. 

Of importance to growers in the ORIA is the per
formance of other accessions, in particular the three 
interspecific hybrids and L. salvadorensis (36/88) . 
These provide potential alternate genetic material to 
the current monoculture of cv. Cunningham. 

The nutritive value of these alternate accessions is 
presented elsewhere in these Proceedings. The in 
vitro digestibilities of the higher yielding newer 
Leucaena species (620/0-64%) are similar to cv. 
Cunningham and cv. Tarrarnba (65% and 61 % 
respectively), although the NOF content of the 
L. salvadorellsis (36/88) is higher (30% v 20% OM) 
and the L. pallida x leucoceplzala (K748 x K636 Ft) 
has a higher extractable condensed tannin content 
(4% v 0.5 % OM). The palatability of these alter
native cultivars will be an important factor in their 
suitability for animal production in any environment. 

It is important to evaluate the branching behaviour 
of these new species, as more suitable varieties for 
grazing systems should possess weak apical domi
nance and produce numerous branches from the 
point of cutting. The tallest varieties are not neces
sarily the best for grazing. 

Conclusion 
L. lellcocephala cv. Cunningham and cv. Tarramba 
were confirmed as varieties that are suitable for the 
production of edible OM in the environment of the 
ORIA. The three interspecific hybrids show signifi
cant potential to produce large quantities of edible 
OM but the potential for increased animal production 
above that achieved with cv. Cunningham or cv. 
Tarramba will need to be confirmed. This also 
applies to plant vigour and survival under grazing. 
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The Growth of Leucaena leucocephala in Northern Vietnam 

Th Quang Hien l and Nguyen Thi Lien2 

Abstract 

Lellcaella /ellcocepha/a was grown in Thai Nguyen Province in the northern mountainous 
region of Vietnam. In the first year, 57 t/ha of green matter was produced, equivalent 10 7 t/ ha o f 
dry lea f ; in the second and third years, 70 t/ha of green matter (8.5 t of dry lea f) was produced. 
Th is shows that leucaena can be grown in this area, provided tha! adequate lime and fertiliser 
are applied 

LEUCAENA (Lellcaella leucocephala) is popular in 
many regions of V ietnam, but not in the north ern 
mountainous region where the cl imate and so ils are 
different. The so il s are more acidic and less fertil e, 
and the winter temperatures are lower. 

Before trying to introduce leucaena into the 
farming systems of the area, a tria l was conducted to 
study the growth of leucaena in T hai Nguyen Prov
ince, wh ich is located in the mountainous reg ion. 
The future of leucaena in the area would be judged 
on its performance in th e tria l. 

Materials and Methods 
The experiment was ca rried out f rom 1991 - 1993 on 
the Practi ca l Farm of the Agroforestry College, T ha i 
Nguyen. T he average max imum and mini mu m tem
peratures at thi s site are 28.7 °c and 15.6 °C, wi th 
annual rainfa ll of 2007 mm. 

Soil analysis revea led these characteristics: pH 
(KCI) 5.6, total N 0.13%, total P20 S 0.08%, total 
K 20 1.56%, organic matter 2.12% and clay content 
35%. 

Leucaena lellcocepllGla was grown in plots of 
20 m2 Fertil iser w as appl ied as fo llows: fi rst year: 
manure 15 t/ha, N 40 kg/ha, P20 S 60 kg/ha, K 20 
40 kg/ha, lime 1.01 t/ ha; second and th ird years: 
manure 5 t/ha, P20 S 40 kg/ha, K20 20 kg/ha and lime 
0.2 t/ ha. 

I Director, Department of Science and International Rela
tions, Thai Nguyen Un iversity 
2 Lecturer, T ha i Nguycn University 
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The tri al w as established in March 1991. Pl ants 
were harvested on 11 occasions over 3 yea rs at 
in terva ls va rying from 2 to 5 months and dry matter 
(OM) production measured. Plant height was also 
measured before each harvest. 

Leucaena was al so grown in hedgerows with other 
crops on land with a 14- 16° slope. In each 
hedgerow , there were two rows of leucaena, spaced 
0.5 m apart. Crops such as upland r ice, mai ze and 
legu mes were grown between th e hedgerows. T he 
leucaena was pruned to 50 cm when it reached a 
height of I m, three to four ti mes a year. The prun ed 
material was used as green manure for the crops. 

Results 
T he plant height at the f irst cut and the regrowth 
height at subsequent cuts are shown in Table 1. In 
the May to September period, w hich was cool and 
ra iny, leucaena grew quickl y at an average of 
1 cm/day. In October and November, the rain fall was 
less and the tempera ture lower so that the growth 
slowed to about 0.6-D.7 cm/day. Between December 
and A pril , it was dry and co ld, w ith rain fa lling only 
ra rely, so that leucaena onl y grew at 0.35 cm/day . 

T hese growth ra tes were reflected in the green 
and dry matter product ion (T able 1) . Cutt ing in the 
rain y season produced 19-22 t/ha/cutt ing of green 
material (equi va lent to 2.3-2.6 t/ha/cutti ng of dry 
matter) and cutting in the dry season (October to 
April ) produced 13- 17 t/ha/cutt ing of green material 
(1.6-2.0 t/ha/cuttin g OM). 

Averaged over all cuttings, the green materia l 
conta ined 48% lea f. Leaf OM production was 
6.97 t/ ha in th e first yea r, 8.55 t/ ha in the second, 



Table 1. Plant height and biomass production of leucaena over three years. 

Growth periods between Days between Plant height at Growth rate Fresh weight Leaf dry weight 
harvests harvests harvest (cm) 

First year 
15/3/91-15/7/9 1 122 108.9 
16/7/9]-15/9/91 62 60.8 
16/9/91-30/11/91 76 53.2 
Second and th ird years 
15/11-20/4 156 54.6 
21/4-30/6 71 65.3 
1/7-3 1/8 62 62.6 
1/9-15/11 76 49.4 

and 8.69 t/ha in the thi rd . Alt hough th is is less 
than yie lds reported elsew here (Hawai i 12 t/ ha/y r, 
India 14 t/ ha/yr and Thailand 12 t/ha/y r), it is 
considered to be satisfactory, cons ider ing the 
climate and soil. 

W hen leucaena was grown as hedgerows, tota l 
g reen matter product ion was 4.86, 5.61 and 
5.87 t/ha for the f irs t second and third yea rs . T his 
means that the hedgerows not only provide 
protection f rom eros ion, but could a lso supply 
5-6 t/yr of green manure for agricu ltural c ro ps or 
about 1 t/year of le ucaena leaf m ea l for an ima l 
production. 

The c hem ical compos itio n of leucaena leaf is 
shown in Table 2, illustrat ing its h igh qua lity as a 
potentia l feed. 
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(cm/day) (l/ha) (t/ha) 

0.89 19.62 2.36 
0.98 21.15 2.55 
0.70 17.04 2.05 

0.35 t:l.40 1.61 
0.92 22.08 2.66 
1.01 20.94 2.52 
0.65 15. 12 1.82 

Table 2. Chemical composition of leucaena leaf. 

Component Green leaf Leaf meal Dry leaf 

Dry Matte r (%) 25. 1 89.0 100 
Crude protein (%) 6.3 21.0 24 .1 
Lipids (%) 0.6 2,1 2.3 
Cellulose (%) 4.1 14.8 16.7 
Carbohydrate (%) 12,6 45.2 50,3 

Conclusion 
Leucaena grown in T hai Nguyen ca n produce about 
8 .5 t/ha/y r of leaf OM, w ith a h ig h c rude protein 
content. It ca n be grown to produce lea f mea l for 
an imal feed, but the application of lime and othe r 
fe rtili se rs is needed to achieve these y ie lds , 



Nodulation 

Assessment of Growth, Nodulation and Nitrogen Fixation of 
Lesser-Known Leucaena Species Inoculated with Different 

Rhizobium Strains in Greenhouse Conditions 

G. Lemkine1 and D. Lesueur1* 

Abstract 

The symbiotic behaviour of lesser-known Leucaena species was studied in a greenhouse exper
iment where 14 Leucaena species were inoculated with seven Rhizobium strains isolated from 
Leucaena diversiJolia, L. leucocephala, Cal/iandra calotllyrsus and Prosopis juliJlora. The Rhizo
bill/n strain LDK4 isolated from L. diversiJolia gave the highest shoot and nodule dry weight and 
shoot total nitrogen content for the majority of the Leucaena species tested. There were significant 
strain x species interactions, suggesting that the significant differences in growth, nodulation and 
nitrogen fixation in Leucaena species are the results of the Rhizobium strain x host plant genotype 
interaction. The Leucaena species were sorted into three groups according to their growth and 
capacity to fix atmospheric nitrogen. The best species were L. trichodes, L. macropllyl/a, 
L. leucocephala, L. shannonii and L. pallida. However, all these results need to be confirmed by 
further experiments in field conditions. 

LEVCAENA leucocephala has been the subject of 
many studies which demonstrated an exceptional 
capacity to produce high amounts of biomass and 
protein when plants are associated with Rhizobium 
(Sanginga et al. 1995). For this reason, it has been 
widely used in many tropical countries. However, 
the psyllid problem and low tolerance of acid soils 
limit its utilisation, and it has become necessary to 
explore the natural diversity within Leucaena in 
order to identify alternative species not limited by 
these factors. 

It has been demonstrated that L. collillsii subsp. 
collillsii and L. pallida are resistant to the psyllid 
(Hughes 1993), and that L. diversifolia, L. shallllollii 
and L. macrophylla exhibit some acid soil tolerance 
(Brewbaker 1987). Nevertheless, other characteris
tics also need to be investigated before these 
Lellcaella species can be promoted for use. The 
behaviour of these species has to be evaluated in 
field conditions in terms of N2 fixation and forage 
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production . Both these parameters could potentially 
be improved by inoculation with appropriate 
Rhizobium strains. 

In many tropical soils, the presence of inadequate 
or non-effective Rhizobium populations may limit 
both N2 fixation and forage production (Singleton et 
al. 1992). There is limited information on the sym
biotic characteristics of these lesser-known Lellcaella 
species (Halliday and Somasegaran 1983). 

The objectives of this study were: (1) to identify 
Leucaella species of greatest potential in terms of 
growth and symbiotic nitrogen fixation; (2) to select 
Rhizobium strains which could be used for the inocu
lation of plants in field conditions. 

Methods 
Seeds of 14 species of Lellcaella (Table 1), mainly 
provided by the Oxford Forestry Institute, were scar
ified for 30 minutes in sulfuric acid. Eight-day-old 
seedlings were transplanted into 12 x 8 plastic pots 
filled with a sand-vermiculite mixture. N-free nutrient 
solution (Broughton and Dilworth 1971) and distilled 
water were alternately added. For each Leucaena 
species, six plants were inoculated with each of seven 
strains of Rhizobium (Table 2). The plants were 



Table 1. Accession and corresponding Rhizobillm strain which produced the highest shoot and nodule dry weight, nitrogen 
fixed per plant and the ratio N2 fixed/nodule dry weight. 

Species Accession Shoot dry weight 
code (g/plant) 

L. magnifica 19/84 U)K4 
L. salvadorellsis 36/88 CB3060 
L. Irichodes 61/88 TALS82 
L. plllverulenla 83/87 TALS82 
L. mllllicapilllla 81/87 LDK4 
L. macrophylla 47/85 LDK4 
subsp. nelsollii 
L. leucocephala 79/02348 LDK4 
L. lempiralla 6/91 LDK4 
L. lanceo/ala 43/85 LDK4 
L. pallida 52/87 LDK4 
L. esclllenla 47/87 CB3060 
L. Iriclwndra 53/88 CCRIO 
L. diversifolia 83/92 CB3060 
L. collinsii subsp. collinsii 52/88 LDK4 

. Best strain LDK4 (57%) 

Table 2. The origin of the seven Rhizobium strains used. 

Strain Original host 

CCK13 
CCRIO 
LDK4 
CB3060 
TALS82 
CB3138 
PJ12 

Callialldra calolhyrsus 
Calliandra calolhyrslls 
Lellcaena diversifolia 
Leucaena diversifolia 
Lellcaena leucocephala 
l.ellcaella leucocephala 
Prosopis jlllij10ra 

harvested 12 weeks after planting. Data were sub
jected to a three-way analysis of variance and means 
were compared with the Fisher multi-range test. 

Results 

Identification of the more effective Rhizobium 
strains 
The highest values of shoot and nodule dry weight, 
and shoot total nitrogen content were obtained 
mainly with plants inoculated with strain LDK4. 
Among the seven Rhizobium strains tested, this 
strain was the most effective with the 14 Leucaena 
species (Table 1). 

Although results obtained with strain CB3060 
(also known as TAL 1145), which is usually used for 
the inoculation of L. leucocephala in field con
ditions, were significantly lower than those obtained 
with strain LDK4, strain CB3060 also produced a 
higher shoot total nitrogen content (data not shown) 
compared to the control and the other strains tested. 
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Nodule dry weight 
(g/plant) 

LDK4 
CCKlJ 

PJ12 
LDK4 
LDK4 
PJ12 

LDK4 
LDK4 
LDK4 

C83138 
LDK4 
LDK4 
LDK4 
LDK4 

LDK4 (71 %) 

N2 fixed/plant N2 fixed/nodule dry 
(mg/plant) weight 

LDK4 TALS2 
CB3060 CB3060 
CCRIO TALS82 

TAL582 TALS82 
LDK4 CCK13 
LDK4 CCK13 

LDK4 CCK13 
LDK4 CCK13 
LDK4 CCK13 
LDK4 CCK13 

CB3060 CCK13 
CCR10 CCKI3 
CB3060 TALS82 
LDK4 CCRIO 

LDK4 (57%) CCKI3 (57%) 

Reference 

Lesueur et al. 1996 
Lesueur et al. ] 996 

Halliday and Somasegaran 1984 
Halliday and Somasegaran 1984 
R.A. Date pers. comm. 
Diagne 1988 

In terms of N2 fixed/nodule dry weight, the 
highest values were obtained in plants inoculated 
with strain CCK 13 isolated from C. calothyrslIs. 
This parameter indicates the efficiency of nodules. 
The CCK13 strain formed very efficient nodules 
which were capable of fixing a high quantity of 
atmospheric nitrogen with eight of the 14 Leucaena 
species. 

However, the disadvantage of this strain is that it 
forms a low number of nodules on the root system 
(average of 35 mg of nodule dry weight per plant 
compared to 69 mg per plant in the case of LDK4 
strain; data not shown). Thus this strain is not really 
well adapted for inoculation of Leucaena in field 
conditions in soils where competition with indige
nous Rhizobium strains could be important. 

A preliminary experiment carried out in Senegal 
showed that the growth of L. leucocephala seedlings 
cultivated in unsteril ised soil in a village nursery and 
inoculated with the strain LDK4 was two or three 
times higher than growth of uninoculated plants 



cultivated in the same conditi ons (Sougoufara and 
Lesueur, unpubl. data). T hi s indicates that the 
effectiveness o f strain L DK4 in the nursery could 
also apply in f ield conditions. 

Rhizobium strains x Leucaena species interaction 
Statistica l analysis show ed highly significant effects 
for Leucaena species, Rhizobium strains and th e 
spec ies x strain in teraction for all var iables ana lysed. 

Th is demonstrates that vari ati on in growth, nodu
lation and nitrogen fixation among Leucaena spec ies 
could be the resu lt of the Rhizobium strain x 
Leucaena species interactio n. 

Performance of Leucaena species in symbiosis 
with Rhizobium 
T he results presented in T able 3 suggest th at it may 
be poss ible to d iv ide the 14 Leucaena taxa into three 
groups according to the ir growth, nodulat ion and 
nitrogen-fix ing po tential. 

The first group of spec ies (L. IriciJodes, L. macro
phylla subsp. nelsonii, L. leucocephala, L. magnifica 
and L. pallida) produced high b iomass, had good 
nodulat ion and formed very effi c ient nodules w ith 
Rhizobium . 

T he second group (L. esculell ta, L. lempiralla, 
L. Irichandra, L. diversifolia and L. collinsii subsp. 
collinsii) is designated as inte rmed iate. 

T he thi rd group (L. lanceolala, L. plllveru/enla, 
L. salvadorellsis and L. fIl ullicapilula) demonstrated 
low potent ia l in terms of shoot producti on and 
nitrogen fi xation. 

T hese results should be vi ew ed in association with 
o ther agroforestry parameters suc h as fo rage qualit y 
(espec iall y tannin content), seed product ion, behav
iour w ith nematodes, and adaptab il i ty to li m it ing so i l 
facto rs before spec ies are chosen for f ield testing. 

Field tri als in t ropical countri es should use a 
combination o f highly effective Rhizobillm strains 
(LDK4 and CB3060) and concentrate on the better 
performing Lellcaella spec ies (first group of spec ies) 
in order to iden tify th e best symbio ti c associat ion for 
fo rage producti on. 
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Cold tolerance 

Selection and Agronomic Characterisation of Leucaena 
Genotypes for Cold Tolerance 

M.C. Goldfarb and J.F. Casco 

Abstract 

Fifty-six accessions of Leucaena species and hybrids were evaluated in order to identify those 
with tolerance to low temperature and with desirable characteristics as a forage crop. Selection was 
done in two phases. In phase 1,2800 seedlings (92 days old) were subjected to one of two temper
ature treatments (-8 °C and _3 °C) for 14 hours. Plants that had 50% of live leaves remaining after 
the cold treatment were selected for further evaluation. One plant was selected from the -8 °C 
treatment and 16 from the _3°C. In phase 2, 17 plants from 1 I different biotypes were planted in 
the field and agronomic characteristics were measured. Only one plant maintained live stem and 
meristematic tissue after a -8.8 °C freeze occurrence, but several selections showed good agro
nomic adaptation and greater chilling tolerance. 

LEUCAENA leucocephala has great potential for 
animal production in the humid subtropical area of 
Argentina. At Corrientes, beef production of 150 
kg/ha/year (Gandara and Casco 1993) has been 
obtained with a mixed pasture of L. lellcocephala 
and pangola grass, which doubled the production of 
45-70 kg/ha/year obtained on range pasture. 

At Corrientes weather conditions (mainly temper
ature and rainfall) are favourable for the rapid growth 
of L. lellcocephala during most of the year. However, 
frosts of different intensities limit the growth of 
L. leucocephala during winter, but plants are gener
ally not killed. An improvement of L. leucocephala 
forage production during the winter period could lead 
to an increase of beef production under grazing. 

The purpose of this study was to evaluate 56 bio
types of Leucaena species and hybrids in order to 
identify those with cold tolerance and with desirable 
agronomic characteristics as a forage crop. 

Materials and Methods 
Fifty-six Lellcaena biotypes were planted in pots 
with 1.5 kg of soil in July 1990. Selection was car
ried out in two phases. In phase 1, 92 day old seed
lings (n= 1400 per treatment) were exposed during a 
14-hour period in a growth chamber to one of two 
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temperature treatments - 8°C (T I) and - 3 °C (T2). 
Humidity was held constant at 90%. A seedling was 
selected as cold tolerant if 50% of live leavcs 
remained afier the cold treatment was applied 
(Goldfarb 1992). 

In phase 2, plants selected in phase 1 were trans
planted with an average age of seven months to field 
conditions on a Molisol soil. Phenology and standing 
crop dry matter (SCDM) were measured over three 
years. SCDM cuts were carried out during the winter 
and summer of the first year of field evaluation and 
in the spring, summer and fall of the second year of 
field evaluation. SCDM yield was composed of 
leaves, stems up to 5 mm diameter and green pods. 

Results and Discussion 

Phase 1 
From the 2800 plants exposed to temperature stress, 
seventeen plants were selected from eleven different 
biotypes. Only one plant (plant 11 , L. lellcocephala x 
L. diversifolia SF 9043) survived Tl. Sixteen plants 
were selected from T2 (Table 1). 

Phase II 
The significant variables measured in the field condi
tions and their results were: 

Cold Tolerance: Plant 17, L. lellcoceplwla K 72 
SF 8073, was the most tolerant of field conditions 
during the winter of 199] , 1992 and 1993. During 



Table 1. Details of the 17 plants selected for cold tolerance and their dry maller production in the field. 

Plant Origin Dry maller production (g/plant) 

1991 /92 1992/93 1993/94 

1 L. lellcocephala x L. diversifolia SF 9036 31 19 3 
2 L. lellcocephala SF 9033 309 383 137 
3 L. plllverlllenta SF 8696 121 131 54 
4 L. lellcocephala x L. diversifolia SF 9071 171 101 51 
5 L. lellcocephala x L. diversifolia SF 9067 410 793 207 
6 L. lellcocephala x L. diversifolia SF 9071 126 136 36 
7 L. plllverulellta Sel 22 SF 8696 220 164 52 
8 L. IClIcocephala x L. diversifolia SF 9071 250 271 90 
9 L. lellcocephala cv. Cunningham SF8612 268 287 83 

10 L. lellcocephala x L. diversifolia SF 9031 298 419 146 
II L. lellcocephala x L. diversifolia SF 9043 155 191 56 
12 L. lellcoceplzala x L. diversifolia SF 9050 28 55 10 
13 L. lellcocephala K72 SF 8073 259 299 93 
14 L. lellcocephala x L. diversifolia SF 9050 122 71 16 
15 L. lellcocephala cv. Peru SF 8635 158 380 106 
16 L. lellcoceplzala x L. diversifolia SF 9069 153 250 87 
17 L. lellcocephala K72 SF 8073 234 207 70 

1992 and 1993 (mild winters) this plant maintained 
between 40% and 70% of live leaves. In the winter 
of 1991 , the most severe historical freeze occurred 
(-8.8 QC at soil level). At that stage, cold to lerance 
was assessed by observing stems and buds, since 
leaves were totally killed. 

Dry matter yield: Dry matter yield of the 17 
selected biotypes is presented in Table 1. Pl ant 5 was 
the most productive, with plants 2, 8, 9, 10, 11 , 13 
and 15 also growing well. 

Height: Plant 2 was the highest (260 cm) and 
plant 12 the smallest (60 cm). 

Diameter: Plant 17 showed the greatest diameter 
(3 cm) at 143 days after planting. 

Seed production: Eight plants (Nos . 1, 2 , 5, 10, 
1], 12, 14 and 15) did not produce seed. Three plants 
were characterised by their high seed production 
from the first year of evaluation: plant 6 (79 glplant), 
plant 3 (20 glplant) and plant 16 (18 glplant). 
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Frost Tolerance of Leucaena spp. in Subtropical Australia 

S.A. Dalzelll, D.R. Miller2 and B.C. Miller3 

Abstract 

The frost tolerance of lesser-known Lellcaella spp. was compared to that of commercial 
cultivars of L. lellcocephala subsp. glabrata in subtropical Australia. Despite originating in high 
altitude environments, accessions of L. diversifolia, L. pa/lida and L. trichalldra were not as frost 
tolerant as L. leucocephala subsp. glabrata cv. Cunningham and cv. Tarramba. The KX2 hybrid 
and L. co/lillsii subsp. collillsii were the least frost tolerant of the accessions evaluated. 

LEUCAENA leucocephala plays an important role in 
animal production systems in the tropics as a forage 
protein supplement to low quality roughage diets 
during the dry/cool season. However, L. leuco
cepIJala has been reported to be poorly adapted to 
cool environments and susceptible to frost damage 
(Brewbaker 1982). Frost damage to L. lellcocephala 
causes leaf shedding and stem death (dieback) 
resulting in a shortage of leucaena forage during 
winter, when leguminous browse is most needed to 
supplement ruminant diets. Cooksley et al. (1988) 
observed that only 20% of annual leaf production 
remained on L. lellcocephala stands following 
frosting or very dry winter periods in subtropical 
southeast Queensland. However, these authors noted 
that leaf N was not lost from the grazing system but 
was retained through the increased productivity of 
inter-row pasture grasses. 

Perceived susceptibility to frost damage is a major 
limitation to the adoption of L. lellcocephala in high 
altitude tropical, and subtropical areas (Lesleighter 
and Shelton 1986). Many lesser-known Leucaena 
spp. originate from high altitude (1000--2500 m) 
environments (HughesI993; Bray et al. 1997) and 
may have frost tolerance (Brewbaker 1982). Stem 
survival and leaf retention could confer a consider
able yield advantage over frost susceptible genotypes 
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and provide high quality forage during the winter 
feed gap. 

The frost tolerance in the establ ishment year of 
agronomically desirable lesser-known Leucaena spp. 
was evaluated in subtropical Australia and compared 
to that of commercial cultivars of L. leucocephala 
subsp. glabra/a. 

Material and Methods 

Site description 
The experiment was conducted 25 km west of Dalby 
(27°12'S, 151 °00'E), southeast Queensland, altitude 
340 m. The site receives an average annual rainfall 
of 640 mm and experiences mean monthly max
imum/minimum temperatures of 32/18 °c in January 
and 19/4°C in July. Extreme minimum screen 
temperatures reco rded for the Dalby district are 
_6°C, -4 °c .and _3 °C in June, July and August 
res pectively, and the si te receives an average of 
30 frost days annually. An experimental site was 
selected where three common soil types were found 
within close proximity (100 m) of each other, in 
order to minimise microclimatic differences in frost 
intensity . These soil types were an alfisol (a hard
setting texture contrast soil), an entisol (a deep 
loamy sand) and a vertisol (a black earth). Weeds 
were removed by cultivation prio r to planting. 

Experimental design 
The experimental design was a randomised complete 
block design (RCBD), with nine Leucaena acces
sions as treatments in three blocks. The blocks were 
spaced 4 m apart and treatments (individual trees of 



each accession) were spaced 2 m apa rt within bl ocks . 
T he RCBO was replicated on each of th e three so il 
ty pes. The data o f a ll 3 RC BO were ana lysed in a 
combined analysis of variance. 

Plant material 
Seven Leucaena accessions that were agronomically 
superio r in frost- f ree a reas of southeast Q ueens land 
and two co mmerci al c ultivars were selected fo r 
eva luat ion. The latitude and altitude (Bray et al. 
1997) of the coll ection s ite o f these accessions are 
presented in Tabl e 1. Other species renown for fros t 
to lerance, such as L. greggii and L. relusa (Hughes 
1993), were excluded due to poor agron omic per
fo rmance. Seedlings of all access ions were grown in 
plastic propagating tubes fo r 10 weeks in a gl ass
house at the Univers ity o f Queens land, SI. Luci a, 
prio r to fie ld planting. The exce ption was the KX2 
hybri d, whi ch was sown in A ugust 1995. T hese 
plan ts were p runed to 30 cm and regrown as above. 
All seedlings were inoculated with Rhizobium s train 
CB3060 three weeks before trans pla nt ing . 

Establishment and management 
T he seedl ings were transpl anted on 28 September 
1996, to avo id premature frost ing, into a full prof il e 
of so il mo isture. The plants we re placed in 30 cm 
deep ho les and then watered to pro mo te soil-root 
contact and minimise the ri sk of dehydration. W ire 
tree-guards were pl aced around each seedling to pro
tect them fro m wildl ife predation and the experi
mental s ite was conventio nally fen ced to exc lude 
livestock . Weeds were controll ed during the experi
ment by inte r- row cult ivatio n and manual c hi pping. 

Observations and measurements 
T he incidence and severity (minimum screen temper
ature) of frosts were recorded 2 km from the s ite. A 

frost damage rating (FOR) sca le of 1- 5 was deve l
o ped to assess the propo rtion o f defo liatio n caused 
by frost damage (1 : no fo lia r damage; 2: 1 %-25% 
defo liation; 3 : 25 %- 50% defoliatio n; 4: 500/0-75 % 
defo liation; 5 : 75 0/0-100% defoli ati on). Stem death 
observatio ns (>80% of stem dead) were made o n all 
pl ants that experienced 100% defoliatio n. Frost 
damage ratings and pl ant surv ival were recorded o n 
30 August 1997 at the end of winter. 

Results and Discussion 

Frost incidence and severity 
During the wi nte r of 1997, o nly 10 frost days 
occurred at the tr ia l s ite. However, these frosts were 
historica ll y severe fo r the location reaching _3 °C, 
with an average screen temperature of - 2 cc. 

Frost tolerance 
Fros t dam age ratings fo r the establi shmen t yea r are 
presented in Table 2 . Plants grow ing on the verti so l 
so il were more severel y frosted (P<O.Ol ) th an those 
g row ing on the enti sol and alfi sol so il s (Table 2). 
Thi s difference between soil types could be attri b
uted to microcl imatic effec ts, despite th e ir close 
proximity, and to di ffe re nt so il heat co nduct iv ity and 
heat radi ance cha racteris ti cs. There was no inter
action between access ions and so il ty pes in the 
response to frosting . 

Both access io ns of L. leucocephala subsp. 
glabrata were more f ros t tolerant , ave raged over all 
soil types, than Illost other accessions (P<0.05). O n 
the less frosted s ites (ent isol and a lfi so l) , the co m
merc ial L. leucoceplwla cultiva rs reta ined mo re leaf 
than the other access io ns. Under severe fros t con
d itions (verti so l s ite), all L. leucocephala stems 
s urv ived, even reta ining >25% of the ir leaf, wh ile 

Table 1. Lellcaella accessions eva luated a nd the latitude and altit ude (m asl) of the ir collection site*. 

Spec ies 

L. collillsii subsp. coltinsii 
L. diversifolia 
L. leucoceplrala subsp. glabra/a 
L. lellcocephala subsp. glabrata 
L. pallida 
L. pallida 
L. paltida x L. leucoceplrala subsp. glabra/a (KX2) 
L. trichandra 
L. /riclrandra 

KX2 L. pallida parents 

* Bray et al. (1 997) 

Accession ID. 

OF1 52/88 
K784 
cv. C unningham 
cv . Tarramba 
CQ3439 
K376 
(K748 x K806) x K636 
CP I46568 
OF1 53/88 

K748 
K806 
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Latitude Altitude (m) 

16°36' N 475 
18°52' N 1175 

(Bred vari ety) 
25°25' N 1575 

(Compos ite) 
17°08' N 1675 

(Hybrid) 

1450 

2000 



Table 2. Frost damage ratings of Lellcaena accessions during the first year of establishmenl. 

Accession Frost damage rating 

Alfisol Entisol Venisol Accession mean 

L. leucocephala cv. Cunningham 2.7 2.0 4.0 2.9 a# 
L. leucocephala cv. Tarramba 2.0 2.0 4.7 2.9 a 
L. diversifolia K784 2.7 2.5 5.0t 3.4 ab 
L. trichalldra OF153/88 2.7 2.8 5.0t 3.5 ab 
L. trichalldra CPI 46568 3.0 3.8 5.0t 3.9 bc 
L. pallida CQ3439 3.3 3.7 5.0t 4.0 bc 
L. pallida K376 3.5 3.7t 5.0t 4.1 bc 
L. collillsii OFI 52/88 3.5 4.3 5.0t 4.3 c 
KX2 hybrid 4.3t 4.0t 5.0t 4.4 c 

Site mean 3.1 a* 3.2 a 4.9 b 

• Site means followed by different lellers are significanlly different (P<O.OI). 
# Accession means followed by different lellers are significantly different (P<0.05). 
t Stem death observed. 

100% of the stems of the other accessions were 
killed to ground level. Glumac et al. (1987) also 
observed significant frost tolerance of established 
hedgerows of L. leucocephala which suffered 
moderate defoliation (25%-75% of leat) at _5 °C, 
stem dieback at temperatures below _ 7 °C and 80% 
rootstock survival after 169 h of continuous subzero 
temperatures, which reached _12°C. 

Despite originating from high altitude environ
ments, the L. diversifolia, L. pallida and 
L. trichalldra accessions eval uated were not frost 
tolerant (Table 2). These species shed large amounts 
of leaf on the mildly frosted soil types and the stems 
of all plants were killed on the vertisol site. Simi
larly, Williams (1987) observed that L. diversifolia 
was no more frost tolerant at -4 °C than L. leuco
cephala in Florida. L. collinsii subsp. collinsii, which 
originates from low altitudes, was also susceptible to 
frost damage in subtropical Queensland (Table 2). 

The vigorous KX2 hybrid (Mull en, Shelton et aI., 
these Proceedings) was the least frost tolerant acces
sion evaluated (Table 2). The large stems (mean 
length 1.5 m and diameter 1.3 cm) of the hybrid were 
killed to ground level even on the mildly frosted 
alfisol site, even though one of the L. pallida parents 
(K806) originates from 2000 m asl. 

Gutteridge and Sorrenson (1992) reported that a 
KX3 (L. diversifolia x L. leucocephala) hybrid was 
extremely frost resistant to temperatures of approxi
mately _10 °C, suffering minimal vegetative damage. 
Differences between the frost tolerance of the KX2 
and this KX3 hybrid could be attributed to genetic 
differences between the L. diversifolia (CPI 33820) 
and L. pallida (K806xK748) parents. 
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Conversely, Williams (1987) found that the frost 
resistance of a different KX3 hybrid was no better 
than L. leucocephala, highlighting the genetic diver
sity of frost tolerance within Leucaena interspecific 
hybrids. 

The data presented here only represent the frost 
tolerance of seedlings (9-months-old). Stem survival 
and leaf retention of mature hedgerows of Lellcaena 
spp. may be considerably different. 

However the frost tolerance exhibited by L. /euco
cepllala seedlings would be of considerable advan
tage in improving the success of establishment in 
subtropical, frost prone areas. This is important in 
the context of the high failure rate of commercial 
leucaena plantings and the negative effects such fail
ures have on L. lellcocep/wla adoption (Lesleighter 
and Shelton 1986). 

It is also significant that the data has shown the 
feasibility of large-scale plantings of leucaena in 
frost prone areas such as the Darling Downs in 
southern Queeilsland. While leaf loss may occur in 
winter, there is clearly an opportunity to promote the 
use of leucaena as a summer forage. 

Plant survival 
There was no s ignificant difference in accession 
mortal ity, as all Lellcaella spp. surv ived frost 
damage on all sites, with the exception of a single 
L. collillsii subsp. collillsii plant on the heavily 
frosted vertisol site. 

Pl a nts suffering stem death recovered by 
res hoo ting from the stem base. Rate of regrowth in 
spring will be an important characteristic for selecting 
Lellcaena accessions for frost prone environments. 



Conclusion 
None of the Ll:iiCaena accessions tested was resistant 
to frost. L. lellcocephala subsp. glabra/a was the 
most frost tolerant of the taxa evaluated, with stems 
surviving severe frost and retaining >25% leaf. The 
stems «1.5 m) of all other accessions were killed to 
ground level by severe frost. 

All Lellcaella spp. survived the frost, reshooting 
vigorously from the stem base. L. diversifolia, 
L. pallida, L. /richandra and the KX2 hybrid are 
genetically diverse taxa and require further more 
comprehensive screening for frost tolerance. 

Further research should investigate the effects of 
frost frequency, duration, severity and frost inter
actions with stage of plant development and plant 
density, on the leaf retention and stem survival of 
L. leucocephala subsp. glabra/a. 

Acknowledgments 
This work was conducted as part of the extension 
program of ACIAR project 9433, 'New leucaenas for 
Southeast Asian, Pacific and Australian Agriculture '. 
The practical assistance of Mrs Desley Miller was 
greatly appreciated. 

177 

References 

Bray, R.A., Hughes, e.E., Brewbaker, J.L., Hanson, Jean, 
Thomas, J.B. and Ortiz, Amanda. 1997. The World 
Leucaena Catalogue. Department of Agriculture, The 
University of Queensland, Brisbane, Australia, 48 p + 
PC diskette. 

Brewbaker, J.L. 1982. Leucaenas for the highland tropics. 
Leucaena Research Reports, 3: 77. 

Cooksley, D .G., Prinsen, J.H. and Paton, CJ. 1988. 
Leucaella leucocepha/a production in subcoastal, south
east Queensland. Tropical Grasslands, 22: 21-26. 

Glumac, E.L., Felker, P. and Reyes, I. 1987. A compari son 
of cold tolerance and biomass production, in Leucaella 
/eucocepha/a, L. plI/veru/ellla and L. re/usa. Forest 
Ecology and Management, 18: 251-271. 

Gutteridge, R.e. and Sorensson, C.T. 1992. Frost tolerance 
of a Lellcaella diversiJo/ia x Leucaella /ellcocepha/a 
hybrid in Queensland, Australia. Leucaena Research 
Reports, 13: 3-5. 

Hughes, e.E. 1993. Leucaena Genetic Resources: The OFI 
leucaena seed collections and a synopsis of species 
characteristics. Oxford Forestry Institute, Department of 
Plant Sciences, University of Oxford, Oxford, UK. 

Lesleighter, L.e. and Shelton, H.M. 1986. Adoption of the 
shrub legume Lellcaena /ellcocepha/a in central and 
southeast Queensland. Tropical Grasslands, 20: 97-106. 

Williams, MJ. 1987. Establishment and winter survival of 
Leucaella spp. and G/iricidia sepium in the cold sub
tropics. Leucaena Research Reports, 8: 79-81. 



Soil improvement 

Improvement of Soil Properties under Long-Term 
Leucaena leucocephala 

B. Lalljee, S. Facknath and A.M. Osman 

A bstract 

T his paper brie fl y d iscusses improvements in soil ph ys ical , chemical and biological propert ies 
brought about by long-term (9, 12, and 21-year) growth of Leucaella lell cocephala . Soil properti es 
such as bulk density, infiltrat ion rate, pH, and contents of ni trogen, potassi um, organic matter, 
zi nc, iron and boron were improved in soil under L. leucocephala. Respiration rate, microbia l 
biomass C, N, and P, and earthworm populations were also higher in so il under L. leucocephala. 

T HE maintenance of so il fert ility, and th erefore of 
crop productiv ity, is crucial to the development of 
sustainable agricu lture. M odern agricultural systems 
depend heavily on large inputs of chem ica l ferti lisers 
for maintenance of crop productiv ity. However, 
env ironmentall y f ri end ly systems based on the use o f 
nitrogen-fi xing trees such as Leucaena lellcocephala 
have been reported to brin g about favourabl e 
changes to so il properties by promotin g so il con
serva tion, reducing soil degradati on and achiev ing 
sustainabl e production ( Ingram 1990). 

Th is is an important step towards sustainable 
agriculture that can main tain product iv ity over a long 
period of time wi thout depleting renewable 
resources. L. lellcocephala was used for shade and 
so il improvement in Java as earl y as 1900 (D ijkman 
1950). It can grow in humid, subhumid or even in 
the marginal semi-arid zones. A ccording to Young 
(1991), the exceptional ability of L. lellcocephala in 
improving so il fertilit y is due to i ts high biomass 
production, high ni trogen f ixa tion, and substantial 
amounts of nitrogen, phosphorus, potassium and 
calcium in the leaves. 

In M auritius, L. leucocephala was int rod uced in 
1967 (Osman 1979). Research on L. leucocephala as 
f irewood and fodder, as well as spaci ng and va ri ety 
trial s, started as early as 1970 at the University of 
Mauritius. T his paper br iefly discusses the changes 
in the physical, chemical and bio logical properti es of 

Faculty of Agricu lture, U niversi ty of Mauritius, Reduit, 
M auritius 
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so il under long-term (9, 12 and 21-year) L. lellco
cephala on the Univers ity farm. 

Materials and Methods 
L. leucocephala trees were grown on a low humic 
latosol (USDA: t ropect ic haplustox; FAO: humic 
nitoso l) in a hu mid climate. T he so il s exam ined w ere 
under 0 (adjo ining open fi eld), 9, 12, and 21 years of 
experi menta l L. leucocephala in w hich the prun ings 
were removed fro m the plots. T he land was fla t and 
we ll drained and no crops were cult iva ted between 
Ihe rows of L. lellcocephala. 

Soil ana lyses were conducted fo llow ing the tech
niques of A nderson and Ingram ( 1993) . A mmoniu m 
and nitrate ions were determined by selecti ve ion 
electrodes. Micron utrient determin ati ons were per
fo rmed in accordance w ith methods outlined in 
Sillaanpaa (1990). 

Results and Discussion 
Table 1 i llustrates the phys ica l properti es of the soi l 
under L. lell coceplwla and in the open fi eld. T he 
bulk densiti es w ere lower (8 18, 826, and 812 kg/m3) 

under L. lellcocephala co mpared to th e open fi eld 
(916 kg/m3). T his di f ference was probably due to the 
higher percentage of organic matter in the 
L. lellcoceplwla so il (Table 2). However, the particl e 
density was lower in the open f ield than under 
L. lellcoceplzala . 

The poros iti es o f the so il s were slightl y different, 
the reason being that in the open fi eld the so il has 
been continually culti va ted through ploughing, 



Table 1. Physical properties of soil under L. leucocephala and in an open f ield. (Where significant differences exist, means 
within a column followed by the same letter are not significantly different at P = 0.05). 

Site Bulk Particle Porosity Infiltration Penetrometer Particl e size 
density density rate resistance 

Years under 
L. leucocephala kg/m3 kg/m3 % cm/min kg/cm2 Sand (%) Silt (%) Clay (%) 

0 916 a 2552 b 64 .1 b 0.60 d 3. 15 a 41.8 26.6 31.6 
9 8 18 bc 2663 a 69.2 a 0.88 c 2.69 b 41.9 25.8 32.3 

12 826 b 2698 a 68.7 a 1.50 b 2.52 c 42.1 26.2 31.7 
21 81 2 c 2668 a 69.5 a 1.66 a 2.34 d 40.9 26.7 32.4 

Table 2. Soil nutrient status under L. /ellcocephala and in an open fi eld. (Where significant differences exist, means within 
a co lumn followed by the same letter are not significantly different at P = 0.05). 

Years under pH Total N Available P 
L. lellcocephala % % 

0 4.93 c 0.23 c 11.0 
9 5.85 b 0.35 ab 12.0 

12 6.80 a 0.33 b 11.6 
21 6.95 a 0.38 a 10.0 

fo rking and disc harrowing. It is al so known that 
so il s unde r L. lellcoceplw la have good aggregate 
structure and a large pe rcentage of macropores 
(Young 1991). 

T he infiltra tio n rate was highe r in the so il s under 
L. lell cocephala , aga in probabl y d ue to the larger 
number o f macropo res. Penetro meter readings were 
much higher in the open field than in the L. lel/co
cephala so il , demonstrating the deleter ious e ffects o f 
intens ive cultivatio n. The dry so il co lo ur was not dif
ferent in the various fi e lds (Tabl e 1). Results of par
ticle s ize determin atio n al so showed no d iffe rences . 

Tabl e 2 shows the nutri ent status of so il s in the 
open field and under L. lellcoceplzala culti va tio n. 
The pH was higher (5.85-6.95) under L. lellco
cephala than in the open field (4.93). Total n it rogen 
of the L. lellcocephala so il ranged between 0 .33% 
and 0.38%, compared to 0 .23% in the open fi eld . 
T his substant ial inc rease of 65 % in total nit rogen 
corrobo rates the effic ien t nit rogen-fixing ab il ity of 
L. lellcocephala . 

T he ava il abl e phospho rus was, however, not s ig
ni ficantl y diffe rent among the vari o us trea tments . 
The ox isol s, having good phospho rus-fixi ng proper
ties, may have been responsibl e for locking phos
phorus released from L. lellcocephala leaves and 
litte r. The avail ab le potass ium in the so il inc reased 
from an average o f 138 ppm in the o pen field to 
424 ppm un der 21-year L. lellcocephala, an inc rease 
of more than 200%. Si milar ly, an increase of 74% in 
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A vailabl e K Organic NH4+ N03-

% matter % ppm pprn 

138 d 2.62 d 102.2 40.0 c 
304 e 3.50 c 108.4 62.0 b 
368 b 3.77 b 98.5 56.8 b 
424 a 4.56 a 104.8 71.8 a 

o rga ni c matter was obse rved in the L. lellcocephala 
so il. Ammonium nitrogen and nitrate ni trogen did 
not di ffe r s igni ficant ly in the different so il s, probably 
du e to the high mo bil ity of these io ns in so il. 

Mi c ronutri en t leve ls in the so ils are shown in 
Tabl e 3 . T he o nly differences were in z inc, iron and 
boron co ntents. For bo ron, an inc rease of 135% was 
o bserved in the 21-year L. lellcocephala so il co m
pared to the open fi eld . 

Among the b iological prope rties of the so il s, res
p iration rate, percent age b iomass C, bio mass Nand 
b io mass P were all higher in L. lellcoceplzala soil 
than in the o pen fi eld (Table 4). T he higher co ncen
tration of organ ic matter and its co mparati vely easy 
decompos ition .under L. leucocephala may explai n 
these observatio ns . Eart hworm popul ati on, whi ch is 
anoth er index of so il fertility , was significan tly 
higher in so il s under L. lellcocephala. 

T he above results confirm the benefi c ial effects of 
L. lellcocephala (Kang et al. 1985). It can also be 
concluded that the lo nge r the L. fellcoceplzala trees 
are in the so il , the better the soil is in terms of its 
chemi ca l, phys ica l and bio logica l properties. 

T he I imi ta tion to L. lellcocephala in Mauritius and 
in many parts of the world (Young 1991) appea rs to 
be the L. lellcocephala psy llid (He /eropsyl/a 
cl/bana). T he autho rs a re presently studyi ng the 
effec ts o f L. diversiJolia , w hi ch has been observed to 
be resistant to the psy ll id, o n so il propert ies. 



Table 3. Soil micronutrient status under L. lellcocephala and in an open field. (Where significant differences exist, means 
within a column followed by the same leller are not significantly different at P = 0.05). 

Years under Cu (ppm) Zn (ppm) Mn (%) Fe (%) B (ppm) 
L. lellcocephala 

0 15.6 26 .0 b 0.42 0.17 a 0.85 c 
9 19.4 28.6 b 0.40 0.13 b 1.67 b 
12 19.4 30.8 b 0.40 0.11 b 1.80 ab 
21 19.8 42.4 a 0.40 0.12 b 2.00 a 

Table 4. Biological properties of soil under L. lellcocephala and in an open field. (Where significant differences exist , 
means within a column followed by the same letter are not significantly different at P = 0.05). 

Years under Respiration Earthworm 
L. lellcocephala rate x 10-9 population 

g/g/s* per m2 

at 30 cm depth 

0 1.37 c 123 c 
9 1.84 b 144 bc 

12 2.43 a 178 b 
21 2.50 a 268 a 

* g/g/s = grams CO2 per gram air dried soil per second. 
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Leucaena leucocephala and Calliandra calothyrsus for 
Soil Productivity Improvement in Sub-Humid Highlands 

of Kenya 

J.N. Mugwet, M.K. O'Neill2 and D.N. Mugendil 

Abstract 

The feasibility of integrating Leucael/a leucocepilala and Cal/ial/dra calotilyrsus into a maize 
produclion syslem for soil productivity enhancemenl was invesligaled in the sub-humid highlands 
of central Kenya for seven cropping seasons during the period 1993 to 1996. The experiment 
consisted of four hedgerow inlercropping and six sole maize (Zea mays) crop trealments. In six of 
Ihese trealmenls, fresh leaf prunings of tree species (L. leucocephnla and C. calothyrsus) were 
applied, Ihe prunings being oblained from hedgerows grown in situ (intercropped) or ex situ (cut 
and carry) from olher sources. There were no significanl differences in maize grain yield during 
Ihe 1993 long and short rainy seasons. During the 1994 long rains, although Ihere was an allack on 
maize seedlings by chaffer grubs (Cye/ocepilnla spp.), ferlilised Irealments significanlly (p<0.05) 
out-yielded all other IrealmenlS in terms of maize grain yield. The decrease in yield in Ihe non
fertiliser plols was altribuled to low soil fertilily Slalus caused by greater nUlrient removal Ihan 
could be replenished via pruning applicalions due 10 low shrub biomass produclivily. During 
subsequenl seasons, when fertiliser P (triple superphospale) supplemenlalion was carried OUI in all 
pIOIS, mean yields averaged over four seasons showed Ihal inlercropped Irealmenls wilh 
L. leucocepilala produced higher yields than ferlilised sole maize IrealmenlS wilhout prunings 
applicalion. C. cnlorilyrsus was found to be more compelitive Ihan L. leucocepilaln wilh the 
maize crop. 

IN TH E central highlands of Kenya, soil productivity 
has been declining because of nutrient mining in 
intensively cultivated fields and soil erosion on steep 
slopes. This has resulted from increased population 
pressure with figures of 400--800 persons per km 2• 

Land holdings are very small, ranging from 0.1 to 
4.0 ha with an average of 1.5 ha, and land is 
intensively cultivated with two crops every year 
(Minae and Nyamai 1988). Soil nitrogen and phos
phorus have become major limiting nutrients for 
crop productivity. Fertilisers are expensive for small
scale farmers, and appl ications are usually below 
recommended rates. On-farm manure production is 
not sufficient to replace nutrients removed as crop 
products (Kihanda 1996). 

1 Kenya Forestry Research Inslitute (KEFRI), Regional 
Research Centre, PO Box 27, Embu, Kenya 
2 International Centre for Research in Agroforestry 
(ICRAF), PO Box 30677, Nairobi, Kenya 
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Leguminous shrubs can either be incorporated 
into the farming systems by growing a linear 
arrangement of tree species in situ as in hedgerow 
intercropping (HI) systems or by an ex situ cut and 
carry system. In HI systems, trees are lopped at the 
beginning of, and sometimes during, the growing 
season. Leafy prunings are incorporated into the soil 
with the aim'of providing nutrients to the adjacent 
crops. In the cut and carry system, niches for 
growing leguminous shrubs are utilised and leafy 
prunings obtained from these shrubs can subse
quently be carried to cropped areas. Despite these 
potentials, the use of green manure by farmers in the 
coffee-based land use system has been minimal 
(Murithi et aI.1993). Results from HI work carried 
out elsewhere have been variable depending on site 
conditions (Ong 1994; Kang 1993), but I ittle work 
has been carried out in the Kenyan central highlands. 
The aim of this study was, therefore, to evaluate the 
feasibility of using leaf prunings of L. /eucocepJw/a 
and C. ca/otlzyrslIs for soil productivity improvement 
in both HI and sole cropping systems. 



Materials and Methods 
The experiment was conducted at Embu (0° 30'S, 
37° 27'E) in the central highlands of Kenya at an 
altitude of 1490 m. The common soils are humic 
nitisols (FAO-UNESCO 1977) derived from basic 
volcanic rocks. Total annual rainfall of 1252, ] 600, 
1417 and 908 mm was received in a bimodal manner 
during 1993 through 1996, respectively. 

The test crop was maize (Zea mays), Hybrid 5] 1. 
The experiment was a randomised complete block 
design with 10 treatments replicated four times. Plots 
were 10 x 6 m with two rows of shrubs 4.5 m apart 
in the HI treatments. Maize was planted at 75 x 
25 cm in all plots, with 6 rows between hedges. 
Experimental treatments are shown in Table 1. 

Results 
Although there were no significant differences 
(p = 0.05) in maize grain yield during 1993 long rains 
(LR), treatments where leaf prunings were incor
porated into the soil had higher maize grain yield than 
those in which leaf prunings were not incorporated. 

During 1993 short rains (SR) the maize grain 
yield was significantly higher in non-HI treatments 
than in HI treatments. The maize grain yield for 
1994 LR (Table 2) was generally low due to a 
serious attack by chaffer grubs (Cyc/ocepha/a sp.) 
during germination and a possible P deficiency . A 
blanket application of 50 kg P/ha was, therefore, 
applied to all treatments during subsequent seasons. 
Fertilised treatments, i.e., 7, 8 and 9 had significantly 
higher yields than all other treatments (P<0.05) in 
1994 LR. 

From the 1994 SR and through the following sea
sons (fable 2), sole cropped treatments that received 
ex situ applied prunings without or with fertiliser 
(Trts 5 and 6, and Trts 7 and 8) generally produced 
the highest maize grain yields (Table 2). Maize inter
cropped with leucaena (Trt 2) produced higher yields 
than both the fertilised, non-intercropped treatment 
(Trt 9) and the non-intercropped, non-fertilised treat
ment (frt 10), the absolute control. Yield of HI 
calliandra (Trt 1) did not exceed that of absolute 
control. The lowest yields were obtained from the HI 

Table 1. Treatments (Trt) for a hedgerow intercropping experiment carried out in Embu, Kenya from 1993 through 1996. 

Treatment Cropping system Tree species Prunings Fertiliser (N) kg/ha 

1 Intercrop C. calothyrsus Incorporated 0 
2 Intercrop L. leucocephala Incorporated 0 
3 Intercrop C. calothyrsus Removed to Trt 5 0 
4 Intercrop L. leucocephala Removed to Trt 6 0 
5 Monocrop C. calothyrsus Imported from Trt 3 0 
6 Monocrop L. leucocephala Imported from Trt 4 0 
7 Monocrop C. caiothyrslIs Imported at half rate of Trt 5 25 
8 Monocrop L. leucocephala Imported at half rate of Trt 6 25 
9 Monocrop none none 50 

10 Monocrop none none 0 

Table 2. Mean maize grain yield (t/ha) for 1993-1996 seasons from various treatments in Embu, Kenya. Means followed 
by the same letter within a column are not significantly different at P>0.05. Abbreviations: SR = short rains; LR = long 
rains. 

Trt LR 93 SR 93 LR 94 SR 94 LR 95 SR 95 LR 96 MeanSR 94 
to LR 96 

1 2.4 a 0. 1 b 0.2 cd 3.2 ab 3.4 b 2.4 e 2.0 c 2.7 d 
2 2.2 a 0.2 ab 0.2 d 3.8 a 4.4 a 3.9 bc 3.6 b 3.9 b 
3 1.7 a 0.1 b 0.3 cd 1.6 c l.1e 1.0 g 1.3 d 1.3 f 
4 1.5 a 0.2 ab 0.5 cd 2.7 b 1.8 de 1.7 f 1.5 cd 1.9 e 
5 1.9 a 0.6 a 0.3 cd 3.6 ab 4.0 ab 4.9 a 3.8 b 4.1 a 
6 1.6 a 0.3 ab 0.9 c 3.3 ab 4.2 a 4.7 ab 3.9 ab 4.1 a 
7 2.1 a 0.6 a 2.1 b 3.6 ab 2.2 cd 5.6 a 4.2 a 3.9 b 
8 1.8 a 0.3 ab 2.5 ab 3.2 ab 3.1 bc 5.0 a 4.0 ab 3.8 b 
9 1.6 a 0.3 ab 3.0 a 3.1 ab 3. 1 bc 3.5 c 3.6 b 3.3 c 

10 1.4 a 0.2 ab l.1c 3.0 ab 4.0 ab 3.5 cd 1.8 c 3.1 c 
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treatments where leaf prunings were removed and no 
supplemental fertiliser was applied (Trts 3 and 4). 

Discussion 
The low tree biomass production, in the range of 1.1 
to 3.1 t/ha per season (Table 3), limited the amount 
of nutrients supplied to the soil via incorporated 
prunings. Consequently, soil-incorporated prunings 
did not contribute sufficient amounts of nutrients to 
compensate for nutrients lost through crop harvests. 
As a result, nutrient deficiencies, especially Nand P, 
occurred and led to declining crop yields especially 
during the first phase of this experiment. Indeed, 
during 1994 long rains, the highest yields were 
obtained from treatments which had fertiliser 
applied. Since nutrients are availed to crops by prun
ings (green manure) harvested from the hedgerows, 
this technology is likely to be limited by low bio
mass production in sub-humid and semi-arid envi
ronments. 

The poor performance of HI treatments (both 
L. lellcocephala and C. calolhyrslIs) in terms of crop 
yields during the first phase of this experiment may 
be attributed to competition between the tree hedges 
with the crop for the same growth resources, mainly 
light, nutrients and water. The competitiveness of 
C. calolhyrslIs tree hedges compared with L. lellco
cephala may be explained by the root morphology of 
the two species. C. calothyrslIs trees develop a 
strong superficial root system in addition to the tap
root (NAS 1993) whereas L. lellcocephala has a deep 
tap-root system and develops very few lateral roots 
which usually grow downwards at a sharp angle 
(NAS 1977). 

The amount of P supplied to the soil via the soil
incorporated leaf prunings was low (Table 3). These 
results agree with the findings of Palm (1995) who, 
from a detailed analysis of P contribution by legu
minous agroforestry tree species, concluded that the 
tree species were not able to supply sufficient P to 
meet crop demands. As such, supplementation of P 

through the use of fertilisers was recommended. The 
site had fairly uniform soil fertility at the beginning 
of the season, but after four years of study a general 
decline in the soil nutrient levels was observed, with 
the greatest decl ine occurring in the treatments that 
did not receive prunings. 

Conclusions 
Results from this study indicate that in already 
nutrient deficient soils, especially in terms of P, soil 
productivity improvement through HI using L. lellco
cephala or C. calolhyrslls is limited in sub-humid 
environments. Production of biomass from the 
hedgerows is inadequate and contains insufficient 
P to meet crop demand. Competition for the same 
growth resources (light, water and nutrients) between 
the hedgerow species and the associated crop could 
also contribute to the unsustainable nature of HI 
system without supplemental fertiliser applications 
in this region . 

Hedgerow intercropping with L. lellcocephala is 
advantageous in the sub-humid highlands of Kenya 
with supplementation of P through use of inorganic 
fertilisers . However inclusion of C. calolhyrslIs 
hedges adversely affected crop yields in the short 
term. Due to its growing importance as animal 
fodder within smallholder farms of the central high
lands of Kenya and in the reduction of soil erosion 
on steep slopes, opportunities exist for using 
C. calolhyrslIs. The advantage of improving soil 
fertility through recycling nutrients by manure appli
cations should be explored. 

The cut and carry treatments, with both L. lellco
cephala and C. calolhyrslIs, maintained maize yield 
at the same level of production (or even better) as 
treatments supplemented with recommended levels 
of inorganic fertilisers. Supplementing prunings with 
inorganic fertilisers , however, produced even better 
yields. As such, farmers who can afford limited 
amounts of inorganic fertilisers should be encouraged 
to supplement i.n addition to tree legume prunings. 

Table 3. Amount of soil-incorporated prunings (t/ha) and their nutrient contribution (kg/ha) to the soil over the period 
1993-1996. Abbreviations: SR = short rains; LR = long rains. 

Trt SR 93 LR 94 SR 94 LR 95 SR 95 LR 96 Mean Mean N Mean P 

t/ha kg/ha 

1 2.2 1.4 2.6 1.1 2.3 1.5 1.9 55 1.9 
2 1.7 1.2 2.5 2.2 1.3 1.3 1.7 54 3.6 
5 2.3 1.3 2.3 1.5 3.1 2.3 2.1 61 2.1 
6 2.3 1.2 2.6 2.4 1.9 2.1 2.1 65 4.2 
7 2.2 1.3 2.3 1.5 3.1 2.3 2.1 61 2.1 
8 2.3 1.2 2.6 2.4 1.9 2.1 2.1 65 4.2 
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Propagation 

Cloning Ability of Leucaena Species and Hybrids 

w. Sun!, J.L. Brewbaker2 and M.T. Austin3 

Abstract 

The success of capitalising on interspecific heterosis in trees depends largely on the cloning 
ability of species. This study was conducted to test cloning ability of Leucaena species and hybrids 
in Hawaii. Thirteen Leucaena species, five interspecific hybrids, and one selection KX3 of 
L. diversifolia x L. leucocephala were tested. Binodal cuttings were prepared from 4 to 6-week 
regrowth shoots. The cuttings were dipped into a solution of 1.0% indole-3-butyric acid and 0.5% 
1-naphthalenacetic acid, inserted into a medium consisting of half perlite and half vermiculite, and 
placed under a fine misting system at short intervals with a 30% sunlight reduction. The system 
also included a bottom-heating mat operated at 35°C. The rooting percentage of the Leucaena 
species averaged 32% and varied from 0 to 100%. Leucaena species with large and medium leanet 
size were easier to root than species with small leanet size. Species with poor rooting ability were 
L. collinsii ssp. zacapana, L. diversifolia, and L. pallida. The rooting percentage of three L. pallida 
x L. leucocephala interspecific hybrids averaged 20% and ranged from 10% to 28%. The cloning 
methods described and the results presented here can be employed to propagate fast-growing 
Leucaena species and hybrids for large-scale plantations, and to produce clonal materials for 
Leucaena tree breeding programs. 

LEUCAENA is a small genus under the tribe Mimosoi
deae, which includes about 22 species that are dis
tributed from southern Texas to northern Peru 
(Hughes 1998). It has a great number of uses 
including forage, firewood, timber, green manure, 
shade, reforestation, and food for human consump
tion (NAS 1984; Brewbaker ] 987). 

Leucaena breeding presently focuses on 
exploiting interspecific heterosis to improve biomass 
yield, resistance to the leucaena psyllid (Heterop
sylla cubana), and environmental adaptability (cold 
temperature and acid soil tolerance). Interspecific 
crosses among three tetraploid species L. diversi
folia, L. leucocepha/a, and L. pallida were very 
promising for higher yield, psyllid resistance, and 
wide adaptability (Brew baker and Sorensson 1990; 
Sun 1996; Austin et al. 1997). Brewbaker and Sun 
(1996) reported that average forage yield of 14 inter
specific hybrids of L. pallida and L. leucocephala 
over 7 harvests in an 18-month period was 
24 t/ha/year. This was four times higher than 

1 Hawaii Agriculture Research Center, 99--193 Aiea Heights 
Drive, Aiea, HI 96701 
2 Department of Horticulture, University of Hawaii, 3910 
Maile Way, HonOlulu, HI 96822 
} Pioneer HI-Bred International, Inc. 7431 Kaumualii 
Highway, PO Box 8, Kekaha, Kauai, HI 96752 
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L. leucocephala ssp. glabrata in Hawaii under 
moderate psyllid pressure. Other interesting hybrids 
include the triploids between the diploids of 
L. esculenta, L. pulverulenta, L. trichandra and the 
tetraploid L. leucocephala (Gonzalez et al. 1967; 
Bray 1984; Brewbaker and Sorensson 1990). How
ever, large-scale planting of these hybrids has been 
limited due to high cost of seed production through 
hand pollination and unsuccessful cloning. 

Prior cloning research using softwood stem cut
tings has been confined to L. lellcocephala (Hu and 
Liu 1981; Bristow ] 983). Sun (1996) developed a 
simple cloning method having 80% success for soft
wood cuttings of the triploids between L. esculenta 
and L. lellcocephala and between L. trichandra and 
L. lellcocephala. There is an urgent need to test the 
cloning ability of additional Lellcaena species, 
especially those that are self-incompatible, which 
could be explored for interspecific heterosis and for 
hybrid seed production. 

Materials and Methods 
A series of experiments was conducted to test the 
cloning ability of Lellcaena species and hybrids at 
the Hawaii Agriculture Research Center (HARC) 
Maunawili greenhouse on Oahu from December 
1996 to October 1997. 



Thirteen Lellcaena species, five interspecific 
hybrids, and one KX3 selection, were studied 
(Table 1). The cloning test of Lellcaena species was 
unduplicated with variable sample size from 10 to 
350 (Table 1), but the test of hybrids and selection 
was duplicated in December 1996 and February 
1997. The triploid between L. eSClllellla and 
L. leucocephala (K 1000) was used as a check to 
ensure that cloning conditions were optimal for 
rooting. Cloning method followed the protocol of 
Sun (1996) with modification of medium, misting 
intervals, and sanitation procedures. 

Softwood cuttings of the species were taken from 
4 to 6-week old regrowth shoots of coppiced seven
year old trees. Cuttings of the hybrids and selections 
were taken from the regrowth shoots of two-year 
hedge-managed trees. Binodal cuttings were prepared 
with one pair of trimmed pinnae. They were dipped 
into a commercial plant-rooting growth regulator, 
DIP' N GROW with 1.0% indole-3-butyric acid 

(IBA) and 0 .5% I-naphthalenacetic acid (NAA) for 
one second, and then inserted into a medium under a 
fine misting system with a 30% sunlight reduction . 
The misting frequency was 5 seconds at 8-minute 
intervals during the day and 15-minute intervals at 
night. The medium consisted of half perlite and half 
vermiculite. Fifty-hole plastic seedling trays were 
used to hold cuttings. Finally, trays with cuttings and 
media were drenched with fungicide (Dithane M45). 
After three weeks, cuttings were evaluated for 
rooting and transplanted into 4-inch pots. 

The mean monthly temperature of the greenhouse 
ranged from 21 cC to 26 cC, daylight ranged from 
11 to 13 hours, and mean monthly solar radiation 
ranged from 180 to 300 cal/m 2/day. 

Results 
Lellcaena species ~nd interspecific hybrids 

showed great difference.s of rooting ab ility (Table 1). 

Table 1. Percentage of cuttings rooted among Leucaella species, interspecific hybrids, and seicctions, all cutlings having 
one pair of trimmed pinnae treated with a solution of 1.0% IBA and 0.5% NAA under a fine interval misting system with a 
30% sunlight reduction at HARC Maunawili greenhouse on Oahu, Hilwaii . 

Species and hybrids K number! No. of cuttings 

Tested Rooted % 

Species 
L. collillsii ssp. collillsii 905 13 4 31 
L. eollillsii ssp. zaeapalla 972 20 0 0 
L. diversifolia 947 16 0 O. 
L. eseulellta 949 15 0 0 
L. leucoeephala Intraspecific hybrids2 350 280 80 
L. l1IacrophyLla 902 35 17 49 
L. magllifiea 941 29 21 72 
L. muliieapilula 959 14 5 36 
L. pallida 748 85 I I 
L. pulverulellla 957 32 18 56 
L. shanllolli 976 10 10 100 
L. Irichalldra 909 31 0 0 
L. Iriehalldra 927 12 I 8 
L. Iriehandra 928 29 9 31 
L. Irichandra 981 15 2 n 
L. Iriehalldra 991 12 3 25 
L. Irichodes 903 21 13 41 
Average 32 

Hybrids 
L. esculellla x L. leueocephala 1000(CK) 50 45 90 
L. pal/ida x L. leucocephala 748 x 48 1 236 65 28 
L. pal/ida x L. leucocepllala 748 x 584 48 5 10 
L. pallida x L. leueocepllala 748 x 636 99 23 2J 
L. pallida x KX3 F! 748 x (156 x 636) 70 3 4 
KX3 se lection F4 156 x 636 128 22 17 
Average 29 

1: Accession number used by University of Hawaii 
2: FI hybrids including parent trees of K397, K565, K584, K608, and K636. 
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The species with greater rooting ability were 
L. shannonii (K976), L. lellcocephala (intraspecific 
hybrids), and a triploid clone (K1000) of L. escll
lenta x L. lellcocephala. The species more difficult 
to root were L. collinsii ssp. zacapalla, L. diversi
folia, L. esclllenta, and L. pallida. The rooting per
centage among 13 tested species averaged 32% and 
ranged from 0 to 100%. Among L. trichandra acces
sions, rooting percentage ranged from 0 to 31 %. 

Significant (P<0.05) differences for cloning ability 
among three KX2 Fl hybrids between L. pallida and 
L. lellcocephala were observed with no significant 
difference between two rooting evaluation dates. The 
rooting percentage for these KX2 F1 trees averaged 
20% and ranged from 10% to 28% (Table 1). 

Discussion 
The cloning techniqu.e presented in this study should 
facilitate exploiting interspecific heterosis in Lell
caena. It is proposed that fast-growing interspecific 
Lellcaena hybrids might be cloned economically for 
large-scale plantations. Similarly, cloning self
incompatible mother trees may facilitate production 
of hybrid seed. HARC has used this technique to 
establ ish four clonal Leucaena seed orchards. 

Cuttings of L. pallida proved to be very difficult to 
root. However, a recent expedition to Mexico has 
greatly expanded germ plasm of L. pallida and may 
provide germplasm with better rooting ability. Use of 
L. pallida as a female tree surrounded by L. lellco
cephala has led to hybrid seed of low purity (Brennan 
1995; H.M. Shelton, pers. comm. 1997). Interspecific 
KX2 Ft hybrids between L. paliida and L. leuco
cephala are self-incompatible (Sun and Kamemoto, 
unpublished data) but can be propagated by cuttings. 
At HARC, KX2 F1 hybrids have been cloned and 
used as female parent to produce crosses with 
L. leucocephala, using varieties that show high heter
osis with both parents of the KX2 clone (Sun 1996). 

The results also indicated that Leucaena species 
with small leaflet size were more difficult to root 
than the species with large and medium leaflet size. 
In general, cuttings of the species with small leaflet 
size are more vulnerable to desiccation during propa
gation, especially prior to root development. This 
may contribute to the poor rooting ability of these 
species since gas exchange during propagation is one 
of the critical factors influencing rooting for many 
tropical trees (Lea key et al. 1994). Better techniques 
for prevention of leaf desiccation during propagation 
for these species need to be pursued. 

Lellcaena vegetative propagation has been con
sidered easy by some and difficult by others. The 
problems facing leucaena researchers in repeating 
the reported successful vegetative propagation 
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methods could be attributed to selection of plant 
materials and experimental environments. The modi
fied cloning method reported here is simple and reli
able and the technique can possibly be adapted to 
large-scale cloning of interesting Lellcaella hybrids 
and selections for plantations. It can also be incorpo
rated into Lellcaena hybrid breeding programs. 
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Rooting Ability of Leucaena leucocephala Leafy and 
Leafless Stem Cuttings in a Non-mist Propagator 

J. Dick! and F. Magingo2 

Abstract 

Leafy stem cuttings of Leucaena leucocephala produced roots more successfully (71 %) than 
leatless cuttings (39%). The mean length of the newly emerged shoot, presence of a leaf, 
proportion of original leaf lost while in the propagator, position of origin of the cutting on the 
stock plant (node position) and parental clone were all significantly associated with a cutting 's 
ability to roOI. In the present study, 98% of cuttings harvested from nodes 5 to 13 formed roots 
within 7 weeks. 

LEUCAENA leucocephala has been promoted as a 
mUlti-purpose tree in agroforestry systems but recent 
studies have indicated that other species and hybrids 
of the genus may be useful (Brew baker and 
Sorensson 1994). The need for a simple and suc
cessful vegetative propagation technique for 
Leucaella spp. is widely acknowledged, as many of 
the new interspecific hybrids being developed are 
seedless (Brew baker and Sorensson 1994). However, 
L. leucocephala has been variously reported as diffi
cult (Litzow and Shelton ] 991) and easy (Bristow 
1983) to propagate vegetatively. This study was 
initiated to improve the current knowledge of the 
vegetative propagation requirements of L. leuco
cephala. A full report of the experiment has been 
submitted to Agroforestry Systems. 

Materials and Methods 

Stock plants 
Seeds of L. leucocephala collected from trees growing 
at Machakos, Kenya, were sown at ITE, Edinburgh, 
Scotland UK on 1 May 1996. Germinated seedlings 
were potted into plastic pots 13 x 13 x ] 0 cm and 
maintained in a tropical glasshouse for one year. 
Glasshouse temperatures ranged diurnally between 
22°C and 35 cc. Daylight was supplemented by 
mercury vapour lighting to provide a year-long day 

I Institute of Terrestrial Ecology, Bush Estate, Penicuik, 
Midlothian EH26 OQB, Scotland 
2 Department of Botany, University of Dar Es Salaam, 
PO Box 35060, Dar Es Salaam, Tanzania 
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length of 19.5 h and an approximate minimum photon 
tlux density (PAR) of 150 [.lmol/m2/s at plant level. 
Maximum PAR in the glasshouse on bright summer 
days was about 1400 [.lmol/m2/s. Thirteen months 
after germination the seedlings were 1.3-1.5 metres 
tall with root collar diameter of 0.9-1 cm. 

Stem cuttings 
A total of 125 single-node cuttings were harvested 
from five seedlings (clones) on 30 June 1997. The 
number of cuttings taken per stock plant varied 
depending on the number of nodes present (25, 23, 
24, 25 and 28 for clones 1-5 respectively). Every 
single-node cutting was harvested unless a branch 
was growing from the node. The length, basal diam
eter and node number, relative to the apex, was 
recorded for each cutting (Figure 1). The apical cut
tings each had a leaf which was trimmed to four 
pinnae (76 cuttings) while cuttings from the lower 
nodes were leatless (49 cuttings) (Figure] a). 

Each cutting was dipped in a commercial rooting 
powder (Seradix, May and Baker Lld; active ingre
dient 0.8% IBA). The cuttings were placed in node 
order in a non-mist propagator (Leakey et al. 1990) 
containing quartz grit (0.001-12.7 mm) rooting 
media and situated in a temperature-controlled glass
house. The bed temperature of the propagator was 
maintained at between 23-33 cc. Each propagator 
was covered with one sheet of 30% neutral density 
shade cloth (Tildenet, Bristol, UK), which was 
removed on dull and overcast days. 

Each cutting was assessed once or twice a week 
for number of roots, total root length, leaf abscission, 



leaf regeneration and cutting death until eight weeks 
after insertion in the propagator. The number of cut
tings rooting was calculated as the percentage of 
cuttings with a root equal to or greater than 1 mm 
length, and dead cuttings as the percentage of cut
tings with a completely brown stem. A stepwise pro
cedure (Genstat, NAG Ltd, Oxford, UK) was utilised 
to determine which of the recorded variables were 
significantly associated with the rooting ab il ity of 
each cutting. 

Results and Discussion 

Clonal variation 
There was clear cl onal variation in the rooting ability 
of L. leucocephala cuttings with an almost two-fold 
difference between the best and worst rooting clones 
(Figure 2a). Clone 3 was the fastest and most suc
cessful rooting clone with the first cuttings rooting 
after 14 days in the non-mist propagator and a final 
rooting percentage of 71 %. Clone 5 (Figure 2b) had 
the highest mortality (57%) and clone 3 the least 
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(29%). There was, however, no significant difference 
in the length or diameter of the cuttings harvested 
from each seedling (clone). The overall average cut
ting length was 51 mm and diameter was 4.7 mm. 
Many studies have found clonal variation in rooting 
ability of a large number of species. Such variation is 
important when considering a large scale vegetative 
propagation program. 

Leaf and leafless cuttings 
There were significant differences in cutting length 
and diameter between leafy and leafless cuttings 
(Figures Ib and 1 c). The average lengths of leafy and 
leafless cuttings were 64.8 mm and 29.3 mm respec
tively, while the difference in diameter was 3.9 mm 
and 5.9 respective ly. The leafy cuttings had a much 
higher capacity to root (71 %) compared with the 
leafl ess cuttings (39%). 

Regression analysis showed (Table 1) that both 
the presence of a leaf and the persistence of that leaf 
when the cutting was in the propagation environment 
were significantly associated with a cutting's ability 

(b) (c) 

5 

-

-

-

-

o 20 40 60 80 100 

Leaf present (%) 

o 20 40 60 80 100 120 

Length (mm) 

o 2 3 5 6 

Diameter (mm) 

Figure 1. Morphological characteristics of single-node cUlIings harves ted sequentially down the mainstem of five Lellcaellll 
iellcocepilaia seedlings: (a) the percentage of the cUlIings with a leaf allached; (b) mean cUlling length; and (c) mean cutting 
diameter (N.B.: node number I = apex of the plant). 
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Table 1. Analysis of deviance for a stepwise regression to determine the influence of genotypic variation and morpholog
ical characteristics on the rooting ability of Leucaena leucocephala cutlings. The node number reflects the original position 
of the cuttings on the stock plant. 

Mean shoot length 
Presence of a leaf 
Clone 
Node No. 
Percentage leaf loss 
Residual 
Total 

70 (a) 

60 

50 

~ 40 
0> 
c: 
~ 
0 30 a: 

20 

10 

0 
0 

70 (b) 

60 

50 

~ 
40 

"0 

'" Q) 30 .0 

20 

10 

0 
0 

DF 

1 
1 
4 
I 
I 

110 
118 

Deviance 

76.5892 
9.2499 
9.5421 
7.3186 
4.5619 

53.2339 
160.4956 

Mean Deviance 
deviance ratio 

76.5892 76.59 (+) 
9.2499 9.25(+) 
2.3855 2.39 
7.3186 7.32 (+) 
4.5619 4.56 (-) 
0.4839 
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Figure 2. (a) Rooting and (b) mortality rate of Leucaena lellcocephala single-node cutlings harvested from five seedlings 
(clones). 
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to form adve ntitious roots . The importance o f main
taining a vi abl e lea f on leafy s te m cuttings was also 
recognised in a varie ty of tro pical tree species 
(Tchoundj eu and Leakey 1996). 

Cutting origin (node position) 
There was di stinct varia ti on in the rooting abil ity and 
death o f the c uttings within the leafy and leatl ess 
classes depending o n the node pos iti on o n the stock 
plant (Fig ure 3). Node position also intluenced the 
rate of rooting (Figure 4). C uttings from nodes 5, 6 
and 7 rooted fas test whil e root e me rgence was not 
reco rded on c uttings be low node 18 (i .e., leatl ess) 
until day 21. 

Cutting ori g in has been fo und to be closely related 
to rooting ability in a number o f o ther tree speci es 
(Tc ho undj eu and Leak ey 1996). It is generally recog
ni sed th at there is a g radi ent o f cellul ar activity, 
endogenous growth regul ato rs, levels of avail abl e and 
sto red ass imil ates and also diffe rent leve ls o f lignifi
ca tion and seconda ry thic kening down the ma instem, 
all of whic h influence the rooting res ponse of c uttings. 
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Conclusion 
This study cl early s hows that cuttings from one-year
o ld seedlings o f L. lellcocephala can be readily prop
agated vegetatively by leafy ste m cuttings in a no n
mist propagato r. Thi s result is in agreement with 
wo rk by Bris tow (1983) and Hu and Chih-Cheng 
(1 981). The non-mi st propagato r used in this s tudy 
(Leakey et a !. 1990) is appro priate for semi-arid and 
moist tropical areas as it does not require electricity 
o r piped water and can be co nstructed from locally
av ailable mate rial. 

The s tudy has furthe r shown the impo rtance of 
coll ecting mo rpho logical data o n each cutting during 
initial propagatio n run s in o rde r to understand fully 
the roo ting respo nse of an untested species . The 
autho rs believe that o ne o f the reasons many species 
are class ified as difficult to roo t is because data o n the 
success and failure of cuttings to root is no t reported; 
future research is th erefo re not well directed. 

It is vita l to repo rt two o ut of the three poss ib le 
respo nses that a c utting can di spl ay , i. e., rooted, dead 
o r alive but unrooted o n the propagati on bed . The 
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Rooted (%) 
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Figure 3. Percentage rooting and mortality of single-node cuttings harvested sequentially down the mainstem of Lellcaella 
/ell coceplw/a seedlings eight weeks after insertion in non-mist propagators (N . B.: node number I ~ apex of the plant). 
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Figure 4; Rooting response of single-node cuttings harvested sequentially down the mainstem of Leucaella leucocephala 
seedlings on days 14-35 after insertion in a non-mist propagator. 

latter two responses have quite different interpreta
tions. If a cutting remains unrooted but alive on the 
propagation bed for several months, this clearly 
means that the propagation environment is suitable 
for that species and that the non-rooting response is 
more likely to be the result of unsuitable stock plant 
management. Research can then be focussed on 
altering the stock plant management to enhance the 
number of cuttings that root. 
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Seed Scarification and Establishment of Leucaena 
leucocephala - A Farmer's View 

P.H. Larsen1 

Abstract 

Using boiling water to scarify Leucaena leucocephala (leucaena) seed produces variable results, 
and immersion time must be varied to suit individual seed lots. Mechanical scarification produces 
better germination, quicker emergence and more vigorous seedl ings. Successful leucaena 
establishment can be achieved by ensuring weed-free fallows, good soil moisture profile, quick, 
effective germination, good insect control for emerging seedlings, and good weed control until 
leucaena is 2 m high. 

THEI<E are 800 ha of Leucaena lellcocephala cv . 
Peru in full grazing, and 105 ha of cv. Tarramba for 
seed production on a property in Central Queens
land. Seed scarification and subsequent methods of 
Leucaena establishment are important to the success 
of the operation. 

Seed Scarification 
Lellcaena seed was first scarified for planting 
13 years ago. The procedure in those days was 
immersion in hot water at 80°C for several minutes 
or acid treatment. The acid treatment was not recom
mended as it was considered too dangerous, so the 
80 °C hot-water treatment was chosen . However, the 
practical implications of this were out of the ques
tion. Firstly, how does one keep water at 80°C while 
dipping large volumes of seed into it for several min
utes; and secondly, what farmer has that much time 
on his hands? It simply was too time-consuming. 

On further inquiry, it was found that seed scarifi
cation could be effected by immersion in boiling 
water for a number of seconds but no one could say 
how many seconds that should be. Seed was boiled 
in lOO-seed lots in a saucepan in the kitchen for 1, 3, 
5, 7 and 10 seconds and the germination recorded 
over a 21-day period. The results were clear, with 
80% germination in 5 seconds and 87% in 3 seconds. 
The germination fell considerably at 7 seconds and 

1 The author is a grazier from Banana in central Queensland's 
brigalow belt with a 2500 ha property (Cedars Park) of clay 
to loamy clay soil. The average annual rainfall is 675 mm. 
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many non-imbibed seeds were present at 1 second. 
Therefore, 4 seconds in boiling water was considered 
to be the proper immersion time period. 

These findings were reported to OPI advisers who 
abruptly publi shed 4 seconds boiling water treatment 
as the best way of scarifying Lellcaena seed. How
ever, because a germination test was always carried 
out using the scarification procedure every time 
another field was planted, it was subsequently found 
that every line of seed must be treated individually 
without regard to prior experience. This means that 
time intervals of immersion in boiling water need to 
be calibrated for each individual seed lot within a 
variety . Within the cv. Peru, one line of seed could 
only be immersed in boil ing water for 1 second for 
maximum germination while a later line of seed 
needed 7 to 10. seconds for maximum germination. 
All seed sales of 'Peru' were therefore made with 
individual boiling water treatment recommendations. 
It was found that although 4 seconds immersion in 
boiling water seemed to be close to the average 
requirement, this figure could not be recommended 
for all Lellcaena seed, because certain I ines of seed 
could be completely ruined by overheating and yet 
other lines were not scarified enough at 4 seconds. 

When the first Tarramba (K636) seed was har
vested, an interesting obstacle with boiling water 
scarification was found. The usual 1, 3, 5, 7, 10 
second boiling water scarification and germination 
tests were carried out only to find that even at 
10 seconds immersion in boiling water, approxi
mately only 50% imbibed in 21 days. Boiling water 
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treatments were extended to 10, 20, 30 seconds only 
to find that at 20 seconds 75%-80% imbibed but 
many seeds rotted instead of shooting. At 30 sec
onds, while almost all seeds imbibed, only a small 
percentage survived the excessive heat. 

Consequently, mechanical scarification using 
fingernail clippers was tried. A preliminary trial pro
duced 99% germination in just a few days. The leu
caena seed germinated quickly, and with healthy 
roots. However, manual scarification is clearly not 
an option for large quantities of seed. As a conse
quence, a machine to mechanically scarify Tarramba 
seed was built so that scarified seed could be offered 
at no additional cost to clients. Because machine
scarified seed has a lower shelf life than boiling 
water-treated seed, it is packed in 20 kg lots in a 
sealed steel pail for dry keeping and an on-farm insu
lated container installed to keep the seed temperature 
constant at 20°C. An attempt is made to scarify seed 
as near in time as possible to clients' planting 
requ i rements. 

A most interesting offshoot to the above experi
ence was the way that machine scarified Tarramba 
seed performed in the field compared to boil ing 
water-treated seed. The emergence of boil ing water
treated seed is only 35% of that of machine scarified 
seed, and does not grow as quickly after emergence. 
The difference can be seen even six months later. 
This author believes the difference can be attributed 
to healthier root stock, as observed in the germina
tion trays. 

Many methods of abrasion of leucaena seed have 
been tried. The humble cement mixer has been 
trialed considerably. Leucaena seed mixed with 
copious quantities of sand, road screenings (blue 
metal), zinc oxide and aluminium oxide have all 
been tried for periods up to 10 hours with absolutely 
no scarification being achieved. However, the 
internal surface of the mixer acquired quite a mirror 
finish! 

Acid treatment has not been tried. One important 
outcome is that together with good scarification prin
ciples, good qual ity germination testing equipment is 
essential for seed production and sale. 

Different lines of Tarramba seed are expected to 
respond in like manner to machine scarification pro
vided the moisture content is constant in each line. 
However, this should never be assumed without con
stant checking. Machine scarified seed can be 
checked readily for effective scarification as it will 
all imbibe within 48 hours, whereas boil ing water 
scarified seed will imbibe from 12 hours to 21 days. 
Nil visible seed coat damage with machine scarifica
tion is preferred. However, to date these methods 
achieve only 500/0-60% non-visible damage, with a 
few percent partly or fully dehulled. 
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Leucaena Establishment 
Effective large scale leucaena establishment is 
achieved under a 5-point plan. 

1. Clean fallows; 
2. Good soil moisture profile up to 1 m prior to 

planting; 
3. Quick effective germination - 7 to 10 days; 
4. Good insect control over emerging seedlings; 
5. Good weed control until leucaena is 2 m tall. 
This should result in 2 m high leucaena in 

6 months which is ready for first grazing. 
1. A weed free fallow, such as would be needed 

for a good grain crop, is necessary for a buildup 
of soil moisture and weed control. This is often 
achieved in a normal rainfall year by three or 
four cultivations after the preceding crop of 
wheat or sorghum, etc. A cultivation immedi
ately following each weed germinating rain 
during the fallow is necessary. 

2. In this 675 mm rainfall area, a good soil mois
ture profile of around 1 m in depth is achieved 
in most years by a 6-month fallow . In drought 
years, this will need to be extended . With a 1 m 
soil moisture profile, a successful leucaena 
establ ishment is assured provided the young 
trees are kept weed free. It takes 6 months for 
the leucaena to use up the moisture in a good 
fallow especially if the row spacings are 5 m 
apart or greater. 

3. Quick and effective germination is of the 
utmost importance to get the young trees away 
to a healthy start. A healthy start ensures a 
healthy finish. Machine scarified seed is pre
ferred to seed scarified in boiling water. Seed 
planting rate has been 3 kg/ha with boil ing 
water-treated seed. However, this has now bee n 
reduced to 2.5 kg/ha with machine scarified 
seed. 

Many row spacings have been tried from 1 m 
double rows to 10 m single rows. Our row 
spacings are in a skip row pattern with twin 
rows (91.5 cm apart), with a spacing between 
twin rows of 4.57 m. 

A dual press wheel arrangement where no 
pressure is exerted over the seed is extremely 
important for minimum emergence time. All of 
our early leucaena plantings were part 
emergence failures. However, since the intro
duction of dual press wheels there fJave been no 
emergence failures. 

The seedling can emerge from 5 cm very 
easily and up to 7 or 8 cm if the soil is soft and 
friable . The seed I ing should be straight and no 
greater than 2 mm in diameter underground on 
emergence. This is the guideline for easy 
emergence to be achieved. Any thickening or 



distortion of the seedling shaft is a good indica
tion that the soil has been too firm for easy 
emergence. Should crusting occur before emer
gence, an application of Yeller wheels (rolling 
cultivators) will help break the crust and assist 
emergence . Full emergence from boiling water
scarified seed should be 7 to 2] days, while full 
emergence from machine-scarified seed should 
be 7 to 10 days. 

4. Insect control is never more important than 
when leucaena is in its first few weeks of 
growth. On a clean fallow, the young leucaena 
is all there is for insects to eat. Lorsban powder 
is applied to the seed to protect the new shoot 
underground. It has been suggested that this 
insecticide will kill the Rhizobium inoculant. 
However, it is more important to have leucaena 
establishing without viable inoculant than to 
have inoculant without leucaena. That is why 
the inoculant is applied on the seed and again at 
first cultivation of the young trees. Lorsban 
beetle bait is broadcast across the field on the 
day the first seedlings of leucaena emerge. This 
controls above-ground insects which have a 
habit of marching down a field in straight lines 
5 m apart and feeding on the new cotyledon 
leaves. The beetle bait is a mixture of 2 1h kg 
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cracked grain, 125 mL vegetable oil and 
100 mL Lorsban per hectare. 

5. Good weed control of young leucaena (under 
6 months of age) or under 2 m in height is most 
important to ensure a healthy leucaena estab
lishment. This is achieved by using Yeller 
rolling cultivators and spring tynes to control 
young weeds in their first week of life. The 
Yeller wheels can be run over the emerging 
seedlings or even before the leucaena emerges. 
The wheels break the crust and thus remove the 
weed seedlings with the crust. They allow soil 
to be spread from the spring tynes over the 
leucaena seedling area in a thick band to cover 
the weeds but not the leucaena. Yeller wheels 
can be used over the leucaena until it is 30 to 
50 cm in height. They allow spring tyne inter
row cultivation to be performed at twice to 
three times the normal speed of travel. The 
result is 2 m high leucaena in 6 months. 
Without weeds, 2 m high leucaena may not be 
achieved until 3 years. 

Although some departures to the above 5-point 
plan have been successful, the author has noted that 
only experts in their field can succeed in a departure 
from anyone of the outlined points. 



Competition studies 

The Effect of Cutting Intervals and Associate Grass Species 
on the Growth of Leucaena at Packchong 

s. Thdsri 1, S. Swasdiphanich1, S. Prasanpanich2 and 
C. Kaewkunga3 

Abstract 

Leucaena (Leucaella leucocephala) was grown with three grasses: ruzi (Brachiaria ruziziellsis ), 
dwarf napier and T aiwan A 25 (both PellllisetulII purpurellln ). The pastures were cut at 20, 30 and 
40-day intervals for 840 days. Leucacna yield w as lower in dwarf napier plots than in ruzi and 
Taiwan A25 plots, which gave similar legume yields. The yield of leucaena declined with 
increasing CUlling intervals whil e grass y ields increased. Growing leucaena with dwarf napier gave 
the highest total y ield. Less frequent CUlling increased total dry mallcr y ields in all treatment com
binations th rough increases in grass yields. 

L EUCAENA (L eucaena leucocephala) is a shrub 
legume which is widely distributed th ro ughout Thai
land (Tudsri 1997). It serves as the most valuabl e 
dairy ca ttl e feed in back yard fceding lots and is also 
tolerant of grazing. However, the productivity of thi s 
legume in mixed pastures may vary according to the 
associate grass species, and the compatability of the 
leucaen<l and grasses may be in fluenced by defolia
tion practi ces. The present experiment examined the 
effects of different cutting interv als on the growth of 
leucaena pastu res with three grasses: ruzi (I.1rachi
aria rllziziensis ), dwarf napier and T aiwan A 25 
(both Pennisetwn pllrpUreUfTI). 

Materials and Methods 
The experiment w as conducted on a sandy cl ay loam 
soil at the Kasetsa rt University fa rm , Packchong, 
approxim ately 150 km northeast of B angkok. A spl it 
pl ot des ign with three repl ica tions w as used. T he 
main plots consisted of three tropi ca l grasses (ruzi 
(Braclliaria rlIziziensis ), dwarf napier and T aiwan A 
25 (both PennisetufTI purpureum)) pl anted between 
rows of leucaena, and the sub-plots were th e cutting 
interv als (20, 30 and 40 days). 

I Department of Agronomy, Kasetsart University, Bangkok 
10900, Tha iland 
I Department of Animal Sc ience, Kasetsart University, 
Bangkok 10900, Thail and 
) Forage Research Project, Facult y of Agriculture, Ubon 
Ratchathani University, Ubon, Ratchathani 34190, Thailand 
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The area w as ploughcd and cultivated to produce 
a good seedbed before sowing on November 10, 
1993. Leucaena, dwarf napier and T aiwan A 25 were 
planted in a small pl ot prior to transplanting into the 
experim ental area when the plants were 4-5 w eeks 
o ld. Leucaena was transplantcd into rows 2 m apart , 
and the transplantcd grasses were grown between the 
leucaena rows at 50 x 25 cm spacing (between and 
within row, respectively). Ru zi grass was sown at 
12 kg/ha. An initial fertili ser dress ing of 15-15-15 
(N:P:K) at 300 kg/ha w as appli ed at sowing with 
further annual appli ca tions at the same rate in 1995 
and 1996. The area was cut to 15 cm for grasses and 
25 cm for leucaena on May 4, 1994. This date was 
taken as week 0, and the cutting interv als com
menced from that date and continued for 840 days. 

Results and Discussion 
Results of this experiment suggested that the growth 
of leucaena was affected by the assoc iate grass 
(Table l). Averaged over the three cutting interval s, 
leucaena yi elds were higher when grown with Ruzi 
and T aiwan A 25 than with dwarf napier. Ru zi is 
sto loniferous with a low growin g habit whil e Ta iwan 
A 25 is ta ll with low leaf production. These growth 
habits may have resulted in these grasses having a 
less competitive effect on the leucaena than dwarf 
napier whi ch is an erect and leafy grass. However, 
the total dry matter yi eld (grass + leucaenil) w as 
highest in the dwarf napier plot. T his was due to an 
increase in the grass component (Table I). 



Table 1. Total dry matter yield (t!ha) of three grasses grown with leucaena over 840 days. 

Cutting interval (days) 

20 

A. Grdss 
I . Ruzi 24 .2 
2. Dwarf napier 38.9 
3. Taiwan A 25 25.6 

Average 29.6 

B. Leucaena 
grown with: 

1. Ruzi 5.8 
2. Dwarf napier 5.7 
3. Taiwan A 25 5.0 

Average 5.5 

C. Grass + Leucaena 
1. Ruzi 30.0 
2. Dwarf napier 44.6 
3. Taiwan A 25 30.6 

Average 35 .0 

Yield of leucaena declined with increasing cutting 
intervals. This was in contrast to what has been 
found in other pasture legumes such as Siratro (Jones 
1967), Desmodium (Jones 1973) and Psora/ea 
eriantlza (Gutteridge and Whitman ] 975) where the 
yields increased under less frequent cuttings. On the 
other hand, grass yield increased as the cutting 
intervals increased. 

This experiment also showed that moderate 
(30 day) and frequent (20 day) cuttings of leucaena 
grown with grasses reduced total dry matter yield 
(grass + luecaena) by approximately 17% compared 
with infrequent (40 day) cuttings over a period of 
840 days. The increase in total dry matter yield 
recorded under less frequent cuttings was due to an 
increase in the grass component. 
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30 40 Average 

25.4 28.2 25 .9 
35.8 44.8 39.8 
29.6 40.3 31.8 

30.3 37.7 

4.8 5.5 5.3 
4.9 3.7 4.8 
5.3 5.0 5.1 

5.0 4.7 

30.2 33.7 31.3 
40.6 48.5 44.6 
34.9 45.3 36.9 

35.2 42.5 
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Interference Effects of Allelospoly and Allelopathy by 
Leucaena leucocephala - a Comparative Study 

R.S. Vinaya RaP, V.M. Srinivasan1, G. Kumaravelul and M. Paramathma1 

Abstract 

Five crops (suntlower, greengram, sesame, sorghum and cow pea) were intercropped with three 
tree species (Casuarina equisetifolia, Eucalyptus tereticornis, and Leucaena leucocephala) when 
the trees were 24 and 30 months-old. Compared to monocrops, all intercrops suffered yield 
depression, with the exception of sesame and cowpea intercropped with C. equisetifolia at 
24 months. L. leucocephala was most inhibitory and C. equisetifolia least so. The depression of 
crop yields is attributed to competition for light, water and nutrients. L. leucocephala had high root 
content and maximum light interception, implying intense subterranean and aerial competition. 
C. equisetifolia had least root content and highest soil moisture content, indicating its lesser level 
of below ground competition. Though light interception was least in E. tereticon/is, its water 
extraction was high. Allelopathic effects on germination and seedling growth were also evident for 
all three tree species. The effects were greatest for E. tereticornis and least for C. equisetifolia. 

ALTHOUGH many benefits (such as mitigation of soil 
erosion, augmentation of soil fertility, concurrent 
production of food and wood, provision of shade and 
shelter, amelioration of microclimate etc) have been 
imputed to agroforestry, farmers are often wary of 
the concept, owing, inler alia, to reduced crop yields 
caused by interference effects of the trees. The inter
ference effects are of two kinds, viz., competition for 
resource pools of light, water and nutrients (termed 
allelospoly by Szezpanski 1977) and allelopathic 
influence (Rice 1984). 

Although numerous reports on intercropping with 
Leucaena leucocephala are available, there are few 
reports on its interference effects relative to other 
tree species. In an intercropping system, the yield 
penalty sustained by the crops was greater for 
Eucalyptus tereticornis and least in Casuarina 
equisetifolia (Vinaya Rai and Suresh 1988). How
ever, intercropping eight leaf-yielding crops with 
five year old trees of E. tereticornis and L. lellco
cephala indicated more yield depression with 
L. leucocephala (78%) than E. tereticornis (27%) 
(Suresh et al. 1991). Allelopathic studies showed that 

I Forest College and Research Institute, Mettupalayam, 
India 641 301. 

198 

E. lereticornis was more toxic than either C. eqlliset
ifolia or L. lellcocephala (Suresh and Vinaya 
Rai 1987). 

This paper reports the interference effects in an 
intercropping system with three tree species 
(c. eqllisetifolia, E. tereticornis, and L. lellcocephala) 
in terms of competition effects and allelopathy. 

Materials and Methods 

AJleIospolic effects 
The studies were carried out at the Forest College 
and Research' Institute, Mettupalayam, India 
(11°19'N, 75°56'E, 300 m above sea level, soil pH 
7.1). Five crops (Table I) were raised in the 
interspaces of three tree species (c. eqllisetifolia, 
E. terelicornis, and L. lellcocephala) when the trees 
were 24 and 30 months-old. The trees were spaced 
4 x 1 m in 8 x 8 m plots. The experiment was a split 
plot design with tree species as the main plots and 
crops as subplots. Monocrops served as control. 
There were three replications. 

Light intensity under the trees was determined 
every month from the 13 lh to the 36,h month and the 
mean light transmission in a year was calculated. 
Thirty months after planting, the root content of the 
trees at various depths (0-30, 31--60, and 61-90 cm) 



;; 

was assessed at two distances of 1 and 2 m from the 
tree base. Available soil moisture under the trees was 
also assessed at this time. 

Table 1. Details of the crops grown. 

Common Latin name Cultivar Spacing 
name (cm) 

Sunflower He/ianthus annuus Modern 45 x 20 
Elite 

Greengram Vigna radiata C04 30 x 10 
Sesame Sesamum indicum CO 24 45 x 15 
Sorghum Sorghum bicolor CO 26 45 x 15 
Cowpea Vigna unguiculata CO I 30 x 10 

A1lelopathic effects 
Foliage from the 30 month old trees of the three spe
cies was soaked in distilled water (1:10 weight: 
volume) for 24 hours. This ratio produces low osmo
lality. The extracts we re filtered through Whatman 
No. I filter paper. The near neutral pH of the extracts 
obviated the need for adjusted controls. Seeds of the 
five crop species were sown in sterile 10 cm petri 
dish es lined with one sheet of germination paper 
soaked with 5 mL of the extract. Moisture in the 
paper was maintain ed by adding 5 mL of the extract 
every second day. Distilled water served as the 

control, and there were three replicates. Germination 
percentage was recorded seven days after sowing 
and seedling length after 30 days. 

Results and Discussion 

Allelospolic effects 
Compared to their respective monocrops, all the 
intercrops raised in conjunction with the trees had 
lower yields, in both the 24 and 36-month treatments 
(Table 2). The only exceptions were sesame and 
cowpea intercropped with C. equisetiJolia, which did 
not show significant yield reduction with 24 month
old trees. The crop yield reduction was greatest with 
L. leucocephala and least with C. equisetiJolia. This 
agrees with earlier resu lts of Vinaya Rai et al. 
(1989), although in an inte rcropping study invo lving 
fodder crops with the same tree species, E. tereti
comis was more injurious than L. lellcocephala. 

Light, moisture and nutrients are the chief deter
minants of crop growth . The crop yield reduction in 
the present study was the result of the reduction in 
the pool size of these resources imposed by the trees . 
The different effects of the trees may be attributed to 
their differential resource sharing capabilities. 
Among the three tree species, C. equisetiJolia had 
the least root weight (Table 3) and the highest soil 

Table 2. Yields of crops (t/ha) intercropped with three tree species 24 and 30 months after planting. (LSDs (0.05) at 
24 months arc: main plots 0.45, subplots 0.82; at 30 months, 0.35 and 0.82). 

Intercrop 24 months 30 months 

MC' CE ET LL MC CE ET LL 

Sunflower 1.81 1.54 1.42 1.25 1.45 1.09 0.80 0.73 
Greengram 1.15 0.96 0.92 0.83 0.98 0.67 0.60 0.48 
Sesame 1.31 1.15 0.95 0.81 1.01 0.71 0.60 0.58 
Sorghum 4.91 4.57 4.17 3.57 4.33 2.85 2.38 2.28 
Cowpea 1.29 1.14 1.06 0.96 1.12 0.84 0.70 0.55 
Mea n 2.09 1.87 1.70 1.48 1.77· 1.28 101 0.92 

• MC - monocrop, CE - Casuarina equisetifolia, ET - Eucalyptus tereticomis, LL - Leucaena leucocephala. 

Table 3. Root dry weight (kg/m}) of trees intercropped with agricultural crops 30 months after planting. (LSDs (0.05) 
between trees 7.4, between depths 5.1). 

Tree species Depth (cm) 

0-30 31-60 61-90 Total 

Casuarina equisetifolia 35.0 6.9 3.8 45.7 
Eucalyptus tereticornis 38.8 14.4 11.1 64.3 
Leucaena leucocephala 41.4 24.1 10.3 75.9 
Mean 38.4 15.1 8.4 
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moisture content (Table 4), implying the least below 
ground competition. 

Table 4. Available soil moisture (%) under trees inter
cropped with agricultural crops 30 months after planting. 
(LSD (0.05) between tree species 2.0). 

Crop Monocrop CE* ET LL 

Sunflower 38.6 20.6 16.0 17.2 
Greengram 41.5 20.2 16.2 18.0 
Sesame 42.5 21.5 16.9 18.5 
Sorghum 37.6 19.4 13.7 14.5 
Cowpea 41.6 20.3 14.7 17.9 
Mean 40.3 20.7 15.5 17.6 

* CE - Casuarilla equisetiJolia; ET - Eucalyptus tereti
comis; LL - Leucaella leucocephala. 

On the other hand, L. leucocephala had not only 
the highest root weight but also maximum light 

interception (Table 5). Thus both subterranean and 
aerial competitions were intense, resulting in max
imum crop yield reduction. E. terelicornis allowed 
more light to the ground level but extracted more soil 
moisture, resulting in an intermediate level of crop 
yield depression. 

A1lelopathic effects 
Not only did the trees differ in their allelopathic 
effects but the crops also differed in their response 
(Table 6). While germination of sunflower was 
depressed by all three extracts, that of cow pea was 
not affected by any of them. Greengram, sesame and 
sorghum showed reduced germination only with 
E. tereticornis extract. Compared to the control, 
seedling growth was impaired in all crops except 
cowpea. 

Considering the tree species, L. leucocephala was 
least phytotoxic, and E. lerelicornis most phytotoxic, 

Table S. Light transmission ratio (%) under three tree species 24 and 36 months after planting. 

Tree 

Casuarina equisetiJolia 
Eucalyptus tereticomis 
Leucaella leucocephala 
LSD (0.05) between trees 

0820 

37 
41 
35 

2.4 

13-24 months 

Time of day 

1420 

71 
77 
66 
3.8 

0820 

25 
29 
24 

1.8 

25-36 months 

Time of day 

1420 

45 
55 
43 

2.9 

Table 6. The effect of aqueous leaf extract on germination and seedling growth of five crops. (For gcnnination %, LSDs 
(0.05) between trees 2.9, within trees or crops 4.9; for seedling length, LSDs (0.05) between trees 0.16, within trees or 
crops 0.33). 

Crop species Tree species 

C. equisetiJolia E. tereticomis L. leucocephala Control 

Germillatioll (%) 
Sunflower 31 26 22 42 
Greengram 97 85 97 100 
Sesame 97 90 94 100 
Sorghum 96 72 91 100 
Cowpea 100 92 100 100 
Mean 84 73 81 88 
Seedlillg lellgth (cm) 
Sunflower 17.8 15.0 17.0 20.8 
Greengram 14.0 12.5 12.9 16.6 
Sesame 13.9 12.7 12.9 14.9 
Sorghum 11.6 12.3 11.7 16.2 
Cowpea 17.4 16.9 17.0 17.6 
Mean 14.9 13.8 14.3 17.2 
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both for germination and seedling growth. The inhib
itory effect of E. lerelicornis may be ascribed to the 
production of phenols or volatile terpenes, while the 
phytotoxic effects of L. lellcocephala may be 
attributed to mimosine, which has previously been 
reported to be phytotoxic in mungbean (Ling et a\. 
1969) and lettuce (Wilson and Bell 1979). 
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Condensed Tannins in the Genus Leucaena and their 
Nutritional Significance for Ruminants 

D.M. McNeilll, N. Osbornel, M.K. Komolong2 and D. Nankervis1 

Abstract 

Condensed tannin (Cf) can dramatically reduce the utilisation of protein in ruminants. 
However, at low levels «3-6% DM) it is hypothesised that Cf can be advantageous. The ability 
of CTs to protect protein in the rumen could increase the flow of bypass protein and, provided 
they do not reduce the flow of microbial protein, increase the total supply of protein for 
absorption. To assess these hypotheses, the effect of inactivating tannins by treatment with 
polyethylene glycol (PEG) on the nutritive value of Leucaella leucocephala (K636) was assessed. 
In addition, three other Leucaella species (L. Irichandra CPI 46568, L. pallida CQ 3439, 
L. collinsii OFI 51 /88) were compared to L. leucocephala (K636). All Leucaena species were fed 
fresh to sheep in metabolism crates. Purified Cfs from the Leucaellll species were assessed for 
their abilities to bind protein in vitro. Also measured was the ability of the CTs to release 
previously complexed protein, between the abomasum and end of the small intest ine in sheep. The 
high CT Leucaena species (L. trichandra CPI 46568 and L. pallida CQ 3439) were associated 
with poor retentions and apparent digestibilities of N, and lower dry matter digestibilities, 
compared to the lower tannin L. leucocephala (K636) and virtually tannin devoid L. collillsii. The 
CT content (i.e., untreated v. PEG treated) of L. leucocephala (K636) enhanced its ability to 
supply protein to the abomasum (1.003 v. 0.635 gig N intake, pooled S.e. = 0.138, P<0.10) by 
increasing the amount of feed protein that hypassed the rumen (0.499 v. 0.077 gig N intake, 
pooled S.e. = 0.138, P<O.lO) without inhibiting the supply of microbial protein (0.554 v. 0.558, 
pooled S.e. = 0.043, P>0.10). Part of the advantageous effect of L. leucocephala (K636) CTs on 
the delivery of protein post-rumen may be attributed to their weaker ability to bind protein, 
especially at abomasal pH. On a gig basis, purified L. leucocephala (K636) Cf had approximately 
half the binding power of L. pallida (CQ 3439), L. trichandra (CPI 46568), Lotus pedunculatus 
(cv. Maku) and Acacia aneura CTs at pH 5, and no measurable binding at pH 2.5, in vitro. There 
was also an indication that L. leucocephala CT was better able to release protein between the 
abomasum and end of the small intestine than L. pallida (CQ 3439) and Acacia aneura Cf. 
L. leucocephala (K636) may be an example of a forage wiih a CT fraction that st imulates a better 
than expected supply of protein to ruminants. However, the authors, and o thers, have been unable 
to directly link enhanced protein flow to enhanced N retention. It is postulated that this lack of 
translation is because gains in protein delivery are offset by enhanced losses of endogenous 
protein due to interactions between Cf and proteolytic enzymes and/or the gut wall distal to the 
rumen. The data indicate a promising future for L. leucocephala (K636) and L. col/insii (51 /88) 
forage in productive feeding systems for ruminants in the tropics. In contrast, L. pallida 
(CQ 3439) and L. trichandra (CPI 46568), whose protein availabilities are dramatically inhibited 
by CT, should not be recognised as valuable protein supplements. 

LEUCAENA lellcocephala is one of the most nutritious 
tropical forages fed to ruminants. However, the 
nutritiv e value of some of the lesser-known 

I School of Land and Food, The University of Queensland, 
Qld 4072 Australia 
2 Department of Agriculture, Papua New Guinea Universi ty 
of Technology, PMB, Lae, Papua New Guinea 
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Lellcaella species, particularly in rega rd to their 
ability to supply metabo li sable protein to ruminants, 
is open to question (Norton 1994 a, b). Many con tain 
excessive amounts of condensed tannin (eT) 
(Wheeler et al. 1994; Dalzell et aI., these Proceed
ings). Tannins are a probl em because of the ir abilily 
10 bind 10 and effectively form a protective coaling 
around protein (Figure 1, Spencer et al. 1988). When 



tannins coat feed-protein, they reduce the ability of 
digestive enzymes in the animal's gut to attach to 
and digest that protein. Furthermore, tannin can coat 
the digestive enzymes themselves, as enzymes are 
also proteins, further exacerbating the problem 
(Mangan 1988; Tanner et al. 1994). Excessive levels 
of dietary tannin would also be expected to reduce 
the supply of microbial protein to the animal (Barry 
et al. 1986; Field and Lettinga 1992). Too much 
tannin in the rumen would protect feed protein to the 
extent that the microbes are starved of the nitrogen 
(N) they need for growth . Moreover, tannin may 
stimulate the animal to secrete more endogenous 
proteolytic enzyme than normal, and may attach to 
the inner lining of the gut, potentially accelerating 
the natural process of cell death and damaging the 
ability of the gut to absorb nutrients (Butler 1992). 
Hence, despite a feed test indicating adequate levels 
of protein, if the feed also contains tannin, less of 
that protein than expected would be converted into 
animal product. 

Despite the deleterious effects of tannin outl ined 
above, it has been hypothesised that small amounts 
(3-6% of OM) may not cause problems, and may 
even be advantageous (Barry et al. 1986; Waghorn 
1990; Mangan 1988). If the protein content of a 
forage is in excess of microbial needs for protein 
synthesis, a small amount of tannin may protect the 
excess protein from otherwise wasteful degradation, 
the result being a greater flow of protein to the small 
intestine of the animal for absorption. However, the 
success of this hypothesis depends on the assumption 

H 

OH 

(a) 

that the tannin-induced 'bypass protein' is useable; 
i.e., is it released from the tannin post-ruminally for 
digestion at the level of the abomasum and small 
intestine? 

The protein may well be released, because the 
bond between the tannin and protein can be broken 
by acidic conditions such as those in the abomasum 
(Jones and Mangan 1977; Mangan 1988; Perez
Maldonado et al. 1995). Tannins in LO/lls spp. and in 
Desmodium ovaliJolillm appear to have the ability to 
bind protein in the rumen but release it post
ruminally to the animal ' s advantage (Barry et al. 
1986; Waghorn 1990; Rosales 1995). However, 
whether all tannins will release protein post
ruminally is still open to question. Tannins differ in 
their abilities to bind to protein (Perez-Maldonado et 
al. 1995). If tannins differ in their binding ability 
they may also differ in their releasing ability . 
Finally, even if low concentrations of dietary tannin 
improve the flow of useable protein to the small 
intestine does it translate into an improved accretion 
of N in the animal ? The lesser-known Lellcaella 
species were evaluated with regard to these 
questions. 

Materials and Methods 
Two feeding trials, using penned sheep, we re con
ducted to assess the digestibility of dry matter and N 
in selected Lellcaena species. A further in vivo trial, 
using sheep surgically prepared with ileal and 
abomasal cannulae, was conducted to determine the 

(b) 

Figure 1. (a) Generalised structure of a condensed tannin (er) and a stylised hydrogen bond between a er hydroxyl and 
adjacent carbonyl group of an amino acid residue in a protein, and (b) a more proportional (11111) representation of CTs 
(dark zigzags) reversibly complexing with proteins (round Objects). 
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ability of infused CT to release plant protein post
ruminally. These idals were further complemented 
by in vitro assessments of the abilities of various 
Leucaena and other eTs to bind with protein. 

Feeding (in vivo) trials 
In the first feeding trial, at the University of Queens
land farm, Brisbane, Australia, the consequences of 
eT on the flow of N and the digestibility of organic 
matter (OM) in 15 crossbred weaner ewes 
(Merino/Dorset/Border Leicester, mean I iveweight = 
35.3 kg) was examined by feeding them a sole diet 
of either fresh L. leucocephala (K636) with or 
without the addition of polyethylene glycol (PEG, 
mw = 4(00), or a sole diet of lucerne (Medicago 
sativa) chaff as a positive control (n = 5 ewes per 
treatment). PEG effectively neutralises CT without 
affecting the non-tannin components of the feed, 
such that any changes due to PEG treatment can be 
attributed to an effect of CT. PEG was applied at a 
rate of 50 glday/sheep by spraying a 1 in 3 (gig) 
aqueous solution of it onto the Leucaena 
immediately before feeding. 

For each treatment, 1000 g of DM was offered on 
the assumption that the freshly harvested Leucaena 
had a DM content of 30% and the lucerne chaff 88%. 
The Leucaena was harvested daily, kept refrigerated 
until needed, and fed in equal aliquots every 2 hours 
by automatic feeder over a 20-hour period/day. The 
feeder was reloaded, and refusals collected, 
twice/day . The animals were given 5 days to accli
matise to the treatments and their metabolism pens, 
and faecal and urine collections were made over the 
next 7 days, for the determination of N balance and 
the apparent digestibility of N and OM. Representa
tive samples of the fed and refused forage were col
lected daily, freeze-dried, and ground for subsequent 
analyses for N and OM contents. Post-ruminal tlows 
of total non-ammonia N (NAN) were determined by 
euthanasing the animals, and relating the concentra
tion of CrZ03 and NAN in the total mixed contents of 
the abomasum to N intake relative to the constant 
release rate of CrZ03 from a slow release capsule 
administered into the rumen of the sheep 16 days 
earlier. Microbial protein production was estimated 
from the total excretion of purines in the urine over 
the 7-day N balance period, as described by Chen 
and Gomes (1995). eT contents of the forage were 
assayed using the Butanol-HCI method, as modified 
by Dalzell and Kerven (1998), with purified 
L. pallida eT as the assay standard. 

The second feeding trial, conducted at the Univer
sity of Technology (Unitech) in Lae, Papua New 
Guinea, was a comparison of nutritive value of four 
Leucaena species, freshly harvested 100% Leucaena 
diets (750 g DM/d, assuming 30% DM) for sheep 
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(Priangan x Highland ram lambs, mean liveweight = 
24.3 kg, n = 6/treatment). The four Leucaella diets 
were L. leucocephala (K636), L. collinsii (OFI 
51/88), L. pallida (CQ 3439) and L. trichandra (OFI 
53/88). Nutritive value was assessed in terms of N 
retention and the apparent digestibility of N and OM. 
Procedure for total collection of faeces and urine and 
chemical analyses (N, OM and CT) were similar to 
the first feeding trial. The one exception was that the 
assays were completed on oven-dried (65°C), rather 
than freeze-dried forage samples. 

In the final in vivo trial, at the University of 
Queensland, CT fractions extracted and purified 
from L. leucocephala (K636), L. collinsii (OFI 
51/88), L. pallida (CQ 3439), L. trichalldra (CPI 
46568), Lotus pedllnculatlls cv. Maku, and Acacia 
alleura were each complexed with Leucaella leaf 
proteins labelled with the isotope 15N and infused 
into the abomasum of sheep together with a solution 
of Cr-EDT A. Several hours later, digesta from the 
end of the small intest ine was collected and analysed 
for the ratio of 15N (above natural background level s) 
to Cr-EDT A. The change in ratio of Cr-EDTA to 15N 
infused to that collected at the ileum is directly indic
ative of the true digestibility of the complexed pro
tein and hence a measure of the ability of a given CT 
to release protein post-rumen for digestion and 
absorption into the blood stream. CT from each gen
otype was extracted and purified as described by 
Perez-Maldonado and Norton (1996a, b). 

In vitro trials 
The relative binding abilities of the purified CTs used 
in the final in vivo trial (above) were also assessed in 
vitro. Their abil ities to bind and precipitate protein 
(i.e., astringency) were measured by adding 
increasing amounts of CT to 0.75 mg of bovine 
serum albumin (BSA) in an acetate buffered solution 
(0.2 M sodium acetate buffer with 0.17 M NaCl at pH 
5) until all the BSA was bound to and precipitated by 
the eT (i.e., maximal binding), according to the 
method of Makkar et al. (1987). Astringency was 
defined as the amount of CT required to precipitate 
half the total protein. Amounts of protein bound were 
measured by hydrolysing the protein in the preci
pitates and assaying with ninhydrin. Binding para
meters were determined by filling the sigmoid 
equation y = a/(1 +exp(-(x-b)/c)) where 'a' is the 
maximal amount of protein precipitated and 'b' is the 
concentration of eT at 50% of maximal precipitation. 
CT astringency was defined as the 'b' value. Typical 
binding curves are shown in Figure 2. Astringencies 
for CT extracted from L. leucocephala (K636), 
L. pallida (CQ 3439), L. trichandra (CPI 46568), 
Lotus pedllllculatus, and Acacia anellra, were 
determined at pH 5 .0 (chosen as this is close to the 
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Figure 2. Binding curves for L. leucocephala and L. pallida tannins added in increasing amounts to BSA protein in an 
acetate buffered solution at pH 5. The horizontal line running across the curves indicates the point at which half-maximal 
binding occurred, and the corresponding vertical arrows indicate the amount of tannin at which half-maximal binding 
occurred, this amount being the definition of the astringency of a given tannin . 

isoelectric point of BSA, which is the pH at which 
BSA is expected to bind CT most readily), and at 
2.5 units above (pH 7.5) or below (pH 2.5) the 
optimal pH. The lower pH represents that which may 
be expected in the abomasum, and pH 7.5 that in the 
initial sections of the small intestine. Ruminal pHs 
would commonly lie between 5.5 and 7.5. 

Purified CT from each of L. leucocephala (K636), 
L. pallida (CQ 3439), and L. triclrandra (CPI 46568) 
were further differentiated, using a size-exclusion 
column, to reveal a range of CT fractions within 
each genotype. Spectrophotometric profiles (read at 
350 nm) of these fractions, as they eluted from the 
column are shown in Figure 3. These fractions were 
collected as they passed from the size exclusion 
column, and their astringencies measured at pH 5, as 
described previously. It was expected that the larger 
CT fractions should elute from the column first and 
the smaller ones last, and so, by relating elution time 
to astringency, the authors hoped to relate CT size to 
astringency. 

The fractionation procedure was an adaptation of 
Derdelinkx and Jerumanis (1984) and Perez-Maldo
nado (1994). A glass column was packed with Frac
logel TSK-HW-40(S) (Merk, Australia) after being 
pre-swollen with 50% aqueous acetone. The 50% 
aqueous acetone was degassed and filtered, and 
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pumped through the column at 1.0 mL/min. CT was 
dissolved in 50% aqueous acetone and 1 mL applied 
to the column at a concentration of 5 mg/mL. 
Internal standards of dextran blue and vitamin B12 
were used to ascertain the dependability of the 
column elution times. Elutant from the column was 
detected with Knauer UV spectrophotometer at 350 
nm and the resulting chromatogram fed directly into 
the Maxima 820 computer program (Dynamic Solu
tions/Millipore, USA) for analysis. Individual CT 
peaks were separated by collecting the outflow from 
the Fractogel TSK-HW-40(S) column on an auto
mated fraction collector (Model 2] 10, Biorad, Rich
mond USA). Fractions were collected every minute 
into a plastic tube. Fractions were bulked and rotary 
evaporated and frozen before being freeze-dried and 
stored at 4 qc. 

Results and Discussion 

Condensed tannins and digestibility 
The common hypothesis of action of CTs is that they 
reduce animal performance by their ability to bind to 
and hence reduce the digestibility of protein. The 
interaction between CTs and protein appears to be 
confined primarily to the digestive tract as CTs are 
thought to be too large to be absorbed into the blood 



stream (Mangan 1988; Terrill et al. 1994), although 
there is some evidence to the contrary (Perez
Maldonado and Norton 1996a). I n most fresh 
forages, the majority of CT is in the unbound (free) 
form. CTs complex with protein as the animal 
ingests and/or ruminates the forage, and when the 
CTs and proteins are mixed in the rumen . Resultant 
complexes can potentially remain intact throughout 
the entire digestive tract, exit in the faeces, and rep
resent an important wastage of feed protein. On first 
analysis, this hypothesis is well supported by the 
data of others (Table 1), and of these authors 
(Tables 2 and 3). An elevated excretion of faecal N 
and a reduced 'apparent' digestibility of N across the 
whole tract is a consistent consequence of the 
presence of active dietary CT. 

0.2 L. trichandra 

0.1 

0.0 

0 20 40 60 80 100 

0.2 
L. pallida 

0.1 

0.0 

0 20 40 60 80 100 

0.2 
L. leucocephaJa 

0.1 

0.0 -+---,-----,---,-----,------, 

o 20 40 60 80 100 

J<' igure 3. Size-exclusion chromatograms of L. Irichandra, 
L. pallida, and L. /eucocepha/a eT fractionated on 
Fractogel TSK-HW-40(S). Mobile phase 50% aqueous 
acetone at a flow rate of 1 mL/min. and recorded at 350 nm 
over 100 minutes. 
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The apparent digestibility of N in the sheep fed 
L. /ellcocephala with its CTs active was 13% units 
less and faecal N was 51 % higher than L. /ellco
cepha/a with its CTs inactivated by PEG (P<0.05, 
Table 2). When the high CT (L. trichandra, L. pa/
lida) and low CT (L. /ellcocepha/a and L. collinsii) 
species are compared, the apparent digestibilities of 
the high CT species are more than half that of the 
lower CT species and the resultant excretion of 
faecal N al most twice as high (Table 3). 

In the comparison of L. /eucocepha/a with or 
without its CTs intact, a high quality lucerne chaff 
was also included as a positive control to address the 
assertion of some that the nutritive value of L. /ellco
cep/Ja/a approximates that of lucerne (Table 2). 
L. /ellcocephala did match lucerne chaff for its 
ability to supply digestible OM, and it approached 
the apparent digestibility of N for lucerne once its 
CTs were neutral ised. In the case of L. co//insii, 
because it had a similar digestibility of OM to 
L. /eucocephala in the Unitech trial, it is reasonable 
to predict that L. collinsii also has a digestibility of 
OM approximating that of lucerne. 

The data in Tables 2 and 3 indicate a promising 
future for the virtually unknown L. co//insii (OFI 
51/88) in productive feeding systems, and confirm 
the superior feeding value of L. /eucocepJza/a. 
Conversely, a 100% diet of either L. pa//ida or 
L. Irichandra should at best be considered to be little 
more than a maintenance feed, and of substantially 
less value as protein supplement than one might 
expect from an assay of their protein content. 

Tannins and bypass protein 
A more recent extension of the hypothesis that CTs 
reduce N digestibility is that the depression of N 
digestibility can sometimes prove advantageous. CTs 
could promote bypass protein by protecting feed 
protein from excessive degradation in the rumen. If 
the bypass protein is subsequently released post
ruminally, it would prove valuable as a top-up to the 
microbial protei'n that is already available, such that 
the animal absorbs more total protein than would 
otherwise have been the case (Barry et al. 1986). The 
rationale behind this possibility is that extremes of 
pH reduce the strength of the hydrogen bonds 
between protein and tannin, causing the complexes 
to fall apart (lones and Mangan 1977). Ruminal pH, 
being relatively close to neutral, promotes binding 
between CT and protein, but when the complex 
reaches the abomasum, where pH drops dramati
cally, the hydrogen bond is weakened to the extent 
that the CT may dissociate from the protein leaving 
it open to attack by proteolytic enzymes. When the 
protein and CTs move from the abomasum to the 
beginning of the small intestine, pH rises as a result 



Table 1. Studies in which the effect of CT on nutritive value parameters has been determined by treating tanniniferous 
forages with or without the CT neutralising agent, PEG. 

Oiet OMOor N digestibility Faecal N NAN absorbed N retention 
OMO (apparent) post-ruminall y 

Lo/us pedullcula/us negative negative positive positive n.s. 
(Barry et al. 1986) 
Desmadium avalifolium n.s. negative positive NR negative 
(Carrulla 1994) 
Desmadium avalifalium n.S. negative positive positive NR 
Flemillgia macrophyl/a negative negative positive n.s. 
(Rosales 1995) 
Acacia alleura (Mulga) n.s. negative NR NR n.s. 
(Pritchard et al. 1992) 
La/us cornicula/us n.s. negative positive positive NR 
La/us pedullculalus n.s. negative positive n.s. 
(Waghorn 1990) 
Cailialldra calolhyrsus 
(Norton and Ahn 1998) 

frozen n.s. negative positive NR n.s. 
dried n.s. negative positive NR n.s. 

NR denotes not reported 
negative denotes a significant (P<0.05) reduction, and positive denotes an increase, in the measure due to active CT 
n.s. denotes no significant (P>0.05) change detected 

Table 2. The digestibility of OM, N, and the excretion of N in the faeces of sheep (n = 5/treatment) fed either fresh 
Leucaella with or without its CTs neutralised by a foliar application of PEG, compared to lucerne chaff. 

Extractable CT OM intake N intake OM digestibility 
(% OM) (g/d) (g/d) (apparent) 

(%) 

Lucerne chaff 0.54 1042" 36.3 66.2 
L. leucocephala 7.30 934b 31.7 65.0 
L. leucocephala 4.23 984b 33.5 64.4 
(CTs neutralised) 

Pooled s.e. 17 1.1 0.8 

Within a row, means lacking a common superscript letter differ (P<0.05) 
Extractable CT determined on freeze-dried samples 

Table 3. Nutritive value of four Leucaella species fed fresh to sheep (n = 6/treatment) 

Extractable OM OM N 
CT intake digestibility digestibility 

(% OM) (g/d) (apparent) (apparent) 
(%) (%) 

L. leucocepha/a 3.75 555 60.1" 66.4" 
L. col/illsii 0.58 561 58.8" 80.5h 
L. pal/ida 5.76 563 48.2h 37.5" 
L. Iricha/ldra 6.51 504 42.3" 37.8c 

Pooled S.e. 22 1.9 2.2 

*L. pal/ida was different to L. leucocephala at P = 0.07 
Within a column, means lacking a common superscript letter differ (P<0.05) 
NO, not detectable 

Ingested 

18.08" 
21.80h 
17.47" 
15.77" 
0.56 

N digestibility Faecal N 
(apparent) (g/d) 

(%) 

78.8" 7.6" 
64.2b 11.3h 
77.5" 7.5" 

1.2 0.3 

N (g/day) 

Faecal Retained 

6.04;' 2.46"h' 
4.25h 4.70;' 

10.91" -0.01 he' 

9.69d -0.53" 
0.4 0.91 

Extractable CT determined on oven-dried samples and are therefore underestimates of true values in the fresh forage fed 
(see Oalzell et al. 1998) 
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of the entry of bicarbonate and this alkaline environ
ment also weakens the hydrogen bonds, this process 
being further aided by the detergent action of bile, 
allowing further digestion and consequently absorp
tion of the protein to occur (Mangan ] 988). 

In agreement with data from studies on LOIIlS and 
Desmodium (Table 1), it has been demonstrated that 
L. leucocephala, with its CT active, tends to stimu
late a greater supply of protein to the small intestine 
of sheep (Table 4). Per unit of N intake, CT 
enhanced the total supply of protein by 37% units, 
relative to L. leucocephala with its CTs inactivated 
by PEG. The supply of microbial protein was 
unchanged due to the presence of active CT, indi
cating that the amount of CT in L. leucocephala was 
such that it did not bind feed protein to the extent 
that the rumen microbes were deprived of N. 

Surprisingly, the enhanced flow of protein due 
to L. leucoceplzala CT did not translate into an 
improved retention of N. This raises the question of 
whether the L. leucocephala CTs were releasing the 
protein post-ruminally. 

To screen L. lellcocephala CTs for an abil ity to 
release protein post-ruminally, the authors character
ised the interactions with protein both in vitro and in 
vivo. Lellcaena leucocephala CT was compared to 
CT from L. trichandra and L. pallida. To place the 
behaviour of Lellcaena CT in the context of better 
known CTs, fractions extracted from Acacia af/ellra, 
and Lotus pedunculalus were also included. In vitro, 
L. leucocephala CT was the weakest binder of BSA 
protein of all those tested, and L. pallida the 
strongest at pH 2.5, 5 and 7.5 (Table 5). Twice as 
much L. leucocephala CT as L. pallida CT was 
required to bind the same amount of protein, at pH 5. 
The astringencies of other CTs fell between L. /euco
cep/wla and L. pa/lida, with the majority tending 
toward the L. pallida. Clearly, L. leucocephala CT is 
an exceptionally weak binder of protein. 

The variability in the in vitro astringencies of 
Leucaena CTs may be attributed to the size of the 
CT, abundance of hydroxyl groups, and the pres
ence of side chains on the CT backbone. Size, or 
more specifically polymer length, has been con
sidered to be the most important factor influencing 
the astringency of CTs (Spencer et al. 1988). 

The speed with which CTs elute from a size 
exclusion column is one means of ranking CTs on 
size. When the CT fraction from specific Lellcaena 
species were compared in this way it became imme
diately evident that within a specific Leucaena, there 
was not one CT, but many (Figure 3). The variety 
and relative amounts of individual CTs also differed 
between Leucaena species. It was also apparent that 
some peaks (representative of individual CTs) were 
similar across species, raising the possibility that 
they were the same CTs. This proved not to be 
the case. 

Similar peaks from different Leucaef/a species 
varied in their astringencies sometimes by as much 
as two-fold (Table 6). Furthermore, astringency did 
not necessarily increase with apparent increases in 
CT size. In Table 6, Peak 1 is the first peak to elute 
from the column, and therefore expected to be the 
largest CT fraction, and Peak 7 the smallest. Remem
bering that the lower b values indicate a higher 
astringency, only for L. trichandra was there a 
decrease in astringency as the size of the CT 
decreased. For L. pal/ida and L. leucocep/w/a, there 
was only an obvious difference decrease in astrin
gency between the largest CT and the rest. In fact, 
for L. leucocephala, after a point, as its CTs became 
smaller their astringency began to increase again. 
Most of the L. leucoceplwla CTs exhibited low 
astringencies. Clearly, CT size is only part of the 
explanation for astringency differences between 
individual CTs in Lellcaena species. 

Table 4. Non-ammonia N (NAN) !lows in relation to N intake, and N retention, in sheep (n 
L. /ellcocephala with or without its Cfs neutralised by PEG. 

5!treatment) fed 

N intake 
(g/d) 

L. lellcocephala 31.7 
L. lellcoceplrala 33.5 
(Cfs neutralised) 

Pooled s.c. 0.8 
Pvallle 0.16 

Total 

1.003 
0.635 

0.1:18 
0.095 

Abomasal NAN !low 
(gig N intake) 

Microbial Dietary 
(i.c. bypass) 

0.554 0.449 
0.558 0.077 

0.04:1 0.D8 
0.95 0.092 
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N retention 

(gld) (gig N intake) 

7.2 0.228 
lOA 0.306 

1.4 0.038 
0.142 0.187 



Table 5. Influence of pH on the astringency of CT from 
three Leucaena sped~s in comparison to better known CTs. 

CT source pH 2.5 pH 5 pH 7.5 

Leucaena pal/ida 0.435 0.141 0.216 
Lotus pendullclllatus 0.459 0.156 0.254 
Leucaena trichandra 0.612 0.162 0.28 
Acacia aneura 0.744 0.182 0.343 
Leucaena leucocephala No binding 0.295 0.558 

Table 6. Astringency (g tannin required for half maximal 
precipitation of 0.75g of BSA protein) of individual CTs 
isolated from within the CT fraction of three Leucaena 
species, relative to their order of elution from a fractogel 
TSK-HW-40 (S) size exclusion column (see Figure 2). 

Peak L. leucocephala L. trichandra L. pallida 

1 (largest) 0.226 0.151 0.139 
2 
3 0.145 
4 0.289 
5 0.375 0.170 0.241 
6 0.277 0.209 0.227 
7 (smallest) 0.304 0.293 0.264 

In vitro, when pH was either increased to pH 7.5 
or decreased to pH 2.5, relative to pH 5, CT astrin
gencies were reduced (Table 5). The reduction in 
astringency from pH 5 to pH 2 .5 was most dramatic, 
in the order of 3-4 fold. All CTs maintained their 
original astringency rankings in response to the pH 
changes. Most importantly, L. leucocephala lost its 
ability to precipitate protein at abomasal pH (pH 
2.5). This marked the CTs in L. lellcocephala as 
prime candidates for those most likely to promote 
useable bypass-protein. The next step was to verify 
this in vivo, in the gut of the sheep. 

Lellcaena leucocephala and Lotlls pedunculatus 
CT, when complexed with leaf protein and infused 
into the abomasum of the sheep, did not significantly 
reduce the digestibility of the protein relative to the 
uncomplexed protein control (Table 7). This indicated 
a high level of protein release between the abomasum 
and the end of the small intestine. The L. trichandra 
CT, and the Acacia aneura CT, both reputed to be 
highly astringent, did reduce the true digestibility of 
the protein they were associated with, as had been 
expected. However, it was surprising that even 
though theA. aneura and L. trichandra CTs interfered 
with protein digestion, the interference was relatively 
small. They still released at least 78% of the protein 
that they had previously bound. The expectation was 
that the more astringent CTs would release very little, 
if any, of their protein. This questions the common 
understanding that 'bad tannins' carry protein in an 
unavailable form through the entire digestive tract. 
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Table 7. In vivo ability of CT to release protein post
ruminally. 

CT source 

Leucaena trichandra 
Acacia aneura 
Lotus pedullculatus 
Leucaena leucocephala 
Control (no CT) 
Pooled s.e. (n = 3) 

n 

3 
3 
2 
3 
2 

True digestibil ity 
(%) 

77.8' 
77.7" 
86.9"h 
88.3"h 
94.2h 
4.7 

Within a column, means lacking a common superscript 
letter differ (P<0.05) 

Hence it is evident that L. lellcocephala CT is 
particularly good at releasing protein post
ruminally. The data of Barry et al. (1986), Waghorn 
(1990), Carrulla (1994) and Rosales (1995) indi
cates similarly for Lotus and Desmodillm CT. Yet, 
even though the evidence is for CTs enhancing the 
supply of useable protein, in the pen trials and 
others that have also measured N retention, this 
extra supply of protein has not translated into a 
higher retention of N (Barry et al. 1986; Carulla 
1994; and Rosales 1995, Table 1). Only in some 
grazing trials has a positive effect on N retention, 
measured in terms of improved milk and wool pro
duction, been noted. This was with sheep fed LO/lls 
corniclllatus forage and drenched with water or 
PEG twice daily to determine the effect of CT alone 
(Wang et al. 1996a, b). Why there is no consistent 
link between improved N flow and improved N 
retention remains to be explained. One explanation 
for N retention not increasing may be that there was 
an insufficient supply of metabolisable energy to 
complement the enhanced supply of N (MacRae and 
Lobley ] 986). 

However, an alternative explanation may be 
derived from the 'endogenous protein' hypothesis of 
Butler (1989, 1992). It is possible that CTs may 
enhance the n<\tural loss of endogenous protein such 
that this loss offsets any gains in protein flow due to 
CT, the end result being a minor if any effect of CT 
on N retention. 

Tannins and the loss of endogenous protein 
From the perspective of monogastrics, Butler (1989, 
1992) suggests than tannins may exert their major 
action on protein utilisation by increasing the loss of 
endogenous protein, rather than by inhibiting the true 
digestibil ity of feed protein. Transferring the situa
tion from the monogastric to the ruminant, if tannin 
protects feed protein through the rumen without 
reducing the production of microbial protein, and 
then releases that extra protein for digestion due to 



the pH extremes and bile in the abomasum and 
duodenum, the animal w ill receive more protei n. 
However, the free CT may re-activate furth er along 
the sma ll intestine, as the pH becomes more neutral 
and the activi ty of bil e decli nes. Once re-act ivated, 
the CTs could then bind to endogenous proteins such 
as the epi thelial cell s l in ing the gut wall and to 
enzymes in the digesta, causing the premature death 
of the epithelial cell s and preventing the reabso rption 
of the protein in these cells and enzy mes by 
the an imal. 

Butl er (1989, 1992) supports his hypothes is by 
referring to ra t and chicken stu dies in which isotop i
call y-Iabell ed fe ed protein does not appea r in faeces, 
despite it bein g fed w ith active CT. Whereas when 
endogenous protein is labelled with isotopes, the 
appearance of the isoto pe in the faeces increases 
when CTs are added to the d iet. Concentrations of 
proteolyt ic enzymes in the monogast ric gut can also 
increase in response to tannini fe rous di ets (G lick and 
Joslyn 1970; Tamir and Alu mot 1970; Shahkhalili et 
al. 1990). The endogeno us protei n hypot hesi s is also 
consistent w ith data in ru minants which shows CTs 
reduce the ' apparent' digestibility of protein 
(Table 1), if one considers how 'apparent di gest i
b il ity' is ca lculated, i.e., apparent digestib ility = 1 -
(faecal N/intake N), where faecal N comprises undi
gested feed N + endogenous N. Hence an increase in 
endogenous N will reduce ' apparent digestibili ty' , 
just as an increase in undi gested feed N would. That 
CTs induce an excessive loss of endogenous protein 
and tha t th is offsets any advantage CTs might confer 
by promoting bypass prote in is a hypothesis worthy 
of pursuit in the rum inan t. 

Conclusions 
Leucaena leucocephala CTs are exceptional I y weak 
binders of protein, in comparison to CTs fro m L. pal
lida, L. trichandra, Lotus pedunclllatus, and Acacia 
alleura. Leucaella lellcocephala CT can enhance the 
supply of protein to sheep by the provision of extra 
bypass protei n, but this does not necessaril y trans late 
to an imp roved retention of N. T he qua li ty of 
L. lellcocephala approaches the quality of lucerne, 
despite its content of CT. W it h virt ua ll y no detect
abl e CT, L. collinsii is of s imi lar qua lity to L. lellco
cephala, and more so in te rms of its abil ity to supply 
rumen degradabl e prote in. In contrast, the high 
concentrat ions of CT in L. pallida and L. trichandra 
fo rage are cons istent with a greatly reduced avai l
abil ity of N, to the extent that their value as prote in 
supplements could be severely limited . 
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Palatability of Leucaena to Ruminants 

M.A. Faint!, D.M. McNeilJ1, J.L. Stewart2, A.C. Castillo3, R.N. Acasio3 

and J.J. Lynch4 

Abstract 

The palatability of up to 27 Leucaena accessions was evaluated in four trials in Australia, Phil
ippines and Honduras. In Australia, 21 Leucaena accessions and one accession each of Ca/lial1dra 
calothyrsus, Sesbal1ia sesban and Cliricidia sepium were grazed by cattle. In a second Australian 
trial, three foliar treatments were applied to the accessions before grazing, namely NaCI, po ly
ethylene glycol and fructose, in an attempt to improve the palatability of the plants. In the Philip
pines and Honduras, the palatability of 19 and 27 Leucaella accessions respectively were assessed 
in cut-and-carry experiments with sheep. Leucaena accessions were deemed palatable if they were 
eaten as readily as the reference access ion, L. leucocephala subsp. glabrata K636. The relative 
palatability of the accessions was determined by leaf defoliation, grazing observation and dry 
matter intake data. For both sheep and cattle, accessions of L. diversifolia (OFI 45/87, 46/87, 
82/92,83/92 and K156), L. leucocephala subsp. glabra/a cv Cunningham and hybrids of L. pa/lida 
xL. leucocephala (K376 x K8, (K748 x K806) x K636, K748 x K636) were found to be similarly 
palatable as K636. Those accessions with a palatability consistently less than K636 were 
L. collinsii subsp. zacapalla (OFI 56/88, 18/84, 57/88), L. esculenta (OFI 47/87, 48/87), 
L. macrophy/la subsp. istmellsis (OFI 47/85), L. pallida (OFI 79/92) and L. salvadorellsis (OFI 
17/86,36/88). Cattle found most of the Leucaella accessions to be highly palatable, in contrast to 
sheep which rejected more accessions. Chemical composition data gave little insight into why 
some accessions had either acceptable or low palatabilities. In particular, no relationship was found 
between palatability and condensed tannin content except for a weak but positive relationship in 
the second Australian trial (r2 = 0.23, P<0.05). Foliar sprays did not alter the palatability of acces
sions (P>0.05) suggesting that Na, fTuctose and condensed tannins were not significantly involved 
in determining palatability in these short-term trials. 

THE high pa latability of Leucaena lellcocephala has 
contributed significantly to its widespread use as 
forage in directly grazed and cut-and-carry systems. 
However, the Leucaena genus consists of a large 
number of other species of unknown palatability . 
Some of these are agronomically superior to 
L. leucocephala, and their chemical compositions 
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suggest they are of high quality for sheep and cattle 
(see Dalzell et al.; Mullen and Shelton et aI., these 
Proceedings). To determine which of these relatively 
unknown species deserve detailed evaluation in live
stock feeding systenls it is essential firstly to demon
strate that livestock will readily eat them. Then, if 
some are not readily eaten, an attempt should be 
made to understand why. 

The low palatability and intakes of some forage 
plants have been related to the presence of high 
levels of condensed tannin (CT) (Acacia aneura -
Pritchard et al. 1992; ColeogYlle ramosissma -
Provenza and Malechek 1984; Lotus pedunculallls 
- Barry and Duncan 1984; Sericea lespedeza -
Petersen et al. 1989). Lesser-known Leucaella 
species contain a range of total CT concentrations 
from negligible levels to greater than 25% dry matter 
(see Dalzell et aI., these Proceedings). Consequently, 



a simil arl y large range in pa latab ility may be ev ident 
with in the Leucaena genus. 

A li mitation of specific nu trients can also reduce 
intake (Ternouth 1991; Mu inga et al. 1992). Some 
Lellcaena spec ies contain inadequate levels of 
sod ium (Na) (Kleinjans 1984; Austi n et al. 1992), 
and possibly an excessive nitrogen to energy ratio . 
The addi ti on of Na and increases in water so luble 
carbohydrates (WSC) content to reduce the N:ene rgy 
ratio have been demonstra ted to improve the pal at 
ability of other fo rages (Goto et al. 1986; Michell 
and Moss 1988; C hi y and Ph ill ips 1991; Jones and 
Roberts 1991; Ciavarella et al. 1998) and may 
improve the pal atability of the Leucaena species. 

T his paper presents the resu lts of four palatability 
trial s: two direct grazing fi eld tria ls w it h cattl e in 
northern Australia, in vol vi ng 21 access ions of 
Lellcaena and one access ion each of Cal/ialldra 
calothyrsus (calliandra), Sesballia sesban (sesban ia) 
and Gliricidia sepium (gliric idia), and two cut-and
carry trials w ith sheep; on e in the Ph il ippines wi th 
19 Leucaena accessions, and the o ther in Honduras 
with 27 Leucaena access ions bulked to taxon and 
hybri d level resu lting in 15 feed treatments (Stewart 
and Dunsdon 1998). The existence of a re lationship 
between tann in content and pa latabili ty rating was 
invest igated in the Austra lia n an d Honduran tria ls . 

In the second fie ld tria l with cattle in Austral ia, an 
attempt was made to im prove pala tability by the 
foliar appli cation of fructose to inc rease energy 
levels on offer, sodium chloride (NaCI) to correct for 
Na defic iency and polyethylene g lycol (PEG, which 
binds to tann ins rendering them biologica lly inac
tive) to relate a reduct ion in CT content to improved 
pa latabili ty. In all trials, the palatability of th e 
Leucaena accessions is expressed rel ative to the 
reference variety, L leucocephala subsp. glabrata 
K636 (registered under the cultivar name Ta rramba 

in Australia). The term palatab ility is used in a re la
tive rat her than an absolu te sense, to overcome the 
much debated vagueness associated w ith it (Forbes 
1995; Nolan et al. 1995). 

Materials and Methods 
Pala tability tr ia ls were conducted in Australi a, the 
Phi lippines and Hond uras between 1993-1997. Site 
descri ptions are I isted in Table 1 and the accessions 
examined are listed in Table 2. 

Mt Cotton, Australia 
Trials were conducted at the A ustralian site du ring 
summer (Trial 1, Janua ry/February) and w inte r (Trial 
2, June/J ul y). Fo r T rial 1, the relative pal atabi lities of 
21 Lellcaena accessions and si ngle access ions of 
callia ndra, sesban ia and gl iric idia were assessed in a 
grazing tri al with catt le (Table 2). 

T he access ions were planted as pa ired trees w ithin 
an area of 270 m2, on a 3 x 6 m g rid and th ese areas 
were replicated 16 times over 2 s ites (8 rep licates per 
s ite set out in a randomised compl ete block design). 
T rees were pruned to 75 cm in he ight one month 
prior to the commencement of the ex pe riment. 

Four crossbred steers (Charola is x Brahman) 
approx imatel y 16-1 8 months o ld wi th a liveweight of 
2 18 kg (:!:22 kg) were used. T he steers ' no rmal d iet 
was nat ive grass pastures in southeast Q ueensland 
and they had no previous exposure to the fo rage tree 
access ions in thi s trial. Six weeks prio r to the com
mence ment of the ex periment they were ex posed 
individually to the taste and smell of each accession 
by offe ring them 0.5 to 2.5 kg of freshl y cu t ed ible 
foliage (l eaf and stem <6 mm in diameter) fo r 
approxi mate ly 45 minutes o r until totall y consumed. 
Sesbania was offered a second time due to low 
intake levels in the f irst exposure. T he steers ate no 

Table 1. Site description of forage production areas used in the palatability trials. 

Mt Cotton Batangas La Soledad 
Australia Philippines Honduras 

Altitude (m) 25 5 593 
Soil pH (1:5 water) 5.9 5.9 6.7- 7.0 
Soil type Alti so l Vert isol 
Soil texture clay-loam silty loam loam 
Soil fert ili ty Poor/Medium Very good Good 
Latitude 27°37'S IJo09'N 14t127'N 
Longitude 153° 14'E 121 °25'E 87t141'W 
Climate Sub-tropical Tropical Tropical 
MAR' (mm) 1200 (+ irrigation) 1900 1035 
Sown or planted Dec 1995 lun 1995 1989 
Established from: seedlings seedlings seedlings 

, 
Mean annual rainfall 
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Table 2. Forage tree accessions I included in each trial. 

Taxon!hybrid 

Leucaena collinsii subsp. collinsii 
L. collinsii subsp. zacapana 

L. diversifolia 

L. diversifolia xL. pallida - KX1 
L. esclllenta 
L. involucrata 
L. lanceolata vaT. lanceolata 
L. lempiralla 
L. leucocephala subsp. glabrata 

L. leucocephala x L. diversifolia -
KX3 
L. macrophylla subsp. macrophylla 
L. macrophylla istmensis 
L. magllifica 
L. multicapitula 
L. pallida 

Mt COllon, Australia 

OFI 52/88 (1 3) 

OFI 56/88 (2) 

OFI 82/92 (3) 
OFI 83/92 (4) 

OFf 47/87 (5) 

OFf 43/85 (6) 
OFf 6/91 (7) 
cv Cunningham (8) 
K636 (9) 

OFf 47/85 (10) 
OFf 19/84 (11) 

OFf 52/87 (12) 
OFf 79/92 (13) 
CQ3439 (14) 

Batangas, Philippines La Soledad, Honduras2 

OFI52/88 
OFI56/88 

K156 
OFf 83/92 

OFf 47/87 

OFf 43/85 
OFf 6/91 
cv Cunningham 
K636 
Peru 
K8 x KI56 

OFI47/85 
OFf 19/84 

OFf 52/87 
OFI79/92 
CQ3439 

OFf 45/85, OFf 51 /88 
OFf 18/84, OFf 56/88, OFf 
57/88 
K 156, OFI 45/87, OFf 46/87 

KXI 
OFf 47/87, OFf 48/87 

OFf 43/85, OFf 44/85 

K636, K8 

K8 x K156, K636 x K156 

OFf 55/88 
OFf 47/85 

OFf 81 /87 

L. pal/ida x L. leucocephala - KX2 
L. pallida x L. leucocephala - KX2 

K376 x K8, F5 (15) 
(K806 x K748) x K636, 
F1 (16) 

K376 x K8, F5 
K748 x K636, Fl 

KX288-1 

L. pulverulenta 
L. salvadorellsis 
L. trichandra 

L. trichodes 
Calliandra calothyrsus 
Gliricidia sepium 
Sesballia sesban 

OFf 36/88 (17) 
CPf46568 (18) 
OFf 4/91 (19) 
OFf 53/88 (20) 
OFf 61/88 (21) 
CPf115690 (22) 
cv Retafhuleu (23) 
cv Mt COllon (24) 

OFf 36/88 
CPf46568 
OFf 53/88 

OFf 83/87, OFf 84/87 
OFf 17/86, OFf 34/88 
OFf 53/88 

OFf 2186, OFf 61 /88 

I OFf prefaces Oxford Forestry fnstitute ID No., K prefaces University of Hawaii ID. No., CQ prefaces CSfRO introduction 
No. and CPf prefaces Commonwealth Plant fD No. 

2 Taxa with more than one accession were bulked when offered to sheep. 
3 Accession codes used in Figures 1, 2 and 3. 

gliricidia despite it being offered on four separate 
occassions. 

Steers were housed in a pen beside the trial sites 
with ad libitum access to pangola grass hay 
(Digitaria eriantha) and water. The eight replica
tions of the first site were grazed before moving onto 
the second site. They were allowed to graze one rep
licate per day for 2 hours from approximately 6 am. 
The grazing period consisted of 1 hour grazing, 1 
hour in the pen and then a further l-hour grazing. 
Before and after the grazing of each replicate, the 
leaves on each accession were counted to measure 
leaf removal during grazing. The grazing behaviour 
of each steer was recorded in 20-second time inter
vals, from a 4 m tower placed beside the replicate. 
The number of times an accession was observed 
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being grazed, termed as grazing frequency, was 
recorded within each replicate. Indices of palatabil ity 
used for accessions tested were leaf defoliation and 
grazing frequency . 

Trial 2 was carried out four months later on the 
same sites, using the same steers (275 kg ±12 kg), 
and a similar but modified protocol to Trial 1. Trees 
were pruned two months before the trial to 75 cm in 
height. Differences to Trial 1 were that the sites were 
grazed in reverse order, replicates were grazed at 
approximately 11 a.m., the grazing behaviour of 
each steer was recorded every 30 seconds, and 
immediately before being grazed the plants in each 
replicate were sprayed until dripping with one of 
four treatments: (1) 50 g/L NaCI, (2) 167 g/L 
fructose, (3) 167 g/L PEG (mw = 4000), or (4) 



de-ionised water. These foliar treatments were ran
domly assigned to the eight replicates within each 
site with the provision that the cattle were not 
exposed to the same treatment for two consecutive 
replicates. 

For leaf defoliation data from both trials, repli
cates were treated as consecutive grazing occassions 
in time and these were considered to be the 16 defo
liation attributes measured on each accession. The 
frequency data from both trials were expressed as the 
average grazing frequency for each 30-minute time 
period over the 2-hour grazing periods. From this, 
the grazing frequencies for each accession within 
each consecutive 30-minute period were expressed 
as percentages of the accession grazing frequency for 
the 2-hour period . 

For Trial 1, cluster analysis (Williams 1976) was 
used to group accessions that performed similarly 
according to leaf defoliation and grazing frequency. 

For Trial 2, the grazing frequency data were used 
to test for differences in rate of intake (changes in 
palatability) between foliar treatments. Analysis of 
variance was used to determine differences. 

Batangas, Philippines 
The palatability of 19 freshly-cut accessions of 
Leucaena species for sheep was evaluated in 
Batangas, Philippines in November 1997 (Table 2). 
All forage was sourced from a nearby germplasm 
evaluation site based at the Bureau of Plant Industry, 
Lipa City. The animals' normal diet was native 
grasses supplemented occassionally with Desmo
dium rensonii and Desmanthus virga/us. They had 
no previous experience with Lellcaena species 
except in one preliminary palatability trial conducted 
with the same species earlier in the year in 
April/May. 

A circular pen (50 m2) was constructed and all 
vegetation was removed. Three days prior to the 
trial, three ewes (8-9 months old, live weight 
average 16 kg) were exposed to a small amount of 
each accession in randomly arranged troughs around 
the perimeter of the pen. To further familiarise the 
sheep with the arrangement of the troughs, the sheep 
were placed in the pen and concentrate 
(100 g/trough) was given in the troughs for the 
following two days. During this time, an observer 
practised recording the time each sheep spent eating 
the concentrate. 

When the experiment started the sheep were 
offered 500 g of fresh edible forage (leaf + fine stem 
,;;6 mm, up to the fifth fully expanded leaf) in clearly 
labelled troughs placed randomly and equally around 
the inside perimeter of the pen. The sheep were 
allowed access to the pen for 40 minutes, rested in a 
side pen with no feed for 40 minutes and then placed 
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back into the main pen for a further 40 minutes. 
During the exposure, accessions being eaten by each 
sheep, if any, were recorded every 20 seconds. Fresh 
weight of forage after feeding was measured. Dry 
matter content before and after feeding was esti
mated using a 100 g subsample which was then used 
to determine dry matter intake (OM!). 

This protocol was repeated for 4 consecutive days. 
Dry matter intake for each accession and the number 
of times the sheep were observed eating each acces
sion were the two indices used to assess palatability. 

Analysis of variance was used to determine least 
significant differences between accessions based on 
DMI and grazing frequency data. 

La Soledad, Honduras 
A total of 27 Lellcaella accessions were bulked to 
taxon and hybrid level , resulting in 15 feed treat
ments being tested at La Soledad, Honduras in 1994 
(Table 2). The forage was sourced in 1993 from the 
main experimental site of the Conservation and 
Silviculture of the Dry Zone Species Project (CON
SEFORTH) in the Comayagua Valley of Honduras. 

Nine adult Barbados Blackbelly ewes (live weight 
15-25 kg) with no previous experience of the Lell
caena accessions tested or forages high in secondary 
compounds were divided into three groups of three. 
The animals' normal diet was native grasses. Each 
group (replicate) was placed in a circular pen, with 
15 randomly positioned troughs containing the feeds 
placed within the perimeter. The position of the 
troughs was re-randomised daily. Each morning, 
500 g of fresh leaf material was placed in troughs 
within the three pens. A 100 g sub-sample (of similar 
material to that offered to sheep) was used for dry 
matter content determination. The sheep had no food 
overnight and were given access to the pens for 
4 hours daily. The consumption of the feeds by each 
group was recorded daily for 18 consecutive days. 

Refusals were weighed after the 4-hour exposure 
period and another sub-sample for dry matter content 
determination ·taken. The time for finishing was 
recorded for those feeds that were finished com
pletely (or for which <50 g remained) before the 
time period ended. These data were converted to 
DMI per hour, and used as a measure of palatability, 
on the assumption that the most palatable feeds 
would be eaten most quickly . 

Dry matter intake differences between accessions 
were determined by analysis of variance. 

Palatability and plaf/l composition 
For both Australian trials, correlations between 
palatability (measured as grazing frequency for each 
accession in the first 30 minutes and expressed as a 
percentage of the total grazing frequency recorded 



for the full 2 hours) of the Leueaena accessions and 
total CT content, nitrogen (N) percentage (measured 
in the first trial only) or N/total CT (Cork 1992) were 
examined. Tissue samples of the four youngest fully 
expanded leaves (YFELs) were taken from each 
accession, in each replicate, before grazing and 
placed on dry ice, frozen at -20 °C and later freeze
dried. For sesbania, three YFELs were sampled from 
eight different shoots. All leaf samples were individ
ually ground and equal amounts from replicates 1-4, 
5-8, 9-12 and 13--16 were bulked to produce four 
pooled samples per accession and analysed for CT 
content (modified Butanol-HCI as defined by Dalzell 
and Kerven 1998) and nitrogen (Leco-CNS 2000, 
version 4.06). Correlations were also examined 
between palatability and dry matter digestibility 
(DMD), neutral detergent fibre (NDF), ash, macro 
elements (calcium, magnesium, sodium, potassium, 
sulfur, phosphorus) and micro elements (boron, 
copper, iron, manganese, zinc) measured on the same 
accessions grown on a nearby site (see Dalzell et aI., 
these- Proceedings for full sampling and analyses 
details) . 

The palatability results from the Honduras trial 
were also correlated with plant composition analyses 
carried out 1 to 3 years before the palatability trial 
commenced. Refer to Stewart and Dunsdon (1998) 
for sampling and analyses details. Plant samples 
were analysed for crude protein (CP), organic matter 
(OM), neutral detergent fibre (NDF), acid detergent 
fibre (ADF), condensed tannin (CT), total tannin 
(TT), dry matter digestibility (DMD), organic matter 
digestibility (OMD) and digestible organic matter in 
dry matter (DaM D). 

Results 

Mt Cotton, Australia 
From the leaf defoliation data in Trial 1, three acces
sion groupings were identified (Figure 1). Most of 
the Leueaena accessions (Group 1) were almost 
completely defoliated by the end of each grazing 
period and this occurred from the beginning of the 
trial to the end with the exception of L. trichandra 
(OFI 4/91) and L. macrophylla subsp. iSlmensis (OFI 
47/85) (Group 2). These were poorly defoliated for 
at least the first six grazing occassions, but by the 
last five they were being totally defoliated. 
Calliandra was minimally grazed , while gliricidia 
and sesbania were not consumed at all throughout 
the trial (Group 3). 

From the grazing frequency data, four accession 
groups were identified. The non-Lellcaella accessions 
were not included in this analysis due to their low 
defol iation levels. Those accessions grazed to the 
greatest extent at the beginning of the 2-hour period 
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included two commercially available vanetles of 
1.. leucocephala subsp. glabrala (cv Cunningham 
and K636), and accessions of L. lanceolala var. 
lanceolala (OFI 43/85), L. pallida (OFI 52/87), 
L. magnifica (OFI 19/84), L. lrichandra (CPI 46568) 
and L. lrichodes (OFI 61/88). Accessions grazed least 
at the beginning of grazing were L. lriehandra 
(OFI 4/91) and L. macrophylla subsp. islmellsis 
(OFI47/85). 

The grazing frequency in the first 30 minutes of 
the 2-hour grazing period of all accessions was com
pared against that of K636 (Table 3). Accessions that 
were within one LSD (P<O.05) of K636 were consid
ered palatable. Accessions that were more than one 
LSD (P<0.05) lower than K636 were classed as less 
palatable. The differentiation between the accessions 
was carried out at the 30-minute mark because varia
tion in leaf defoliation was greatest at this time. 
Accessions found to have a similar palatability to 
K636 were L. eollinsii subsp. collinsii (OFI 52/88), 
L. diversifolia (OFI 83/92), L. Lanceolala var. Lan
eeolala (OFI 43/85), L. lempirana (OFI 6/91), 
L. leueocephala subsp. glabrala cv Cunningham, 
L. magnifica (OFI 19/84), L. pallida (OFI 52/87), 
L. pallida x L. lellcocephala hybrids (K376 x K8 -
F5, (K 748 x K806) x K636 - Fl), L. lriehandra 
(OFI 53/88, CPI 46568) and L. lrichodes (OFI 
61/88). All other accessions were found to be sig
nificantly less palatable than K636. 

In Trial 2, foliar applications of NaCI, fructose 
or PEG did not alter palatability (P>0.05). 
Consequently , data were analysed as for Trial 1 by 
pool ing data across treatments and testing for acces
sion groups which behaved similarly over time. 
Accession groupings mirrored those defined in 
Trial 1 on the basis of grazing frequency observa
tions (data not shown) and extent of defoliation 
(Figure 3), with the exception that the defoliation of 
calliandra and sesbania increased markedly with 
time. However, gliricidia remained ungrazed 
throughout. 

Batangas, Philippines 
Grazing frequency data gave similar results to DMI 
data (Table 4). The DMI data only was used to 
classify the palatability relative to K636. Accessions 
found to be within one LSD (P<0.05) of K636 were 
the two L. lelleocephala accessions (cv. Cunningham 
and Alabang) and the two KX2 accessions (K376 x 
K8 - F5 and K748 x K636 - Fl), whereas all other 
accessions had significantly lower DMls. 

La Soled ad, Honduras 
Dry matter intakes of the accessions were compared 
to the L. leucocephala subsp. glabrala taxon which 
contained accessions K8 and K636 (Table 5). Only 



100 

80 
9'. 

~ 60 
co 
0 .'§ 

~ 
"0 

1;; 40 
CD 
..J 

20 

0 

2 3 4 5 6 8 9 10 11 12 13 14 15 16 

Day 
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Figure 3, Mean percentage of leaf defoliation for 4 clustered accession groups of Leucaena accessions and non-Leucaena 
species over 16 days for cattle in Australia. Group I (A) 1-20: Group 2 ([ [) 22 : Group 3 (e) 24: Group 4 (0) 23 (see Table 2 
for accession details). 

Table 3. Mean grazing frequency percentage in the first 30 minutes of the 2-hour grazing period, and palatability 
classification relative to K636, recorded for Leucacna and non-Lcucaella accessions directly grazed by cattle in Australia_ 

Access ion 

Leucacna col/illsii subsp_ col/illsii OFI 52/88 
L. col/illsii subsp. zacapalla OFI 56/88 
L. diversifolia OFI 82/92 
L. divcrsifolia OFI 83/92 
L. esculellla OFI 47/87 
L. lallceolala var. lallceolala OFI 43/85 
L. lelllpiralla OFI 6/91 
L. leucocephala subsp_ glabrala cv . Cunningham 
L. lellcocephala subsp_ glabrala K636 
L. lIIacrophyl/a subsp. iSllllensis OFI 47/85 
L. magllifica OFI 19/84 
L. pal/ida OFI 52/87 
L. pal/ida OFI 79/92 
L. pal/ida CSIRO Composite CQ3439 
L. pal/ida x L. leucocephala K376 x K8 Spec Comp - KX2 
l.. pal/ida xL. leucocephala (K748 x K806) x K636 - KX2 
l.. salvadorellsis OFI 36/88 
L. Irichalldra OFI 53/88 
L. Irichalldra OFI 4/91 
L. Irichalldra CPI 46568 
L. Irichodes OFI 61/88 
Cal/ialldra calolhyrsus CPI 1 15690 
Sesbania sesban cv. Mt Cotton 
Gliricidia sepillln cv. Retalhuleu 

LSD (p<O.05) 

Grazing frequency (% of total) 

35 
26 
33 
39 
30 
44 
37 
49 
48 
8 

45 
47 
26 
20 
36 
42 
30 
36 
10 
43 
57 

13 

Trial 1 

pi 

L 
L 
P 
L 
P 
P 
P 
P 
L 
P 
P 
L 
L 
P 
P 
L 
P 
L 
P 
P 

I Accessions within one LSD of K636 were classified as palatable (P) and those more than one LSD lower were classified 
as less palatable (L). 
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one other taxon, L. diversifolia, was found to be 
within one LSD (P<0.05) of L. leucocephala subsp. 
glabrata. Ail other taxa had sign ifi cantly lower 
DMls. However, it should be noted that the KX3 
hybrids were only slightl y greater than one LSD 
from the L. leucocephala subsp. glabrala taxon and 
had a significantly higher DMI than all other taxa. 

Palatability and plant composition 
In the Australian trials, no strong correlations were 
found between palatability and total CT content or 
nitrogen percentage (measured in the first trial only) 
of Leucaena accessions except for a weak but signif
icant positive relationship (r2 = 0.23, P<0.05) in the 
second trial. The non-Leucaena accessions were 
excluded from the analysis. A weak positive correla
tion with ash in Trial 1 (r2 = 0.24, P<0.05) and a 
negative correlation with NDF in Trial 2 (r2 = 0.40, 
P < 0.01) were identified. No strong relationships 
were found with the macro and micro elements 
measured when tested at P < 0.05. 

In the Honduras trial, no significant correlations 
were found between palatability and CT, TT, CP, 
DMD, OMD, NDF, ADF or DOMD. 

Discussion 
In this paper, the term palatability is used in a rela
tive rather than an absolute sense to overcome the 
much debated vagueness associated with it (Forbes 
1995; Nolan et al. 1995). The reference point for 
comparisons was L. leucocephala K636 which, at the 
species level, is widely regarded as a readily-eaten 
forage (Ibrahim et al. 1988; Burrows and Prinsen 
1992; Kaitho et al. 1996, 1997). The superiority of 
K636 was well supported by these data. Across the 
Australian, Honduran and Filippino trials, K636 
recorded high rates of intake by both sheep and 
cattle. Relative to K636, sheep exhibited similar 
preference for just a few Leucaena accessions, 
whereas cattle grazed more than half of the Leu
caena accessions as readily as they grazed K636. 
From a practical standpoint, the cattle were even less 
selective, and given time, they completely defoliated 
all the Leucaena accessions. Yet the cattle showed 
little preference for the non-Lellcaena accessions 
calliandra, sesbania, and gliricidia. 

Cluster analysis of the cattle grazing-frequency 
data grouped the Lellcaena accessions somew hat 
better than the leaf defoliation data. Alongside the 
L. lellcocephalas in the most palatable group were 
L. diversifolia (OFI 83/92), L. lanceolata, L. lem
pirana, L. magnifica, L. pal/ida (OFI 52/87, 
L. pallida x L. lellcocephala hybrid (K376 x K8 -
F5), L. trichandra accessions (CPI 46568 and OFt 
53/88) and L. trichodes. Using the LSD analysis, 
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appl ied to the first 30 minutes of grazing observation 
data , the group of Leucaena accessions not signifi
cantly different to L. leucocephala (K636) expanded 
to include L. collinsii, L. diversifolia (OFl 82/92), 
L. pallida (CQ3439), and KX2 hybrid «K806 x 
K748) x K636 - F1). 

Similar applicantion of the LSD analysis to the 
dry matter intake data from sheep in the Philippines 
and Honduras, identified the KX2 hybrids (K748 x 
K636 - FI and K376 x K8 - F5) and in the 
Honduran trial a mixture of L. diversifolia accessions 
(OFI 45/87,46/87, and K 156) to be as palatable as L. 
leucocephala (K636). 

The most promising Leucaena accessions identi
fied as palatable were the KX2 hybrids. They were 
eaten as readily as K636 by both sheep and cattle and 
this, combined with a superior agronomic perform
ance to K636 and acceptable in vitro nutritive values 
(see Mullen and Shelton et al. and Dalzell et aI., 
these Proceedings), identifies them as an appropriate 
choice for large-scale evaluations of feeding value 
for rum inants. The other Lellcaena accessions in the 
' palatable' group that deserve further nutritive evalu
ation with cattle include L. lanceo/ata, L. pal/ida 
accessions (OFI 52/87 and CQ3439), L. trichandra 
(OFI 53/88), and L. collinsii (OFI 52/88) as all show 
agronomic potentials at least as good as K636 (see 
Mullen and Sheiton et aI., these Proceedings). 
Leucaena col/insii subsp. col/insii (OFI 52/88) and 
L. lanceolala have the added advantage of containing 
minimal er that could otherwise have interfered 
with their value as a protein source for ruminants 
(see Dalzell et al. and McNeill et aI., these Proceed
ings). Lellcaena collinsii has been found to be highly 
palatable in cattle grazing trials in Guatemala (Rod
rigo Arias A. unpubl ished) and Southeast Asia (see 
lones et aI. , these Proceedings). However, both 
L. col/insii subspecies were found to be less 
palatable than K636 in both sheep trials which sug
gests that sheep have different preferences to cattle. 

Leucaena di,versifo/ia was found to be palatable 
for cattle and was the only taxon with a similar palat
ability to the L. leucocephala taxon for sheep in 
Honduras. Brewbaker (1988) observed that wild deer 
had selectively grazed L. diversifolia in plot experi
ments. However, the potential of this species is 
limited due to poor performances agronomically (see 
Mullen and Shelton et aI., these Proceedings). 

It is important to note that these palatability 
measurements were determined over short periods of 
time and even some apparently palatable forages , 
after long-term exposure, may become less palatable 
due to negative post-ingestive feedback (Provenza 
and Malechek 1984; Provenza et al. 1994). For 
example, accessions of L. pallida were found to be 
highly palatable in trials with cattle (Austin et al. 



1991), and sheep and goats (Kaitho et al. 1996, 1997). 
However, in several live-weight gain trials conducted 
by lones et al. (these Proceedings) with cattle, it was 
reported that more leaf was left on L. pallida 
(CQ3439) than L. /ellcocepha/a cultivars at the end of 
experimental grazing periods, an d this was most pro
nounced during the dry times of the year. Conse
quently, having identified more palatable Leucaella 
accessions, the next essential step is to devise trials to 
test if ruminants will be prepared to eat these new 
LellCaella accessions for appropriate extended periods 
and as complex mixed diets . This might include the 
entire growing phase of a young animal to slaughter, 
and at appropriate proportions of their diets, which 
may be 30% to 50% of total dry matter intake in 
grazing and cut-and-carry systems (Norton 1994). 

There were several taxa/accessions which were 
consistent poor performers in both the sheep and 
cattle trials. These were L. collillsii subsp. zacapalla 
(OFI 56/88), L. escuiellta (OFI 47/87), L. macro
phy//a subsp. islmellsis (OFI 47/85), L. sa/vadorellsis 
(OFI 36/88 and 36/89) and L. pallida (OFI 79/92) (in 
Australia and Philippines only). However, these 
accessions should not be dismissed from further 
research. Factors such as plant nutrient status, animal 
species, animals past experiences and the physiolog
ical status of the animals, can all have a significant 

influence on the apparent palatability of a feed (see 
review by Provenza 1995; Provenza 1996). The 
value of time for familiarisation was well illustrated 
in the cattle trials where two Lellcaena accessions 
were ranked as less palatable (relative to K636) in 
Trial 1 and palatable in Trial 2. These data, and those 
of Stewart and Ounsdon (1998), also show that the 
animals will eventually eat some accessions that 
were initially untouched, as the offering of forage 
continued over the longer term. This was illustrated 
in the case of the non-LellCaella species calliandra 
and the sesbania in the second compared to the first 
cattle trial. Both trials involved the same cattle. 
However, differences between trials may also have 
been related to seasonal effects on palatability 
(Cooper and Owen-Smith 1985). 

Leucaella escuiellta has been found to be poorly 
palatable in other studies with cattle (Austin et al. 
1991 ; Rodrigo Arias A. unpublished) and goats 
(Otsyina and Msangi 1995). It had the lowest in vitro 
OM digestibil ity of the accessions tested in the Aus
tral ian trials (see Oalzell et aI., these Proceedings). 
However, no significant relationship was found 
between in vitro OM digestibility and palatability . 
Fol iage of L. macroplzy//a subsp. istmellsis (OFI 
47/85) had a noticeable odour when crushed which 
may have acted as a deterrent to grazing, resulting in 

Table 4. Short-term mean dry matter intakes (DMls), grazing frequency, and palatabitity classification, relative to K636, 
recorded for freshly cut Leucaella accessions assessed with sheep in the Philippines. 

Accession 

Leucaena collillsii subsp. collillsii 52/88 
L. collillsii subsp. zacapalla 56/88 
L. diversifolia K 156 
L. diversifolia 83/92 
L. esculellta 47/87 
L. lallceolata var. lallceolata 43/85 
L. leucocephala subsp. glabrata Alabang (cv. Peru) 
L. leucocepJzala subsp. glabrata cv Cunningham 
L. leucocepJzala subsp. glabra/a K636 
L. leucocepJzala xL. diversifolia (K8 x K156) - KX3 
L. macrophylla subsp. istmellsis 47/85 
L. maglliJica 19/84 
L. pallida 52/87 
L. pallida 79/92 
L. pallida CSIRO Composite CQ3439 
L. pallida x L. leucocephala K376 x K8 Spec Comp - KX2 
L. pallida x L. leucocepJzala K748 x K636 - KX2 
L. salvadorellsis 36/89 
L. tricJzandra 53/88 

LSD (P<O.05) 

Mean grazing 
frequency per 

accession I 

3.5 
8.7 
I.J 
8.5 
2.4 
3.3 

1.7.7 
15.2 
16.6 
11.4 
0.5 
5.3 
5.8 
0.4 
2.3 

18.7 
t8.6 
2.7 
2.6 
7.9 

Number of times sheep were observed feeding on a particular accession/80 minutes. 

Mean DMI 
(g/hd/80 mins) 

9.6 
19.0 
6.8 

10.6 
2.4 
0.3 

22.5 
21.7 
35.2 
13.8 
0.3 

19.5 
7.9 
1.6 
I.J 

35.2 
27.1 

2.7 
6.4 

14.5 

L2 
L 
L 
L 
L 
L 
P 
P 
P 
L 
L 
L 
L 
L 
L 
P 
P 
L 
L 

Accessions within one LSD of K636, based on DMI intake data only, were classified as palatable (P) and those more than 
one LSD lower were classified as less palatable (L). 
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Table S. Short-term mean dry matter intakes and palatability classification relative to K636, for freshly cut Leucaena taxa 
in Honduras assessed with sheep (Stewart and Dunsdon 1998). 

Species/sub-species/accession numbers 

Leucaena col/insii subsp. collinsii (OF1 45/85 & 51/88) 
L. col/insii subsp. zacapana (OFI 18/84,56/88 & 57/88) 
L. diversiJolia (OFf 45/87, 46/87 & K156) 

Dry matter intake 
(glhour) 

L. diversiJolia xL. leucocephala (K8 x K156 & K636 x K156) - KX3/KX3+ 
L. esculellla OFf 47/87 

10 
9 

121 
106 
31 
13 

L' 
L 
P 
L 
L 
L 
P 
L 
L 
L 
L 
L 
L 
L 
L 

L. lanceolala var. lanceo/ala (OFI 43/85 & 44/85) 
L. leucocephala g/abrala (K636 & K8) 
L. lIlacrophylla subsp. lIlacrophyl/a OFI 55/88 
L. lIlacrophylla subsp. iSllllensis OFf 47/85 
L. lIlu/licapilu/a OFI 81 /87 
L. pallida xL. diversiJo/ia - KXI 
L. pu/verulellla (OFf 83/87 & 84/87) 
L. sa /vadorensis (OFf 17/86 & 34/88) 
L. Irichandra OFI 53/88 
L. IricJrodes (OF! 2/86 & 61 /88) 

LSD (p<O.05) 

173 
21 
37 
47 
28 
15 
3 

45 
45 
59 

, Accessions wilhin one LSD of K636 were classified as palatable (P) and those more than one LSD lower were classified 
as less palatable (L). 

its poor initial defoliation in the Australian trials, and 
its overall low palatability rating. 

Species of the Leucaena genus were found to be 
more palatable than non-Leucaena species included 
in the Austral ian trials which has been previously 
found for sheep (Ibrahim et al. 1988; Kaitho et al. 
1996, 1997), goats (Hove et al. 1994) and cattle 
(Rodrigo Arias A. unpublished). The pungent odour 
of gliricidia has been suggested as one of the main 
reasons for its poor palatabil ity as it appears to be 
rejected on the basis of s mell only (Stewart 1996). 
Poor palatability has been commonly reported for 
gliricidia (Stewart 1996) and this was observed in 
both trials in Australia. 

Background information on the chemical com
position of the Leucaena accessions gave little 
insight into why some were more readily eaten than 
others. The lack of any strong relationship between 
total CT content and palatability within both the 
Austral ian and Honduras trials clearly shows that 
condensed tannin content does not play a major role 
in determining palatabil ity in the Leucaena genus in 
the short term. The absence of any change in palat
ability with the appl icatio n of PEG in the second trial 
in Australia supports this conclusion. 

Both L. macrophylla subsp. islmellsis (OFI 47/85) 
and L. salvadorensis (OFI 36/88) contain low to neg
ligible amounts of CT and yet were among the least 
palatable of the Leucaena accessions trialled. Con
versely, L. Irichandra (OFI 53/88) and L. diversifolia 
(OFI 83/92), with some of the highest CT contents, 
were readily eaten. These results conflict with the 
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common perception that palatability is negatively 
related to the CT content of feeds (Hagerman and 
Butler 1991; Kumar and D'Mello 1995). The con
flicting findings for palatability/CT relationships for 
different genera/species may arise from the assump
tion that CTs behave similarly irrespective of genera 
and species (Meuller-Harvey and McAllan 1992), 
which is clearly not the case. 

Recent work has shown that CTs do vary greatly 
in their activity between species and genera (see 
McNei ll et al., these Proceedings). Alternatively, the 
differences between the accessions may be due to 
variation in protein content masking the CT effect. 
This possibility was hypothesised by Cork (1992) 
who reported that folivorous marsupials of Eucalypt 
forests prefer forests with a high N/non-CT phenols. 
However, no relationship was found in the 
Australian trials between N/total CT ratio and 
palatability. 

The positive relationship between ash and palat
ability in the first Australian trial indicates that some 
minerals may have a significant role in determining 
palatability in Lellcaena species. However, no signif
icant relationships were found between palatability 
and a range of macro/micro elements measured. 
These results were re inforced in the second Aust
ralian trial for Na where no change in palatability 
resulted from the foliar application of NaCI. 

The negative relationship between NDF and palat
ability in the second Australian trial reflects the 
importance o f cell wall content in forages and its 
negative affect on intake (Jung and Alien 1995). 



Preferences for high WSC content in fo rages have 
been found fo r ruminants (Goto et al. 1986; Jones 
and Roberts 1991; Ciavarella et al. 1998). However, 
the palatabi lity of the Lellcaella accessions did not 
change as a resul t of fructose applicat ion wh ich 
suggests that WSC is not li mit ing the pal atab ility of 
Lellcaena species . 

Conclusion 
The most promis ing lesser-known Leucaella acces
s ions that deserve long te rm eval uation are the KX2 
hybrids, and L. colLillsii (OF! 52/88) for cattl e in par
ticul ar. S heep were more select ive than catt le w hen 
grazing the Leucaella accessions, underl ining the 
need to conduc t palatabi lity trials with relevant 
animal species. Chemical composit ion, incl udi ng CT 
concentra tion, gave littl e ins ight into why some 
Lellcaella accessions were preferred over o thers. 
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Chemical Composition of Leucaena and Implications for 
Forage Quality 

S.A. Dalzent, J.L. Stewart2, A. Tolera3 and D.M. McNeilJ1 

Abstract 

The high nutritive value of Leucaena leucocephala forage is well documented, but little is 
known about the forage quality of other taxa in the genus. Preliminary in vitro evaluations of the 
chemical composition of the Leucaena genus, to identify accessions worthy of further evaluation, 
were conducted in Honduras by the Oxford Forestry Institute and in Australia by the University of 
Queensland. In vitro dry matter digestibility (IVDMD), condensed tannin (CT), crude protein 
(CP), neutral detergent fibre (NDF) and mineral composition measured in the Austral ian trial are 
presented and discussed in the context of the results of the Honduran study. Direct comparison of 
the data generated at both sites was confounded by differences in environment, sample tissue and 
laboratory procedures, although it was possible to compare the ranking of taxa at the two sites. The 
IVDMD of the genus was high compared to other tropical forages, ranging from 42-70%. There 
was considerable variation in CT content within taxa and across the genus (undetectable - 31% 
DM). The CP content (15-40% DM) of the genus exceeded recommended concentrations for 
ruminants. However, CP digestibility and IVDMD may be reduced in accessions containing high 
concentrations of CT. Generally low NDF contents (15-38% DM) were observed. All Leucaena 
spp. contained adequate levels of the essential elements measured, except Na and Cu. Many were 
marginal in Mg. Based on chemical composition, there were a number of taxa with the potential to 
exceed the excellent forage quality of L. leucocephala, including L. col/insii, L. lanceola/a, 
L. lempirana, L. macrophyl/a, L. magnifica, L. shallllOnii, and L. /richodes. A number of 
limitations to the interpretation of in vitro analyses were identified, including the use of different 
sampling tissue, sample preparation and laboratory techniques, and the possibility of 
environmental effects on plant chemical composition. The effects of environmental factors, such as 
soil nutrient deficiency, water stress, temperature, and insecticide phytotoxicity, on the CT content 
of the Leucaena genus were discussed. Future research priorities were identified. 

LEUCAENA leucocephala is renowned as a high 
quality, tropical forage. It is utilised pantropically for 
ruminant production in cut and carry forage systems, 
grazed in situ in extensive pastoral systems in Aust
ralia and used as a leaf meal protein source in 
monogastric diets. 

The concept of forage quality describes the ability 
of a feed to provide the essential nutrients, energy, 
protein, minerals and vitamins, required by animals 
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to achieve a desired level of production. Forage 
quality is a function of chemical composition, feed/ 
dry matter intake, the digestibility of nutrients in the 
dry matter and the efficiency of utilisation of 
digested nutrients by the animal. 

Laboratory chemical analyses have been devel
oped to predict forage quality as in vitro chemical 
analyses are cheap, rapid, and require only small 
amounts of forage compared to expensive, time
consuming animal feeding trials. In vitro dry matter 
digestibility, condensed tannin, crude prote in, cell 
wall fractions, and mineral composition are common 
parameters used to estimate forage quality. However, 
there are a number of limitations in extrapolating in 
vitro data to in vivo nutritive value. Despite these 
limitations, chemical analyses can be used to crudely 
rank forages for quality and are useful for screening 



large numbers of feed samples to identify forages 
worthy of detailed invest igation. 

This paper presents the f ind ings of an investiga
tion of the in vitro forage qua lity of the Lellcaena 
gen us undertaken in Australi a by the Univers ity of 
Queensland. Our results are compared to those of a 
recent study conducted by the Oxford Forest ry Insti
tute on Lellcaena sa mples coll ected in Honduras. 
Past studies have invest igated I imited numbers of 
taxa and access ions and these have been thorough ly 
rev iewed by No rton et al. (1995). However, it is 
difficul t to interpret in vit ro forage qua lity data from 
different experi ments due to the use of di fferen t 
methods of analyses and environmental variation in 
fo rage qual ity pa rameters . 

Th is paper presents the chemical composit ion data 
of 116 accessions fro m 31 taxa, grown under the 
same environmental condit ions and analysed usi ng 
standard ised procedures. Limi tat ions in interpreti ng 
chemical composi tion data w ill be discussed, wi th 
particul ar em phasis on envi ronmental effects on the 
condensed tannin status of the Lellcaena genus. 

Chemical Composition and In Vitro Dry 
Matter Digestibility 

An evaluation of the chemical com posi tion of a com
prehensive collection of 116 Lellcaena access ions 
from 31 taxa was made at the University of Queens
land (UQ). Samples of youngest fully expanded 
leaves (YFEL) were taken from th is collection estab
lished at Redland Bay, Queens land, Aust ral ia 
(27°37 'S, 153°19'E) (Mu ll en and Shelton et al., these 
Proceedi ngs), in April 1996. The YFEL of 8-10 
indiv idual plants were frozen in dry-ice in the f iel d, 
lyophilised and ground to pass a 1 mm sieve. 
Measurements included pepsin/cell ul ase in vitro dry 
matter digestibi lity (IVDMD) (McLeod and Minson 
1978) corrected to artificial in vivo dry matter digest
ibility using a standard curve generated from actual 
in vivo data for a range of lucerne (Medicago sativa) 
and stylo (Stylosanthes hamata) samples; condensed 
tannin (CT) conten t (Dalzell and Kerven, in press); 
crude protei n (CP) content (combustion C NS ana l
ysis (LECO 2000»; neutral detergent fib re (NDF) 
(Van Soest 1963); ash content; and elementa l 
composition (ni tric-perchloric ac id digest ion and 
induct ively-coupled plasma atomic emissio n spectro
scopy (ICPAES» . Duplica tes of each sample were 
analysed for all parameters and were repeated when 
dispari ty between observations exceeded 5%. Means 
of the duplicates are presented. 

In another experiment, Stewa rt and Dunsdon 
(1998) from the Oxford Forestry Insti tute (OFI) eva l
uated the forage quality of 43 Lellcaena access ions 
from 22 taxa and 5 interspecific hybrids in a trial at 
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La Soledad, Comayagua Valley, Honduras. Mature 
leaves were col lected from trees of each access ion, 
bul ked, sub-sampl ed, oven-dried at 50 °C fo r 72 h 
and ground to pass a 1 mm s ieve. Ru men I iquor
pepsi n IVDMD (T illey and Terry 1963), ext ractable 
CT (Porter et al. 1986), " total tanni n" es timated by 
the radia l diffus ion protei n-prec ipitation techn iq ue 
(Hagerman ] 987), CP and NDF (Van Soest et al. 
1991) were measured in these samples. 

In vitro dry matter digestibility (IVDMD) 
Dry matter d igest ibil ity (DMD) represents the pro
port ion of a feed that is capable of being d igested by 
ani mal or microbia l enzymes, and absorbed by the 
ani mal (Van Soest 1994). In vit ro dry ma tte r di gesti
bility (IVDMD), corrected to art ific ial in v ivo DMD, 
of the Austral ian sam ples ranged from 42.0-69.7% 
(Table 1). Indi vidual access ion IVDMD data are pre
sented in APPENDIX 1. The ta xa L. lrichodes, L. 
shannonii, L. magnifica, L. macrophylia, L. lem
pirana, L. lanceolala and L. collinsii were highly 
di gestible (IVDMD >65 %). Access ions of L. le//Co
cephala , incl udi ng co mmercially ava il abl e cu lti vars, 
had IVDMD rang ing from 61-66%. T hus, man y of 
the lesser-known Leucaena spp. may equal o r exceed 
the excellent forage quality of L. lellcoceplwla. Con
versely, L. conferliflora, L. cllspidala and L. greggii 
had very low IVDMD (42-47%). Considerable 
in traspecific varia tion in IVDMD ex isted w ith in L. 
pal/ida, L. IricllGndra an d the KX2 (L. paliida x L. 
leucocephala) and KX3 (L. diversifolia x L. leuco
cephala) hybrids. T he IVDMD o f the Lellcaena 
genus appears to be equal to or superio r to that of 
o ther fo rages analysed in the same laboratory usin g 
the same assay, inc luding lucerne (66%), 
Stylosanlhes hamata cv. Verano (31-52%), buffel 
grass (Cenchrlls ciliaris) (39-48%) and black spea r
g rass (Heteropogoll cOlllorllls ) (39-43%). 

Stewart and Dunsdon (1998) observed an even 
greater range in IVDMD of 23.2-67.3% in matu re 
leaves (M L) harvested from Lellcaella access ions 
g rown in Honduras, however the ranking of taxa 
remained s imilar to the Austra li an data. Accessions 
lacki ng er, such as L. coliillsii subsp. zacapana, had 
high rumen li quor-pepsin IVDMD (64%) (Stewa rt 
and Du nsdon, 1998) s imi lar those digested by 
pepsin-cellul ase (66%). The rumen liq uor- peps in 
IVDMD of access ions conta llllllg signi ficant 
amounts of er, such as L. pulverulenla , were dra
matica ll y lower (28%) (Stewart and Dunsdon , 1998) 
than IVDMD anal ysed usi ng pepsi n-ce llul ase (53%). 

Balogun et al. (1 995) also observed that IVDMD 
of tree legumes measured by rumen li quor-pepsin 
were signi ficantl y lower (halt) than those meas
ured by the pepsi n-ce llul ase method, du e to er 
interference. Oven-d ry ing tanniferous forages also 



Table 1. In vit ro dry matter d igest ib ilit y (I VDMD), c rude protein (CP), neutra l detergent fi bre (NDF) and ash contents 
(%DM) of the YFEL of the Leucaella genus grown at Redland Bay, A ustralia. 

Species 

L. ? hybrid 
L. collillsii 
L. collillsii 
L. collfe r/if/ora 

L. cuspida/a 
L. diversifo lia 
L. diversifolia x 

Subspecies/ 
va riety 

collinsii 
zacapalla 
vaT. 
adellolheloidea 

L. leucocephala (KX3)' 
L. esculellla 
L. greggii 
L. ill volucrala 
L. lallceola/a vaT. 

L. lanceolala 
L. lempiralla 
L. leucocephala 
L. leucocephala 
L. leucocephala 
L. macrophyl/a 
L. macrophyl/a 
L. magllifica 
L. maludae 
L. mullicapilula 
L. pal/ida 

lallceolala 
vaT. sousa.e 

glabra/a 
ix/alwacalla 
leucocephala 
istmellsis 
macrophy l/a 

L. pal/ida x L. {eucocepha{a (KX2) ' 
L. pueblalla 
L. pulvem lell/a 
L. relusa 
L. salvadorellsis 
L. shalllloll ii 
L. Irichalldra 
L. Irichodes 
L. xspon/anea 

No. of 
acces-

IVDMD 

sions Mean Range 

2 
2 
3 
2 

1 
13 
7 

2 
I 
I 
4 

2 
2 

21 
I 
5 
2 
2 
2 
I 
2 
7 
6 
2 
3 
1 
3 
4 

10 
2 
2 

63.7 
68.9 
66.4 
42.0 

42 .9 
58.8 
6 1.9 

57.5 
47.1 
53.7 
64.3 

66.5 
66.2 
63.4 
6 1.5 
63.3 
68.5 
66.2 
68.0 
51.0 
64.0 
59.9 
61.9 
5 1.4 
52.3 
63.0 
63.8 
67.2 
61.8 
67.0 
62.8 

62.4-65 .0 
68.0-69.7 
65.3--67.0 
42.0--42.0 

56.0-61.0 
59.0-63.0 

57.0-58.0 

63.0-67.0 

65.6-67.0 
66.Q-{j6.3 
60.9--66.0 

60.7-65.3 
68.0-68.9 
65.9-66.6 
67.9-68.0 

62.0-66.0 
55.0-64.4 
54.0-65 .0 
5 1.1 - 51.6 
52.0-53.0 

62.5-65.0 
66.4-68.5 
56.0-68.1 
67.0-67.0 
62.0-63.6 

Mean 

29.8 
37.0 

33.8 (2) 
17.7 

14.7 
27.8 
31.5 

30.3 
19.4 
25.9 
29.6 

30.7 
27.6 
30.0 
39.6 
30.5 
37.2 

37.4(1) 
37.3 
19.7 
37.8 

31.3 (6) 
30.6 

28.4 ( I) 
25. 1 
21.7 
29.5 
33.7 
26.9 
34.6 
31.3 

CP 

Range 

29.0-30.6 
36.4-37.6 
33.2-34.4 
17.6-17.8 

24.7-32.0 
28.7-36.3 

29.5-3 1.2 

28.5-30.3 

29.8--31.6 
31.1 -24. 1 
23.9-34.2 

24.8--33.3 
36.9- 37.6 

36.7-37.9 

36.3-39.4 
27.5-35. 1 
26.8--35. 1 

24 .1 -26.8 

26.9- 31.2 
31.5-35.6 
17.4-33.0 
29.3-40.0 
28.7- 33.8 

NDF Ash 

Mean Range Mean Range 

20.7 
18.8 
23.7 
22.8 

26.7 
21.6 
19.9 

18.6 
22.6 
19.5 
27.9 

21.9 
24.2 

21.3 (20) 
38.1 
20.7 
21.9 
25.9 
24.3 
23.2 
25.8 

18.6 (6) 
17.8 
22.7 
20.5 
22.1 
30.4 
21.3 
22.3 
24.4 
21.8 

17.4-24.0 
18.6-19 1 
21.3-26.7 
22.8--26.7 

17.2- 27.9 
16.9--22.9 

17.5-19.8 

24.9--30.3 

18.9--25.0 
23.3-25.1 
16.4-26.7 

16.7-23.4 
18.2-25.7 
25.0-26.8 
23.8--24.9 

23.0-28.6 
15.4-22.2 
14.6- 19.3 
19.5-26.0 
16.3-23.2 

29.4-32.0 
18.8--24.0 
17.4-26.7 
24.2-24.6 
20.4-23.2 

6. 1 
7.9 
7.7 
5.8 

5.8 
6.2 
6.7 

6.3 
5.5 
6.5 
7.0 

6.4 
6.6 

7.2 (20) 
6.7 
7.1 
6.4 
6.2 
7.3 
5.2 
6.2 
6.3 
6.5 
5.2 
5.9 
6.4 
7.1 
6.7 

6. 1 (9) 
7.9 
6.8 

6.Q-{j.3 
7.8--7.9 
6.9-8.6 
5.8--6.0 

5.6-6.8 
6. 2-7.6 

6. 2-6.3 

6.9- 7.1 

6.2-6.6 
6.2-6.3 
6.2-8.4 

5.5-8.0 
6.3-6.5 
6.Q-{j.5 
7.2-7.4 

6.1-6.4 
5.7-6.8 
6.2-6.7 
4.9-5.6 
5. 7-6.0 

7.0-7.2 
6.5-7.0 
5.5-6.6 
7.2-8.6 
6.6-7.0 

• Numbers in brackets represent the nu mber of accessions used to ca lculate mean when different from the num ber of 
accessions sampled. 

, KX 2 and KX3 accessions are arti fic ial inlerspecific hyb rids generated at the Uni versi ty of Hawa ii. 

exace rbates Cf ind uced IVDMD suppression com
pa red to lyophil isa ti on (Dzowela et a l. 1995). 

Condensed tannin content 
Co nde nsed tann ins (Cf) are polymeric flava nol 
secondary plan t metabo lites capa ble of b in ding to 
prote in, carbohydrates and mi nerals. The prote in 
binding capaci ty of Cf has a signi f icant impact o n 
fo rage quality. Moderate levels of eT in fo rage leg
umes may improve rum in ant N retention by pro
tecting protei n, that is in excess of m icrobia l 
requ ire ments, from waste fu l degradation in the 
ru men, thus enhancing the supply of am ino ac ids to 
the sma ll intestine . However, excess ive quan titi es of 
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astringent CT can severely reduce N retention in 
ruminan ts by depriv ing rumen m icrobes of the N 
req ui red for fermenta ti on of d ietary fib re and m icro
bial prote in synthesis, inhibiti ng post-rumina l protein 
abso rpt io n and s uppressing fo rage intake (Waghorn 
et al. 1990). Condensed tannins can also b ind 
d irectly to microbial enzymes, f urthe r limit ing pro
tein an d f ibre digestio n. More deta il on the implica
tions of CT on d ieta ry prote in, fibre and mineral 
util isatio n in vivo are discussed e lsewhe re (McNeill 
et aI. , these Proceed ings). 

Condensed tanni ns ex ist in two forms wi th in p lant 
tissues . Extractable (or free) CT (ECf) is the so luble 
component and is s tored in vacuo les with in the 



cytoplasm of plant cells. This Cf component is par
ticularly biologically active and may interfere with 
animal feed utilisation. Bound condensed tannin 
(BCf) is bonded to cellular protein and fibre compo
nents and is likely to be less nutritionally significant 
(Mangan 1988). 

In the Australian study, extractable CT and bound 
(protein and fibre bound) CT and total CT 
(TCT=ECf +BCf) were measured in the YFEL of 
116 Leucaena accessions (APPENDIX 1). Mean CT 
concentrations for all taxa are presented in Table 2. 
Concentrations presented are not absolute, but are 
expressed as % OM L. pal/ida CT. This is because 
the spectrophotometric assay was cal ibrated with 
purified L. pal/ida CT. Absolute CT values can only 
be measured for a specific accession when the assay 
is calibrated with purified CT isolated from that 
accession. Considerable interspecific variation in 
TCT concentration was observed in the Leucaena 
genus varying from undetectable amounts (L. col
linsii) to 30.6% OM (L. cuspidata). 

As was observed by Castillo et al. (1997), intra
specific variation in CT was dramatic within most 
taxonomic divisions, but particularly in L. diversi
folia (5.7- 18.5% OM), L. Irichandra (0.4--22.6% 
OM), and L. pallida (5.0--17.1 % OM). Similar ECT 
distributions within the genus were observed by 
Stewart and Ounsdon (1998). These authors also 
measured the "total tannin" of each accession using a 
protein precipitation technique that accounts for 
tannin biological activity, a function of both tannin 
concentration and tannin-protein binding capacity. 

In the Honduran study, different accession rank
ings were observed between ECT and tannin-protein 
precipitation, indicating that the protein binding 
capacity of CT and other compounds that precipitate 
protein, differed within and between taxa. An evalu
ation of 19 accessions of L. diversifolia, L. lellco
cephala, L. pa/lida, L. trichandra, and interspecific 
hybrids by Austin et al. (1997), also revealed signifi
cant genetic diversity in the concentration of total 
phenolics (CT and other phenolic compounds) which 
ranged from 8.6-12.2% OM. 

Extractable CT was the dominant CT fraction in 
the YFEL of Leucaena accessions with high TCT 
concentrations in the Australian samples. Similar 
high ECf fractions were observed in L. diversifolia, 
L. pal/ida and L. lellcocephala by Jackson et al. 
(1996), with 69-91 % of CT being extractable, indi
cating that most of the Cf in Lellcaena spp. is likely 
to be biologically active. 

Crude protein content 
Forages provide protein primarily to satisfy the 
N requirement for protein synthesis by rumen micro
organisms, and additional bypass protein for direct 
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absorption by the host animal. A minimum ruminant 
dietary crude protein (CP) content of 6-8% OM is 
required to maintain rumen ammonia N concentra
tions in excess of 70 mg ammonia N/L, the threshold 
needed for efficient microbial fermentation and 
microbial protein synthesis for animal maintenance 
(Norton et al. 1995). Much higher dietary CP con
tents (12-25% OM) are required to maximise rumi
nant animal production (NRC 1985, 1996). Crude 
protein (CP = N% x 6.25) content of the YFEL of 
Leucaena taxa grown in Australia averaged 29.8% 
OM CP, ranging from 14.7% DM (L. clIspidala) to 
40.0% OM CP (L. Irichodes) (Table I). The CP con
tents of individual accessions are presented in 
APPENDIX 1. Assuming most of the CP is digest
ible, the CP content of all of the Lellcaena spp. eval
uated were in excess of the nutritional requirements 
of ruminants for maintenance and production if con
sumed as a sole diet. Mature leaves harvested from 
the Lellcaena genus in Honduras (Stewart and 
Ounsdon, 1998) contained less CP (17.4--25.8% 
OM) than the YFEL collected in Australia. 

All Lellcaena spp. contained significantly more 
CP than tropical grasses (e.g. immature Digilaria 
decllmbens may contain 10% OM CP) and simil ar 
CP contents to top quality lucerne chaff (22-30% 
OM CP)(Van Soest 1994). However, most Lellcaena 
spp. also contained variable amounts of CT, which 
will directly affect protein digestion and N retention 
in ruminant animals (McNeill et aI., these Proceed
ings). Thus, it should be noted that not all the CP 
measured in accessions containing medium-high CT 
would be available for utilisation by rumen micro
flora or direct absorption by the animal. 

Many of the high CP/low CT Lellcaena acces
sions have the potential to provide highly digestible 
supplementary N when incorporated into low quality 
roughage diets . For example, a basal roughage (7% 
OM CP) supplemented with 30% L. collinsii forage 
(assuming edible OM contains 24% CP cf. 30% CP 
in YFEL) woulp produce a mixed ration containing 
12% OM CP, which is sufficient to support growing 
and/or lactating ruminant animals (NRC 1985, 
1996). Lellcaena lellcocephala has been successfully 
used as a supplement in tropical fo rage systems, 
significantly improving ruminant N nutrition when 
incorporated at 30--40% OM into low quality 
roughage diets (Abdulrazak et al. 1997, Bonsi et al. 
1994; Bonsi and Osuji 1997; Chowdhury 1997). 

Neutral detergent fibre (NDF) 
Cell wall residues remaining after neutral detergent 
extraction (NOF) represent the proportion of plant 
dry matter made up of cellulose, hemicellulose and 
lignin (Van So est and Robertson 1980). High 



Table 2. Condensed t~nnin (Cf) concentr~tion (% OM LPCf*) of the YFEL of the Leucaena genus grown at Redland Bay, 
Australia. 

Species Subspecies/v~riety No. of Extractable CT Bound Cf Total er 
accessions 

Mean Range Mean Range Mean Range 

L. ? hybrid 2 2.1 1.8-2.5 0.6 0.6-0.6 2.7 2.4-3.0 
L. col/illsii col/illsii 2 0.0 0.0--0.0 0.1 0.1-0.1 0.1 0.1-0.1 
L. collillsii zacapafla 3 0.0 0.0--0.0 0 .2 0.1-0.2 0.2 0.1-0.2 
L. coflJerlij7ora var. adenolheloidea 2 19.4 15.2-23.5 2.1 1.6-2.7 21.5 16.8-26.2 
L. ClIspidala I 29.1 1.5 30.6 
L. diversiJolia 13 10.7 4.0--16.6 2.1 1.1-3.8 12.8 5.7-18.5 
L. diversiJolia xL. leucocephala (KX3)1 7 4.7 2.5-7.3 1.4 0.6-1.8 6.1 4.2-9.1 
L. esculellla 2 11.2 10.0--12.3 1.3 1.2-1.4 12.5 11.2-13.7 
L. greggii I 18.4 1.3 19.7 
L. involucrala 1 13.5 1.3 14.8 
L. lanceolala var. lanceolala 4 0.7 0.3-1 .2 0.4 0.2-0.5 1.0 0.6-1 .6 
L. lanceolala var. sousae 2 0.2 0.2-0.2 0.1 0.1-0.1 0.3 0.3-0.3 
L. lelllpirana 2 0.2 0.2-0.2 0.1 0.1-0.1 0.3 0.3-0.4 
L. leucocephala glabrala 21 1.8 0.5-4.0 0.8 0.4-1.3 2.6 0.9-4.8 
L. leucocephala iXlahaucana 1 4.2 0.9 5.1 
L. leucocephala leucocephala 5 1.9 1.2-3.2 0.8 0.5-1.2 2.7 1.7-3.7 
L. lIlacrophylla istmensis 2 0.8 0.6-1.0 0.4 0.2-0.6 1.2 1.2-1.2 
L. macrophylla macrophylla 2 1.3 0.9-1.7 0.3 0.3-0.4 1.6 1.3-2.0 
L. lIlagniJica 2 0.0 0.0-0.0 0.1 0.1-0.1 0.1 0.1-0.2 
L. mallldae I 12.3 0.9 13.2 
L. lIIullicapitula 2 0.5 0.0--1.1 0.6 0.2-0.9 1.1 0.2-2.0 
L. pallida 7 8.2 4.2- 15.9 1.1 0.8-1.6 9.3 5.0--17.1 
L. pallida xL. leucocephala (KX2)1 6 4.1 2.4-6.1 1.1 0.5- 1.2 5.1 3.0--7.3 
L. pueblana 2 10.0 9.3-10.6 0.5 0.5-0.6 10.5 9.9-11.1 
L. plllverulellla 3 14.6 11.8-18.3 1.3 1.0--1.8 15.9 13.0--19.4 
L. relusa 1 2.3 1.2 3.5 
L. salvadorellsis 3 0.0 0.0-0.1 0.2 0.1-0.2 0.2 0.2-0.2 
L. shannonii 4 0.7 0.0--1.7 0.5 0.4-0.7 1.3 0.5-2.3 
L. Irichandra 10 8.7 0.2-20.5 2.2 0.2-3.1 11.0 0.4-22.6 
L. Irichodes 2 0.1 0.1-0.1 0.2 0.1-0.2 0.2 0.2-0.3 
L. xspolllanea 2 3.2 2.7-3.8 1.2 1.0--1.5 4.4 4.2-4.7 

• LPCf = L. pallida CT. 
I KX2 and KX3 accessions are artificial interspecific hybrids generated at the University of Hawaii. 

proportions of dietary NDF can suppress forage 
intake due to reduced rates of fibre digestion and 
passage through the rumen (Van Soest 1994). 
Browse forages have different physical characteris
tics from grass diets, confounding the interpretation 
of NDF measurements using empirical relationships 
generated for herbaceous species. The compound 
leaves of many tree legumes yield small particle 
sized ingesta, resulting in more rapid passage 
through the rumen than grass digesta with a similar 
NDF content. Thus, forage intake of fodder trees is 
less affected by NDF than grass roughages. 

The NDF fraction of YFEL sampled in Australia 
varied from 14.6-38.1 % DM (Table 1). Leucaena 
salvadorensis (30.4% DM) and L. leucocephala 
subsp. ixtalruacal/a (38 .1 % DM) contained the 
highest amounts of NDF, while L. esculellta (18 .6% 
DM), L. collillsii subsp. collillsii (18.8% DM) and 
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the KX2 hybrid (17.8% DM) had the lowest NDF 
values. Considerable intraspecific variation in NDF 
existed within the genus, particularly within L. diver
siJolia, L. leucocephala subsp. glabrata and 
L. trichalldra. The NDF contents of individual acces
sions are presented in APPENDIX 1. Stewart and 
Dunsdon (1998) also reported great diversity in NDF 
contents (21.5-50.9% DM) in ML harvested from 
27 Leucaena taxa. Similar NDF concentrations of 
26.2-39.9 % DM (Wandera et al. 1991),45.7-56.8% 
DM (Berhe and Tothill 1995) and 40.9-49.1 % DM 
(Tolera et aI., these Proceedings) have been observcd 
in the edible fraction (leaves and <6 mm stem) of 
different Leucaena spp .. These latter NDF values are 
mueh highcr than those observed in the YFEL, prob
ably due to the type and physiological maturity of 
the sample tissues, which comprised older and more 
fibrous (stem) plant material. 



Lellcaena ~rp . forages conta in less NOF than 
tropical grasses (e.g. Digitaria decllmbens may con
tain 70% OM NOF) and s imil ar concentrations to 
lucerne chaff (33- 53% OM NOF) (Van Soest 1994). 
With the exception of di ets that contai n a high pro
portion of fibrous stem material (NOF >45% O M), 
the forage quality (i ntake and digestibility) of 
Lellcaena is unlikely to be limited by NOF conten t 
(Norton et al. 1995). 

Ash and mineral composition 
Ash analyses provide a crude gu ide to the abil ity of 
fo rages to meet the mineral requirements of animals. 
Ash (mineral and s il ica) content of the YFEL sa m
pled in the A ustralian trial ranged from 4.9-8.6% 
OM (Table 1) (APPENDIX 1). T hese ash contents 
are slightly lower than those of lucerne chaff (8-10% 
OM) and Digitaria decllmbens (10% DM) (Van 
Soest 1994). 

The macronutrient composition of the YFEL of 
the taxa is presented in Table 3 and the micronutrient 
composition in Table 4. T he minera l composit ion of 
the YFEL of indiv idual Lellcaena accessions is pre
sented in APPENDIX 2. As a sole feed, the YFEL of 
the Lellcaena genus prov ided most essential mi nerals 
in excess of the die tary requirements of growi ng! 
lactating sheep and catt le (SCA 1990). The excep
tion was sodium, which was present at onl y 25-50% 
of ruminant requ irements. Copper concentrat ions 
«5 flg!g DM) were deficient and Mg «0.19% OM) 
contents were marg inal in many access ions. No min
era l was detected in concentrations that were toxic or 
would in terfere in the absorpt ion and re tention of 
other elements (SCA 1990). T he mineral concentra
ti ons measured in th is study are si mi lar to those 
fo und in evaluations of the edible fraction of 20 
Le/lcaena accessions by Austin et al. (1992) and 
L. le/lcocepha/a (Kabaija and Smith 1989; Faria
Marmol et al. 1996). Mineral compos ition data can 
readily identify elemental deficiencies in forages 
(e.g. , Na in Lellcaena spp.). However, despite ade
quate intake of elements in plant material , metabo lic 
deficiencies may result if other non-mi nera l com
pounds in the pl ant impede mineral digestion! 
absorption by the animal. 

The efficiency of mineral utilisation by animals 
may be affected by secondary plant metabolites. 
Phenolic compounds, such as CT, are capable of 
chelating metal cations (Laks 1989) and complexing 
S containing amino acids, potentially reducing the 
absorption of these elements in the gut. High CT 
Lellcaena accessions may not provide animals with 
adequate quantities of digestible essentia l minerals. 
Other compounds, including phytin , oxalic acid and 
flavonol glycosides, have also been found in Leu
caena spp. and may interfere in mineral uti I isation. 
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Cobalt, selenium and iod ine are also essential 
trace elements for animal nutr it ion, but were not 
measured in this study. Cobalt and selenium concen
trations of 0. 16 and 0.78 fl g!g respectively (Fa ria
Marmol et al. 1996), and 62 flg!g iodin e (Garcia et 
al. 1996) have been observed in L. le/lcocephala 
forage. T hese concentrations exceed ruminant die
tary req uirements of 0.1 1 fl g!g Co, 0.05 fl g!g Se and 
0.5 flg!g I, if L. lellcocephala was consumed as a sole 
feed (SCA 1990). 

Relationships between forage quality parameters 
Relat ionships between quality parameters measured 
in the Aust ralian study were investigated us ing cor
relat ion techn iques (Table 5). In v itro dry matter 
digesti bili ty (IVOMO) was negatively re lated to bot h 
ECT and TCT (r2=0.67). Si mil ar ta nnin/lVOMO 
relat ionships were found by Stew art and Ounsdo n 
(1998) fo r both ECT (r2=0.41) and radi al diffus ion 
"total tan nin" (r2=0.59). Ba logun et al. (1995) 
directl y impl icated CT in the suppress ion of IVOMO 
by adding pol yethyl ene glyco l (PEG) to the assay 
and observing large increases in digest ibility of 
tanniferous tree legum es. IVOMO was posi ti vely 
correla ted (r2=0.47) to CP concentration. Ash was 
posi ti vely correl ated to IVOMO an d CP, and 
negatively correl ated to all CT fractions. The propor
tional dominance of th e ECT tann in fraction in the 
TCT measurement is refl ected by a strong correla
tion between these observati ons (r2=0.99). Bound CT 
was less strongly correlated to IVOMD, ECT 3nd 
TCT. Cell wa ll co ntent (NOF) was poorl y correl3ted 
with all parameters, particula rl y IVD MO' in bot h 
experiments. 

With the expectation that CT wo uld interfere with 
diges tibility , the interaction of CP and CT on 
IVOMO was investigated by corre lat ing the ratio of 
CP:CT with IVO MO. A strong (r2=0.73) non-linear 
relationship was observed (Figure 1). The most 
digest ibl e access ions were those with high CP and 
low CT. Poorly. digestible accessions had low CP and 
extremely high CT concentrations. T he in tlection 
point in the curve, at which IVOM O was rapidly sup
pressed with decreas ing CP!CT ratio, corresponded 
to an average YFEL CT concentration of approxi
mately 6% OM, assuming a mean CP content for 
Leucaena spp. of 30% OM. This provides an in vitro 
indication of the maximum desirable concentrati on of 
CT in Leucaena spp. forage of average CP conten t 
for optimal forage quality . 

Variability among accessions in the derived rela
tionship between the C P:CT ratio and IVOMO can 
be attributed to a number of factors. T he CT 
measurements presented are not absolute, but are 
expressed as % OM L. pallida CT (% D M LPCT). It 
is possible that a better correlation could be derived 
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Table 5. Linear correlation coefficients of determination (r2) between forage quality parameters of the YFEL of the 
Lellcaena genus grown at Redland Bay, Australia. 

DMD CP 

CP 0.466 
NDF 0.000 0.001 
ASH 0.319 0.147 
ECT 0.670 0.350 
BCT 0.267 0.209 
TCT 0.669 0.361 

Regressions significant (P<O.OI) when r2>0.052. 
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Figure 1. The effect of the ratio of the crude protein (CP) to total condensed tannin (TCT) on in vitro dry matter digestibility 
(IVDMD) of YFEL of the Lellcaena genus grown at Redland Bay, Australia . 

if absolute CT concentrations were observed. 
Furthermore, the biological activity of eT is a func
tion of its concentration and protein-binding 
capacity. Theoretically, accessions lying above the 
response curve may contain inert eT and therefore 
still be highly digestible, while those below the curve 
may contain more reactive eT, which will suppress 
IVOMO. 

Chemical Constituents of Importance Not 
Measured in These Studies 

Non-structural carbohydrate fraction 
The non-structural carbohydrate fraction (suga r, 
pectin and starch) of leguminous forages is impor-
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tant, as it provides a rapidly fermentable source of 
energy for rumen microbes. This source of energy is 
required to complement the rapidly degradable N 
fraction, improving the efficiency of N utilisation by 
rumen microflora (Van Soest 1994). To date, very 
little work has been published on the carbohydrate 
composition of LellCaellG spp. forage and this aspect 
of forage quality was not evaluated in either the 
Australian or Honduran experiments. Sugar concen
trations of 1.6-5.2% OM have been detected in 
LeucaellG leaves (Toruan-Mathius and Suhendi 
1992; Mtenga and Laswai 1994). These sugar levels 
are similar to tropical grass species, such as kikuyu 
grass (Pelllliselllm clalldeslillllm) 2-6% OM , but 
low when compared to temperate rye grass (Lolium 



perenne) containing 3--9.5% OM of soluble 
carbohydrate (Fulkerson and Trevaskis 1997). This 
suggests using readily degradable carbohydrate sup
plements may benefit animals consuming Lellcaena 
based diets. 

Anti-nutritive compounds 

A number of secondary plant metabolites, particu
larly CT and the toxic amino acid mimosine, restrict 
the utilisation of Lellcaena forage as a sole or major 
component o f the diet of monogastric animals. Based 
on the large vari ation in CT concentration and the 
other forage qual ity parameters measured, a compre
hensive evaluation o f the variation in mimosine con
tent within the genus is essenti al. Without this data 
the full potential of Lellcaena in monogastric animal 
nutrition is to be rea li sed. This is particul arly impor
tant due to the failure o f low mimos ine hybrid 
breeding programs and the unlikely utilisa tion of 
biotechnology to engineer low mimosine Leucael/a 
(Bray 1995). Experim ents which have screened 
limited numbers of Leucaella spp. observed con
siderable variatIOn in mimos ine concentration 
(0.5-8.7% OM) (Brewbaker and Kaye 198 1; Hauad 
M arroquin and Foroughbakhch 1991). Thus, th ere is 
potential to identify high CP, low/no CT and low 
mimosine access ions that could be utili sed in 
monogastric rations. L. collillsii and L. shal/nonii 
(including L. magnijica) are two such speci es. These 
taxa contain less than half the mimos ine o f L. lellco
cephala (Brewbaker and Kaye 1981), have low CT 
contents, and may therefore be included in the diets 
of monogastric animals in amounts potentially 
doubl e that of L. leucocephala , without inducing 
mimosine toxicity. High mimosine contents in 
L. lanceolaw, L. macrophyl/a and L. tricllOdes 
(Brewbaker and Kaye 1981) are likely to limit the 
rol e of these forages in monogastric ration s. 

Other anti-nutritive compounds have been 
detected in Lellcaena spp. including oxalate (0.09% 
OM) and phytin (1 .03% OM) (Al etor and Omodara 
1994). These concentrations of oxal ate and phytin 
are unl ikely to interfere in ruminant metabol ism but 
may affect monogastric utilisation of P, Ca, M g, Fe 
and Zn (Hegarty 1982). Flavanol glycosides have 
been detected in L. lellcocephala and L. plllverulenta 
at up to 6% OM (average 3-4% OM) in leaves on 
actively growing shoots (Lowry et al. 1984; Tangen
djaja et al. 1986). Flavonol glycos ides may also 
complex minerals (Laks 1989), potenti ally inter
fering with nutrient digestion. These low molecular 
weight secondary metabolites could also be absorbed 
into the blood and require detoxifi cation at a meta
bolic cost to the animal (McNeill et al. 1997). The 
nutritional significance of these anti-nutritive 
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compounds is only parti ally understood and requires 
further investigation (Lowry et al. 1996). 

Factors Affecting Interpretation of Chemical 
Composition Data 

The rankings of taxon by the forage quality para
meters observ ed at the two sites were compared by 
rank co rrelati on coefficients to assess how consist
ently the chemical analyses ranked forage qual ity 
across the genus. Condensed tannin (r2=0.72) and 
IVOMO (r2=0.61) ranks w ere quite similar, whil e 
the CP (r2=0.34) and NOF (r2=0.25) ranks were 
poorly correlated. This variati on highlights the limi
tations of comparing the forage quality of different 
species based on single site or " one-off' evaluation s. 
The differences in the ch emical compos ition and 
digestibility data co ll ected in Australia (UQ) and 
Honduras (OFI) could be due to a number of factors. 

Sample tissue selection 
Forage quality is affected by the physiological matu
rity of the pl ant materi al analysed. Comparing th e 
results of chemical analyses on the younges t fully 
expanded leaves (YFEL) (UQ) to the mature leaves 
(ML) (OFI) revea led that the physiologica lly o lder 
materi al analysed by OFI generally contained less 
CP, more NOF and had a lower IVOMO than the 
YFEL. In an earli er study to select a sampl e ti ssue to 
evaluate th e CT statu s of Lellcaena spp. , CT concen
trati on vari ed considerably with ti ssue maturity 
(Oalzell and Shelton 1997). Shoot material (stem 
apices) contained significantly more CT than YFEL 
and ML. Higher mimosine concentrati ons have al so 
been observed in younger leaves than mature leaves 
(Tangendjaj a et al. 1986; Hauad Marroquin and 
Foroughbakhch 1991; Bray 1995). Toruan-Mathius 
and Suhendi (1992) compared the forage quality of 
young and mature L diversifolia leaves, finding CP, 
mimos ine, tannin, and phosphorus c.oncentrations 
decreased as leaves matured, whil e N OF, cellulose, 
AOF, fat and sugar contents increased with leaf 
maturity . The mineral composition of L. lellco
cephala has al so been reported to vary with leaf 
ti ssue maturity and is furth er confounded by incon
sistent seasonal interactions (Kabaija and Smith 
1989). Thu s, the individual fo rage components o f the 
edibl e fraction of Lellcaella forage (l eaves, shoots, 
stems, pods and fl owers) di f fer significantly in 
chemical compos ition (Akbar and Gupta 1985; 
Bassal a et al. 1991). 

It can be concluded that the plant ti ssues sampl ed 
(ML and YFEL) only permit the ranking of different 
access ions on forage qual ity. The actual forage 
quality of edible Leucaella dry matter se lected by 
browsing ruminants will be very different from 



that estimated from the specific sample tissues 
reported here. 

Sample preparation and laboratory procedures 
Comparison of results of chemical composition 
analyses from different laboratories is further con
founded by the use of different sample preparation 
processes, laboratory procedures and assay calibra
tion materials, which influence the absolute values of 
the forage quality parameters reported. 

Freeze-drying (lyophilising) plant material pre
serves it in a state similar to fresh material, while 
oven-drying has been found to significantly affect 
the measurement of forage quality parameters, par
ticularly N degradability (Maillard and er precipita
tion reactions), er, fibre (ADF, NDF and lignin) and 
subsequently IVDMD, in tanniferous forage tree leg
umes (Dzowela et al. 1995). This could explain some 
of the differences in the absolute values and taxo
nomic ranking of parameters measured in the Hon
duran (oven-dried 50 QC for 72 h) and Australian 
(lyophilised) leaf material. 

The differences between rumen liquor-pepsin and 
pepsin-cellulase IVDMD values measured in these 
experiments are a good example of how different 
laboratory procedures and assay calibration methods 
affect the absolute values of the data generated. 
Thus, existing in vitro procedures may require modi
fication to account for the presence of secondary 
plant metabolites present in browse legumes. In 
another example, CT have the potential to interfere 
in fibre analysis due to their capacity to bind to plant 
structural carbohydrates and protein, forming insol
uble complexes in acid detergent solutions. This 
results in an over-estimation of ADF and lignin (Van 
Soest 1994; Makkar et al. 1997). Measurement of 
acid detergent lignin (ADL) (Van Soest and Rob
ertson 1980), which is the combined lignin/bound 
er content of forages, while not separating fibre 
components into pure fractions, has practical appli
cation in determining the forage quality of tannif
erous feeds. Based on the assumption that neither 
rumen microflora nor animals can utilise bound CT 
or lignin as a source of energy or nutrients, ADL 
should delineate potential forage digestibil ity and 
nutritive value. Bamualim et al. (1980) highlighted 
the value of measuring ADL by observing a strong 
negative relationship between nylon bag DMD and 
ADL (r2=0.85) in 27 accessions of browse legumes. 

Environmental effects on forage quality 
parameters 
Environmental conditions affect plant tissue physi
ology and in turn chemical composition. The Red
land Bay site in Australia is an extremely fertile, 
moist (weakly seasonal), subtropical environment at 
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which the forage quality of tissue samples of 
Lellcaena taxa might be expected to be optimal. The 
La Soledad, Honduras, site is fertile but more envi
ronmentally challenging with a pronounced 7-month 
dry season (Stewart and Dunsdon 1998). This may 
explain some of the variation in forage quality 
parameter ranks and absolute values between the 
two sites. 

Condensed tannin is a good example of a chem
ical composition parameter that is affected by 
environmental conditions. The effect of a number of 
environmental parameters on the er status of 
Leucaena spp. was evaluated in glasshouse trials 
conducted at the University of Queensland. 

The effect of soil nutrient deficiencies, soil acidity 
and water stress on the CT status of L. leucocephala 
and L. pallida was evaluated in a glasshouse experi
ment using an acid infertile soil. Severe phosphorus 
and nitrogen deficiency, and soil acidity stresses 
were induced, and were evidenced by foliar symp
toms, retarded growth and plant tissue elemental 
composition. Soil acidity stress, predominately Ca 
deficiency, and phosphorus deficiency dramatically 
suppressed er synthesis and accumulation in the 
YFEL of Lellcaella spp. (Figure 2). This was in con
trast to the results of Barry and Forss (1983), who 
observed CT in Lotlls pedunclllatlls decreased by 
50% with the amelioration of P and S deficiency on 
an acid infertile soil. Tiarks et al. (1989) also 
observed a decrease in CT with the application of 
P fertiliser to Pillus spp. The CT concentrations of 
water stressed L. lellcocephala and L. pallida plants 
were only 32.5% and 71.4% that of the concentra
tions in unstressed plants respectively (Figure 2). 
Duarsa et al. (1993) observed an opposite trend in 
Lotus pedllllculatlls with er increasing under water 
stress at high temperature. Finally, despite severe N 
deficiency symptoms and retarded growth in the -N 
treatment, the CT status of Leucaena spp. remained 
similar to that of the control plants. This observation 
is supported by. the results of Tiarks et al. (1989), 
where the application of N fertiliser to pine trees had 
no effect on leaf er content. 

The effect of temperature on the CT status of 
Leucaena spp. was also evaluated in a controlled 
environment experiment at the University of 
Queensland. Accessions of L. leucocephala, L. pal
lida, KX2 hybrid, L. Irichalldra and L. macrophylla 
were grown for 20 weeks under day/night tempera
ture regi mes of 18113, 23/18, 28/23 and 33/28 QC. 
The 18/13 QC temperature regime severely limited 
plant growth; however, these plants had the highest 
CT levels (Figure 3). In contrast, Duarsa et al. (1993) 
observed that the CT status of Lotus pedllllculatus 
and L. corniclllallls were not greatly affected by 
temperature. 
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Figure 2. The effect of nitrogen (-N) and phosphorus (- P) deficiencies, and acid soil (acid) and water (-water) stress on the 
extractable condensed tannin content of the YFEL of L. leucocephala subsp. glabrata (K636) and L. pallida (CQ3439). 

In another experiment at the University of 
Queensland, the application of phytotoxic insecti
cides also altered the CT status of Leucaena spp .. 
Severely phytotoxic insecticides caused leaflet 
necrosis and abscission, and reduced CT concentra
tions by 55% compared to healthy control plants 
(S. Dalzell unpublished data). Interactions with 
cotton CT status and the application of agricultural 
chemicals have also been observed (Bell et al. 1992). 

Thus a wide range of different environmental 
stresses have suppressed the CT status of Leucaena 
spp .. These findings contrast with popular plant 
defence and carbon allocation theories developed 
from reports that phenolic concentrations increase 
when plants are grown under adverse climatic and 
edaphic conditions. A number of hypotheses 
regarding the effect of environmental factors on CT 
synthesis are being investigated at the University of 
Queensland. 

Many other forage quality parameters are affected 
by environmental stress . The mineral composition of 
Lellcaella spp. also varies with environmental con
ditions, particularly soil fertility. Ash contents 
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generally increase during dry seasons, while indi
vidual element concentrations fluctuate independ
ently based upon their phloem mobility and plant 
growth rate, which determine the extent of essential 
element dilution (Kabaija and Smith 1989; Faria
Marmol et al. 1996). Msangi and Hardesty (1993) 
observed seasonal increases in CP and IVDMD in 
L. leucocephala leaves at the break of the wet season 
in Tanzania, and attributed this to a flush of new 
growth. Mimosine concentrations in Leucaena spp. 
increase during active periods of plant growth (wet 
summers) (Hauad Marroquin and Foroughbakhch 
1991; Gupta et al. 1992, Bray 1995) and decrease 
when plants were grown for prolonged periods under 
water-stress (Ponnammal and Gnanam 1984). Con
versely, Bray and Hoekstra (1985) demonstrated that 
mimosine concentration increased with short-term 
moisture stress, highlighting the importance of stress 
duration on plant chemical composition response. 

Thus multi-site evaluations are necessary to fully 
quantify genetic variation in forage quality and to 
understand environmental interactions with plant 
chemical composition. 
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Figure 3. The effect of ambient temperature on extractable condensed tannin content of the YFEL of L. trichalldra (OFI 53/ 
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(K636) and L. macrophyl/a subsp. istemellsis (OFI 47/85). 

Future Research Priorities 

The chemical composition and IVDMD data pre
sented provide a preliminary evaluation of the forage 
quality of the Lellcaena genus. Although chemical 
composition indications of forage quality need to be 
confirmed in animal trials, there remain some 
aspects of chemical composition that require further 
research to improve our understanding of the quality 
of Lellcaena spp.: 
1. The presence of CT in forages can adversely 

affect N utilisation in livestock. The biological 
activity of CT is a function of CT concentration 
and tannin-protein binding capacity. The environ
ment in which plants grow has a dramatic effect 
on CT concentrations in Leucaena spp. forage; 
however, little is known about env ironmental and 
plant physiological effects on CT structure (com
position of flavanol monomers and degree of 
polymerisation) and subsequent tannin-protein 
binding capacity. This requires elucidation. 

2. Condensed tannins and mimosine are recog
nised as the most detrimental secondary plant 
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metabolites present in Lellcaena spp. for ruminant 
nutrition. However, the nutritional implications of 
other anti-nutritive compounds, particularly in the 
context of monogastric animals, are poorly under
stood and need to be addressed. Comprehensive 
screening to quantify mimosine, saponins, alka
loids, hydrolysable tannins and other phenolic 
compounds, i1lld to understand their nutritional 
significance is required. 

3. Although L. leucocephala has long been identified 
as an excellent source of protein for ruminant ani
mals, very little is known about the non-structural 
carbohydrate fraction (sugar, starch and pectin) or 
non-protein N profile of the genus. Screening for 
these paramete rs may permit the selection/hybrid
isation of carbohydrate-rich accessions, with the 
aim of increasing the energy supply to the rumen 
(lower the CP/energy ratio) to improve the effi
ciency of microbial N utilisation. This information 
is also required to determine how sugar/pectin/ 
starch rich supplements could be used to enhance 
animal performance from Leucaena based diets. 



Conclusion 

The chemical composition data presented enabled 
taxa within the Leucaella genus to be ranked on 
forage quality at one point in time in two environ
ments. The absolute values of the parameters meas
ured varied due to the different environments and 
with the laboratory methods used in both trials. 

The parameter rankings indicate that there are a 
number of taxa (L. collillSii, L. lanceolala, L. lem
pirana, L. macrophylla. L. magnifica, L. shannonii 
and L. trichodes) that have in vitro forage quality 
equal to or superior to that of L. leucocephala. How
ever, utilisation of many of these taxa for forage pro
duction will be limited by poor agronomic 
performance (Mullen and Shelton et aI., these Pro
ceedings). Considerable intraspecific variation in 
forage quality parameters existed within agronomi
cally superior taxa (L. diversifolia, L. pallida, L. 
trichandra and the KX2 and KX3 interspecific 
hybrids), indicating there is potential to select acces
sions of high in vitro forage quality similar to that of 
L. leucocephala. 

Generally, the in vitro forage quality of the 
Leucaena genus appears to be high when compared 

to other tropical forages, in terms of high IVDMD 
and CP, low levels of NDF and adequate levels of 
most minerals. However, high concentrations of CT 
will reduce the nutritive value of some accessions by 
interfering in CP digestion and IVDMD. 

To complete our understanding of the in vivo 
nutritive value of Leucaena species, metabolic 
feeding trials and long te rm grazing/feeding trials are 
required to measure animal live weight gain, milk 
and wool production, and animal reproductive per
formance. Such trials could also indicate the produc
tivity and resilience of the lesser-known Leucaena 
spp. in direct-grazing systems. 
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APPENDIX 1. Chemical composition and in vitro dry matter digestibility of YFEL of the Lellcaella genus grown at 
Redland Bay, Australia. 

Species Subspecies/variety Accession Chemical composition (%OM) 

IVOMO ECf BCf TCf CP NOF Ash 

L. ? hybrid K953 62 2.5 0.5 3.0 29.0 24.0 6.3 
L. ? hybrid OFf 52/87 65 1.8 0.6 2.4 30.6 17.4 6.0 
L. col/illsii col/illsii OF151 /88 68 0.0 0.1 0.1 37.7 19.1 7.9 
L. col/insii col/illsii OF152/88 70 0.0 0.1 0.1 36.4 18.6 7.8 
L. col/insii zacapana OFI 18/84 67 0.0 0.2 0.2 34.4 21.3 6.9 
L. col/insii zacapana OF156/88 65 0.0 0.2 0.2 33.2 26.7 7.4 
L. col/insii zacapana OF157/88 67 0.0 0.1 0.1 23.0 8.6 
L. conJertif/ora var. adenotheloidea OF187/94 42 15.2 1.6 16.8 17.6 22.8 5.6 
L. conJertif/ora var. adenotheloidea OF188/94 42 23.5 2.7 26.2 17.8 22.8 6.0 
L. cllspidata OF183/94 43 29.1 1.5 30.6 14.7 26.7 5.8 
L. diversiJolia CPI33820 56 11.8 1.9 13.7 32.0 20.2 6.3 
L. diversiJolia K156 59 15.1 1.6 16.7 29.7 20.6 5.6 
L. diversiJolia K778 57 16.6 1.8 18.5 26.0 27.9 6.1 
L. diversiJolia K784 60 14.1 1.9 15.9 29.3 26.5 6.6 
L. diversiJolia K802 60 5.2 2.0 7.2 29.0 18.1 6.8 
L. diversiJolia OFI 104/94 60 10.1 2.3 12.4 26.0 24.5 6.2 
L. diversiJolia OF1105/94 61 4.0 1.8 5.7 26.3 20.4 6.8 
L. diversiJolia OFI 106/94 58 8.9 3.2 12.1 29.3 18.5 6.3 
L. diversiJoLia OFI 126/92 57 10.3 1.5 11.8 25.1 24.1 5.9 
L. diversiJolia OFf 45/87 60 13.1 1.8 14.9 27.1 19.1 5.8 
L. diversiJolia OF146/87 58 12.5 2.5 15.0 29.2 21.5 5.9 
L. diversiJolia OFf 82/92 58 6.2 3.8 10.0 27.9 22.2 6.4 
L. diversiJolia OF183/92 61 11.5 1.1 12.6 24.7 17.2 5.9 
L. diversiJolia x L. lellcocephala (KX3) I 91-13F4 59 7.3 1.8 9.1 31.1 21. I 6.5 
L. diversiJolia xL. lellcocephala (KX3)1 91-2 F4 63 6.4 1.3 7.7 36.3 22.9 6.2 
L. diversiJolia xL. lellcocephala (KX3)1 91-6 F4 63 5.1 0.6 5.7 33.5 16.9 6.3 
L. diversiJolia xL. lellcocephala (KX3)1 92-4 F4 62 2.7 1.5 4.2 28.7 20.4 7.0 

240 



APPENDIX 1. (cont.) Chemical composition and in vitro dry ma tter digestibi lity of YFEL of the Leucael/a genus grown 
at Redland Bay, Australia. 

Species Subspecies/variety Accession Chemical composition (%DM) 

IVDMD ECT BCT TCT CP ND F Ash 

L. diversifolia xL. leucocephala (KX3)1 K 156x KSOO F2 62 2.5 1.7 4.2 30.2 19.4 7.6 
L. diversifolia x L. leucocephala (KX3)1 KI56xK636 F2 62 2.7 1.1 3.8 32.1 19.9 6.5 
L. diversifolia x L. leucocephala (KX3)1 KI56xK8 F2 62 6.4 1.5 7.9 29.2 19.0 6.7 
L. eSClllel/la OF147/87 57 10.0 1.2 11.2 29.4 17.5 6.2 
L. esculel/la OF148/87 58 12.3 1.4 13.7 31.2 19.7 6.3 
L. greggii OF182/87 47 18.4 1.3 19.7 19.4 22.6 5.5 
L. il/volllcrala OF187/92 54 13.5 1.3 14.8 25.9 19.5 6.5 
L. lal/ceolala va r. lal/ceolala OFI 134/92 64 0.3 0.3 0.6 30.3 26.3 7.1 
L. lal/ceolala var. lal/ceolala OF143/85 63 0.8 0.5 1.3 29.5 30.3 6.9 
L. lal/ceolala va r. lal/ceo/ala OF144/85 63 1.2 0.4 1.6 30.2 30.0 6.9 
L. lal/ceolala va r. lal/ceolala OF190/92 67 0.4 0.2 0.6 28.5 24.9 6.9 
L. lanceolala var. SOllsae OF150/87 66 0.2 0.1 0.3 29.8 25 .0 6.3 
L. lanceolala var. sOllsae OF151/87 67 0.2 0.1 0.3 31.6 18.9 6.6 
L. lempiral/a OF15/91 66 0.2 0.1 0.3 3 1.1 23.3 6.4 
L. lempiral/a O F1 6/91 66 0.2 0.1 0.3 24.1 25 .1 6.7 
L. leucocephala ? CPI58396 63 4.0 0.8 4.8 31.3 19.1 6.2 
L. lellcocephala gl abrata CP185176 63 1.5 1.0 2.5 26.6 20.1 7.4 
L. leucocephala gl abrilta CPI908 14 63 3.9 0.5 4.4 23.9 18.6 7.0 
L. leucocephala glabrata cv . Cunningham 65 0.5 0.5 0.9 3 1.4 20. 1 7.9 
L. lellcocephala glabratil KS84 62 1.5 1.0 2.6 31.0 24 .7 7.4 
L. leucocephala glabrala KS84x K636 FI 65 1.2 0.9 2.1 27.8 
L. leucocephala glabra la KS84x K636 F2 64 1.9 0.6 2.4 30.2 20.6 6.9 
L. lellcocephala glabrala cv. Tarramba 6 1 1.2 0.8 1.9 30.3 26.7 6.9 
L. lellcocephala glabra la K8 66 1. 1 0.8 1.8 32.7 19.8 6.8 
L. leucocephala glabrala K8 6 1 1.3 0.4 1.6 34.2 19.8 8.0 
L. leucocephala glabrala OF1102/94 65 3.2 0.5 3.7 27.8 2 1.2 6.4 
L. lellcocephala glabrala O F! 12 1/92 63 2.5 0.8 3.3 3 1.3 22.6 6.3 
L. leucocephala glabrala OFI 136/92 65 1.5 0.7 2.2 32.5 16.4 8.4 
L. lellcocephala glabrala OFI 139/92 64 1.7 0.6 2.3 32.0 24.2 6.6 
L. leucocephala glabrala OF1145/9 1 61 1.9 1.3 3.2 26.9 25.4 6.5 
L. lellcocephala glabrala OFI 19/81 63 1.3 0.8 2.2 29.6 20.9 8.2 
L. lellcocephala glabrala OFf 30/93 62 1.5 0.4 2.0 30.0 23.0 7.2 
L. lellcocephala glabrala OF132/88 63 1.3 0.7 2.0 30.1 22.1 7.5 
L. leucocephala glabrala OFf 45/88 65 0.8 0.7 1.4 30.1 17.4 7.6 
L. lellcocephala glabrala OF1 91 /92 63 1.3 1.1 2.5 31.7 22.3 7.3 
L. lellcocephala glabrala OFf 94/92 65 3.0 0.9 3.9 28.5 21.3 6.8 
L. lellcocephala iXlallllacal/a OFf 117/92 6 1 4.1 0.9 5.0 39.6 J8. 1 6.7 
L. lellcocephala lellcocephala CP13382I 65 3.2 0.5 3.7 32.5 18.0 8.0 
L. lellcocephala lellcocephala CPI9 1953 61 1.6 1.2 2.7 24.8 23. 1 5.5 
L. lellcocephala lellcocephala K997 6 1 2.2 1.2 3.5 31.0 23.4 7.1 
L. lellcocephala leucocephala OFf 133/92 65 1.2 0.5 1.7 30.6 22.2 7.6 
L. lellcocephala lellcocephala OF! 147/92 65 1.2 0.7 2.0 33.3 16.7 7.3 , - L. macrophylla iSlmensis O F139/89 69 1.0 0.2 1.2 37.6 18.2 6.5 
L. macrophy lla iSllnellsis OF1 47/85 68 0.6 0.5 1.2 36.9 25.7 6.3 
L. macrophylla macrophylla OFf 132/92 67 0.9 0.4 1.3 37.4 26.8 6.5 
L. macrophylla macrophylla OFf 55/88 66 1.7 0.3 2.0 25.0 6.0 
L. magl/ifica OFI 19/84 68 0.0 0.1 0.1 37.9 23.8 7.2 
L. magllifica OF1 58/88 68 0.0 0.1 0.2 36.7 24.9 7.4 
L. maludae OF149/87 51 12.3 0.9 13.2 19.7 23.2 5.2 
L. mllllicapilllla OF181 /87 66 0.0 0.2 0.2 36.3 23.0 6.4 
L. mllllicapilllla OF186/87 62 1.1 0.9 2.0 39.4 28.6 6.1 
L. pallida CP191309 63 8.2 0.8 9.0 31.7 15.4 6.8 
L. pallida CQ3439 59 6.3 1.6 7.9 32.6 17.1 6.3 
L. pallida K376 61 4.2 0.8 4.9 29.5 22.2 6.4 
L. pallida OF144/87 56 15.9 1.3 17.1 27.5 17.6 5.7 
L. pallida OFf 78/92 64 8.3 0.8 9.2 35.1 19.3 6.1 
L. pallida OFf 79/92 61 4.2 1.2 5.3 31.0 19.8 6.7 
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APPENDIX 1. (cont.) Chemical composition and in vitro dry matter digestibility of YFEL of the Leucaella genus grown 
at Redland Bay, Australia. 

Species Subspecies/variety Accession Chemical composition (%DM) 

IVDMD ECT BCT TCT CP NDF Ash 

L. pallida OFf 92/94 55 10.6 1.0 11.6 5.8 
L. pallida x L. /eucocepha/a (KX2)1 92-3 F5 65 2.4 0.5 3.0 35.1 14.6 6.7 
L. pallida x L. /eucocepha/a (KX2)1 92-3 SC 64 6.1 1.2 7.3 31.5 19.3 6.6 
L. pal/ida x L. /eucocepha/a (KX2)1 K748xK584 Fl 64 5.5 1.2 6.7 26.8 17.2 6.4 
L. pallida x L. /eucocepha/a (KX2r K748xK636 Fl 62 3.1 1.2 4.3 27.7 18.8 6.2 
L. pallida x L. /eucocepha/a (KX2 1 K748xK636 Fl 62 4.1 1.2 5.3 34.6 18.8 6.2 
L. pallida x L. /eucocepha/a (KX2)1 K806xK636 Fl 54 3.0 1.2 4.2 28.0 18.9 6.6 
L. pueb/ana OFf 125/92 52 9.3 0.6 9.9 28.4 26.0 4.9 
L. pueb/ana OF134/89 51 10.6 0.5 11.1 19.5 5.6 
L. pu/veru/enta OF122/86 52 11.8 1.2 13.0 24.3 23.2 5.7 
L. pu/veru/enta OF183/87 52 13.7 1.8 15.4 24.1 21.9 5.9 
L. pu/veru/ellla OF184/87 53 18.3 1.0 19.4 26.8 16.3 6.0 
L. retusa OFf 23/86 63 2.3 1.2 3.5 21.7 22.1 6.4 
L. salvadorensis OF134/88 63 0.1 0.1 0.2 30.6 32.0 7.0 
L. sa/vadorensis OFf 36/88 64 0.0 0.1 0.1 26.9 29.8 7.2 
L. salvadorensis OF17/91 65 0.0 0.2 0.2 31.2 29.4 7.2 
L. shannonii OF1135/92 67 0.0 0.5 0.5 35.5 22.0 7.0 
L. shannonii OFI141/92 67 1.7 0.6 2.3 35.6 18.8 6.8 
L. shannonii OF126/84 66 0.6 0.4 1.0 32.2 24.0 6.5 
L. shannonii OF153/87 69 0.5 0.7 1.2 31.5 20.6 6.7 
L. trichandra CPI46568 58 16.4 2.5 18.9 25.1 21.0 6.2 
L. trichandra OF1128/92 61 3.6 2.8 6.5 24.7 21.3 6.1 
L. trichandra OFI 131 /92 62 2.9 2.8 5.7 32.6 23.4 5.5 
L. trichandra OFI137/92 56 11.4 3.1 14.5 17.4 22.2 6.6 
L. trichandra OFf 138/92 68 0.3 0.5 0.8 26.9 22.9 
L. trichandra OFf 140/92 64 2.8 2.7 5.5 27.7 20.9 6.2 
L. trichandra OF13/91 64 14.1 2.7 16.9 24.7 20.5 5.9 
L. trichandra OF135/88 57 20.5 2.1 22.6 29.7 26.3 5.9 
L. trichandra OF14/91 67 0.2 0.2 0.4 33.0 26.7 6.5 
L. trichandra OF153/88 61 15.8 2.3 18.1 27.2 17.4 5.8 
L. trichodes OF12/86 67 0.1 0.1 0.2 40.0 24.6 7.2 
L. trichodes OF161/88 67 0.1 0.2 0.3 29.2 24 .2 8.6 
L. Xspolltallea OF198/94 64 3.8 0.9 4.7 33.8 23.2 6.6 
L. Xspolltallea OFf 99/94 67 1.6 0.4 2.1 27.6 20.0 7.7 

1 KX2 and KX3 accessions are artificial interspecific hybrids generated at the University of Hawaii. 
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APPENDIX 2. Mineral composition of YFEL of the Leucaella genus grown at Redland Bay, Australia. 

Species Subspecies/baricty Accession Macronutrient (%DM) Micronutrient (flglg) 

Ca K Mg N P S B Cu Fe Mn Na Zn 

L. ? hybrid K953 0.4 2.2 0.14 4.6 0.37 0.53 39 7.3 97 50 242 38 
L. ? hybrid OF152/87 0.5 2.5 0.20 4.9 0.42 0.61 31 8.7 93 56 189 40 
L. col/insii col/illsii OF151 /88 0.6 2.7 0.20 6.0 0.45 0.94 43 7.5 99 36 375 35 
L. col/insii col/insii OF152/88 0.6 2.6 0.17 5.8 0.44 1.07 43 6.2 86 40 276 32 
L. col/insii zacapana OFI 18/84 0.7 2.3 0.16 5.5 0.39 0.77 38 5.5 85 34 227 32 
L. col/insii zacapana OF156/88 1.6 1.9 0.24 5.3 0.35 0.88 51 4.7 380 61 254 38 
L. confertif/ora vaT. adenotheloidea OF187/94 1.1 0.8 0.28 2.8 0.25 0.22 55 2.4 196 38 214 30 
L. confertif/ora vaT. adenotheloidea OF188/94 1.6 1.2 0.26 2.8 0.35 0.31 77 4.1 139 85 265 40 
L. cuspidata OF183/94 1.1 0.7 0.27 2.3 0.11 0.18 53 1.5 117 75 270 22 
L. diversifolia CPI33820 0.7 2.1 0.18 5.1 0.36 0.39 46 7.3 92 36 561 31 
L. divers ifol ia KI56 1.1 2.0 0.28 4.7 0.36 0.39 87 7.3 115 65 295 39 
L. diversifo/ia K778 1.9 1.4 0.27 4.2 0.28 0.38 100 6.1 108 III 373 41 
L. diversifo/ia K784 1.0 2.1 0.19 4.7 0.35 0.33 67 5.5 137 67 256 35 
L. diversifolia K802 0.5 1.9 0.17 4.6 0.37 0.35 44 5.1 86 43 421 27 
L. diversifolia OF1104/94 1.2 1.6 0.24 4.2 0.31 0.43 72 4.7 107 77 472 33 
L. diversifolia OFI 105/94 1.5 1.6 0.30 4.2 0.38 0.46 98 6.2 114 58 234 42 
L. diversifolia OFI 106/94 0.8 1.9 0.20 4.7 0.35 0.43 67 5.9 110 42 499 31 
L. diversifolia OF1126/92 2.0 1.2 0.25 4.0 0.21 0.26 91 4.0 102 76 401 39 
L. diversifolia OF145/87 0.5 2.0 0.19 4.3 0.35 0.39 46 6.6 81 35 655 28 
L. diversifolia OF146/87 0.5 2.1 0.18 4.7 0.38 0.39 45 5.1 83 37 682 27 
L. diversifolia OFI82/92 0.8 1.9 0.22 4.5 0.35 0.45 45 6.5 102 46 516 38 
L. diversifo/ia OFI83/92 1.5 1.4 0.26 4.0 0.27 0.35 117 6.6 96 63 172 41 
L. diversifolia x L. leucocephala (KX3)1 91-13 F4 0.7 2.3 0.19 5.0 0.40 0.48 32 7.0 92 56 226 33 
L. diversifolia x L. leucocephala (KX3)1 91-2 F4 0.4 2.4 0.22 5.8 0.55 0.67 26 7.4 114 54 303 38 
L. diversifolia x L. leucocephala (KX3)1 91-6 F4 0.4 2.2 0.23 5.4 0.46 0.55 30 6.9 104 49 230 32 
L. diversifolia x L. leucocephala (KX3)1 92-4 F4 0.8 2.1 0.24 4.6 0.36 0.43 30 5.2 97 63 196 29 
L. diversifolia x L. leucocephala (KX3)1 K156xK500 F2 0.7 2.4 0.20 4.8 0.40 0.50 41 5.9 83 51 104 34 
L. diversifolia x L. leucocephala (KX3)1 K 156xK636 F2 0.5 2.3 0.22 5.1 0.44 0.53 39 7.4 103 41 309 39 
L. diversifolia x L. leucocephala (KX3) 1 KI56xK8 F2 0.5 2.1 0.20 4.7 0.42 0.47 36 8.4 91 37 343 27 
L. esculenta OF147/87 0.5 2.0 0.20 4.7 0.47 0.78 41 4.4 76 53 303 37 
L. esculenta OF148/87 0.5 1.9 0.27 5.0 0.52 0.94 62 8.2 80 48 206 43 
L. greggii OF182/87 0.2 1.5 0.20 3.1 0.33 0.63 19 2.6 72 23 571 30 
L. involucrata OFI87/92 0.4 2.2 0.14 4.1 0.41 0.45 28 4.6 92 41 442 36 
L. lanceolata vaT. lanceolata OFI 134/92 0.4 2.6 0.19 4.8 0.54 0.99 35 7.3 88 33 407 38 
L. lanceolata var. lanceolata OF143/85 0.8 2.7 0.20 4.7 0.44 0.82 38 6.1 87 40 228 40 
L. lanceolata vaT. lanceolata OF144/85 0.4 2.6 0.17 4.8 0.53 0.51 29 8.8 95 31 332 39 
L. lanceolata vaT. lanceolata OF190/92 0.5 2.9 0.22 4.6 0.52 0.52 38 8.1 86 43 385 50 
L. lanceolata vaT. sousae OF150/87 0.7 2.5 0.15 4.8 0.44 0.66 42 4.9 84 38 297 36 
L. lanceolata vaT. sousae OF151/87 0.6 3.0 0.17 5.1 0.51 0.79 39 6.0 79 33 280 36 
L. lempirana OF15/91 1.0 2.0 0.18 5.0 0.42 0.45 41 6.4 94 38 410 41 
L. lempirana OF16/91 2.1 1.6 0.26 3.9 0.32 0.37 64 5.1 113 76 295 41 
L. leucocephala ? CPI58396 0.6 2.8 0.22 5.0 0.42 '0.51 35 6.5 104 93 392 36 
L. leucocephala glabrata CPI85176 0.4 2.0 0.19 4.3 0.40 0.46 31 5.6 77 49 299 34 
L. leucocephala glabrata CPI90814 J.3 2.2 0.28 3.8 0.32 0.48 53 7.1 J33 117 359 43 
L. leucocepha la glabrata r:v. Cunningham 0.8 2.9 0.29 5.0 0.42 0.63 36 7.5 91 74 297 43 
L. leucocephala glabrata K584 0.5 2.7 0.25 5.0 0.49 0.59 26 6.7 108 67 329 38 
L. leucocephala glabrata K584xK636 FI 0.6 2.5 0.26 4.9 0.39 0.49 23 6.7 88 63 285 33 
L. leucocepha la glabrata K584xK636 F2 0.4 2.4 0.27 5.4 0.46 0.58 32 7.3 114 48 264 36 
L. leucocepha/a glabrata cv. Tarramba 0.9 2.3 0.28 4.4 0.38 0.52 37 6.0 106 87 342 37 
L. leucocephala glabrata K8 0.5 2.3 0.22 4.8 0.47 0.58 20 8.0 114 43 262 38 
L. leucocephala glabrata OFI 102/94 0.7 2.7 0.24 4.4 0.39 0.47 27 6.1 128 72 355 35 
L. leucocephala glabrata OFI 121 /92 0.6 2.4 0.25 5.0 0.42 0.57 29 6.0 120 82 309 36 
L. leucocephala glabrata OFI 136/92 0.7 2.3 0.20 5.2 0.42 0.57 31 7.0 104 52 245 37 
L. leucocephala glabrata OFI 139/92 0.4 2.4 0.20 5.1 0.50 0.57 23 7.3 104 38 309 39 
L. leucocephala glabrata OFI 145/91 0.5 2.6 0.24 4.3 0.41 0.53 30 7.1 92 70 453 36 
L. leucocephala glabrata OFI 19/81 0.6 2.6 0.22 4.7 0.44 0.52 26 7.7 158 50 396 34 
L. leucocephala glabrata OF130/93 0.9 2.0 0.27 4.8 0.36 0.43 48 5.5 128 63 328 37 
L. leucocephala glabrata OF132/88 0.7 2.3 0.25 4.8 0.39 0.48 25 6.5 104 66 301 34 
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APPENDIX 2. (cont.) Mineral composition of YFEL of the Leucaena genus grown at Redland Bay, Austra lia. 

Species Subspecies/bari ety Accession Macronutrient (%DM) Micronutrien t (f..lglg) 

Ca K Mg N P S B Cu Fe Mn Na Zn 

L. leucoceplzala glabrata OF145/88 0.6 2.8 0.23 4.8 0.44 0.63 25 6.5 107 48 391 35 
L. leucocephala g /abraca OF191 /92 0.7 2.5 0.26 5.1 0.40 0.65 34 7.0 117 55 309 37 
L. leucocephala glabrata OF194/92 0.8 2.6 0.23 4.6 0.37 0.49 31 6.4 101 66 345 36 
L. leucocephala ixtahuacana OFI 117/92 0.6 2.1 0.24 6.3 0.39 0.47 31 6.1 93 60 259 34 
L. leucocep/lOla leucoceplzala CPI33821 0.7 2.0 0.23 5.2 0.39 0.39 38 6.0 110 73 28 1 31 
L. leucocepha/a lellcocephala CPI91 953 0.3 2.1 0.19 4.0 0.34 0.45 25 5.8 89 42 359 28 
L. leucocephala lellcocep/wla K997 0.9 2.0 0.28 5.0 0.37 0.43 53 5.5 120 69 328 35 
L. lellcocephala lellcocephala OFI 133/92 0.4 2.4 0.26 4.9 0.50 0.58 32 6.6 103 54 323 40 
L. lellcocephala leucocephala OFI147/92 0.5 2.5 0.19 5.3 0.38 0.55 29 5.7 116 38 407 33 
L. macrophy/la istmensis OF139/89 0.5 2.6 0.1 6 6.0 0.52 0.40 34 6.0 95 49 280 38 
L. mac rophy /la istmensis OF147/85 DJ 2.5 0.17 5.9 0.63 OA8 40 8.3 90 40 323 42 
L. macrophy /la macrophy/la OFI 132/92 03 3.0 0.15 6.0 0.65 0.40 28 7.6 88 39 247 40 
L. macrophy /la lIlacroPhY/la OF155/88 0.6 2.3 0.19 0.55 0.45 46 9.4 107 54 289 46 
L. magnifica OFI 19/84 0.5 2.9 0.1 8 6. 1 0.50 0.70 39 5.4 105 40 375 33 
L. magnifica OF158/88 0.7 2.6 0.1 9 5.9 0.45 0.68 59 5.0 101 41 290 34 
L. ·matudae OF149/87 1.2 U 0.19 3.2 0.25 0.34 37 2.4 120 70 258 33 
L. multicapitula OF1 81/87 OA 2.5 0.17 5.8 0.47 0.34 28 6.7 110 52 445 39 
L. mlllticapit,da OF186/87 0.3 2.3 0.1 8 6.3 0.51 0.42 28 8.4 114 37 343 34 
L. pa/lida CP19 1309 08 2.6 0.1 8 5. 1 0.51 0.76 41 9.6 116 47 253 51 
L. pa/lida CQ3439 0.5 2.1 0.20 5.2 0.51 0.73 32 9.1 119 50 292 43 
L. pa/lida K376 0.6 2.2 0.21 4.7 0.37 OA8 41 7.8 89 51 195 39 
L. pa/lida OF1 44/87 1.1 1.6 0.32 4.4 0.38 0.54 111 4.0 102 90 680 44 
L. pa/lida OFI 78/92 0.3 2.3 0.19 5.6 0.56 0.91 32 10.1 11 7 55 266 48 
L. pa/lida OFI 79/92 0.7 2.2 0.23 5.0 0.45 0.66 56 7.7 105 55 3 13 44 
L. pa/lida x L. leucocephala (KX2)' 92-3 F5 0.5 2.4 0.23 5.6 0.50 0.63 31 6.4 101 55 364 39 
L. pallida x L. leucocephala (KX2)1 92-3 SC 0.6 2.2 0.20 5.0 0.37 0.40 29 4.5 99 42 288 37 
L. pa/lida x L. lellcoc~p/lOla (KX2)1 K748xK584 FI 0.5 2.3 0.2 1 4.3 0.38 0.48 28 5.9 77 45 295 33 
L. pallida x L. lellcocephala (KX2)' K748xK636 FI OA 2.4 0.21 5.0 0.41 0.51 25 6.2 85 46 340 33 
L. pa/lida x L. leucocephala (KX2)1 K806xK636 FI 0.4 2.4 0.23 4.5 0.52 0.68 25 7.0 115 56 233 42 
L. plleblana OFI 125/92 0.6 1.4 0.20 4.5 0.34 0.54 29 SA 98 33 165 36 
L. plleblana OF1 34/89 0.5 1.6 0.1 8 0.43 0.52 29 5.5 95 45 259 37 
L. plllverulenta OFf 22/86 0. 7 1.8 0.28 3.9 0.32 0.32 37 4.8 104 43 536 32 
L. p"/ver" lenta OF183/87 0.6 2.0 0.22 3.9 0.31 0.31 31 3.8 71 36 607 29 
L. plllverulenta OF1 84/87 0.8 1.9 0.25 4.3 0.35 0.40 26 5.5 100 26 465 41 
L. retusa OFf 23/86 1.3 1.2 0.24 3.5 0.25 0.36 38 2.4 90 36 287 36 
L. sa lvadorensis OFf 34/88 1.2 2.5 0.19 4.9 0.45 0.51 48 9.2 86 42 188 41 
L. salvadorensis OFf 36/88 1.3 1.9 0.17 4.3 0.37 0.43 55 7.6 113 50 267 34 
L. salvadorensis OF17/91 0.6 2.5 0.1 5 5.0 0.46 0.46 31 8. 1 78 40 372 34 
L. shannonii OFf 135/92 0.7 2.7 0.17 5.7 0.48 0.55 37 7.3 97 32 282 39 
L. s/wnnonii OFf 141 /92 0.7 2.7 0.21 5.7 0.48 0.52 35 9.5 117 49 302 44 
L. shall/lOnii OF1 26/84 1.2 2.2 0.22 5.2 0.35 0.45 39 6.5 98 36 21 6 39 
L. shannonii OFf 53/87 0.5 2.4 0.1 9 5.0 0.4"3 0.47 29 8.6 118 45 380 39 
L. trichandra CP146568 1.8 1.2 0.23 4.0 0.27 0.29 92 4.3 91 128 223 47 
L. trichandra OFf 128/92 1.7 1.3 0.17 3.9 0.27 0.36 151 5.1 133 84 297 41 
L. triclwndra OF1 131/92 0.6 2.1 0. 14 5.2 0.44 0.35 45 7.3 87 76 41 7 42 
L. tricha/ldra OFf 137/92 2.0 0.9 0.2·1 2.8 0.35 0.32 103 2.5 158 72 433 39 
L. trichandra OFI 138/92 1.I 1.5 0. 19 4.3 0.3 1 0.33 83 4.4 114 172 893 40 
L. trichandra OFI 140192 1.2 1.8 0.21 4.4 0.32 0.33 74 6.9 120 78 440 40 
L. trichandra OF1 3/9 1 1.5 1.4 0.16 4.0 0.24 0.31 94 2.6 124 64 305 41 
L. trichandra OF1 35/88 0.9 1.8 0.17 4.8 0.42 0.41 67 8.0 101 61 273 47 
L. trichandra OFf 4/91 0.6 2.2 0.1 6 5.3 0.52 0.58 71 9.9 113 58 299 45 
L. triclwndra OFf 53/88 1.3 1.5 0.19 4.3 0.29 0.34 89 4.6 93 55 639 37 
L. trichodes OFf 2/86 0.4 3. 1 0.17 6.4 0.56 0.63 28 8. 1 101 49 433 44 
L. trichodes OF! 61/88 0.9 2.9 0.21 4.7 0.43 0.54 3f 6.5 99 51 461 35 
L. xspontanea OF! 98/94 0.4 2.4 0.19 5.4 0.47 0.58 35 7.9 93 34 329 34 
L. xspontonea OF! 99/94 1.4 1.9 0.27 4.4 0.33 0.45 76 6. 1 109 82 328 37 

I KX2 and KX3 accessions are art ificial in lerspecific hybrids generated at the Univers ity of Hawai i. 
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Animal Production from Five Species of Leucaena 

R.J. Jones1, K.K. Galgal2, A.C. Castillo3, B. Palmert, A. Deocareza3 

and M. Bolam4 

Abstract 

Relatively few studies have compared the animal production potential from different cultivars of 
Leucaella leucocephala or from browse species other than L. leucocephala. This paper presents 
early results from experiments established for this purpose in Australia, Papua New Guinea and the 
Philippines where psyllid-tolerant accessions of L. pallida, L. diversifolia, L. trichalldra and 
L. coUillsii were compared with psyllid-susceptible L. leucocephala cultivars. At three sites, where 
comparisons were made with a grass only treatment, the planting of shrubs resulted in increased 
steer gains. This occurred despite low edible shrub dry matter yields of <600 kg/ha. L. leuco
cephala cv. Tarramba was the control at all sites and steer gains on this cultivar ranged from 
397-664 g/d. Only at two sites were gains greater on any other accession - at Lansdown (Aust
ralia) where steers on cv. Cunningham gained 10% higher and at Munum (PNG) where steers on 
L. collillsii OFI 51 /88 gained 19% higher. Gains on L. pallida CQ 3439 ranged from 253-423 g/d 
at the different sites with low acceptability, especially in the dry season. Steer performance and 
acceptability was intermediate between L. /eucocephala and L. pallida on L. diversifolia CPI 
33820 and L. trichalldra CPI 46568 and OFI 53/88. Overall, steer gains were not significantly 
(P>0.05) related to edible shrub yield, indicating the importance of shrub quality as opposed to 
quantity . Psyllid damage only occurred at one site (Lansdown) so the value of psyllid-tolerance 
was not fully assessed. However, even at Lansdown, the psyllid-susceptible cv. Cunningham gave 
highest stcer gains. The experimental sites were all in the 'lowland' tropics. Different results may 
well occur at higher altitudes and higher latitudes, where cool tolerant material such as L. diversi
folia, L. trichalldra and L. pallida and their crosses with L. /eucocepha/a may perform better. 

LEUCAENA leucocephala is now widely acknow
ledged as having excellent yield and forage quality 
characteristics and consequently as giving high cattle 
liveweight gains (Jones 1994). Unfortunately, the 
advent of the psyllid insect Heleropsylla cl/bana to 
most tropical countries during the 1980s and 1990s 
has resulted in lower yield and therefore lower animal 
production potential from L. leucocephala cultivars. 
The evaluation of new Leucaena germplasm (Shelton 
and Brewbaker 1994) has identified material with 

I CSIRO Tropical Agriculture, Davies Laboratory, Private 
Mail Bag, Post Office, Aitkenvale, Qld, 4814, Australia 
2 Smallholder Rural Project Management Company 
(SRPM) Pty Ltd, Box 2120 Post Office, Lae, Papua New 
Guinea 
3 Bureau of Animal Industry, Diliman 1100 Quezon City 
MMLA, Philippines 
4 Agriculture Western Australia, PO Box 19, Kununurra, 
WA, 6743 Australia 

247 

superior psyll id tolerance to the very susceptible 
L. leucocephala cvv . Cunningham and Peru, and 
some accessions and the hybrids can out yield 
standard cultivars in environments with high psyllid 
challenge (see other papers in these Proceedings). 

The animal production potential of this material is 
only now being assessed in grazing trials . Since most 
leucaena is planted for animal feed, it is imperative 
that this potential be assessed before widespread use 
is recommended. Compared with other forage 
legumes, leucaena is often more difficult and more 
expensive to establish. To offset this cost, the mate
rial needs to be persistent and capable of giving high 
animal production. The key characteristics required 
are: good yield, ready acceptability to animals, espe
cially in the dry season, high digestibility, high 
intake and tolerance of browsing damage. These 
attributes should combine to give high liveweight 
gains and good reproductive performance in 
domestic ruminants. 



Materials and Methods 
Four grazing experiments were established over a 
latitude range of 19°5 to 12°N. Details of the s ites 
are given in Table 1. The accessions sown or planted 
at each si te are given in Table 2. At three s ites, grass 
only con trol paddocks were established and managed 
as for the shrub paddocks. Seed supply limited the 
accessions that could be compared and also the s ize 
of the paddocks. However, the accessions chosen 
had given good yields in small plot trials and, except 
for the L. leucocephala accessions, had good psy llid 
tolerance (Mull en, Castillo et al.; Mullen, Gabunada 
et aI. , these Proceedings). Th ree of the si tes were 
considered to have reasonable or excellent fertility. 
The s ite at Masbate, Phi lippines, had the lowest pH 
and the lowest soil F level. P fertiliser was applied at 

Table 1. Site characteristics for the four grazing experiments. 

all sites, except for the PNG si te, as P was assessed 
to be the most limiting plant nutrient other than N. 

At Kununurra, a fully culti vated seedbed was pre
pared prior to sowi ng seed of the Leucaella cultivars. 
T he pangola grass was established from stolons 
pl anted between the rows of leucaena. At the other 
th ree s ites, seed was either drill ed into an ex isting 
stand of grass tha t had been killed with herbi cide and 
lightly cultivated (Lansdown) or else shrub seed lings 
were pl anted into killed strips of the ex ist ing pasture 
(Munum and Masbate). Seed of a ll Leucaella acces
sions was inoculated wi th a know n effective strain of 
Bradyrhizobium prior to sowing. 

For the experiment at Ku nunurra, several sowing 
treatments of 1, 2 or 4 rows of Leucaena per 1.8 m 
wide bed were compared. However, for the purpose 

Lansdown Kununurra Munum Masbate 
NO Australia WA Australia PNG 

Latitude 19°40'S 15°39'S 6°33'S 
Longitude 146°51 'E 128°42'E 147°48'E 
Elevation (m) 61 37 86 
MAR(mm) 860 772 (+irrigation) 1800 
Soil type Kandosol (Red Earth) Vertisol Vertisol 
Soil texture Sandy loam Cracking clay Clay 
pH (1 :5 water) 6.3 8.1 7.2 
P(Colwell) mglkg 14 19 >200 
Soil fertil ity Good Very good Excellent 
Slope Level Level Level 
Row spacing 4m (variable) 5m 
Established from: Seed Seed Seedlings 
Sown or planted: Jan 1994 Sept 1994 Sept-Oct 1996 
Paddock size 1.5 ha 0.52 ha 1.0 ha 
Pasture replicates I 3 2 
Grazing days 192 360 90 

Table 2. Accessions planted/sown at each of the four sites and the associate grass species. 

Lansdown 
NO Australia 

Legume 
L. leucocephala 
cv. Cunningham 
L. leucocepha la 
cv. Tarramba 
L. diversifolia CPI 33820 
L. pal/ida CO 3439 

Grass 
Urochloa 
mosambicensis+ 
cv. Nixon 

Kununurra 
WA Australia 

L. leucocephala 
cv. Cunningham 
L. leucocephala 
cv. Tarramba 

Digilaria erianlha 
Pangola 

Munum 
PNG 

L. leucocephala 
cv. Tarramba 
L. Irichandra 
CPI46568 
L. pallida CO 3439 
L. col/insii OFI 51 /88 

Brachiaria 
decumbens+ 
cv. Basilisk 

+ At these sites paddocks of the associate grass only were also established for comparison. 
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Phil ippines 

12°22'N 
123°37'E 
200 
1920 
Ultisol 
Clay loam - clay 
6.1 
5 
Poor/Med ium 
Undulating 
4m 
Seedlings 
June 1996 
1.0 ha 
2 
144 

Masbate 
Philippines 

L. leucocephala 
cv. Tarramba 
L. trichandra 
OF153/88 
L. pal/ida CO 3439 
L. col/insii OFI 52/88 

Imperala 
cylindrica 



of this paper, only the mean values for these treat
ments will be considered. Pastures at this site were 
flood irrigated on a regular basis to provide optimum 
growth conditions. At Lansdown, dri p irr igation 
along the rows was used to establish the shrub spe
cies due to exceptionall y dry seasons in 1994/96. 
However, thi s supplemented irrigation ceased in 
June 1996. 

At all s ites, paddocks were fenced and each had a 
wateri ng point for the cattle. Experimental grazing 
commenced when the trees were considered to be 
well established and had reached a height of 
1.5-2.0 m or more. Pre-grazing yield est imates were 
made on every paddock prior to each grazing. 

At Lansdown, these est imates were made by cut
ting edible shrub material from nine randomly 
located 3 m lengths of row in each paddock. Under
storey yields were estimated by the BOTANAL 
.method (fothill et a!. 1992). At Kun unurra, a combi
nation of cutt ing an d visual y ield estimation was 
used, and at Munum and Masbate, a separate ranking 
method for yie ld estimation of both the shrub and 
understorey yields was used . 

Grazing management 
AJI paddocks in each experiment received some form 
of rotational grazing. At Lansdown, 5 Droughtmaster 
steers were allocated at random to the paddocks after 
weigh ing. They were weighed directly off the pad
docks about one week later and returned to the pad
dock again until all legu me leaf was eaten off any 
one of the paddocks. This was usually the Cunn
ingham leucaena paddock. Steers were again 
weighed and returned to the paddocks until most leaf 
was eaten off the shrubs in all paddocks. Steers were 
then removed and the rows of Lellcaena were rotary 
slashed to about 50 cm. The difference between 
weighings 2 and 3 was taken as the weight gain for 
the various treatments. Weighing 2 was thought to be 
a better starting weight than the initial weighing as 
differences in gut fill between treatments should 
have stabil ised by this time. Paddocks were then 
rested until adequate regrowth had occurred. The 
same procedure was then follow ed. Because of 
drought, there were only four experimental grazing 
periods: Jan 13-Mar 18 1996; Jul y 24-Sept 16 1996; 
Ja n 13-Mar 10 1997; July 21-Aug 81997 a total of 
192 grazing days. 

At Kununurra, steers stocked at 6.5/ha were 
rotated through the 3 paddocks of each cultivar on a 
lO-day graze/24 day rest cycle by using a fourth, 
mai nly grass paddock , fo r 4 days following the 
grazing of the three leucaena paddocks. Steers were 
weighed directly off pasture every 28 days over the 
period July 3, 199&-June 27, 1997 (360 days). 
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At Munum, 6 Brahman steers and at Masbate 6 
Brahman bulls (later reduced to 5) were allocated to 
each one hectare paddock in Repl icate 1, and then 
moved to the same treatment in Replica te 2 when the 
shrubs were eaten down. Drought affected the tria l at 
Munum, and so gains over 90 days only, from 
August 11 , 1997, are presented, whereas, fo r 
Masbate, data are available for 144 days of grazing, 
from July 1, 1997. At these two sites, cattle were 
fasted overnight before weighing. Cattle were 
provided with salt blocks except at Kununurra. 

PsyJlid damage assessment 
Psyllid damage on the various shrubs was assessed 
on a scale of 1 to 9. No psyllid damage was rated as 
]. Shoots that had lost all new leaves leaving 
blackened stems were rated as 9 as proposed by 
Wheeler (1988). 

Results 

Pasture yields 
The mean pre-grazing yields over all sampling times 
for both edible shrub and understorey pasture yields 
over all sites are presented in Table 3. Yields of 
edible shrubs were generally low «600 kg/ha) at all 
sites except for the more closely spaced leucaena at 
the irrigated Kununurra site (700-800 kg/ha). In 
contrast, understorey yields were very high 
(>3000 kg/ha) at all sites except at Kununurra. 

Masbate, the site with lowest soil fertility, and 
with strong competition from associated lmperata 
cylindrica, gave lower edible shrub yields than the 
other sites. At this site, L. collillsii OFI 52/88 gave 
very low yields (Table 3). 

At the Australian sites, cv. Cunningham out
yielded cv. Tarramba at Kununurra, but gave lower 
yields than Tarramba at Lansdown. Tarramba was 
the highest yielding Lellcaena accession at 
Lansdown and Munum, but was lower yielding than 
L. triclzandra at Masbate (Table 3). 

Cattle gains 
These have been expressed as g/day because of the 
different grazing periods at each site (Table 4). Gains 
at Lansdown (420-720 g/d) were higher than at the 
other sites where gains did not attain 500 g/day 
(Table 4). In general, the L. lellcoceplzala cultivars 
gave the highest gains. Tarramba was planted at all 
sites and gave good gains. Only L. collinsii 
OFI 51/88 at Munum and cv. Cunningham at 
Lansdown gave higher gains than cv. Tarramba. 
L. pallida (CQ 3439) gave low gains at all sites. 
Other accessions gave gains intermediate between 
L. pallida and Tarramba. 



Table 3. Mean presentation yields (kg/ha) of shrub and understorey species at the four sites. 

Pasture treatment 

Grass control 
edible shrub 
understorey 

L. leucocephala cv. Cunningham 
edible shrub 
understorey 

L. leucocephala cv. Tarramba 
edible shrub 
understorey 

L. pailida CQ 3439 
edible shrub 
understorey 

L. diversifolia CPI 33820 
edible shrub 
understorey 

L. trichandra CPI 46568 
edible shrub 
understorey 

L. trichandra OFI 53/88 
edible shrub 
understorey 

L. collinsii OFI 51/88 
edible shrub 
understorey 

L. collinsii OFI 52/88 
edible shrub 
understorey 

Lansdown 

o 
3130 

398 
3530 

532 
3480 

395 
3610 

446 
3610 

Kununurra 

814 
2000 

695 
2000 

Munum Masbate 

0 0 
13900 10560 

594 235 
7470 6320 

485 256 
6570 5190 

522 
10140 

398 
5920 

390 
7250 

89 
6780 

Table 4. Mean I iveweight gain (g/day) of cattle grazing various shrub-legume/grass pastures at the four sites. 

Pasture Lansdown 
(192 d)* 

Grass control 381 (25)+ 
L. leucocephala cv. Cunningham 723 (15) 
L. leucocephala cv. Tarramba 664 (60 
L. pallida CQ 3439 423(41) 
L. diversifolia CPI 33820 532 (59) 
L. trichandra CPI 46568 
L. trichandra OF! 53/88 
L. collinsii OFI 51/88 
L. collillsii OFI 52/88 

Number of grazing days. 
Accession not planted at the site. 

( )+ S.E of the mean. 

Pastures containing shrubs generally gave much 
higher cattle gains than the control treatment, where 
no shrub legumes were planted. The differences were 
particularly large at Masbate where the grass control 
gave only 33% of the gains made on Tarramba. At 
Lansdown, the grass-only control paddock gave 
higher gains than the control treatments at the other 
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Kununurra Munum Masbate 
(360 d) (90 d) (144 d) 

202 (20) 139 (27) 
400 (16) 
419 (18) 397 (23) 415 (40) 

324 (92) 253 (28) 

309 (41) 
328 (62) 

473 (44) 
353 (26) 

sites and similar gains to L pallida CQ 3439 
(Table 4). 

Shrub yields and cattle gains 
Cattle gains (g/day) were not significantly (P>O.05) 
related to edible shrub yield (kg/ha) at the three major 
sites. 



PsyJlid damage 
The re were no psyllids present at the Kununurra site. 
At all other sites, psyll ids were present at times but 
only at Lansdown was there some damage and only 
the L. leucocephala cultivars we re attacked. In July 
1996, Cunningha m had a psyllid damage score of 4 
and Tarramba a score of 2. In July 1997, the respec
tiv e scores we re 5 and 3 . 

Discussion 
The results presented were coll ected ove r a fairly 
s hort pe riod fo r most s ites so care needs to be taken 
when the implicatio ns are di scussed. However, ce r
tain trends are emerging which need to be confirmed 
as mo re data co me to hand. 

Firs tly, the impact o f even modest yie lds of s hrub 
legumes can have a large effect on stee r ga ins. This 
is apparent at a ll three sites where co mpariso ns with 
a grass co ntrol trea tment were made. The very large 
effect a t Masbate , whe re lmperata cylilldrica is the 
associ ate g rass, is pe rhaps understandabl e in vi ew of 
the we ll-documented, low nutritiv e value of thi s 
species . 

At Munum and Lansdown, the g rass species in the 
cont ro l trea tme nt are known to be o f potcnti ally 
good nutritive valu e, and at Lansdown, Slylosanlhes 
hamata cv. Vera no invaded the co ntrol trea tme nt by 
the fourth g razing, so enhanc ing its nutritiv e valu e. 

A ltho ug h the relatio nsh ip between livewe ight 
gains and edibl e s hrub yie lds was no t s ignifica nt, the 
absence of any positive re latio nship indicates that 
quality is a facto r that cannot simply be co mpensated 
fo r by additi onal yi el d. This aspect is clear fro m 
another study of three tree leg umes where Tarra mba 
gav e lower yie lds but highe r steer ga ins th an 
Tipuana tipu o r Albizia chinensis (Gutteridge 1997). 

Altho ug h L. pallida gave reaso nabl e s hrub yie lds, 
overall ga ins were low on this spec ies. The re lative ly 
poor performance of L. pallida CQ 3439 suppo rts the 
findings in southeast Queensl and where thi s acces
s ion, despite having higher dry matte r yield and 
being g razed at a lower stoc king pressure, produced 
lower s tecr gains than cv . Ta rra mba (G utteridge, 
unpublis hed data) . 

Unfo rtunate ly, psyllid damage o nly occurred at 
Lansdown, and so the advantage o f psyllid-tolerance 
of the new materi a l was not fully tes ted. Ho wever, a t 
Lansdown, C unning ham gave highe r s teer ga in s than 
the psyllid-res is tant materia l and the mo re psyllid
to lerant cv. Tarra mba. Ncvc rtheless, the magnitudc 
of the superio r s teer pe rfo rmance on cv . C unningham 
was greater in the absence of any psyllid damage 
(separate data not presented) . 

It is interesting to note that the species g iving 
better s teer ga ins - L. leucocephala and L. collillsii 
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- have given highe r in vitro OM digestibility and 
lower co ndensed tannin level s (nil in L. collinsii) 
than L. pallida, L. diversifolia and L. trichandra 
(Austin et '11. 1995; Castillo et al. 1997, othe r papers 
in these Proceedings). 

In addition, it w as obse rved that the L. lellco
cephala cultivars a nd L. collinsii were very pal atable 
to the steers and readily eaten compared with 
L. pallida, L. diversifolia and L. triclwlldra at th e 
different s ites. At Lansdo wn, these differences we re 
most marked in the dry season, whe re leaf re ma ined 
on L. pallida at the end of the expe rim ental grazing 
period. On occas io ns, these accessions we re readily 
accepted when steers first entered the paddocks, but 
later they appeared to be poorly accepted. Reasons 
fo r this are no t kno wn. Nutritionally , the legum e leaf 
wo uld appea r to be higher than the unde rsto rey 
grasses, so so me othe r factor must have reduced the ir 
acceptability . One poss ibility is that tannin leve ls 
increased in the pl ants that had been browsed - a 
respo nse to hcrbivo ry no ted in So uth A frica 
(Furste nburg and Va n Hoven 1994). Thi s elevated 
tannin level may thcn have inc reased their astrin
gcncy and decreascd the ir pa latability. 

Ove rall, the da ily livewe ight ga ins we re lower 
than may have been expected. In central Queens land , 
s tcer ga ins o f abo ut 1 kg/day are repo rted o n co m
mercial pastures (Wildin 1994). Under these condi
tions, the dens ity o f pl ants and the y ields of 
L. lel/cocephala may we ll have becn hig her than in 
the tria ls a t Munum and Masbate. The livewe ig ht 
ga ins a re, howeve r, within the ranges repo rted in the 
review by Jo nes (1994). As the trees become o lder, 
produc tio n sho uld inc rease as sho uld stee r ga ins. 

The data ava il abl e thus fa r indicate that a more 
productive speci es to repl ace L. leucocephala as a 
feed fo r cattl e will no t be readily fo und, at Icast in 
the absence o f heavy psyllid c hall enge. The very 
good steer ga ins on L. collillsii (19% hi g he r than fo r 
Tarramba) at Munum is enco uraging . Ho wever, 
across all s ites, and espec ially at the dri er s ites, 
L. collillsii has 11 0 t been as productive as th e best 
L. lellcocephala cultivars (ot her pape rs in thi s 
Proceedings). The psyllid-to lerant specics used ma y 
pe rfo rm bctter than the L. lellcocephala c ultivars at 
hig her a ltitudcs and hig her la titudes s ince they have 
bctter cold to lera nce (Austin et a l. 1997). 
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Poster Papers 

Forage quality assessment 

Forage Productivity and Quality of Leucaena as Influenced 
by Tree Density and Cutting Interval in the Humid Tropics 

J. Cobbina 

Abstract 

Leucaena leucocephala has potential as a forage tree legume but data on management practices 
that maximise productivity under intensive cut-and-carry are wanting. This paper studied the effect 
of different tree densities (20 000, 26 600, 40 000, and 80 000 trees/ha) in combination with 4, 5, 
6, or 8 cuttings per year on leaf dry matter (OM) yield and N, P, and Zn concentrations in the 
leaves of cv. K28 over a 3-year period. Increasing tree density increased OM yield, but shorter cut
ting intervals decreased yield. Leaf OM production declined with time. Infrequently cut and less
densely planted trees had bigger stumps and suffered least mortality. Frequent cutting resulted in 
higher Nand P concentrations in the leaves. However, the concentrations of Nand Zn in leaves 
decreased with time. Maximum production was obtained at a plant density of 80000 trees/ha cut 
4 times a year. 

LEUCAENA (Lellcaena lellcocephala [Lam.] de Wit) 
has many uses including fodder, fuelwood and soil 
improvement (Pound and Martinez Cairo 1983). 
Leucaena can be used as a cut-and-carry forage to 
supplement poor quality feed for more intensive live
stock operations such as stall-fed beef or dairy units 
or small ruminants (sheep, goats) in confinement. 
When intended for cut-and-carry forage, leucaena 
can be grown in pure stands at narrow spacing as 
intensive feed gardens or protein banks (Atta- Krah et 
al. 1986; Reynolds and Cobbina 1992). The plant 
management issues to be considered in such forage 
production systems would include planting density, 
cutting intervals and cutting height. 

Although some studies have been conducted on 
cutting height (Duguma et al. 1988) and intra-row 
spacing and cutting regime (Guevarra et al. 1978), 
there are still gaps in available knowledge. For 
example, the recommended intra-row spacing of 0.15 
(Guevarra et al. 1978) will induce severe intra
specific competition for water, nutrients and light, 
and hence higher tree mortality (Atta-Krah and 
Sumberg 1988). However, from an economic view
point, long-term persistence of the trees would be 
advantageous. Therefore, this study was undertaken 
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to determine the best combination of tree density and 
cutting interval to maximise forage production from 
leucaena under humid tropical conditions. It is 
expected that the optimum tree density and number 
of cuttings would also guarantee persistence of the 
trees over many years. 

Materials and Methods 

Site 
The experiment was conducted at a site on the main 
campus of the International Institute of Tropical 
Agriculture in Ibadan, Nigeria (7°30'N, 3°54'E; 
240 m above sea level) between May 1985 and 
September 1988. Annual rainfall for the period 
ranged from 1233 to 1694 mm (mean 1530 mm) and 
was bimodally distributed. The mea n monthly 
temperature range was 22.5-30.8 qc. The soil was a 
sandy loam with pH of 6.2. The soil has been clas
sified as Oxic Paleustalf by Moorman et al. (1975). 

Experimental procedures 
The experimental design was a randomised block 
split-plot design with three replications, with four 
plant densities (20000, 26600, 40000, and 
80000 trees/ ha) as main plots, and four cutting 
frequencies (4, 5, 6, and 8 cuttings per yea r) as sub
plots. The various tree densiti es were achieved by 



using 0.25 m intra-row spacing and inte r-row 
spacings of 2.0, 1.5 , 1.0 and 0 .6 m. 

Seeds of leucaena (K28) were scarified and sown 
in May 1985. There were four rows 4 m long in each 
subplot. Four months after sowing all the trees in the 
experimental plots were cut back to a uniform height 
of 0.5 m above ground level. Subsequently the trees 
were cut back regularly to 0.5 m every 6, 8, 10, and 
12 weeks corresponding to 8, 6, 5, and 4 cuts per 
year. At each harvest, leaves were stripped off the 
stems and total leaf and wood dry matter (DM) 
yields estimated from subsamples dried in an oven at 
70°C for 72 hours. Dried leaves were ground and 
analysed for nitrogen (N), phosphorus (P) and zi nc 
(Zn) concentrations using procedures described by 
Juo (1979). 

Results 
T here were no tree density x cutting frequency inter
actions for any of the variables measured. Therefore 
the results presented are the tree density and cutt ing 
frequency main effects on leaf DM yield, stump girth 
and elemental concentrations in leaf tissues. 

Leaf DM production 
As cutting frequenci es were increased from 4 to 8 
times per year, leaf DM yields decreased in every 
year over the trial period (Table 1). The leaf DM 
yield of the less frequently cut trees showed 40% 
reduction while that of the more frequently cut trees 
decli ned by 30%. This difference may be due to 
physical loss of leaves through shedding by the 
mature coppice regrowth of infrequently cut trees. 

Leaf DM production during each of the three 
years after the establishment year increased as plant 

density increased (Table 1). However, in all treat
ments there was a decline in leaf DM yield over time 
with the greatest reduction (over 40%) associated 
with the highest planting density. The highest leaf 
DM yi eld of 38 t/ha (1st year), 18 t/ha (2nd year) and 
15 t/ha (3rd year) were obta ined from trees in treat
ment plots which had 80 000 trees/ha and cut 4 times 
per year. 

Stump girth and perenniaJity 
As early as the f irst year after establishment, the 
infrequently cut trees had significantly (P<0.05) 
larger stump girths than those pruned more fre
quentl y (Table 1). The adverse effect of frequent cut
ting on stump size continued into the third year after 
establishment. There was also an early effect of tree 
density on stump girth, and at the end of the third 
year, the densest planting (80 000 trees/ha) had the 
smallest stump girth. In general, those stumps with 
the smallest girt h and cut most freq uently (80 000 
trees/ha cut 8 times/yr) suffered greate r mortality 
than those with the largest stu mp girth and less 
frequent cutting. 

Forage quality 
The f requency of cutting had some effect on nutrient 
concentrations in the lea ves . T rees which were cu t 
more frequently had significantl y (P<0.05) higher N 
and P concentrations in the leaves than those which 
were cut infreq uently (Table 2). There was signif i
cant reduction in the concentrations of nutrients with 
time, being most marked for Nand Zn in the th ird 
year after establishment. Thi s observed reduction in 
Nand Zn concentrations did not appear to be due to 
a dilution effect s ince the quantity of DM produced 
decreased with advancing age. It is possibl e that the 

Table 1. Effect of cutting frequency and planting density on leaf dry matter (DM) yield and stump girth of leucaena. Mea ns 
within each group of four followed by the same letter are not s ignificantly different (P>0.05). 

Treatments Leaf DM yield (t/ha) Stump girth (cm) 

Year I Year 2 Year 3 Year I Year 3 

Number of cuttings (per year) 
4 23.8a 14.5a 13.5a 2.4a 11.2a 
5 16.8b 13.6a 13.5a 2.4a 9.4b 
6 IJAc II.4b 10Ab 2.2b 9.4b 
8 9.7d 6.8c 7.lc 1.9c 8.2c 

Planting density (trees/ha) 
20000 10.6c 9.7c 8.9b 2.4a 10.4a 
26000 12.5c 10.4c 10.lb 2.4a 10.2a 
40000 16.5b 12.2b 12.0a 2.3a 9.5b 
80000 23.9a 13 .8a 13.5a 1.8b 8. 1c 

Total annual rainfall (mm) 1348 1495 1537 
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Table 2. Effect of cutting frequency on nitrogen, phosphorus, and zinc concentrations in leaf tissue of leucaena during the 
first and third years after establishment. Means within each group of four followed by the same letter are not significantly 
different (P>0.05). 

Number of cuttings (per year) Nitrogen (%) 

Year 1 Year 3 

4 4.1 b 3.4b 
5 4. lb 3.6b 
6 4.6ab 3.5b 
8 4.8a 3.9a 

reduction in leaf OM yield with time was triggered 
by a drop in nutrient uptake. 

Discussion and Conclusion 
The increase in leaf OM with less frequent cutting 
agrees with the results of Guevarra et al. (1978) and 
Ferraris (1979). Leucaena produces few basal buds 
before either the main stem or coppice stem is cut. 
Therefore, at the very short cutting intervals, the 
post-defol iation recovery would be slower, resulting 
in a lower rate of OM production. 

The finding that the h ighest tree density produced 
the greatest leaf OM yields is also in accord with the 
data of Guevarra et al. (1978), Ferraris (1979) and 
Pathak et a\. (1980). It seems that leucaena, unlike 
most plants that tiller, is unable to produce more 
stems to compensate for the wider spacing under low 
tree density. It is doubtful whether a density above 
the highest one used would have further increased 
the OM yield. Even at the highest density used in 
this study, plants developed thin stumps and suffered 
mortality thus corroborating the results obtained with 
Gliricidia (Atta-Krah and Sumberg 1988). 

The Nand Zn concentrations in the leaves of trees 
subjected to the various cutting treatments during the 
third year after establishment were lower than the 
collated averages of Kleinjans (1984). In fact, Zn 
concentrations for the third year after establishment 
fall within the deficiency range of most crops 
(Boehle and Lindsay 1969), and could have inhibited 
protein formation since Zn is closely involved in 
plant N metabolism (Mengel and Kirkby 1982). The 
sharp decline in leaf OM yield, particularly during 
the third year after establishment, could be due to the 
lower Nand Zn uptake. The concentrations of nutri
ents in the leaves of plants cut 4 or 5 times a year 
were also lower than the reported values of Kleinjans 
(1984). However, the lower concentrations may be 
attributed to a dilution effect of the greater OM yield 
and the advanced age of the tissues. It may be 
inferred from the results on nutrient uptake that 

255 

Phosphorus (%) Zinc (ppm) 

Year 1 Year 3 Year I Year 3 

0. 193 0.17b 30.0b 14.4ab 
0.203 O.l6b 28.9b 16.3a 
0.223 0.24a 44.03 12.7bc 
0.26a 0.23a 30.2b 11.4c 

under this system of intensive forage production for 
cut-and-carry feeding, some fertilisation would be 
needed to replace the mined nutrients. In fact, some 
manure from animal pens or inorganic fertiliser 
could be applied to replenish depleted nutrients. 

The observation that the less frequently cut trees 
developed bigger stumps and also produced the 
greatest OM is important. It would appear that, under 
a lenient cutting regime, leucaena trees would be 
able to produce high yields of both leaf and wood 
and still persist longer. 

Less frequent cutting produced forage of lower N 
and P concentrations. Osman (1980) reported similar 
results for leucaena. It seems that the larger amount 
of DM produced by the infrequently cut trees 
resulted in a greater dilution effect than in the fre
quently cut trees with a smaller OM production 
(Ferraris 1979). The Nand P yields per unit area in 
the infrequently cut trees were still high because of 
the greater OM yields. This is an indication that 
forage quality is not sacrificed at higher levels of 
OM yields. 

In conclusion the data presented suggest that 
cutting frequency and tree density both had an effect 
on forage yield, qual ity, and tree persistence. 
Planting at a density of 80 000 trees/ha and cutting 
four times per. year maximised OM yields at 38 t 
OM/ha in the first year after establishment and 18 t 
and 15 t DM/ha in subsequent years. 
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Comparison of Leucaena leucocephala with Calliandra 
calothyrsus in Napier (pennisetum purpureum) 

Fodder Banks 

o.z. Nyaata l , M.K. O'Neill2 and R.L. Roothaert2 

Abstract 

An experiment was conducted at Embu, in the central highlands of Kenya, to determine the 
optimum ratio for intercropping napier grass with LeucaenQ leucocephala and Cal/iandra 
calothyrsus, for fodder production. The treatments consisted of pure stands of napier, 
L. leucocephala and C. calothyrsus, together with intercrops of napier with each of the two shrub 
species at 1:1 and 4: I ratios. The yield of napier grass in pure stands dropped dramatically over 
the four years of the study, and also when grown in combination with the tree legumes. The tree 
legume yields did not decrease over time, but were greatly reduced by the presence of napier, 
especially at the 4: I combination. L. leucocephala appeared to have a lesser effect on the grass 
yields than C. calothyrsus, probably renecting less competitive ability. Total grass yields when 
grown in combination with the legumes were similar to those of pure grass alone, but the 
1:1 combinations produced less grass but more legume than the 4: I . The recommended napier
tree legume combination is different for the two species. For L. leucocephala, the best 
combination would be one or two rows of trees to one row of napier. For C. calothyrsus, this 
would be one row of trees to two or three rows of napier, but the nutritive value of this species 
needs to be considered also. 

IN THE central highlands of Kenya, small-scale dairy 
production plays a significant role for both food pro
duction and income generation (Minae and Nyamai 
1988; Murithi et al. 1994). The high genetic potential 
of the grazing animals is, however, rarely attained 
mainly because of inadequate nutrition (Wachira 
1982). Napier grass (PelllliSelUm purpureum) forms 
the basal diet of cattle in most smallholdings. 

Leguminous fodder trees with deep root systems 
remain green throughout the dry period and produce 
protein rich foliage which could be used to supple
ment poor basal diets of napier. Leucaella leuco
cephala has been a popular fodder tree among 
farmers until the pest Heteropsylla cuballa broke out 
(Reynolds and Bimbuzi 1993). 

Another promising fodder tree species is Calli
alldra calothyrsus, although its digestibility of dried 

I Kenya Agricultural Research Institute (KARI), Regional 
Research Centre, PO Box 27, Embu, Kenya 
2 International Centre for Research in Agroforestry 
(lCRAF), PO Box 30677, Nairobi, Kenya 
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fodder is lower than that of L. leucocephala (Kaitho 
et al. 1993). 

The objective of this study was to assess fodder 
yields of grass and trees when napier was inter
cropped with either Leucaella leucocephala or Calli
alldra calolhyrsus, at different spatial arrangements. 

Shrub/grass associations have been found to be 
mutually advar'ltageous in dry matter production 
when grown in linear arrangements on soil conserva
tion structures in Maseno, western Kenya, under 
similar environmental conditions (ICRAF 1992). 

Materials and methods 
The experiment was conducted at Embu, 0° 30' S 
and 37° 27' E, in the central highlands of Kenya at an 
altitude of 1490 m. The soil was humic Nitisol 
(FAO-UNESCO 1977), a deep, well-weathered soil 
with moderate to high inherent fertility (Jaetzold and 
Schmidt 1983). Total annual rainfall was 1252, 
1600, 1417, and 908 mm during 1993 through 1996, 
respectivel y. 



Rooted splits of napier, variety Bana and six 
months old L. lellcocephala and C. calothyrslIs seed
lings were raised in polythene bags, and transplanted 
into the field in October 1992. There were seven 
treatments: sole plots of napier (nap), L. lellco
ceplzala (Ieuc) and C. calothyrslIs (call); and the 
combination of napier with each of the shrub species 
in 1:1 and 4:1 ratios (nap1-leuc1, nap1-caI11, nap4-
leucl, and nap4-caIl1). A population of 20000 
plants or stools per hectare was maintained in all 
plots. The design was a randomised complete block 
with three replicates. Each plot measured 10 x 8 m. 
A distance of 1.0 m between and 0.5 m within rows 
was used for legumes and grass. 

The psyllid on L. leucoceplzala was controlled 
during the experimental period by weekly spraying 
with Dimethoate. At the beginning of every season, 
each plot was root pruned by digging a trench about 
30 cm wide and 60 cm deep around the plot and 
thereafter covered. A two-split application of 8 t/ha 
(dry weight) of cattle manure per year was used as 
maintenance fertiliser. 

Plots were harvested after eight weeks in the wet 
seasons and 12 weeks during the dry seasons. In 
shrubs, tender shoots <6 mm diameter and leaves 
were grouped together as edible foliage while in 
grass the green leaf sheath and the unopened shoots 
formed the edible fodder. Weights of fresh samples 
were taken immediately after harvesting and dried at 
65°C to constant weight to determine dry matter and 
crude protein contents. 

Results 
The average crude protein contents of napier grass, 
C. calothyrslIs and L. lellcocephala were 8.9%, 
21.8% and 21.9% respectively. Dry matter yield per 
hectare for individual components and total pro
duction are presented in Table 1. The data shown are 
absolute values, and have not been corrected to allow 
for the different proportions of land area occupied by 
the crops in different combinations. 

Grass fodder production 

C. calothyrsllS and L. lellcocephala intercrops had 
similar understorey grass production in the first two 
years of the trial but thereafter more grass yields 
were obtained from the L. leucocephala intercrops. 
Lower grass yields were realised from the nap1-call1 
plots compared with pure plots of napier during all 
four years of experimentation. This effect was not 
apparent in the nap4-call1 treatments. In the first 
three years, grass production from nap4-leuc1 and 
nap4-call1 plots was significantly (p<0.05) more 
than nap1-leucl and nap1-call1 plots while in the 
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fourth year the two combinations had no grass yield 
differences. 

Tree fodder production 

L. lellcocephala and C. calothyrslIs production were 
adversely affected by intercropping with napier in all 
four years of the trial. Pure L. lellcocephala and C. 
calothyrsus did not differ in tree fodder production 
in the first two years but in the third and fourth 
years, C. calothyrsus out yielded L. lellcocephala 
significantly (p<0.05). Over the four years of the 
experiment, legume yields were greater in the]:1 
treatments than the 4:] (L. leucocephala , 17.9 and 
9.6 t/ha, C. calothyrslIs 30.5 and 16.6 t/ha). 

Total fodder production 

Total fodder produced in both monoculture and mix
tures decreased during successive years throughout 
the experiment. Yield reductions were greatest in 
pure plots of napier (73%) and the nap4:cal11 plots. 
In the first two years, pure napier yi elded as much as 
most of the intercrops with L. lellcocephala or 
C. calothyrslIs but in the fourth year pure napier was 
out yielded significantly (p<0.05) by all the intercrop 
combinations. 

Discussion 
Results show that, when intercropped, napier was 
more competitive than the leguminous trees. Napier 
depressed tree growth in all cases but conversely the 
trees had a positive effect on napier growth in all 
combinations. For example, the presence of L. lellco
cephala with napier almost doubled grass production 
of the napier rows in the first two years. Thus 
although land area under napier was reduced by 50% 
in the 1:1 combination, absolute grass production 
was reduced only slightly so that production per unit 
area was almost doubled. This effect can probably be 
attributed to the vigorous napier plants grow ing more 
strongly at the .Iower density due to reduced inter
plant competition. There may also have been some 
transfer of nitrogen from decomposing L. lellco
cephala I itter and roo ts to napier. In sole stands, 
C. calothyrslIs produced more tree fodder than 
L. lellcocephala. For both tree species, increased 
napier populations decreased tree yields presumably 
due to co mpetition effects. 

When DM yields of intercrops are the same as 
sole napier, as demonstrated during the first three 
years, intercrops still had an advantage of yielding 
more crude protein . T he 1:1 combination of L. lellco
cephala provided an average of 19.7% legume DM 
and 80.3% napier DM, after one establishment year 
for 1994, 1995 and 1996. 



Table 1. Total edible dry matter yield (t/ha) in different years. 

Treatments Total DM yield in 1993 Total DM yield in 1994 

Grass Legume Total Grass Legume Total 

Napier 43.1 43.1 32.6 32.6 
L. leucocephala 19.3 19.3 15.9 15.9 
C. calotlzyrsus 16.3 16.3 15.1 15.1 
Napier + L. leucoceplzala 1:1 36.1 4.6 40.7 24.4 6.3 30.7 
Napier + C. calothyrsus 1: 1 32.5 5.4 38.0 18.9 7.7 26.6 
Napier + L. leucoceplzala 4: 1 42.4 2.3 46.0 31.7 3.0 34.7 
Napier + C. calotlzyrsus 4:1 48.5 3.4 51.9 27.5 4.1 31.6 
SED 2.8 2.6 3.4 3.8 3.8 3.8 

Treatments Total DM yield in 1995 Total DM yield in 1996 

Grass Legume 

Napier 11.1 
L. leucoceplzala 8.2 
C. calotlzyrsus 15.7 
Napier + L. leucoceplza/a 1:1 13.5 2.7 
Napier + C. calotlzyrsus 1: 1 8.1 8.7 
Napier + L. leucocephala 4: I 14.0 1.5 
Napier + C. calotlzyrsus 4: 1 12.9 4.1 
SED 1.1 1.0 

Dairy cows producing 15 kg milk per day need 
about 13% CP in their diet, which can be obtained 
through a ration of 30% legume and 70% napier. 
Two rows of L. leucocephala to one row of napier 
might produce that desired ration. For C. calo
thyrsus, the 1: 1 combination provided 43.5% legume 
DM and the 4:1 combination 21.7% legume, DM 
after the first year. For this tree/grass combination, 
one row of C. calothyrsus to two or three rows of 
napier might produce the desired ration. However, 
the high tannin content of C. calothyrsus needs to be 
considered in any feeding system. 

In this experiment, napier yields decreased over 
the experimental period, but there was a greater 
reduction in annual dry matter yield from pure stands 
of napier than in combination. Intercropping of 
napier with leguminous shrubs could effectively 
lengthen the economic life of napier stands, thus 
reducing the cost of frequent replanting and prob
lems associated with fodder shortages prior to 
harvesting new stands. 

Conclusions 
The yield of napier grass in pure stands dropped 
dramatically over the four yea rs of the study, and 
also when grown in combination with the tree 
legumes. The tree legume yields did not decrease 
over time, but were greatly reduced by the presence 
of napier, especially at the 4:1 combination. Over the 
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Total Grass Legume Total 

11.1 11.5 11.5 
8.2 11.3 11.3 

15.7 16.7 16.7 
16.2 15.3 4.3 19.6 
16.8 8.9 8.7 17.5 
15.3 14.3 2.8 17.1 
17.1 12.6 5.0 17.6 

1.3 1.6 1.6 2.0 

experimental period, total grass yields when grown 
in nap4:leuc1 and nap4:calll combinations were sim
ilar to those of pure grass alone, but the nap1 :Ieucl 
and nap 1 :call1 combinations produced less grass but 
more legume. L. leucocephala appeared to have a 
lesser effect on the grass yields than C. calothyrsus, 
probably reflecting less competitive ability. 

For the dairy farmer, the optimum grass and tree 
legume combination is different for the two tree 
species. For L. leucocephala, the best combination 
would be one or two rows of trees to one row of 
napier. As C. calothyrsus was more productive, an 
optimum arrangement would be one row of trees to 
two or three rows of napier. Other factors, such as 
nutritive value; which is higher for L. leucocephala, 
or pest resistance, which is higher in C. calothyrsus, 
will determine the choice of tree species to be 
cultivated with napier on farm. 
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Nutritive Evaluation of Leucaena leucocephala, 
L. diversifolia and L. pallida in Awassa, Southern Ethiopia 

A. Toleral ,2, M. Seyoum l and F. Sundst013 

A bstract 

The nutn tlve value of Leucae/1a lellcocephala , L. diversifolia and L. pallida foliage was 
assessed on the basis of chemical composition, in vitro gas production and in sacco dry matter 
(DM) degradability. L. lellcoceplzala had the lowest fibre content , but L. pallida had the highest 
crude protein content , and the lowest extractable and total proanthocyanid ins contents. 
L. diversifolia had a lower rate of gas production than the other two species (p<0.05) and tended to 
produce relatively less volume of gas after 12 and 24 h of incubation. The other gas production 
constants and the potential gas production of the three species were not significantly different. 
L. leucoceplwla had higher (p<0.05) DM degradability than L. diversifolia at 4, 8, 16 and 48 h of 
incubation and higher degradab ility than L. pallida at 8 and 16 h of incubation. However, there 
was no significant difference (p>0.05) in overall DM degradation characteristics of the three 
species, except that L. pallida had a lower washing loss (p<0.05) than L. diversifolia. 

LEUCAENA lellcocephala is widely known th roughout 
the tropics and subtropics because of its high nutri
tional value and other multipl e uses. However, the 
species is susceptible to psyllid (Heleropsylla 
ClIbana) pest attack and performs poorly o n acidic 
and wate r-l ogged soils and in frost-prone areas 
(Shelton and Brewbaker 1994). This has led to eval
uation of alternative species that could replace 
L. lellcocephala in agrofo restry systems (Wheeler et 
al. 1994). This pape r reports on the comparative 
nutritive value of three Lellcaella species on the basis 
of chemical composition, in vitro gas production and 
in sacco OM degradability values. 

Materials and Methods 
L. /ellcocepha/a, L. diversifolia and L. pal/ida grown 
at Awassa, southern Ethiopia (7°04'N and 38°31 'E; 
altitude 1650 m) we re harvested during the dry 
season of 1997 at the age of 5.5 , 5.5 and 4.5 years, 

I Awassa College of Agriculture, PO Box 5, Awassa, 
Ethiopia 
2 Current address: Agricultural University of Norway, 
Department of Animal Science, PO Box 5025, N-1432 As, 
Norway 
J Agricultural University of Norway, PO Box 5001, N-1432 
As, Norway. 
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respectively. Edible material was chopped and then 
dried in a fo rced-draft oven at 50°C for 72 h. Dry 
matter (OM), ash and crude protein (C P) were deter
mined using standard procedures. Neutral-detergent 
fibre (NOF), ac id-detergent fibre (AOF) and acid
detergent lignin (AOL) were determined according 
to Goering and Van Soest (1970). Extractable and 
total proanthocyanidins were determined using the 
method of Porter et al. (1986). In vitro gas produc
tion and in sacco OM degradability were determined 
as described by Tolera et al. (1997). 

R£suIts and Discussion 

Chemical composition 
L. /eucocepha/a had lower NDF, AOF, lignin and 
cellulose than the other two species while L. pal/ida 
had the highes t NOF, AOF, lignin and cellulose and 
the lowest ash content (Table 1). The low fibre con
tent of L. /ellcocepha/a and the high fibre content of 
L. pallida are in agreement with the results of 
Wheeler et a!. (1994), .lanes et 31. (1995) and Hove 
et al. (1996). The CP content was highest in 
L. pal/ida and lowest in L. diversifolia. The lower CP 
content of L. /eucoceplw/a compared to L. pallida 
could be due to the effect of the prolonged dry 
season when the samples were taken and the 
diffe ring age and regrowth stage of the plants. 



Table 1. Chemical composition (g/kg OM), and extractable and total proanthocyanidins concentration (absorbance at 550 
nm/g OM) of L. diversifolia, L. leucocephala and L. pallida foliage 

Chemical component L. diversifolia L. leucocephala L. pallida 

Ory matter (%) 46.2 
Ash 122 
Crude protein 145 
Neutral detergent fibre 457 
Acid detergent fibre 339 
Acid detergent lignin 157 
Total extractable proanthocyanidins 71 
Total proanthocyanidins 135 

The concentrations of extractable and total proan
thocyanidins were similar in L. diversifolia and in L. 
leucocephala whereas L. pallida unexpectedly had 
the lowest concentration of these phenolic compo
nents. Previous studies (Hove et al. 1996; Jones et al. 
1995) showed higher content of condensed tannin 
(CT) in L. diversifolia than in L. pallida, which in 
turn had higher CT content than L. leucocephala. On 
the other hand, Wheeler et al. (1994) found signifi
cantly higher CT values in L. pallida than in L. 
diversifolia, which also had significantly higher CT 
than L. leucocephala. 

In vitro gas production 
L. diversifolia had a lower rate of gas production 
than the other two species (p<O.05, Table 2) and 
tended to produce relatively less volume of gas after 
12 and 24 h of incubation (Figure la). The other gas 

37.7 44.0 
125 92 
166 193 
409 491 
277 379 
122 190 
66 24 

131 87 

production constants and the potential gas produc
tion of the three species were not significantly dif
ferent. The lower rate of gas production from 
L. diversifolia after 12 and 24 h of incubation could 
be attributed to the relatively higher concentration of 
phenolic compounds found in this species. In a pre
vious study (Tolera et al. 1997), high concentrations 
of phenolic compounds depressed in vitro gas 
production . 

In sacco DM degradability 
L. lellcocephala tended to have higher in sacco DM 
degradability than the other two species although the 
difference was only significant at 4, 8, 16 and 48 h of 
incubation for L. pal/ida and at 8 and 16 h of 
incubation for L. diversifolia (Figure 1 b). These 
results are in agreement with Jones et al. (1995) who 
reported higher nylon bag degradability after 48 h of 

Table 2. In vitro gas production and in sacco OM degradation characteristics of the three Leucaena species. 

Parameter Leucaena Leucaena 
diversifolia leucocephala 

Gas production characteristics 

a (intercept) 8.9 8.1 
b (gas prod. curve, extent) 22.7 23.4 
a+b (potential gas prod.) 31.6 31.5 
c (rate of gas production) 0.051b 0.070' 
Residual standard deviation 0.94 0.66 
OM degradation characteristics 

A (washing loss; %) 31.4' 29.2'h 
B (insoluble but slowly degradable; %) 42.1 43.5 
A+B (potential degradability; %) 73.5 72.7 
c (degradation rate; fraction/h) 0.038 0.084 
L (Iag time; h) 0.43 0.47 
Effective degradability (%)* 46.6 50.5 
Residual standard deviation 1.80 1.47 

• Calculated at rumen outflow rate of 0.05/h. 
Means with similar or no superscripts within a row are not significantly different (p>0.05). 
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Leucaella 
pallida 

7.1 
24.4 
31.5 

0.067,b 
0.87 

25.1" 
47.6 
72.7 

0.048 
0.00 
46.2 
1.68 

SE 

0.97 
1.90 
2.12 

0.005 

0.00 
1.93 
1.93 

0 .023 
0.36 
2.90 
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incubation in L. leucocephala than in L. diversifolia, 
which in turn had relatively higher values than 
L. pallida. Wheel er et al. (1994) also reported hi gher 
ruminal and intestinal dry matter and c rude protein 
disappearance in L. lellcocephala than in L. pallida. 
On the other hand, Hove et al. (1996) reported 
sign ificantl y higher in sacco DM degradability in 
L. pallida than in L. leucocephala, w hich in turn had 
significantly higher degradabili ty than L. diversifolia. 

L. pallida had a lower washing loss (p<O.05) than 
L. diversifolia (fable 2). Although diffe rences were 
not statistically significant, the degradation rate was 
highest in L. lellcocephala followed by L. pallida 
and L. diversifolia. The effect ive degradability 
tended to be higher in L. leucoceplzala w ith similar 
values in the other two species. L. pallida tended to 
have the highest degradability of the insoluble 
fraction. There was no difference among the three 
species in the potential DM degradability. 

Conclusion 
L. lellcocephala had lower fibre (NDF, AOF and 
AOL) and intermediate ep and proanthocyanidins 
contents compared to l.. diversifolia and l.. pallida. 
Although l.. lellcocephala tended to show relatively 
higher gas production and OM degradability, it was 
not significantly different from the other two species 
in overall nutritive value. However, the sampling 
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season and differ ing age of the plants might have 
influenced the results. 
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Anaerobic Degradation of Hydroxypyridines from 
Leucaena leucocephala by Rumen Bacteria 

M.T. Rincont, M.J. AJlison2, F. MichelangelP and M.G. Dominguez-Bello1 

Abstract 

Some rumen bacteria degrade toxic compounds from Leucaena leucocephala, avoiding intoxi
cation problems occurring in non-ruminants after ingestion of the plant. Degradation activity by 
one rumen strain, Synergistes jonesii was found to be non-constitutive. The substrate 3,4 dihydro
xypyridine (DHP) induced degradation of both 3,4 and 2,3 DHP isomers, while 2,3 DHP induced 
only degradation of 2,3 DHP. Activity of degradation was inhibited by high substrate concentra
tion. The enzyme cocktail had a high hydrogenase activity and degraded 2,3 DHP anaerobically 
either in the presence of methyl viologen/Hz or in the presence of alpha-ketoacids (under Hz or 
Nz). Specific activity of 2,3 DHP degradation was increased when FAD+ or CoA were present. 
The 2,3 DHP was found to be an intermediate of the degradation of 3,4 DHP by cultures. An 
unidentified non-polar amino compound appeared in TLC as 2,3 DHP was degraded. 

RUMEN bacteria capable of degrading mimosine 
metabolites are dihydroxypyridine (DHP) respon
sible for the tolerance of ruminants to consumption 
of Leucaena leucocephala (lones and Megarrity 
1986; Dominguez-Bello and Stewart 1991; Allison 
et al. 1990). Synergistes jonesii (All ison et al. 1990) 
is a rumen bacterium active in degrading the isomers 
3,4 and 2,3 DHP. This work presents results of the 
characterisation of the enzymatic anaerobic degra
dation of the mimosine-derived pyridines by cell free 
extracts of Synergistes jonesii. 

Materials and Methods 
Anaerobic cultures Synergistes jonesii (strain 78-1) 
were grown on medium 98-5 (Bryant and Robinson 
1961) without carbohydrates and containing phytone 
(3 % w/v) and 2,3 dihydroxypyridine (Aldrich, 2 mM 
or 4.5 mM). 

Degradation of 2,3 DHP was assessed by the 
colorimetric method of Matsumoto and Sherman 
(1951) or by HPLC. Cell free extracts of the cultures 
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Venezuela 
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were obtained by lysing the cells in a french press. 
Hydrogenase activity was determined in the extracts 
by measuring colorimetrically (601 nm) the reduc
tion of methyl viologen under hydrogen. 

Degradation of 2,3 DHP by cell free extracts was 
determined in the presence of pyruvate or alpha-keto 
glutarate or in the presence of 0.5 mM methyl 
viologen, under Hz atmosphere. Thin layer chroma
tography (TLC) of the reaction mixture during 
degradation of 2,3 DHP was performed in TLC silica 
plates and spots were developed under UV light 
(254 nm) with f1uorescamine. 

Results 
Activity of degradation of 2,3 DHP in cultures was 
induced by low substrate concentrations and was 
inhibited by high substrate concentrations (Figure 1). 
Activity decreased in rate and extent as cultures were 
grown and maintained without the substrate (Figure 
2). Cultures of S.jonesii were active in degrading each 
DHP isomer. However, stationary phase cells grown 
on 2,3 DHP showed good 2,3 DHP but negligible 3,4 
DHP-degrading activities. On the other hand, cells 
induced by 3,4 DHP degraded both isomers. 

The 3,4 DHP is isomerised to 2,3 DHP before 
reduction of the ring. The 2,6 dihydroxypyridine 
and dihydroxyphenylalanine inhibited degradation 
of 2,3 DHP by about 53% and 36% respectively. 
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Protein extracts from S. jonesii showed a high 
hydrogenase activity which reduces methyl viologen 
that can act as a reducing intermediate in the degra
dation of 2,3 DHP. Besides methyl viologen/Hz, 
the system for degradation of dihydroxypyridines 
required al pha-ketoacids and anaerobiosis. 

The cell free extracts showed NAD+ and 
especially NADP+ reducing activity, particularly in 
the presence of alphaketoglutarate. However, these 
two cofactors did not significantly increase the 
specific 2 ,3 DHP-degrading activity, as did FAD and 
CoA (fable 1). 

TLC chromatography showed an unidentified 
compound of low polarity, that contains an amino 
group, produced during degradation of 2,3 DHP. 

Table 1. Specific activity of the cell-free extract of Syner
gisles jonesii in the presence of reduced cofactor. Super
script letters indicate significant differences (p<0.05; N=3). 

Cofactor 

Methyl viologen 
Hydrogen 
Cytochrome c 
Methyl viologen + Cytochrome c 
NAD+ 
Methyl viologen + NAD+ 
NADP+ . 
Methyl viologen + NADP+ 
Pyruvate 
Pyruvate + NAD+ 
Pyruvate + NADP+ 
Pyruvate + FAD 
Pyruvate + CoA 

Specific activity 
nmoles 2,3 DHP/min/mg 

protein 

10.03" + 0 97 
0.00"+ 0 00 
O.Olb + 010 

10.15"+087 
0.06" + 0 04 

11.93" + 0 94 
0.06" + 0 10 

11.50" + 0.90 
9.69" + 0.11 

10.53" + 0.52 
8.84' + 0.96 

13.45d + 0.35 
18.22< + 0.29 

Discussion and Conclusions 
The enzymatic degradation of pyridinediols by 
SYllergisles jonesii responded to substrate induction. 
The bacterium did not degrade mimosine, but 3,4 
DHP was degraded after isomerisation to 2,3 DHP, 
which is then further degraded. The enzyme system 
loses activity when exposed to lack of substrate. 
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Previous work has shown that capability to 
degrade 2,3 DHP can be irreversibly lost and the 
mechanism by which it occurs is not clear. However, 
cattle infused with S. jonesii when consuming le u
caena and then grazed on leucaena-free pasture 
retained the ability to degrade DHP even after 
9 months (RJ. Jones, pers. comm.). 

The 2,3 DHP-induced enzyme sys tem of S. jonesii 
also degraded other dihydroxylated pyridines such as 
2,6 DHP. In other bacteria, dihydroxylation of pyrid
ines in a diol precedes degradation of pyridines. 

The degradation pathway of 2,3 DHP is s till 
unclear. Evidence from these results suggests that 
reduced cofactors are required for ring reduction. 

Analysis of the TLC amino-containing product of 
2,3 DHP by GCMS will be useful to separate and to 
identify this compound in further st udies. 
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The Effect of Leucaena, Calliandra and Gliricidia Tannins 
on Dry Matter and Protein Digestibility in Ruminants 

J.N.N. Kang'aral, J.A. Shelford2, J.L. Fisher3 and R.M. Tait2 

Abstract 

The use of multipurpose trees (MPTs) as fodder for ruminants is increasing in the smallholder 
mixed farms in Kenya. Most of the MPTs contain tannins that are known to depress feed 
digestibility. A study was therefore undertaken to assess the effect of common forage tannins on 
total tract digestibility of dry maller (OM) and crude protein (CP) in ruminants. The effect of 
tannins from Leucaena leucocephala, Cal/iandra calolhyrsus, and Cliricidia sepium on the total 
tract digestibility of the OM and CP was determined using ruminally and duodenally cannulated 
Holstein cows. Prior to digestion, half of the samples were treated with polyethylene glycol (PEG) 
to suppress the effect of tannin. Feed samples in nylon bags were suspended in the rumen for 0, 6, 
12,24,48 and 96 hours, one pair for each time. In addition, bags that had been incubated for 12 
and 24 hours were introduced into the small intest ine through a duodenal cannula and subsequently 
recovered from faeces. In the three fodder species, PEG increa sed effective degradation of OM and 
CP in the rumen, reduced the OM and CP reaching and subsequently digested in the intestine. 
Addition of PEG also increased the total tract digest ibility of OM and CP. However, the increase 
was significantly more pronounced in Callialldra than in Leucaena and Cliricidia. Cliricidia was 
the least affected. Leucaella and Cliricidia can therefore be fed to ruminants withouttreatmenl. 

THE escalating costs of commercial feed concen
trates and relatively low milk prices in Kenya have 
made the smallholder dairy farmers turn to multi
purpose trees (MPTs) as inexpensive alternative 
sources of nutrients for their lactating cows. 

Most MPTs, though rich in protein, have high 
levels of tannin , which affect the dry matter (OM) 
and crude protein (CP) digestibility in ruminants. 
Tannin binds with protein to form a tannin-protein 
complex that is lowly degraded in the rumen but 
digestible in the lower gut (Jones and Mangan 1977). 
Binding with tanni n results in increased bypass 
protein. However, it also results in higher faeca l 
nitrogen than in tannin free feed (Oonnelly and 
Anthony 1969). 

Thus although MPTs are included in rum inant 
diets as protein sources, tannin levels also need 
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consideration. A study was therefore undertaken to 
assess the contribution of tannins from the common 
MPTs, viz., Leucaena leucocephala, Callialldra 
calothyrsus and Gliricidia sepium to total tract 
digestibility of OM and CP in ruminants. 

Materials and Methods 
Samples of the three MPTs, viz., Leucaella , 
Cal/ialldra and Gliricidia, were collected in Embu, 
Kenya in June 1991 , oven dried and ground to pass 
through 5 mm sieve in a W il ey mill. The digestibility 
study was done at the Universi ty of British Co lumbia 
(UBC), Canada. 

Each sample was divided into two po rtions. One 
portion was treated with polyethylene glycol (PEG) 
at the rate of 40 mg/g tannin as used by Jones and 
Mangan (1977) to suppress tannin effect and the 
other sample was not treated. Approximately 1 g of 
dried sample of each species was weighed into a pre
weighed, labelled nylon bag (3 .5 x 5.5 cm, po re size 
40 mm) and heat sealed. Bags of this size flow easily 
in the intestine without obstruction . 



Incubation 

In September 1992, sample bags were incubated in 
four Holstein cows maintained on orchard grass and 
alfalfa hay and fitted with both rumen and duodenal 
cannulas, using the mobile bag technique of Arieli 
et a!. (1988). 

The PEG-treated samples were placed in different 
animal s from the untreated sa mples and incubated in 
the rumen for 0, 6, 12, 24, 48 and 96 hours in 
duplicate. The time 0 hour samples were incubated at 
37°C in a borate-phosphate buffer (PH 6.8) on a 
shaker for 30 minutes. At the end of rumen incuba
tion, the bags were removed and washed in cold tap 
water for 15 minutes. Except for one of the pair for 
the 24 and 12-hour times, all samples were oven dried 
at 60 °C for 3 days and weighed to determine the OM 
of the remains. 

Intestinal digestion 

Two additional bags that had been incubated for 24 
and 12 hours were furth er incubated at 37 °C fo r 
2 hours in a pepsi n solution (2 g pepsin per litre in 
0.1 N HCI), rinsed in water and inserted into the 
intestin e through duodenal cannula. The bags were 
recovered from the faeces and treated the same way 
as the bags removed from the rumen . 

The trial was repeated again three mo nths latter 
with treatments switched such that animal s that had 
previously had PEG forages got untreated sa mples. 

Analysis and calculations 

Tannin content was determined using a gravimetric 
method (Reed et a!. 1985). The results were reported 
as Yuerbium precipitated phenolics as percentage of 
the OM (Yb-ppt). The residue N was al so deter
mined using the wet oxidation method. 

T he results o f these calcul atio ns we re fitt ed 
to the no n-linear regressio n equ atio n P = a + 
b(1-e-C1) (O rskov and McDo na ld 1979) . The 
para meters a, b, and c, were es ti mated using a 
SAS program proced ure develo ped by Agri
culture Canada, Research Centre, Lethbridge. 
T he e ffective degradabi lity was al so estimated 
with the sa me Lethbridge SAS procedure us ing 

the equation p = a + ~ Clo e Hc+k)/O where k is 
c+k 

the assumed rumen flow rate and to is the lag. 

The intestinal OM and CP disappearance were 
taken as the difference between the total tract 
digestion obtained from the intestinally introduced 
pair, 12 and 24 hour, and the rumen di sappearance. 

The statistical analyses were done using the 
general linear model of SAS package, release 6.04 
(SAS/STAT software, 1985). This was analysed as a 
4 x 3 x 2 x 2 factorial experiment. 

Results and Discussion 

Tannin and protein levels 

The mean tannin and prote in contents of the three 
species are presented in Table 1. Tannin is presented 
as the Yb-ppt wh ich is an estimate of total phenolics 
in the OM. Tannin and protei n were significantly 
(P<0.05) lower in Gliricidia than in Lellcaena and 
Calliandra. 

Dry matter and crude protein rumen degradation 

The results indi cated varying but low OM and CP 
degradati on in the rumen for untreated sa mples 
(Tables 2 and 3). Thus, varying quantities of the 
dietary OM and CP esca ped the rumen undegraded 
depending on the pl ant species, which therefo re 
means increased di etary OM and N fl ow into the 
intestine when animal s consume these forages. 
Similar low degradation results were repo rted by 
Jones et a!. (1992) for Lellcaena and Calliandra . 
Such low CP degradability val ues in forages might 
lead to s hortage of rumen degradable nit rogen 
(RON) for optimum microbial activ ity if ani mals 
consume this die t wholly as suggested by Chiquette 
et a!. (1 988) 

The addition of PEG markedl y increased the 
effective degradab ility of the OM especia lly fo r 
Calliandra from 13.8% to 41.5% of the OM, an 
increase o f 200%. CP degradation also increased 
significa ntly (P<0.05) over the untreated. 

Table 1. Variation of Yb-precipitaled phenol ics and crude protein among species. Values within a column foll owed by a 
similar superscript are not significantly different (P> 0.05) 

Species 

Leucaena lellcocephala 
Ca llialldra calothyrsus 
Gliricidia sepiul11 

Yb-ppl %DM (s.e.m) 

24.1 6h 

2S.96h 

16.0S" 
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( 1.SS) 
(I.SS) 
(1.39) 

e p %DM (s.e.m) 

2S.S6h 

23.42"h 
20.69" 

(0.99) 
(1.11 ) 
( 1.36) 



Table 2. Effect of addition of PEG on mean effective degradability of OM, at assumed rumen outtlow rates of k = 0.04 
and 0.06. Values within a row with different superscripts are significantly different (P<0.05). 

Species Without PEG (S.E.M) 
% of initial OM 

k=O.04 
Leucaena 38.5" ± 1.53 
Calliandra 13.8" ± 1.53 
Gliricidia 46.5" ± 1.54 

k = 0.06 
Leucaena 30.7" ± 1.53 
Callia/ldra 9.9" ± 1.54 
Gliricidia 39.8" ± 1.56 

with PEG (S.E.M) 
% of initial OM 

63.7b ± 1.53 
41.5b ± 1.53 
65.4b ± 1.53 

59.0b ± 1.54 
37.8b ± 1.54 
60.4b ± 1.54 

% increase 
over untreated 

65 
200 

40 

92 
281 

52 

Table 3. The effect of PEG on effective degradability of the CP at assumed rumen outtlow rate k = 0.04 and 0.06 
respectively. Values within 3 row with different superscripts are significantly different (P<0.05). 

Species Without PEG (S.E.M) with PEG (S.E.M) % increase 
% of initial CP % of initial CP over untreated 

k=O.04 
Leucaena 71.73 ± 2.00 82.6b ± 2.00 15 
Calliandra 50.0 a ± 2.00 64.3 b ± 2.35 28 
Gliricidia 75.1 a ± 2.36 86.4 b ± 2.35 15 

k=O.06 
Leucaena 65.7 a ± 2.10 78.5 b ± 2.10 12 
Calliandra 45.53 ± 2.10 60.6 b ± 2.47 33 
Gliricidia 69.8 a ± 2.47 82.8 b ± 2.1 0 19 

Table 4. The effect of tannin on total tract OMO and OCP. Values within 3 row with similar superscripts are not 
significantly different (P > 0.05) 

Species Without PEG (S.E.M) 
% of initial 

DMD 
Leucaena 54.3" ± 1.70 
Ca//iandra 25.4" ± 1.70 
Gliricidia 67.0" ± 1.70 

DCP 
Leucaella 86.6" ± 1.44 
Ca//iandra 60.4" ± 1.44 
Gliricidia 95.9a ± 1.44 

Total tract and intestinal digestibility of DM and 
C P 
The total tract digestibilities of the DM and CP 
calculated from hours 12 and 24 rumen incubated 
bags, introduced into the intestine and recovered in 
the faeces, are presented in Table 4. 

The total tract digestibilities of both DM and CP 
were lower in untreated than the PEG treated 
forages. This impl ied that tannins reduced the 
apparent digestibility of both DM and CP. Except in 
the case of Callialldra, a significantly (P<O.05) 
larger proportion of the escaped DM and ep was 
digested in the intestines (Table 5). The results 
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With PEG(S.E.M) % increase over untreated 
% of initial 

75.0b ± 1.82 38 
51.8b ± 1.82 104 
80.7h ± 1.76 20 

95.8b ± 1.54 10 
86.8h ± 1.54 43 
98.8a ± 1.54. 3 

support findings by Barry et al. (1986) that 
increasing the dietary tannin concentration increases 
the duodenal N tlow, but decreases the apparent 
digestibility of organic matter. This also confirms 
findings by Jones and Mangan (1977) that PEG is an 
effective suppressor of tannin effects on digestibil ity. 

Some recent work by Palmer and Schlink (1992) 
and Palmer and Ibrahim (1996) indicate that in sacco 
digestibility of fresh Calliandra forage was higher 
than the dried or wilted Calliandra. Forages used in 
this study were oven-dried and this is probably the 
reason for such a low digestibility. However, the 
importance of these findings cannot be ruled out 



because most farmers in the smallholdings cut and 
carry fodder to the animals in stall and are not fed 
immediate ly . More often fora ges are wilted by the 
time they are fed to animals. 

Table 5. The effect of tannins on IDMD. Values within a 
row with similar superscripts are not significantly differen t 
(P> 0.05) 

Species Without PEG With PEG 
(S.E .M) (S.E.M) 

Leucaena 18.9h :!: 1.92 10.5' :!: 2.00 
Calliandra 13.6' :!: 1.92 10.8" :!: 2.05 
Gliricidia 22.6h :!: 1.92 12.5" :!: 1.99 

Values with similar superscripts in a row are not 
significantly different (P<0.05). 

Conclusion 
Forages with less than 55% DMD and less than 70% 
DCP such as the Callialldra in thi s study require 
treatment to enhance the nutrient ava ilability for 
better animal performance. Leucaella and Gliricidia 
forages had over 55% DMD and 70% DCP and 
could therefore be fed without treatment. 
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The Production Potential of Leucaena spp. and Calliandra 
calothyrsus under Acid Soil Conditions and their Intake 

by Goats and Rabbits 

Nguyen Thi MuP, Dinh Van Binhl, Le Van Khoa2 and Ngo Tien Dzungl 

Abstract 

In trials of Leucaena leucocephala hedgerows at eight sites in Vietnam, edible green matter pro
duction was closely related to soil pH, with problems identified due to aluminium toxicity and 
phosphorus deficiency. In a detailed study of 23 Leucaena accessions at the Bavi site where soil 
pH is <4.5, results showed that L. esculenta subsp. paniculata (137/94) and L. pallida composite 
appeared to have tolerance to the acidic soil conditions. Calliandra calothyrsus also performed 
well at this site. Foliage from several of the Leucaena spp. and C. calothyrslls was fed as a high 
quality protein supplement to goats and rabbits. The Leucaena spp. were all eaten more than 
C. calothyrsus. There is a need for further evaluation both of accessions suitable for acid soils and 
of the feeding value of these species. 

THE use of Leucaena lellcocephala foliage as a pro
tein source or as a protein supplement has been 
studied widely in many countries, for both cattle and 
small ruminant production. Under favourable con
ditions of fertile soils and good moisture regimes, 
dry matter yields of up to 2~25 t/ha/yr have been 
recorded, containing about 200 gikg of crude protein. 
There is thus considerable scope for the use of 
L. leucocephala in the supplementation of diets of 
the various small animals raised for food in Vietnam. 
However, past results show that the high leaf yields 
obtained elsewhere have not been attained in 
Vietnam, with about J 1 t/ha/yr being the maximum 
observed. Clearly, there is a need for further evalua
tion of the genus, and of alternative genera. 

This paper reports data from three series of exper
iments: evaluation of L. leucocephala at eight sites in 
Vietnam; evaluation of 23 accessions of various 
Leucaena spp. and C. calothyrslls at Bavi in Hatay 
province; and feeding trials of goats and rabbits with 
selected Leucaena spp. and calliandra . 

1 Goat and Rabbit Research Centre of the National Institute 
of Animal Husbandry (NIAH), Vietnam 
2 Vietnam National University 
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Multisite Evaluation of L. leucocephala 
Experiments were carried out in eight different 
climatic zones of Vietnam with L. lellcocephala 
established as hedgerows spaced 3-6 m apart, with 
plants 50 cm apart in the hedgerow. Generally, 
harvests were carried out twice in the rainy season 
(May to September) and once in the dry season. The 
pruned material was used as green manure for all ey 
crops. The edible green matter yields obtained are 
shown in Table 1, together with some soil character
istics of the eight sites. 

There is clearly a good relationship between 
increasing soil pH and green matter production. It is 
probable that ·the low soil pH increased phytotoxic 
aluminium and reduced phosphorus availability. 
Thus aluminium toxicity and phosphorus deficiency 
are probably the main reasons for the lower yields 
obtained. There is clearly a need to apply both lime 
and phosphorus when growing L. lellcocephala in 
tropical acid soils. However, there is also a need to 
evaluate a wider range of genetic material for growth 
on acid soils. 

Evaluation of 23 Accessions of Various 
Leucaena Spp. at Bavi in Hatay Province 

The experiment was conducted at Bavi, adjacent to 
the Goat and Rabbit Research Centre in Sontay, 
Hatay province of Vietnam. The 24 accessions 



Table 1. Some chemical characteristics of soi l at eight sites in Vietnam, and yield of Leucaena leucocephala as double 
hedgerows. 

Site Soil type 

Bac can Phu Luong Dist Ferralic Acrisols 
Thai Nguyen Agroforestry College Haplic Acrisol 
Ha Tay, Bavi Commune Haplic Acrisols 
Hoa Binh Mai Chau commune Luvic Calcisols 
Thanh Hoa, Ngoc Lac commune Rhodic Ferrasols 
Nghe An, Phu quy Research Centre Rhodic Ferrasols 
Daklak Coffee Plantation Rhodic Ferrasols 

(23 Leucaena spp. plus C. calothyrsus) were set out 
in an experimental area of 2000 m2. Plants were 
established in rows, 3 m apart. Each plot co nsisted of 
10 plants, 0.5 m apart within the row. Because of the 
acid soil conditions, there were two fertiliser treat
ments: unfertilised, and with 5 t CaCOy'ha, 100 kg 
K2SO,Jha, 20 kg MgSO,Jha and 200 kg superphos
phate/ha added. There were two replications. Total 
yields and fresh weight of the edible fraction were 
recorded. Samples of foliage were taken at harvest 
for analysis of dry matter and protein content. 
Results are shown in Table 2. 

Table 2. Forage production of Leucaena accessions at the 
Bavi site. 

Entry 

L. col/insii subsp. col/insii 52/88 
L. col/insii subsp. zacapana 56/88 
L. diversifolia subsp. diversifolia 82/92 
L. diversifolia subsp. slenocarpa 4/91 
L. diversifolia subsp. diversifolia 83/92 
L. diversifolia subsp. slenocarpa 53/88 
L. diversifolia CPI46568 
L. diversifolia K 156 
L. esculenla subsp. esculellla 47/87 
L. esculenla subsp. paniculala 137/94 
L. esculenla subsp. paniculala 79/92 
L. involucra la subsp. involucrala 87/92 
L. lanceolala subsp. lanceolala 43/85 
L. lempirano 6/91 
L. macrophylla subsp. nelsonii 47/85 
L. pulverulellla 83/87 
L. salvadorensis 36/88 
L. shallnonii subsp. magllifica 19/84 
L. leucocephala cv. Tarramba 
L. leucocephala cv. Cunningham 
L. leucocephala x L. diversifolia KX3 
L. leucocephala x L. pal/ida KX2 
L. pal/ida composite 
Cal/iandra calolhyrsus 

SE of mean 

Dry matter 
production (kg/mZ) 

Total Edible 

1.32 0.51 
1.66 0.57 
0.36 0.16 
0.58 0.30 
1.43 0.63 
1.10 0.53 
0.55 0.28 
0.68 0.30 
2.18 0.93 
4.10 1.70 
2.60 1.15 
1.14 0.54 
0.84 0.41 
1.02 0.48 
2.55 1.08 
0.51 0.30 
2.78 1.28 
0.69 0.28 
0.70 0.35 
0.68 0.43 
0.78 0.36 
1.00 0.50 
3.53 1.60 
2.88 1.2 
0.41 0.17 

Ed ible green pH AI +++ PzOs PzOs 
matter Total (%) Avai lable 

(t/ha/yr) mg/lOO g 

5.61 5.3 5.2 0.08 8.0 
5.80 4.9 19.0 0.07 6.0 
3.20 4.3 67.5 0.08 12.7 
7.41 6.1 0.21 11.7 
4.70 5.2 8.4 0.10 3.6 
4.20 4.6 13.4 0.19 5.0 
6.23 5.6 0.4 0.2 9.5 

There were significant differences among y ields 
of the entries in Table 2 (P<O.OOl) both fo r total and 
edible dry matter. The e ight highest y ielding entries 
were L. escll!enla subsp. palliclllala (137/94), L. pal
lida composite, C. calolhyrsus, L. salvadorellsis 
(36/88), L. esculenla subsp. paniculata (79/92), 
L. macrophyllo subsp. ne/sonii (47/85), L. esclllenla 
subsp. esculellla (47/87) and L. col/insii subsp. 
zacapana (56/88). In general, the edible fracti on was 
between 35% and 42% of total yield. 

The application of fertil iser significantly increased 
the average total yi eld by 40%, from 1.23 kg/m 2 to 
1.74 kg/m 2, and the average edible yield by 49% 
from 0.53 kg/m 2 to 0.79 kg/m 2. 

Feed Intake Studies 
The eight highest yielding entries in the forage eval
uation experiment were used in feeding trials with 
goats and rabbits at the Goat and Rabbit Research 
Centre, Sontay. In the first trial, 40 lactating goats of 
the India and Bachthao breeds were divided into 
eight groups, and each group was fed one type of 
feed. The diet consisted of 2.5 kg foliage (inc luding 
leaf and stem to 6 mm diameter) plus 2.5 kg guinea 
grass and 300 g concentrate fed each day over a 5-
day period. In the second trial, 40 breeding rabbits 
were divided into four groups for assessing four dif
ferent feeds . 

The intake of goats and rabbits of the different 
feed varieties are summarised in Tables 3 and 4. 

There were only minor differences among the 
Leucaena accessions for dry matter and protein 
intake, but intake was always lowest for C. calo
I"yrsus. There was no diffe rence between two goat 
breeds (Bachthao and India) in the amount of OM 
(714 and 770 g/doe/day) or protein intake (148 and 
158 g/doe/day) (Figure 1). 

When the four feeds were fed to rabbits (Table 4), 
L. esculenla subsp. paniculala (137/94) had the 
highest intake, and Cal/iandra calolhyrsus the 
lowest. 
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Table 3. Dry matter and protein intake (gldoe/day) of eight supplementary feeds by lactating goats. 

Supplementary feed Dry matter Protein 

Total Supp. feed Total Supp. feed 

L. col/insii subsp. zacapana (56/88) 1351 745 263 195 
L. escuienta subsp. escu/enta (47/87) 1464 822 233 162 
L. escu/ellta subsp. pallicuiata (137/94) 1341 748 223 156 
L. escu/ellta subsp. panicu/ata (79/92) 1467 832 239 168 
L. macrophyl/a su bsp. ne/sollii (47/85) 1489 894 221 154 
L. sa/vadorensis (36/88) 1443 843 246 178 
L. pal/ida composite 1266 649 200 131 
Calliandra ca/othyrsus 1063 443 158 92 

SE of mean 66 58 13 12 

Table 4. Intake of dry matter and protein (gldoe/day) of four supplementary feeds by rabbits. 

Supplementary feed 

L. escu/enta subsp. pallicu/ata (137/94) 
L. escu/enta subsp. panicu/ata (79/92) 
L. pal/ida composite 
Cal/ialldra calothyrsus 

SE of mean 

gldoe/day 
1600 

1388.2 
1400 

1200 

SE=33.5 
P=O.09 

310 
266 
261 
221 

16 

Dry matter 

151 
116 
107 
83 
1I 

50 
41 
39 
32 

3 

Protein 

IOlndia §l Bachthao 

32 
24 
22 
16 
2 

SE=30A 
P=O.201 

1000 

800 

600 

400 

200 

0 
Total L. leu 

Dry matter 

214.9 227A 

Total 
Protein 

SE=6.5 
P=O.29 

148.3 158.1 

L. Leu 

Figure 1. Relative dry matter intake and protein between India and Bachthao goat. 

General Conclusions and 
Recommendations 

It is clear that growth of Lellcaena spp. is generally 
reduced by acid soil conditions, and that application 
of fertiliser is needed to obtain even moderate yields. 
Highest yields at an acid-soil site were obtained from 
L. esclllenta subsp. paniclllata (137/94), L. pallida 
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composite, and C. calotlzyrslls. These should be 
evaluated further in other acid-soil situations. 
Foliage from several Lellcaella spp. was well eaten 
by both goats and rabbits . C. calotlzyrsus was not 
eaten as much . Because these trials were only of 
short duration, further work is needed to evaluate the 
feeding values more extensively. 



Supplementation of beef cattle, goats and sheep 

The Effects of Supplementing Roughage Diets with 
Leucaena leucocephala on Intake, Digestion and 

Animal Performance of Goats and Cattle in Kenya 

S.A. Abdulrazak and J.O. Ondiek 

Abstract 

Studies conducted using cattle (experiment 1) and goats (experiment 2) to evaluate the effects of 
Leucaena leucocephala (Ieucaena) forage on intake, digestion and animal performance are 
reponed. In experiment 1,20 crossbred steers were used to describe the responses when supple
menting napier grass (Peflfliselum purpureum) with 0, 7.5, 15,22.5 or 30.0 g DM(kgWO.75 leucaena 
forage. Supplementation increased the total dry matter intake, but not that of napier grass. Diet 
digestibility was lowest in the control group, and the average live weight gains were increased sig
nificantly by supplementation. In experiment 2, six dairy goats were fed leucaena and Gliricidia 
sepium in compnunded rations, in contrast to commercial concentrate. Voluntary food intake, milk 
yield and composition were measured. There was no significant effect of the supplements on vol
untary food intake or milk yield, but the commercial concentrate produced the highest level of 
crude protein and lactose. It is concluded that L. leucocephala improves intake and animal per
formance and that it can replace expensive commercial protein sources in a diet for ruminants. 

TREE legume forages offer a cheap alternative to con
centrate diets in ruminant nutrition. One of the tree 
legumes that is used as supplementary feed in Kenya 
is Lellcaena leucocephala (Ieucaena). This tree has 
multiple uses: it is used as windbreaks, fences in the 
form of hedges, and the provision of forage for live
stock. Due to its high crude protein (CP) content, the 
forage can replace commercial protein feed sources in 
compounded rations or be used as a supplementary 
diet. This paper discusses some of the responses 
obtained in cattle and goats when offered forage of 
L. leucocephala (Ieucaena) as a supplementary diet or 
as a compounded ration respectively. 

Material and Methods 
Twenty crossbred steers were used in an experiment 
to describe the response of voluntary intake and 
animal performance when leucaena forage was used 
as a supplementary diet to napier grass. The animals 
were offered a basal diet of napier grass (Pellniselum 
purpllreum) alone or supplemented with incremental 
levels (7.5, 15, 22.5, 30 g OM/kg Wfl75) of leucaena 
forage in a randomised block design for 49 days. The 
basal diets were offered at least twice daily to ensure 
the feeding trough was not empty. Leucaena was 
offered twice daily at 0800 hand 1500 h. 

Egenon University, Department of Animal Science, 
PO Box 536, Njoro, Kenya 
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In experiment 2, the nitrogen contribution of 
L. lellcocephaia and Gliricidia sepillm (gliricidia) was 
examined using 6 dairy goats at 178 days of lactation, 
in a double 3 x 3 latin square design, with 14 days of 
data collection and a 10-day adaptation period. The 
goats were offered ad libitum Rhodes grass (Ch/oris 
gayalla) hay diet supplemented with equal portions by 
weight (-55 kg/day) of one of three supplements. 
Leucaena and gliricidia forage was used to replace the 
nitrogen source in a commercial concentrate. Dry 
poultry waste was prepared by collecting poultry 
waste from caged layer hens, deep stacked for 20 days 
then sun-dried .. Leucaena and gliricidia leaves from 
mature stands were harvested, chopped and then sun
dried to produce dry meals. The leucaena and gliri
cidia meals, cotton seed cake and poultry waste were 
milled through a 3.5 mm screen and mixed with other 
ingredients, namely maize germ meal, maize bran, 
crushed maize grain, fish meal and mineral mix. 
Maize germ meal, maize bran, cotton seed cake and 
mineral mix were mixed with the legume fodder meals 
to formulate the leucaena-based (L) and gliricidia
based (G) diets respectively. A concentrate was con
stituted by mixing crushed maize grain, maize germ 
meal, maize bran, cotton seed cake, mineral mix and 
fish meal so as to be representative of a commercial 
concentrate (C). The three supplements were consti
tuted to contain 16% CP. 



Total daily faecal output was collected, we ighed 
and a 10% sample taken, dried at 60°C fo r 24 hand 
stored fo r chemical analysis. All an imals we re con
fined in well -ventil ated individual feed ing stalls and 
weighed weekly . Water and mineral mix was on 
offer at all times. 

Ory matter of food and faeces was determi ned by 
drying the sample in an oven at 105°C fo r 24 h, ash 
by ashing at 550 QC for 4 h, C P, milk compos ition 
(solids-not fa t, SN F), butterfat , total solids (TS), and 
lac tose by the official methods of the Association of 
Offic ial Analytical C hemists (AOAC 1984). Experi 
mental data we re subjected to analysis of covariance 
usi ng GLM procedures of Statistical Analys is 
Systems, (SAS ]987). S ignificantly d iffe rent mea ns 
at 95% confidence were sepa rated by Ouncan 's new 
multipl e range test (Steel and Torrie 1980). 

Results and Discussion 
In ex periment 1, supplementat ion w ith leucacna main
tained the intake of the napier g rass and resulted in a 
significant (P<0.05) increase in to ta l dry matter intake 
(O M I). T he apparent digestibility of the diet and the 
average da il y gain we re significantl y improved with 
suppl ementat ion (Table 1). T he increase in tota l 

nutri ents and diet digestibil ity resulted in better 
performance in supplemented animals. 

In experiment 2, th ere was no significant differ
ence between the three suppl ements fo r hay intake, 
tota l OMI, C rude Protei n digestibi lity or tota l milk 
yield. The on ly s ignifica nt differences in milk com
pos ition were in crude protein and lactose content, 
whe re the commerc ial concentrate had the highest 
values (Tabl e 2). 

It is concluded that L. leucocephala forage, used 
at up to the 30% level as supplementary feed, 
improves intake and live we ight in ru minants. It can 
also substitute for more expensive protein sources in 
co mmercia l concentrate fo r dairy goats offered a 
roughage diet, without any detrimental effect. 
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Table 1. Mean dry matter intake (OM I), average daily ga in (AOG) and organic matter digestibility (OMO) in steers offered 
napier grass supplemented with 0, 7.5, 15, 22.5 or 30 g/kg OM W'J.75 leucaena forage. 

Level of supplementation 

0 7.5 15 22.5 30 SED sig. 

OMI (kg/d) 
Napier grass 5.2 5.3 5.3 5.3 5.0 0.21 NS 
Leucaena 0.0 0.5 0.9 1.3 1.7 
Total 5.2 5.8 6.2 6.6 6.7 0.31 
OMO (g/kg) 657 695 650 65 7 712 51.5 NS 
AOG (g/day) 538 711 719 789 850 76.5 

Table 2. Mean dry matter intake (OM I), diet digestibility, milk y ield, and composition in dairy goats offered hay 
supplemented with leucaena-based diet (L), g liricidia-based diet (G) and commercial concentrate (C). 

L G C 

OMI (kg/day) 
Hay 0.79 0.83 0.78 
Supplement 0.55 0.55 0.55 
Total 1.34 1.38 1.33 
CP digestibility (%) 71.4 73.2 75.6 
Total milk yield (kg) 7.9 6.9 8.0 

Daily average 0.6 0.5 0.6 
milk yield (kg/d) 

M il k composition (%) 
Butterfat 5.8 4.9 5.5 
Crude protein 23.6" 24. 1"" 26.4" 
Total Solids 3.3 2.9 3.0 
Solid not fa t 9.6 9.2 8.4 
Ash 5.4 5.8 8.8 
Lactose 38.1"" 37.7" 43.7" 

Mea ns within the sa me row with di fferent superscripts are Significa ntly different (P<0.05). 

2 76 

SE 

0.18 

0.44 
5.10 
0.49 

0.04 

0.40 
0.94 
0.1 8 
0.5 1 
0. 18 
1.86 



Effect of Sesbania grandiflora or Leucaena leucocephala on 
Rumen Environment and Production of Goats Fed a Basal 

Diet of Maize Stover 

Nguyen Thi Hong Nhan1 and Nguyen Trong Ngu1 

Abstract 

Preliminary results are reported from an experiment where immature green maize stover was 
used as a basal diet for goats supplemented with foliage from the leguminous trees Leucaena 
leucocephala and Sesbania grandiflora. Total feed intake was increased by supplementation with 
both types of legume foliage but liveweight gain was best with Leucaena. Intake and growth rate 
were reduced when the maize stover was ensiled. It was more productive of farmers ' time to 
harvest foliage from Sesbania grandiflora than from Leucaena leucocephala . 

A LARGE area has been planted with maize recently 
in the Mekong Delta fo r production of immature 
cobs for industrial processing. After harvesting the 
young maize cobs, the maize stover which is still 
green could be used to feed ruminants such as cattle, 
buffalo, goats and sheep. Of these species, goats are 
especially interesting because of their capacity to 
select the more nutritious components of plants. 
Immature maize stover does not requ ire any 
processing although ensiling is a common practice 
when whole plant maize is used as animal feed on 
the farm. The stover is relatively low in ni trogen and 
it is to be expected that it would benefit by being 
supplemented with a protein-rich leguminous forage. 
Two leguminous trees available in the Mekong Delta 
and which have potential as supplements for goats 
are Sesbania grandij10ra (sesbania) and Leucaena 
leucoceplzala (Ieucaena). 

The time taken to cut and collect feed by hand is 
an important factor in ' cut and carry' systems for 
livestock managed in confinement, as is the case in 
most situations in Vi etnam. This characteristic of a 
feed is rarely reported but is said to be the reason in 
Colombia for using leucaena in a g raz ing system and 
Cliricidia sepium for 'cutting and carrying' as 
practical observations showed that the harvest rate 
(kg foliage/unit time) was much higher for gliricidia 
than for leucaena (Molina, C. 1998, pers. comm.). 

I Agricultural Faculty, Cantho University, Vietnam 
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An experiment was undertaken usi ng growing 
goats to obtain preliminary results on the use of 
immature maize stover as a basal feed supplemented 
with the foliage of leucaena and sesbania. The time 
required to harv est the foliages from the two legume 
trees was also determined. 

Materials and Methods 

Feeding trial 
Four female goats (4-5 months of age) weighing 
from 9 to 12 kg were placed in individual cages 
made from bamboo. They were fed four di ets 
according to a 4 x 4 Latin square arrangement: 

MS: maize stover; 
EMS: ensiled maize stover (with 10% molasses 

fresh basis); 
MSSG: maize stover and sesbania (50% of each 

in the ration based on dry matter); 
MSLL: maize stover and leucaena (50% of each 

in the ration based on dry matter). 
Each experimental period was for 25 days and 

consisted of 5 days adjustment follow ed by 20 days 
for collection of data . Feed intake was recorded by 
weighing the amounts offered and the residue. The 
goats were weighed at th e beginning and the end of 
each period before feeding in the morning. O n the 
last day of each period, rumen fluid (about 50 mL) 
was obtained with a stomach tube before and 4 hours 
after feeding. Measurements we re made of pH, 



ammonia concentration (Kjeldahl distillation) and 
populations of protozoa (direct counting under 
microscope ). 

Harvesting rate of legume foliage 
Measurements were made during May, June and 
September of the quantities and the time taken to 
harvest the foliage of leucaena and sesbania. 

Results and Discussion 
Rumen environment parameters 
The mean values for pH, rumen ammonia and proto
zoal population are shown in Table 1. In accordance 
with expectations, the rumen ammonia levels were 
lowest in the diets that were not supplemented with 
the legume forage. However, the concentrations in 
all diets were close to or above the minimum values 
considered to be necessary for efficient utilisation of 
fibrous diets. 

Values for pH were all in the range considered to 
be optimum for rumen function. There were no 
differences between diets. 

The protozoa normally account for about 
50/0-10% of the rumen microbial biomass. There was 

a tendency for the protozoa to be less numerous 
when the feed was ensiled maize stover, perhaps 
reflecting the fact that soluble sugars present in the 
maize are fermented to organic acids in the ensiling 
process; and protozoa are stimulated by the presence 
of sugars in the diet. 

Feed intake and weight change 
Feed intake was highest for the diets supplemented 
with the legume foliage and lowest for the unsupple
mented, ensiled maize stover (Table 2). The acid 
smell and taste of the ensiled maize stover and the 
relatively short time to adapt to this feed may have 
been factors leading to the low intake. Weight gain 
was highest when leucaena was used as the supple
ment and least on the ensiled maize stover, retlecting 
the low level of intake. Addition of foliage of ses
bania to the maize stover increased the dry matter 
intake but not the weight gain. 

Harvesting rate 
The data in Figure 1 show that it took a significantly 
longer time to harvest a given amount of leucaena 
than of sesbania. 

Table 1. The effect of ration and time on rumen ammonia-N, pH, and protozoa numbers in goats fed immature maize 
stover. Means within rows with different superscripts differ significantly at the probability level shown. 

Parameter Time Ration SEI Probability 

Maize stover Ensiled maize Maize stover + Maize stover + 
stover sesbania IClIcaena 

Ammonia- Oh 157.9' I 95.0h 261. 1" 265.2" 19.9 0.01 
N (mg/L) 4h 286.3" 224.5b 448.6c 397.0J 24.4 0.01 

PH Oh 6.75 6.72 6.59 6.68 0.16 0.90 
4h 6.26 6.58 6.26 6.30 0.10 0.14 

Protozoa Oh 3.5 3.0 3.4 3.6 0.17 0.14 
(x 106/mL) 4h 3.8" 3.4b 3.7' 4.1 c 0.14 0.Q3 

1: SE: standard error of difference between treatment means. 

Table 2. Feed intake and liveweight changes in goats fed immature maize stover. Means within rows with different 
superscripts differ significantly at the probability level shown. 

Parameter 

Feed intake 
(g/day) 
Body gain 
(g/day) 

Maize stover 

304" 

42" 

Ration 

Ensiled maize Maize stover + Maize stover + 
stover sesbania Icucaena 

443" 

43" 

1: SE: standard error of difference between treatment means. 
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SEI Probabil ity 

20.8 0.001 

15.3 0.05 



Fresh foliage, g/minute 
600 

D Leucaena I!IIIII Sesbania 

500 

400 

300 

200 

100 

0 
April May September Mean 

Figure I. Rate of harvesting fOliage from leucaena and sesbania in Mekong Della in Vietnam (SE :!:19 P=O.OOl for 
differences between means). 

Conclusions 
The preliminary results from using immature green 
maize stover as the basal diet of goats are encour
aging, especially when this feed is supplemented 
with foliage of leucaena. The lack of response in 
liveweight change to supplementation with sesbania 
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is surprising especially as intake was stimulated to 
the same level as with leucaena. 

The use of ensiled maize stover may require longer 
periods of adaptation, as this is a novel feed for goats. 

It was easier to harvest foliage from sesbania than 
from leucaena. 



The Effect of Supplementation with Leucaena leucocephala 
and Urea or Sucrose on the Voluntary Feed Intake and 

Digestibility of Rhodes Grass Hay by Sheep 

I.W. Karda1, G. McL. Drydenl and R.e. Gutteridge2 

Abstract 

To determine the effect of supplementation on voluntary intake and digestibility of rhodes grass 
hay by sheep, 200 g of Lellcaena /eucocepha/a (Ieucaena) either with or without urea or sucrose 
was fed for four pe.riods of 15 days. During the last five days, digestibility was determined by total 
collection. There was no effect of supplementation on hay intake or total intake. Nitrogen digesti
bility was improved by supplementation with leucaena and urea. However, N balance was 
improved by leucaena supplementation, and addition of urea further improved this parameter. In 
contrast, supplementation with leucaena plus sucrose depressed the digestibility of NDF compared 
to the control and ieucaena supplemented diet. 

NUMEROUS trials have been conducted to test the 
value of Leucaena /ellcocepha/a (Ieucaena) leaf for 
ruminants as a protein supplement to low and 
moderate quality roughages (Bamualim et al. 1984; 
Elliott et al. ]985; van Eys et al. 1986). In these 
trials, cultivars Peru, Cunningham, Hawaii and 
accession ILCA 71 were used. Drying the leaf may 
enhance the formation of by-pass protein which is 
thought to be due to protein insolubil isation (Leng 
and Devendra 1995). Moreover, supplements from 
tree foliage generally have lower metabolisable 
energy contents compared to concentrate supple
ments (Richards et al. 1994). 

We therefore, undertook an experiment to study 
the voluntary feed intake and digestibility of rhodes 
grass hay when supplemented with Lellcaena /ellco
cephala cv. Tarramba either alone or with urea or 
sucrose. 

Materials and Methods 
Four rumen-fistulated sheep, body weight (38 ± 
0.5 kg) were used to compare four dietary treatments 
in a latin square design. The four dietary treatments 
were rhodes grass hay alone ad lib. (Diet 1), grass 

I School of Veterinary Science and Animal Production, 
The University of Queensland, Gallon, Qld 4345 
2 School of Land and Food, The University of Queensland, 
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hay ad lib. supplemented with daily amounts of 
200 g dreid leucaena leaf (Diet 2) or supplemented 
with 200 g d ried leucaena plus 8 g urea (Diet 3) or 
with 200 g leucaena plus ]50 g sucrose (Diet 4). 

Water and multimineral blocks were also provided 
ad lib. Four experimental periods were used with 
10 days of adaptation foll owed by five days in which 
total feed, refusals and faeces were collected to study 
feed intake and in vivo organic matter (OM), 
nitrogen (N) and neutral detergent fibre (NDF) 
digestibilities. 

Results and Discussion 
Rhodes grass hay contained 0.95% Nand 73.0% 

NDF in its dry matter, leucaena contained 2.77% N, 
31.3% NDF and 7% condensed tannin (dry matter 
basis). Intake and digestibility data are presented in 
Table 1. 

Supplementation did not improve the vol untary 
feed intake or digestibility, except N digestibility. 
This might have been because the N content of the 
basal diet was close to 20 g N/kg DOM, the level at 
which a response to protein supplementation may not 
be expected to increase the voluntary intake of low 
quality basal diets (Egan 1989). Alternatively , the 
level of supplement was below the optimal level of 
supplementation for tree foliage as suggested by 
Norton et al. (1994) (16% vs. 300/0-50% total OM I). 



Table 1. Intake (gDM/d), digestibility (g/kg DM) and N balance (g/day) of sheep fed grass hay ad lib. supplemented with 
leucaena or leucaena with urea or sucrose. Means within rows with similar superscripts are not significantly different 
(P>0.05). 

Parameter Diet I.s.d. (P<0.05) 

Intake: 
Hay 
Leucaena 
Urea 
sucrose 
Total 

Digestibility: 
OM 
NDF 
N 
N retained 

Grass alone 

924" 

924" 

532" 
540;' 
537" 

3.T' 

Grass + leucaena 

912" 
186 

1098" 

531" 
499;' 
564" 

6.2h 

However, N balance was improved by leucaena 
supplementation, and addition of urea further 
improved this parameter. 

In contrast, supplementation with leucaena plus 
sucrose depressed the digestibility of NOF over con
trol and leucaena alone diets. 

In conclusion, because of the positive effect of 
urea, rumen degradable N may be limiting in sheep 
given low quality basal diets supplemented with 
dried leucaena leaf. 
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Grass + leucaena Grass + leucaena 
+ urea + sucrose 

899" 726" 203 
186 186 

8 
126 

1093" 1062" 204 

529" 522" 35 
486" 392h 58 
670h 510" 65 

8.9< 4.7" 1.6 
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The Role of Tree Legumes in Fattening Cattle in Bali 

I. Ketut Rika 

Abstract 

Tree legumes are important sources of feed for Balinese cattle, particularly in the medium/high 
land area. Tree legumes provide 68% of the total tree forage in Bali of which gliricidia contributes 
47%, followed by erythrina (11%), calliandra (9%) and Leucaena leucocephala (2%). Gliricidia is 
used mainly in the lowland areas, but calliandra and erythrina are significant in the medium/high 
land areas. The use of Leucaella leucocephala has declined since the advent of the Leucaella 
leucocephala psyllid. The introduction of new shade tolerant grasses and legumes has helped 
increase the weight gains attained under the cut and carry system. 

ALTHOUGH Bali is famous as a tourist destination , 
600/0-70% of people are farmers. Land use in Bali 
consists of about 20 655 ha of sawah (rice fields) and 
437772 ha of dry land area, generally at middle and 
higher elevations. Forest covers about 125 513 ha. 
Rice is grown in the lowlands, and coffee, cocoa, 
coconuts, cloves, vanilla and fruits in the medium 
altitude and highland areas. Bali has a pronounced 
dry season of 4-5 months. 

All farmers keep livestock as an integrated 
activity, generally on a small scale. There are about 
500000 cattle and 30 000 goats overal l. The dry land 
farmers in the medium/h igh land areas have only 
small areas of land (average 2 ha) and grow many 
different sorts of tree crops (e.g., bananas, coffee, 
cocoa, fruit trees, cloves and coconut). Between or 
under the main trees they plant corn, sweet potato, 
cassava, peanuts, and forages. Vanilla is grown on 
supporting trees or shrubs. 

The farmers generally do not have more than two 
head of cattle. These are regarded both as a source of 
income and as draught animals. They are kept in a 
small shade house and fed using a cut and carry 
system. In the rainy season, the farmers find it easy 
to obtain forage, with adequate amounts generally 
coming from their own land (grass and legumes from 
under trees, plus prunings from live fences). 

However, in the dry season, forage supply is a 
problem, and it takes a lot of work to get an adequate 
supply from riverbanks, roadsides and common land. 

Faculty of Animal Husbandry, Udayana University, 
Denpasar, Bali , Indonesia 
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Feed resources consist of local grasses that are 
generally of low quality. 

A number of species have been introduced to 
improve the productivity and quality of forage in the 
farming systems, including Pennisetum purpureum 
and various Setaria species. 

Even when the supply of forage is adequate, the 
quality is generally low, and cattle generally do not 
gain more than 250 g/day . However, farmers try to 
overcome this problem at least in part by planting 
shrub legumes (Calliandra calothyrsus (calliandra), 
Leucaena leucocephala, Gliricidia sepium (gliri
cidia) and Erythrina spp. (erythrina)) as living fences 
or specifically for forage. 

Tree forages represent only about 28% of total 
forage production in Bali. It has been estimated that 
the tota l annual production of tree forages in Bali is 
about 842000 tonnes per year. Of this, the tree 
legumes gliricidia (47%), Leucaena leucocep/wla 
(2%), call iandra (9%) and erythrina (11 %) contribute 
more than two-thirds. The remaining 31 % is made 
up of banana leaf, coconut leaf, bamboo leaf plus 
other sources. 

Some areas favour production of certain species. 
In the sub-region of Badung (mostly lowland and 
very dry), 75% of tree forage is gliricidia, but in the 
sub-region of Bangli (all medium-high land) 49% is 
calliandra. 

The Principal Tree Legume Species 

Leucaena /eucocephala 
Leucaena leucocephala has been used in Bali for a 
long time, but since 1985 its use has decreased due 



to the psyll id. Leucaena leucoceplzala was favoured 
as a shade tree because its small leaflets provided the 
right amount of shade. It regrows well after cutting, 
is highly palatable to animals, and also retains its 
leaves well in the dry season. In addition, it was 
strong enough to use as a support for van illa. 

The new psyllid tolerant cv. Tarramba appears to 
g row well and may help to restore confidence in 
Leucaeno leucoceplzalo. It has been included in trials 
with new access ions of ca lliandra and gliricidia in 
the Besakih area of Bali (800-900 m above sea level , 
1500 mm rai nfa ll ). These trial s provided plants to a 
number of local farm ers for evaluation . 

Calliandra 
Calliandra has become popular because it can 
produce high yields of feed and fuel wood. Plant ing 
as live fencing produced 1.~3.2 t/km in 10 months, 
but planting in a monospec ific stand produced 
7-10 t/ha. These yields would be lower in areas w ith 
less ra infall. 

In the medium/high land areas, call iandra is cut 
together with Pennisetum to provide a high quality 
feed mi xture. Calliandra is eaten by cattle when it is 
fresh, in contrast to g liricid ia, wh ich is not. 

In the border forest areas, the government planted 
Pinus trees, but also planted ca ll iandra and Penni
selum in the same a rea. In retu rn for caring for the 
Pinus tress, the farm ers were allowed to cut the calli 
andra and Pellniselllm regularly for catt le feed. The 
calliandra branches were also used for fue lwood. 
This system means that while farmers have access to 
a feed source for their animals, they do not have to 
invade the forest area fo r fuel. 

Gliricidia 
Gl iricidia is most ly planted in the lower areas, where 
it ideally needs more than 900 mm of ra infall. It is 
used mainly as live fencing, but also in vani ll a plan
tations. Trees become well established in 18-24 
months, and can then be harvested every 2- 3 months 
during the rainy season and every 3-4 months during 
the dry season. Yields of about 3-4 kg DM per tree 
per harvest may be achieved. 

Gliricidia has been used for forage in a three-tie r 
forage system (Nitis et al. 1989). Most cattle in Bali 
will not eat gliricidia immediately after cutting. It 
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must be wilted first befo re being fed . It has a reputa
tion of dropping its leaves in the dry season . 

The leaves of gliricidia have hi gh nu tritive value 
for ruminants (200/0-30% prote in , 60%--65% in v itro 
digest ibility, low crude fibre and tann in levels) but 
are toxic to some monogastric animal s. In some parts 
of the world (e.g ., Somali a) the use of gliricidia fo r 
ruminants is li mited by its unpalatabili ty (Wiersum 
and Rika 1997). 

Erythrina 
Erythrina has long been used fo r shade, live fencing 
and mulch. In the cut and carry system, it is cut by 
farmers 2 or 3 times a year, and often mi xed with 
other local forages such as g rasses or other tree 
leaves. However, erythrina does not tolerate prun ing 
well. C utt ing it every 2 months resul ted in 15% of 
trees dying in the fi rst yea r. Cutting every six months 
produced 7.3 t of edib le biomass per year, whereas 
cutting every 4 months only produced 3.4 t. T he 
leaves had a crude prote in content of 22%, and a 
digestibil ity of 60%. T he trees of erythrina are no t 
strong, and are eas ily cleared out w hen fa rmers do 
not need them any more, or wish to replan t the area. 

Improving Forage Quantity and Quality 
In addition to the planting of shrub legumes, farmers 
now have access to new grasses (Slenolaphrllm 
secundalml/ cvv. Floratam and Vanuatu) and 
legumes (Arachis pintoi) which to lera te shade under 
pl antation trees such as coconuts. These species can 
provide good quantit ies of high quality feed in both 
the ra iny and the dry season . T his enables the farm er 
to keep more cattl e, o ften up to 6-8 head, and obtain 
better daily weight ga ins of up to 500 glday . It is 
an ticipated that new accessions of Lellcoeno species 
and calliandra will further enhance these gains. 
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Preliminary Study of Leucaena leucocephala as Feed 
for Livestock 

Liu Guodao1 and Wang Dongjingl 

Abstract 

The tender shoots and leaves of leucaena (Leucaena leucocephala) are high in protein and other 
nutrients but they also contain the amino acid mimosine which can be toxic to livestock if used 
inappropriately. Feeding experiments using Icucaena showed that 5% leucaena leaf meal could be 
used in the feed ration for chickens and 10% for pigs, but there was no advantage and a suggestion 
of slightly reduced liveweight gains and toxicity in chickens. Feeding 30% tender shoots and 
leaves in fresh forage to cattle increased liveweight gains by 32%. 

LEUCAENA (Leucaena leucocephala) is a valuable, 
high quality fodder tree for the tropics. It is capable 
of producing high yields and in Taiwan it produces 
2500-4000 kg/ha dry matter of tender shoots and 
leaves each year. Leucaena leaf contains 55% total 
digestible nutrients (TON), 2.42 Mcal/kg of digest
ible energy (DE), and 1.98 Mcal/kg of metabolisable 
energy. 

However, leucaena does contain the non-protein 
amino acid mimosine and if fed in excess, particu
larly to monogastric animals, adverse effects and 
even death in serious cases can occur. It is therefore 
very important to have a good understanding of safe 
feeding rates. In this context, livestock feeding 
experiments with leucaena were conducted at 
Production Team #10, Experimental Farm, Chinese 
Academy of Tropical Agricultural Sciences 
(CATAS) during the period ]994 to 1997. Prelimi
nary results are given in this paper. 

1. Chicken Feeding Experiments with 
Leucaena Meal 

Materials and methods 
Four experiments were conducted over the 
following periods: April 27 to August 11, 1994; 
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November 3] to December 20, 1994; September] 4 
to October 14, ]995; and January 23 to February 
31, ]996. Treatments and ration formulae are given 
in Table 1. 

The chicken breeds used for the experiments were 
Xingbuluo, Hongbuluo and Fujian for Experiments 
1,2 and 3 and 4 respectively . 

Nutrient analysis of the leucaena meal used in the 
experiments is presented in Table 2 in comparison 
with alfalfa. 

The chickens were housed in cages in all four 
experiments where they ate and drank freely under 
natural sunlight. All birds were drenched for ascarid 
and innoculated with Xinchengfang vaccine during 
the pre-experiment period. 

Results 
There was a suggestion of slightly lower weight 
gains in treatments containing Ieucaena compared 
to the controls (Table 3). Higher levels of leu
caena feeding would be necessary to confirm 
this result. 

Observations indicated that chickens fed rations 
containing 5% or 6.2% leucaena showed some rough 
feathers, feather shedding and/or pecking in some 
birds. 

Dissection of birds at the end of the experiment 
showed a darker, yellow skin and flesh, a larger gall 
bladder and spleen and harder liver in birds fed 
leucaena. However, no birds died in any of the four 
experiments. 



Table 1. Chicken feed ration treatment and formulae. 

Experimentrrreatments Maize Cassava Rough Wheat Peanut Sesame Fish Rice L..eucaena ME Crude 
(%) (%) rice bran cake cake meal Bran (%) (Meal! protein 

(%) (%) (%) (%) (%) (%) kg) (%) 

Experiment I Control 60 10 20 7 2.83 18.1 
3.8% treat. 55.8 10 5 17 7 3.8 2.76 17.3 
5% treat. 55.4 9.3 5 17 7 5 2.74 17.3 

6.2% treat. 53.5 10 5 17 7 6.2 2.70 17.6 

Experiment 2 Control 56 10 20 12 2.82 21.8 
3% treat. 53 3 10 20 12 3 2.72 21.5 
6% treat. 53 10 18 12 6 2.64 21.4 

Experiment 3 Control 58.5 20 15 5 3.10 15.6 
4.8% treat 5 kg of Leucaena per 100 kg of control feed 3.03 16.0 
6.5 % treat. 7 kg of L..eucaena per 100 kg of control feed 3.02 16.1 

Experiment 4 Phase 1 Clrl 39 23 6 11 12 6 3 2.85 18.3 
5% 39 23 I 11 12 6 3 5 2.79 18.7 

Phase 2 Clrl 38 30 5 11 10 6 2.87 17.3 
5% 38 30 11 10 6 5 2.84 17.7 

Table 2. Nutrient composition (%) of Leucaella leucocephala . 

Crude Crude Crude Crude Extract Ca P Mimosine 
protein fat fibre ash without N 

Leucaena 26.7 5.1 11.40 6.25 50.56 0.8 0.21 5.88 
Alfalfa meal 22.5 1.3 28.3 9 .0 27.1 1.26 0 .25 

• Source: Pig and Chicken Feed Component and Nutritional Value, compiled by China Society for Study of Animal Nutri
tion and Animal Husbandry Institute, Chinese Academy of Agricultural Sciences. 

Table 3. Chicken weight gain (g). 

Weight gain (g) Feed consumed (g) Feed/Conversion 
ratio 

Experiment 1 Control 880 
3.8% treat. 675 
5% treat. 843 
6.2% treat. 801 

Experiment 2 Control 475 1970 4.2 
3% treat. 511 1933 3 .8 
6% treat. 440 1910 4.4 

Experiment 3 Control 425 1633 3 .8 
4.8% treat. 411 1605 3.9 
6.5% treat. 381 1590 4.2 

Experiment 4 Phase 1 Control 427 3.1 
5% treat. 405 

Phase 2 Control 296 3.6 
5% treat. 299 3.6 
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2. Pig Feeding Experiment with Leucaena 
Leaf Meal 

Materia ls and methods 
Two experi ments were undertaken between July 7 
and October 8, 1996, and April 14 and November 12, 
1997. Treatments and ration fo rmu lae are given in 
Table 4. 

All pigs were the F1 generation of Subai x Lingao 
breeds. They were 75 days-old for Experi ment 1 and 
about 90 days-old fo r Experiment 2. 

They were all injected against sw ine pest, dia
mond disease and lu ng plague and drenc hed for 
ascarid in the pre-experim cnt period. 

Results 
There was no sign ificant effects of trea tment on 
weight gai n of pigs in ei ther experiment (Table 5). 

3. Cattle Feeding Experiment with Fresh 
Leucaena Forage 

Materials and methods 
T he experiment was conducted from August 11 to 
November 11, 1997 at the Productio n Team #10, 
Experimental Fa rm, CATAS. 

Table 4. Pig feed ration trea tment and fo rmu lae. 

There were two treatments, fres h grass fo rage 
alone or fresh grass plus 30% fresh leucaena leaf. 

Local one-year-old cattle were used fo r the ex per
iment w ith one bull and one cow in each treatment. 

Results 
Incl us ion of 30% leucaena forage in the diet 
increased livewe ight gain fro m 430 g/head/day to 
569 g/head/day . T here were no adverse effects of the 
leucaena on the ca tt le duri ng this period . 

Discussion 
There was no change in liveweight ga in with up to 
5% leucaena incl uded in the diet of chickens. At 
higher levels, toxici ty sy mptoms appea red and there 
was a suggestion of reduced li veweight ga in. There 
was no cha nge in liveweight gai n of pigs fed up to 
10% leucaena in the d iet. Leucaena fed as 30% of 
diet increased li veweight gain of cattle. 

The re woul d appear to be no value in including 
leucaena in the d iet of chickens. There may be a 
mall benefit in feed ing leucaena to pigs and there 

was a defi nite advantage w hen it was fed to catt le. 
Pelletisat ion or flavo uring of leucaena feed may 

improve its pal atab ility and red uce feed waste. 

Maize Cassava Rough Wheat Pean ut Fish Rice Le ucaena ME Crude 
(%) (%) ri ce bran cake meal bran (%) (Mcal/kg) protein 

(%) (%) (%) (%) (%) (%) 

Experiment 1 Control 11 33 13 5 19 4 15 2.95 15.8 
5% treal. 11 33 13 5 19 4 10 5 2.96 16.8 
10% treal. 11 33 13 5 19 4 5 10 2.96 17.9 
15% treal. 11 33 13 5 19 4 15 2.97 18.9 

Ex periment 2 Control 50 5 5 25 5 10 2.85 18.3 
5% treal. 50 5 5 25 5 5 2.79 18.7 

Table 5. Pig weight ga in (kg). 

Weight gain Feed consumed Feed/pork rat io 

Experiment 1 Cont rol 165 6 19 3 .8 
5 % trea l. 16 1 600 :U 
10% trea l. 166 603 3 .6 
15% trea l. 162 600 3 .7 

Experiment 2 Cont ro l 4 18 154 3 .7 
5 % treal. 422 153 3.6 
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Supplementation of dairy cows 

Milk Production from Ruzi mixed with Leucaena, Ruzi 
Alone and Ruzi Supplemented with Lablab purpureus 

S. Thdsri1, S. Prasanpanich2 and S. Swasdiphanich1 

Abstract 

Three groups of da iry cattle (n=8/group) were compared under different grazi ng managements, 
viz., stri p-grazed on pure ruzi grass (Brachiaria ruziziell sis), strip-grazed on a TU zi/leucaena 
pasture or strip-grazed on pure TU zi in the morn ing and on lab lab (Lablab purpureus) in the 
aftern oon. The ani mals that received the leucaena or labl ab in combi nation with the grass produced 
higher daily mil k yie lds (14.4 and 13.6 kg/cow) and fa t percentages (4 .5% and 4.2%) than those on 
pure grass alone (11.9 kg/cow for milk yield and 4.0% for fat). T hi s advantage is likely to be due 
to the greater crude protein levels in the legume/grass mix compared with that of pure grass alone. 
It is concluded that growing tree legumes wi th grass or sowing of pure herbaceous legumes can be 
recommended as pasture for dairy cattle in Thailand. 

GRASS/LEGUME pastures are no t widely used to 
reduce the cost of mil k production in Thail and due to 
the d ifficulty of ma inta in ing legumes in mi xtures 
wi th grasses. In o rder to overcome this problem, the 
use of tree legumes such as leucaena (Lellcaena 
/eucocephll/ll) ins tead of he rbaceo us legumes is of 
practica l sign ificance. Sowi ng of pure legume in a 
small area and using th is fo r special purposes has 
also been recommended by Wongsuwan and W atki n 
(1990). This pape r reports a grazing tria l in whic h 
milk production from ruzi grass (Brachiaria ruzi
ziensis) mi xed with leucaena and ruz i supplemented 
w ith lablab (Lab/ab purpureus) w ere compared to 
ruzi grass alo ne . 

Materials and Methods 
T he exper iment was conducted at the Dairy Promo
tion and O rgani sat ion o f Thailand, located at 
Muak lek, Saraburi, 150 km no rtheast of Bangkok. 
T he soil is a clay loam o f moderate fertility w ith 
pH 6.5. C limatic co nditio ns at the experimental site 
are mo nsoonal w ith the ra iny seaso n extending fro m 
May to Octobe r w ith peak precipi tation in Se pte mber 
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and averag ing 1012 mm annua lly . From November 
to April , the weathe r is rela ti vely dry. Mean 
maximum and mi nimum temperatures a re 34.1 °C 
and I S.7 °C res pecti vel y, w ith a relati ve humidity 
averaging 77%. The expe rime nt was carried o ut fo r 
14 weeks commenc ing o n 7 June and term ina ting on 
14 September 1995. A pre-experimental pe riod of 
o ne week was a ll owed fo r the an imals to adjust. 

The expe rimental area was subdi vided into s ix 
paddocks rang ing in a rea from 0.SO-D.96 ha . Two 
paddocks were used fo r each treatment. All paddocks 
were pl oug hed and c ultivated to produce a fin e and 
fi rm seedbed befo re sowing on 10 J uly 1994. A basal 
fe rtili ser (15N-15P-15K) was appl ied befo re sowi ng 
at the rate of 200 kg/ha. Fo r the m ixed pastures treat
ment (Ruzi/l eucaena), leucaena was p lanted in rows 
(100 x 50 cm) on 15 July 1994 with approximate ly 
20000 plants pe r hectare and ruzi g rass was g row n 
between the rows o f leucaena by drilling the seeds at 
the rate of 12 kg/ha. For the pure ruzi grass a lone, 
seeds we re drill ed in rows (50 cm between rows) 
us ing a seeding ra te of 24 kg/ha. 

Lab/ab purpureus was sown o n March 15, 1995 in 
rows (50 x 25 c m) at approx imately SO 000 pl ants/ha 
fo r the suppl e me nta ry trea tment. 

All paddocks, e xcept the Lab/ab purpureus were 
cut to 15 cm fo r ruz i grass and 25 c m fo r le ucaena o n 
28 April 1995 and fertil ser (15N-15P-15K) was 
applied a t the rate of 200 kg/ha. 



Twenty-four European crossbred cows in their 
first-to-third lactation and their first and second 
months of lactation period were selected. They were 
balanced for these factors and also the previous milk 
yield across the three treatments, viz.: 

1. Strip-grazed on pure ruzi grass alone for 
24 hours daily, apart from twice-daily milking. 

2. Strip-grazed on a ruzi/leucaena mixed pastures 
for 24 hours daily as in group 1. 

3. Strip-grazed on pure ruzi grass from 
1.00 pm-5 .oo am and strip-grazed on pure 
Lab/ab purpureus from 5.00 am-LOO pm. 

Rotational grazing was adopted, with an average 
grazing interval of 25-30 days such that there were 
three grazing cycles in the 98 days of the trial. 
Pasture was grazed down to 15-25 cm above ground. 
All cows were also fed with concentrate (14% ep) 
according to their individual milk production daily, 
at the rate of 1 kg per 3 kg of milk per day. Pasture 
production and chemical compositions were 
measured before and after grazing by using nine 
quadrats (100 x 100 cm) in each treatment. Pasture 
intake was calculated as the difference between 
pasture dry matter on offer at the beginning and end 
of each grazing period. 

Results 

Animal production 
Animals grazing ruzi and supplemented with lablab 
achieved the highest average daily milk yield of 14.4 
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Figure 1. Milk production over 13 weeks at 4% fat. 

kg/cow, when compared to 13.6 and 11.9 kg/cow in 
the leucaena/ruzi mixed and pure ruzi pasture respec
tively (Table 1). 

Milk production from the supplemented and 
mixed pasture treatments remained relatively high 
throughout the experimental period compared with 
the pure grass alone (Figure 1). Milk fat percentage 
showed a noticeable increase in the legume added 
treatments (2 and 3) compared with the ruzi grass 
only treatment. 

At the end of the experiment, the cows grazing ruzi 
grass alone, grazing ruzi mixed with leucaena and 
supplemented with lablab showed weight gains of 99, 
66 and 209 gm/head/day respectively (Table 1). 

Pasture production and protein content 
During the first cycle of grazing, all pasture treat
ments had 35-50 days regrowth (Table 2) but in the 
second and third grazing cycles the grazing interval 
was reduced to 25-30 days. As a result, the amount 
of pasture on offer was greater in the first cycle but 
with a lower crude protein content, compared with 
the lower pasture yield but much higher protein 
content in the later grazing cycles. 

However, the pure ruzi grass alone was still 
noticeably superior in dry matter on offer to the rest. 
All legume yields in the mixed and supplemented 
treatments declined following the second and the 
third cycles of grazing, but maintained a consistently 
high crude protein percentage compared to that of 
the ruzi grass. 

-+- Ruzi grass only 

___ Ruzi mixed with Leucaena leucocephala 

-+- Ruzi supplemented with Lab/ab purpureus 

8 9 10 11 12 13 

Week 
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Table 1. Effect of pasture management on dry matter on offer, on milk production (kg/head/day) and milk fat (%) over 
13 weeks. 

Treatment Milk production Milk fat (%) Pasture dry matter L.W.G. 
(adjusted to 4% fat) intake (kg/head/day) (g/head/day) 

1. Ruzi grass alone 11.9 b 4.0 b 8.2 98.9 a 

2. Ruzilleucaena mix 13.6 ab 4.2 ab 10.8 65 .9 a 

3. Ruzi in the morning, 14.4 a 4.5 a 11.2 208.8 a 
lablab in the afternoon 

Table 2. Pasture on offer before grazing of each grazing cycle (kg/ha) and their protein content. 

Treatment Grass Legume Total 

OM %CP OM % CP 

Tl' 3056 6.40 3056 
Cycle I T2 1831 5.90 688 25.6 2519 

T3 1538 6.30 438 23.4 1976 

Tl 2463 12.25 2463 
Cycle 2 T2 1156 12.38 356 27.4 1512 

T3 1088 12.64 744 24.9 1832 

T l 2006 12.73 2006 
Cycle 3 T2 1100 11.51 175 23.4 1275 

T3 969 12.93 375 25.5 1344 

, TI Ruzi grass alone; T2 Ruzi mixed with Leucaena; T3 Ruzi supplemented with Lablab. 

Dry matter intake of the cows grazing ruzi grass 
alone, grazing mixed leucaena and grazing ruzi 
and supplemented with lablab were 8.2, 10.8 and 
] 1.2 kg/head/day respectively (Table 1). 

Discussion 
The results of this experiment indicate the impor
tance of forage legume inclusions in pastures for 
dairy cattle production . The animals receiving the 
legumes through supplementation or mixed with the 
grass showed higher milk yield and fat levels than 
that of the pure grass alone. 

This advantage was possibly due to the higher 
crude protein levels (Table 2) and higher forage 
intake (Table 1) compared with grass alone, as 
reported by Stobbs (1975) and Muinga et al. (1995). 
Similar results have been reported by Abdulrazak et 
al. (1996) in that supplementation with leucaena 
increased the total DM intake linearly without 
depressing the intake of napier grass. 

The superior milking performance due to legume 
inclusion was particularly evident during the first 
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four weeks of the experiment, probably due to the 
poor quality of the ruzi grass in that period. There
fore, the legume added through the mixed grass/ 
legume or as a supplementary feed, is essential to the 
maintenance of elevated milk yields. 

The results of this study also showed that sowing 
of pure legumes and feeding daily by grazing or cut
ting in order to provide the cow with high protein 
forage can be ·achieved without difficulty. This 
system also allows the farmer to add more urea and 
other fertiliser to the pure grass without any problem 
of suppression of the legume which commonly occurs 
in mixed grass/legume pastures (Whiteman 1980). 

As a result, the supplementary system can achieve 
higher mi lk yield and fat percentage than conven
tional herbaceous mixed grass/legume systems. 
However, the use of a tree legume, such as leucaena, 
is of particular interest as it can better withstand 
grazing pressure and compete well with the grass. 
From observations, there appeared to be no death of 
leucaena plants as compared with the severe death of 
Stylosamhes hamata plants reported by Wongsuwan 
and Watkin (1990). 



All treatments declined in milk yield especially 
under the pure ruzi grass treatments during the last 
three weeks of the experiment, due probably to the 
reduction in legume yield and hence forage quality 
of the legume-based treatments and due to the com
mencement of the reproductive phase in the grass
only treatmen t. The animals may have also reached 
the physiological stage of mid-lactation period 
(Bryant and T rigg, 1982). 
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Comparison of Leucaena leucocephala and other Tree 
Fodders as Supplements for Lactating Dairy Cows 

B. v. Maasdorpl and B.H. Dzowela2 

Abstract 

Two trials are summarised in which the forage value of four browse species was evaluated as 
dried conserved dry season feed for dairy ing, either as an improved source of forage, or as a 
cheaper source of homegrown protein substituting for cottonseed mea l. Cows were on a basic diet 
of maize silage and maize grain, plus/m inus cottonseed mea l. In one trial , 1.5 kg of sundried 
Acacia bolivial/a, Callial/dra calothyrslI s or Lellcael/a lell cocephala repl aced an equal mass of 
poor qual ity grass hay, and in the other about 5 kg sundried Acacia allgllstissima, Cajanlls cajall, 
C. calothyrslIs or Lell caena lellcocephala was substituted for 3.3 kg cottonseed meal 
isonitrogenously. A ll trial forages were fed together with 2-3 g/kg polyethylcne glycol (PEG) or 
Browse Plus (a commercial PEG-containing digesti ve modifier). Milk yields (kg/cow/d) in the f irst 
trial were: grass hay 11 .36, Lellcael/o lellcocephala 13.19, A. bolivialla 11.94 and C. calothyrslI s 
11.14 (P<O.OOI ); and in the second trial: cottonsecd meal 15.57, Lellcael/a lellcocephala 14.36 , 
C. cajall 12.79, A. allgll stissima 11.56 and C. calothyrslIS 8.57 (P<O.OI). Tree fodder pol yphenol ic 
characteri sti cs were assessed in the first trial. Indications were that, despite the forages being fed 
together with PEG, anti-nutritional factors related to polyphcnolic characteristics were still 
operative, particularl y with A. allgustissima/A. bolivial/a and C. ca!othyrsus. The potential for use 
of C. calothyrsus conserved as hay for dry season feed for dairying would appear to be limited and 
A. bolivialla onl y modcrate, whereas Lellcoel/a lell cocephala and C. cajal/ have good potential for 
this purpose with respect to forage va lue. 

FEED supply is a maj or limi t ing factor for small ho lder 
dai ry prod ucti on in Zi mbabw e, pa rti cularly during the 
dry season. Fodder trees are seen as a cheaper source 
of protein than da iry concentrates and several intro
duced spec ies have proved reasonably wel l adapted. 
However, many browse species have high levels o f 
polypheno lic compounds, incl uding condensed 
tannins (proa nthocyanidins - PAs) , w hich can have 
negative effects on protein availab ility , pa latab ility 
and digestibility (Woodward and Reed 1989). It is 
therefore essential to conduct feeding trials fo r 
accura te nutriti onal evaluation of tree fodders. 

T wo stud ies w ere undertaken to evaluate th e 
forage va lue of four species w hen used to supple
ment dairy diets, either as an improved source o f 

I Department of Crop Science, University of Zimbabwe, 
PO Box M P 167, Harare, Zimbabwe 
2 SADC/ICRAF Agroforestry Project, PO Box CY 594, 
Causeway, Harare, Zimbabwe 
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forage ( M aasdo rp et aI., in press), o r as a home
grown substitute pro tein source (Dzow ela et aI., in 
press). The forage w as cu t at the end of the growing 
season and sun dried, a pract ice suggested by 
D zowela et al. (1 995) to avo id dry season leaf loss 
due to moisture stress and frost. 

Materials and Methods 

Trial 1: As improved forage 
Fodder of Acacia boliviana (progeny of CPI 40 175), 
Cal/ialldra ca/olliyrslls (OFI 9189) and Leucaella 
lellcoceplwla cv . C unningham was used to repl ace, 
and compare with, 1.5 kg of poor quality roughage 
(R hodes grass hay, Ch/oris gayana), given to 
Holstein-Fri es ian cows on a basic diet o f maize sil age 
(30 kg) , cottonseed cake (2 kg) , crushed ma ize (8 kg), 
wi th access to ad libitum grass hay after 12 noon. 

The tri al fo rages w ere all m ixed with 5 g o f B rowse 
Plus, a d igest ive modifier contain ing pO lycthyl ene 
g lyco l (PEG), and fcd mid-morning. There were three 



cows in each feeding group. Milk yield was recorded 
for two weeks folluyv ing a 2-week adaptation period 
and using the 7-day pre-trial milk yield as a covariate. 
Forages underwent proximate analysis and were 
assessed for polyphenolic characteristics. 

Trial 2: As a substitute for cottoDseed meal 

The species evaluated were A. angllslissima, 
C. cajan, C. calothyrsus and Leucaena lellCo
cephala . Friesian cows were fed maize silage 
(22 kg), mai ze meal (5 kg on average), and either 
3.3 kg cottonseed meal or 5 kg (on average) tree 
fodder (amounts of maize meal and tree fodder 
adjusted so as to feed 10 kg of an approximately 
isoni trogenous mixture). 

The cows were also dosed da ily with 20 g PEG 
and had access to Star grass (Cynodon nlemJllensis) 
pasture. T he experiment was conducted as a 
balanced lat in square with groups of four cows, with 
2-week adjustment and one week true response 
pe riods. 

Pre-treatm ent average milk yi eld was used as a 
covariate for milk yield. Tree fodder crude protein 
(CP) content and in vitro organic matter (OM) 
digestibility (Tilly and Terry 1963) were determined. 

Results and Discussion 
Practically all of the test fodder was consumed. 
Browse Plus/PEG at the rate of about 2-3 g/kg 
fodder was therefore adeq uate to ensure good intake 
of these dried tanniferous forages. 

Mi lk yields, OM digestibility and polyphenolic 
characteri stics are presented in Tables 1 and 2. 

Considering both trial s, milk y ield response was 
highest for Lellcaena lellcocepliala , intermediate for 
the Acacia species, and lowest or nil for C. calo
thyrslls. Milk yield of cows suppl emented with 
Lellcaena lellcocephala was not significantly 
different (NSO) from that of cows fed cottonseed 
mea l, tho ugh it did result in a lower fat corrected 
milk (FCM) yi eld (P<0.05). The response to C. cajan 
as a cottonseed mea l substitut e was NSO from tha t 

Table 1. Tree fodde rs used as a substitute fo r grass hay : milk yield and forage in vitro organic matter digestibilty and 
polyphenolic characteri stics. 

Acacia boliviallG Ca/lialldra Leucaella Grass hay 
calothyrsus leueocephala 

Milk yield 11.94b 11.14c 13.1 9a 11 .36c 
(kg/cow/day) 
OM digestibi li ty (g/kg) 572c 509d 8793 624b 
Soluble phenolics (g/kg OM) 189.2b 232.4a 160.0c 6.99d 
Soluble PAs 113.5a 69.5b 63.5b 0.48b 
(AU550 nm/g OM NOF) 
Insoluble PAs 24.77b 29.20a 17.38c 0.37d 
(AU550nm/g OM) 
Polyphenolic PPC 697a 557b 339c nd 
(mm2/g OM) 

Means in the same row followed by different letters are significantly different (P ,,0.05). O M - organ ic matter; PAs -
proanthocyanid ins; PPC - protein precipitating capacity; AU - absorbance units at 550nm; nd - not determined. 
Source : Maasdorp et al. (in press). . 

Table 2. Tree fodde rs used as a replacement for coli on seed meal: milk yield and forage in vitro organic matter (OM) 
digestibility. 

Cottonseed meal Acacia Cajanus Ca/lialldra Leucaena 
angustissima cajall ealothyrsus leucocephala 

Milk yield 15.57a 11.56bc 12.79ab 8.57c 14.36ab 
(kg/cow/d) 
Fat corrected milk yield 14.55a 9.93b 10.48b 6.89c 11.34b 
(kg/cow/d) 
OM digestibility 341 443 334 455 
(g/kg) 

Milk yield mea ns followed by different letters are significantly di ffe rent (P,,0.05). Source : Ozowela et al. (in press). 
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of Leucaena lellcocephala. OM digestibility was also 
similar. C. calothyrslIs was of no benefit as a 
replacement for grass hay and depressed milk yield 
by 45% and FCM by 53% when substituted for 
cotton seed meal isonitrogenously. 

In these trials, milk yield responses to Leucaena 
leucocephala and C. cajan were substantial, viz. 
1.86 kg from 1.5 kg sundried Lellcaena lellcocephala 
instead of grass hay, and yield reductions NS when 
substituted isonitrogenously for 3.3 kg coltonseed 
meal. This supports the view of Muinga (1993) and 
Muinga et al. (1995) that favourable mil k yield 
responses depend on the presence of adequate 
dietary energy. 

The OM digestibility differences between the tree 
forages were not related to crude protein, neutral 
detergent fibre or acid detergent fibre, as A. boliv
iana and C. calothyrsus were not inferior with 
respect to these parameters. In these mature tree 
fodders (without PEG) soluble polyphenolic content 
and insoluble PA content (trial 1) were strongly 
negatively associated with both OM digestibility and 
milk yield. Polyphenolic PPC was also negatively 
related to these parameters. This would indicate that, 
despite the forages being fed together with PEG, 
anti-nutritional factors related to polyphenolic char
acteristics were still operative, particularly with 
A. allgllstissima/A. bolivialla and C. calothyrsus. 

The poor responses to dried C. calothyrslls in 
these trials contrast with positive results reported for 
the feeding of fresh C. calothyrsus foliage (Paterson 
et al. 1996; Pal mer et al. ] 995). Drying of C. calo
thyrslls and some other tanniferous tree forages has 
been associated with decreased intake and digesti
bility (Palmer and Schlink 1992) and decreased sol
uble tannin content (Ahn et al. ] 989). This is thought 
to be related to increased tannin polymerisation and 
binding with proteins and cell wall carbohydrates 
(Reed 1986). 

Conclusion 
Sun dried Leucaella leucocephala and C. cajall, fed 
together wi th 2-3 g PEG!Browse Plus per kg and 
with adequate dietary energy, have good potential 
for dry season feeding of dairy cows, providing an 
improved source of forage and homegrown substi
tute for expensive dairy concentrates. A. allgustis
sima/A. boliviana would appear to be of intermediate 
forage value for th is purpose. 

By contrast, the potential use of C. calothyrslts as 
a dried conserved dry season high protein feed for 
dairying is limited, apparently related to its high 

----------------------------------- ----
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polyphenolic content. Further feeding trials are 
required to determine rate responses and to establish 
and quantify sygnergistic effects between these more 
promising tree fodders and affordable amounts of 
cottonseed meal. 
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Supplementation of pigs and chickens 

U se of Leucaena in Feeding Pigs 

P. Argentil and F. Espinoza1 

A bstract 

When leucaena leaf meal (LFM) was substituted for 10% or 20% of the normal corn-soybea n 
ration of pigs, the digesti bility of all components of the diet except fibre was reduced. The added 
LFM increased fibre content in the diet. Digesti ble energy was severely reduced by the add ition of 
LFM. However, in a feed ing trial comparing 0 and 20% LFM , there was no di fference in feed 
consumption, da il y weight ga in or feed use efficiency. There was no pathological dam age to 
visceral orga ns or carcasses of the pigs. Although these results indicate the potential usefuln ess of 
LFM in pig diets, there is a need to assess both the long-term effects of LFM on pigs and the 
economic aspects of feeding LFM. If LFM is to be used, it should be kept as free as poss ible from 
small stems, in order to reduce fibre content. 

TH E PIG secto r in Venezuela has been hit by a 
numbe r of difficulti es in the pas t few years, particu
larl y due to the hi gh cos t of concentra te foods . 
Prote in is o ne of the mo re expens ive compo nents, 
and comes ma inly f rom im po rted so urces. Therefo re, 
th ere is a need to study a lte rn a tiv e prote in sources 
th at can be produced within the country with hi gh 
yi e ld and rela tive ly low cost. Lellcaena /eucocephala 
(I eucaena) is a versatil e leguminous pl ant adapt ed to 
tro pi cal cond itio ns. It has been estimated (Shelto n 
1996) that the re a re be tween 2 and 5 millio n hecta res 
of cultivated leucaena th ro ugho ut the wo rld . 

Venezuela has la rge a reas o f ac idic infe rtil e so il s, 
to which leucaena is no t w ell adapted . However, 
annual yie lds o f leucaena of 2500 kg dry m atte r pe r 
hectare (OM/ha) wi th a prote in content of 200/0-31 % 
have been obta ined ( Espinoza et al. 1992). T hi s 
species the refore presents an a lte rna tive no t o nly fo r 
feeding rum ina nts b ut a lso non-rumi nant s pecies 
such as the pig. Leucaena may be able to parti a lly 
substi tute fo r soybean and co rn in balanced d iets. 
T he present work was unde rtaken to dete rmine, in 
pigs, the appa rent digestibility of d iets tha t included 
leucaena fo li age mea l (LFM) and to eva luate the 
acceptance of th ese die ts in growing anima ls . 

Materials and Methods 
Two experiments we re carr ied o ut in the swin e uni t 
of the In stituto de Investi gaciones Zootecnicas, 

Il nstituto de Investigac iones Zootecnicas, CEN IAP
FONA IAP, Apdo. 4653 , Maracay 210 1, Venezuela. 
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Cent ro Naciona l de Inves tigaciones Agropecuari as 
(CENIAP). In the firs t experiment, 12 hybrid pigs, 
averaging 30 kg livewe ig ht ho used in indiv idual 
metabo li sm cages, were ass igned at rando m to ei ther 
of three treatments : Tl : control di e t (corn and soy
bean); T 2 : substituti o n o f the cont ro l d iet by 10% of 
LFM; T3 : substitutio n of the cont ro l diet by 20% 
LFM . All the di e ts were bal anced to be isoprote ic 
and isoenerge tic to give 18% c rude protein (CP) and 
3800 kcal/kg (Table 1). Afte r 10 days of adapta tio n 
to the cages and di ets , to ta l co ll ecti o ns of faeces and 
urine were made da ily at the sa me ho ur fo r s ix 
consecutive days. 

Table 1. Chemical composition of the three feeds in the 
first experiment. 

Component Trea tment 

0% LFM 10% LFM 20% LFM 

Moisture content 8.7 7.6 7.5 
Crude protei n 18.1 18.1 18.6 
Crude fibre 1.9 4.1 6. 1 
Ether ex tract 2. 1 6.8 8.8 
Nitrogen free ex tract 74.8 65 .7 60.2 
Ash 4.2 5.40 6.1 
Energy (kca l) 3544 38 16 39] 1 

In the second experiment , 12 hy brid p igs of 45 kg 
I ivewe ig ht we re ass igned at ra ndo m, 2 pigs per pen, 
to e ither of 2 trea tmen ts: T 1: contro l di e t (co rn and 
soybean); a nd T 2 : substi tutio n of contro l by 20% 
LFM . T he experi ment las ted 2 w eeks, and feed 



intake, initial and final liveweight were recorded. At 
the end of the experiment, 2 pigs were killed and 
visceral organs and carcasses were investigated for 
pat hol ogies in the Instituto de Investigaciones Veter
inarias, C ENIAP, Venezuela. 

Results and Discussion 
Table 2 shows the digestibility values for the 
different treatments in the first experiment. Highly 
si gn ificant differences were observed for all com
ponents except crude fibre (C F), with digestibility 
decreasing with increasing LFM content. The protein 
d igestibility coefficients are similar to those reported 
by G uerrero and Castellanos (1984), with a decrease 
in digestibility as more LFM was added to the diet. 
Although there were no differences in fibre digesti
bility the diets containing LFM have a higher fibre 
content (Table I ) because the leaf meal used com
prised the rachises as well as the pinnae. It is of 
some concern that the digestibility of energy greatly 
decreased with increased LFM content, leading to 
considerably less digestible energy in the LFM 
rations. 

Table 2. Apparent digestibility coefficients (%) of 
chemical components of the three feeds. Within a row, 
means followed by different letters are significantly 
different (P<O.OI). 

Component Treatment 

0% LFM 10% LFM 20% LFM 

Dry matter 96.4a 91.5a 80.2b 
Crude protein 87.3a 77.6b 69.8c 
Crude fibre 53.2 51.1 50.6 
Ether extract 68.0a 65.3a 59.lb 
Nitrogen free extract 96.1a 81.8b 68.3c 
Energy 90.3a 63.0b 40.0c 

In the second experiment, there was no significant 
difference in feed consumption either in per head 
(2.2 kg for 0% LFM, 2.1 kg for 20% LFM) or per 
pen (61.6 kg and 58.8 kg respectively). These values 
are similar to those reported by Rodriguez (1989) 
who observed consumption in fattening pigs of 
between 2.13 and 2.78 kg/day for diets which 
included LFM at levels of 20% and 5% respectively. 

The average daily weight gains (795g for 0% 
LFM and 780g for 20% LFM) did not differ signifi
cantly. These figures are higher than those reported 
by Rodriguez (1989) for similar diets, and also 
higher than the results of Salas and Castellanos 
(1986) feeding 10% LFM. 

Feed efficiency was the same for both treatments 
(0.36 and 0.37). These values are considered normal 
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for this growing period (NAP 1988), but are higher 
than those implied by Rodriguez (1989). 

There was no pathological damage to the visceral 
organs or carcasses of the pigs. However, the feeding 
period was only short and may not have been long 
enough to affect the animals physically. More 
research is needed over a longer time. As a positive 
sign, it was indicated that there was smaller fat con
tent and more muscular mass from those pigs fed 
with 20% of LFM than the control (Rodriguez 1989). 

Conclusions and Recommendations. 
The values obtained in the first experiment indicate 
that to reach the nutritional requirements of the pig 
with these diets, a bigger food consumption will 
need to be stimulated possibly through low cost 
tlavour enhancement or higher balanced protein and 
energy content. It is therefore important to examine 
the costs of various rations, in particular, the 
decrease in costs when higher proportions of LFM 
are included. It is also important to examine the use 
of very fine sieves so that only the less-fibrous 
pinnae are included in the diet, thus increasing the 
digestibil ity. 

The second experiment suggests that LFM could 
be considered as an alternative resource to feed pigs, 
with daily weight gains and feed efficiencies similar 
to those obtained when feeding corn-soybean, and 
without risk to the anim als ' health. However, it is 
important to carry out experiments where LFM is 
provided at all stages of the animal's growth, pos
sibly including higher proportions of LFM in the diet 
to obtain a more comprehensive understanding. 
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The Effect of Leucaena Leaf Meal on Egg Quality and 
Growth of Broiler Chickens 

Th Quang Hien] and Nguyen Due Hung 

Abstract 

The effect of leucaena leaf meal (LLM) on egg quality and chicken growth was studied by 
supplementing the mixed diet with LLM. Adding 4% of LLM into the diet of laying hens 
increased egg weight and quality and reduced the cost of chick production. Supplementing the 
ration of broiler chickens with LLM increased live weight gain and decreased the cost of 
production. It appears that 4% LLM could be close to the optimum level of LLM supplementation 
as there was some indication that higher levels were not as effective. 

L EAF meal of legumes has often been used as a 
component of mixed feed fed to layer and broilcr 
chickens. The quality of leucaena leaf is generally 
similar to that of other legume species, with good 
levels of protein and vitamins. Two experiments 
were conducted to assess the effect of feeding 
leucaena leaf meal (LLM) on egg quality and growth 
of broiler chickens. 

Experiment 1 

To identify the eflect of LLM on egg quality 
Three diets were compared: Control (mixed feed), 
mixed feed + 4% LLM in diet, and mixed feed + 6% 
LLM in diet. All diets were the same in terms of 
metabol isable energy (M E) (2837 Kcal/kg) and 
crude protein (19.4%). Each diet was fed to 50 
laying chickens (breed HV35), with three replica
tions (total 450 birds). Six hundred eggs were 
selected from each group for incubation, and assess
ment of embryos, hatching and chick quality. The 
results are shown in Table 1. 

Chickens fed with LLM produced bigger eggs with 
a higher proportion of yolk than the control. Eggs 
from those fed 4% LLM were bigger but had a sm"IIer 
proportion of yolk, than from those fed 6% LLM. 

Diets containing LLM produced a higher propor
tion of eggs containing embryos than the control 
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diet. The percentage of eggs hatching and the class I 
chicks were also higher. There was no difference 
between the two LLM diets. 

Table I. The effect of ieucaena leaf meal (LLM) on egg 
quality and feed cost in laying chickens. 

Variable Diet 

Control 4% 6% 
LLM LLM 

Egg weight (g) 56.7 58.2 57.5 
Yolk % 31.1 32.3 33.9 

Incubated eggs with embryos (%) 89.2 91.5 93.3 
Incubated eggs that hatched (%) 70.5 78.0 78.2 
Class I chickens/total incubated 
eggs (%) 69.2 77.7 77.8 

Feed cost/lO eggs·(VND) 14208 12526 12516 
Feed cost/class I chicken (VND) 2054 1613 1608 

Thus the use of leucaena leaf meal has a good 
effect on egg production and quality. Feeding 4% 
LLM should result in a higher proportion of Class I 
chicks for sale. 

If feeding LLM is to be practical, it must be 
economically efficient. A financial analysis of the 
feed cost to produce 10 eggs and one chicken is 
shown in Table 1. The cost of egg production was 
reduced by 12%, and as the proportions of hatching 
and class I chicks produced by layers fed LLM were 
higher than the control, the feed cost to produce one 
chicken reduced by 22%. 



Experiment 2 

To identify the effect of LLM on the growth rate 
of broiler chickens 
Again, three diets were compared: control (mixed 
feed), mixed feed + 3% LLM for the first 28 days 
and 5% thereafter, and mixed feed + 4% LLM for 
the first 28 days and 6% thereafter. All three diets 
were the same in terms of ME and CP: for the first 
28 days, 3074 Kcal/kg and 23.6% CP, thereafter 
3158 Kcal/kg and 21.4% CP. 

The three diets were each fed to 100 broilers 
(breed HV35), replicated 3 times (total 900 birds). 
Liveweight gain was measured after 56 days, and the 
results are shown in Table 2. 

The liveweight of chickens at 56 days was higher 
for those fed LLM than for the control group, but the 
lower proportion of LLM produced the greater gain . 
The feed efficiency of the group fed LLM was 
higher than that of the control group, leading to a 
reduction in production cost of 7% for the 3% and 
4% LLM diet and 5% for the 4% and 6% LLM diet. 

Conclusions 
A mixture 4% of LLM into the diet of laying hens 
increased egg weight and quality and reduced the 
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cost of chicken production. Supplementing the ration 
of broiler chickens with LLM produced increased 
LWG and decreased the cost of production. It 
appears that 4% LLM could be close to the optimum 
level of LLM supplementation as there was some 
indication that higher levels were not as effective. 

Table 2. The effect of leucaena leaf meal (LLM) on live 
weight gain, feed use efficiency and cost of production in 
broiler chickens. 

Variable Diet 

Control 3% 4% 
and 5% and 6% 

LLM LLM 

Liveweight gain 56 days (g) 2062 2242 2122 

Consumed feed/chicken (kg) 4.93 5.04 4.92 
Feed intake (kg/kg gain) 2.39 2.25 2.31 

Energy efficiency: Kcal/kg 
LWG 7,488 6,932 7140 
Protein efficiency: g LWG/g 
protein 1.62 1.72 1.67 

Feed cost/chicken (VND) 18720 18910 18350 
Cost/kg LWG (VND) 9078 8434 8647 



The Effect of Supplementing the Diet of Broiler Chickens 
with Leucaena Leaf Meal and FeS04 

Tu Quang Hien1 and Nguyen Thi Inh2 

Abstract 

Chickens fed 3% leucaena leaf meal (LLM) for 28 days and 4% from days 28 to 56 had higher 
weight ga ins, better feed intake effi ciency and lower costs per kg LWG than control birds. Us ing a 
higher rate of LLM (5 and 6%) wi thout FeS0 4 suppl ementation reduced LWG and decreased feed 
intake efficiency. Supplementation with FeS04 restored the LWG and feed intake efficiency to 
levels simil ar to those attained with the lower intake of LLM. 

LEAF meal made fro m leucaena (Leucaena leuco
cephala) (LLM) is rich in p roteins and v ita mins and 
is often used as a component o f mixed feeds fo r 
various fo rms of animal productio n. How ever, thi s 
materi al conta ins mimos ine, a toxic amino ac id 
w hic h can have a detrimental effect o n animal 
health, particul a rly in no n- ru minants. 

One w ay to negate the e ffect of m imosine is to 
supplement the ration with FeS04' This paper repo rts 
the results of an experiment where the di et of broile r 
chickens was supple mented wi th LLM and FeS04. 

Materials and Methods 
Four diets we re compared. They were identica l in 
terms of metabol isable energy and prote in. 

For the firs t 28 days: 
Group 1: (co nt ro l) - basal feeding o nly (BS I). 
G roup 2: 97% o f BS 1 + 3% LLM. 
Group 3: 95 % BS 1 + 5% LLM. 
Group 4: 95% BS 1 + 5 % LLM + FeS04. 

BS 1 contained 3100 Kcal ME/kg and 23 % 
prote in . 

Fo r days 29-56: 
Group I : (contro l) - basal feeding onl y (BS 11). 
Group 2: 96% of BS " + 4% LLM. 
G roup 3 : 94% of BS " + 6% LLM 
Group 4: 94% o f BS " + 6% LLM + FeS04 ' 
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BS " contained 3200 Kca l M E/ kg a nd 21 % 
protein . 

Each diet was fed to a group of 60 b ro il er c hi ckens 
(breed BE88), with three replications. Ove r a 56-day 
period, the fo ll owing observations/calculat ions were 
made: 
• Hea lth of the c hic kens. 
• Liveweight ga in (LWG)o n a wcekl y bas is. 
• Feed consumptio n/chicken and feed inta ke/ kg 

LWG . 
• Econo mic effi c iency: cost of feed/chic ken an d cost 

of feed/ kg LWG . 

Results 

Health of the chickens 
In all groups the health situation w as good. T here 
we re no diffe (ences in death rates between the 
groups . 

T he LWG, feed intake and econo mic data are 
summarised in T abl e 1. 

Liveweight gain 
From the third week, the we ig ht o f c hic kens in 
G roup 3 (fed 5% LLM) w as lower than the we ig hts 
of the chi c kens in the other three g roups, s uggesting 
a negative effect of the LLM. 

After 8 weeks , Groups 2 and 4 were signi ficantl y 
different from G roups ] a nd 3, havi ng hig her LWG . 
This indicates that s uppl e mentat ion with lower leve ls 
of LLM, o r hig her levels o f LLM plus FeS04, is 
effect ive in increasi ng we ig ht gai n in c hic kens. 



Table 1. Liveweight gain (LWG), feed efficiency and economic efficiency when supplementing the diet of broiler chickens 
with leucaena leaf meal (LLM) and FeS04. 

Variable 

Group 1 

Control 

Chicken liveweight at 4 weeks (g) 
Chicken liveweight at 8 weeks (g) 

918 
2299 

28-day feed consumption/chicken (g) 
56-day feed consumption/chicken (g) 
Feed intake/kg LWG (kg) 

1516 
5474 
2.38 

ME intake/kg LWG (Kcal) 

LWG/protei n in take 

7553 

1.93 

Food cost/ch ick (VND) 21886 
Food cost/kg L WG (VND) 9520 

Feed conversion efficiency 
Up to 28 days, feed consumption was similar in all 
treatments. However, from 28 to 56 days the ch ickens 
from Groups 1 and 3 ate more feed than the others, to 
the ex tent of between 50 to 100 g/chicken. Groups 2 
and 4 had lower intake/kg LWG and are therefore 
considered to be more efficient in feed conversion. 

Energy and protein use efficiency 
Aga in , Groups 2 and 4 (fed eit her sma ll er amount of 
LLM or larger amounts of LLM and FeS04) were 
more efficient in using both energy and protein, by 
about 8%, compared to Group 1 (control) and 
Group 3 (high LLM). 

Cost of production 
The to tal cost of food was si milar for Groups 1, 2 
and 3, but about 2% cheaper for Grou p 4. Based on 
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Diet 

Group 2 Group 3 Group 4 

3% and 5% and 5% and 6% 
4% LLM 6% LLM LLM + FeS04 

927 852 930 
2442 2242 2450 

1523 1500 1526 
5475 5393 5378 
2.24 2.40 2.20 

7112 7630 6962 

2.07 1.96 2.15 

21900 21930 215 14 
8968 9781 8781 

the cost of produci ng 1 kg LWG, group 3 cost 103% 
of the control, group 2 cost 94% and group 4 cost 
92%. 

Conclusion 
Chickens fed 3% LLM for 28 days and 4% from 
days 28 to 56 had higher weight ga ins, better feed 
intake efficiency and lower costs per kg LWG 
than control birds. There is no need to use FeS04 
to red uce mimos ine tox ici ty at this level of 
feed ing. 

Using a higher rate of LLM (5% and 6%) wi thout 
FeS04 supplementation reduced LWG and decreased 
feed intake efficiency. Suppl ementation wi th FeS04 
restored the LWG and feed intake efficiency to 
levels s imilar to those attained with the lower intake 
of LLM. 
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Leucaena in Smallholder Farming Systems in Asia: 
Challenges for Development 

F.A. Moogl, P. Bezkorowajnyj and I.M. Nitis 

Abstract 

The current use and scope for development of leucaena in smallholder farming systems in Asia 
are described and socio-economic constraints and challenges discussed. Psyllid infestation halted 
development activities in the region but renewed interest in the species is slowly increasing. The 
promotion of leucaena in the holistic context of farming systems should identify socio-cconomic 
constraints of farmers, and lead to discovery of practical and working alternatives that can be 
implemented by farmers themselves. 

SMALLHOLDER crop and livestock production is a 
common feature of Southeast Asian agriculture. 
Farming families, either cultivating food crops or 
engaged in plantation crops, keep one or several spe
cies of animals (both ruminants and non-ruminants) 
which are integra l parts of their farming systems. 
Land holdings in the region are small. Most farm 
families cultivate less than 1 ha and only a small pro
portion owns more than 3 ha. In Bali, Indonesia, 
98% of farmers own areas of only 0.11-0.46 ha. In 
upland farms in Batangas (Philippines), farmers 
operate small parcels of land cultivating an area of 
less than 2 ha while 76% of farmers raising buffalo 
in rice-growing areas have 3 ha or less and only 24% 
have more than 3 ha (Alviar ] 987). In Thailand, 
farming famil ies cultivate less than 1 ha and onl y a 
small proportion owns more than 2 ha. 

Livestock are an important component of the pro
duction system for many reasons. Draught animals, 
generally cattle and buffalo, and use of crop resi
dues, weeds and cultivated fodder for supplementary 
feeding, are common features of the system. 

Leucaena or Ipil-ipil Leucaena leucocephala 
(Lam.) de Wit has been the most popular fodder tree 
species in the region because of its multiple uses. It 
is generally used as a source of fodder and fuelwood. 
In the Philippines, it is used for poles, leaf meal and 
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as living fences. Other Asian countries like Thailand, 
India, Sri Lanka and Vietnam use it in soil erosion 
control, alley crops and green manure, and the young 
shoots as a vegetable. In East Java (Indonesia), it is 
an important component o f the 'taungya ' silvicul
tural system for establishing teak plantations. 

Leucaena's popularity was at its peak in the 1970s 
and early 1980s. No other tree legumes had been 
given as much attention as leucaena. However, with 
the psyllid infestations in the mid-1980s, most of the 
plantations were damaged and its popularity waned. 
This paper presents a brief review of current use and 
development perspectives for leucaena, based on the 
authors' observations and experiences and selected 
case studies in the region. 

Current Use of Lcucaena 
In general, the multiple uses of leucaena in Southeast 
Asia remain. There has been a significant reduction 
in psyllid infestation but the use of leucaena has not 
been as intensive as in the 1970s. Throughout the 
region, thickets of leucaena plantations can be 
observed. These standing plantations, which seem 
unutilised, are occasionally harvested for timber and 
fuelwood, and stabilise the soil in hilly and moun
tainous areas. 

In densely populated areas of Luzon, Philippines, 
where swine and poultry are concentrated, fresh 
leucaena leaves are harvested for feeding pigs in the 
villages. In upland farms and rainfed rice-growing 



areas, it is grown to establish land ownership bound
aries and trees are harvested for poles and fuel wood. 
While intensive cattle fattening in Batangas province 
has significantly reduced due to industrialisation, 
leucaena remains a significant part of the cattle 
ration in upland and coastal villages of the province. 
In commercial feedlots, operators are buying fresh 
and dried leaves of leucaena from villagers. Some 
feed mills have resumed buying dried Ipil-ipil leaves 
for leaf meal and for incorporation in commercial 
poultry and swine feeds. Feed production reports in 
the Animal Feed Standard Division of the Bureau of 
Animal Industry showed that one of the feed mills in 
Cebu produced 232 and 180 tons in 1996 and 1997, 
respectively. However, a feed mill in San Carlos 
City, Negros Oriental, ceased operation in February 
1997, because its buyers reduced or stopped incorpo
rating leucaena in their feed formulations due to 
availability of cheaper substitutes. 

In Indonesia, leucaena is commonly used for 
forage and fuel wood but has been planted for various 
distinctive roles in different provinces. In Timur and 
Flores, it is planted to stabilise eroded hill slopes and 
in Sulawesi, Sumatra and Nusa Tenggara Timur it is 
a common shade tree species in coffee and cocoa 
plantations (Toruan-Mathius et aJ. 1994). 

In Vietnam, leucaena is extensively used as an 
intercrop with coffee, pepper, and oranges and when 
leaves of leucaena are used as a green manure and 
mulch, coffee bears fruit earlier and with higher 
yields (Khoa and Ha 1994). It is also a good source 
of village wood. Growing, harvesting and processing 
of leucaena employs women, youths and children . 
Planting and management of leucaena in Vietnam is 
a concerted effort of both the government and village 
communities. 

In Thailand, leucaena is mainly used as source of 
leaf meal for poultry to colour egg yolks and broiler 
skins, and as living fences (Sampet et aJ. 1994). It is 
also grown for wood, soil erosion control, soil 
improvement on steep lands and other uses like 
turnery and parquet flooring. 

In Laos, leucaena is commonly grown in home 
gardens with young shoots and seeds used as a vege
table by the villagers. Leucaena was extensively 
used in the Forest Development and the Watershed 
Management Project in the northern provinces in 
agroforestry (FAO 1991). 

In Myanmar, leucaena is grown in the dry zone, 
particularly in Magway, mainly as a windbreak. 

Leucaena was introduced to India in the 1950s to 
be used as a green manure and for soil reclamation, 
but it was not until the 1970s that the Indian Council 
of Agricultural Research (ICAR) promoted leucaena 
as a high quality fodder and fuelwood. In addition, 
social forestry programs began to encourage farmers 
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to grow leucaena as a substitute to eucalyptus as a 
small timber, and later as a source of pulp for the 
paper industry (Hegde and Gupta 1994). Today it is 
found throughout India, and after a few set-backs 
including the psyllid (Heteropsylla cl/bana) infesta
tion of the 1980s, is still used as a source of fodder, 
fuel wood and small timber. 

A more detailed account of the use of leucaena in 
specific locations of the Philippines, Indonesia and 
India is outlined in Table 1. 

Challenges and Constraints 
There are two broad challenges facing leucaena 
development for smallholders in Asia: (1) the tech
nical issues; and (2) the socio-economic issues. Both 
broad issues are important to consider but the focus 
of this paper is on the socio-economic issues. 

Production challenges 
The technical or production issues are covered in 
detail by other authors in these Proceedings. Psyllid 
infestation has been significantly reduced, yet most 
farmers still find that leucaena does not produce the 
biomass that it used to. Due to the psyllid, farmers 
reduced the number of animals raised or stopped 
raising cattle (Moog and Sison 1986) 

Leucaena does not thrive in acidic soils and in 
regions subject to frosts. 

Socio-economic challenges 
Farmers' perception 
In the Phil ippines, recent interviews with 71 coconut 
farmers in Quezon province indicated that both crops 
and livestock are important in their farming systems; 
crops provide a steady income throughout the year 
and livestock provide the 'bonus' income which 
comes in bulk when they sell animals. While 49 
(69%) of the farmers interviewed have leucaena in 
their home gardens or farm lots, only 22 feed 
leucaena to their animals. They claimed to have 
enough feed 'and if shortages occur during the dry 
season, they use banana stems and coconut fronds or 
travel several kilometres to gather grasses and other 
tree leaves. Although those farmers consider I ive
stock valuable in the farming system and even 
though a number of them claimed they knew from 
their parents or experiences that leucaena was a good 
feed, they are still passive about its use. 

A participatory 3-year research project on fodder 
and fuel wood improvement conducted in the highly 
degraded tribal areas of southern Rajasthan where 
fodder and fuelwood are particularly scarce gave 
interesting results (Bezkorowajnyj 1998). The people 
in these remote villages had no previous experience 
with leucaena and participated in testing several 



Table 1. Use of existing leucaena plantations in selected Asian countries. 

Leucaena plantation 

Home gardens 

Hilly to mountainous 
areas 

Roadsides/communal 
areas 

Ph ilippines 

Leucaena is generally found 
in most homelots as fencing 
and support to trellises for 
viny vegetables. In Batangas, 
it is a valuable cut-and-carry 
fodder in smallholder farms. 

In Cebu, Leyte and Negros 
islands, leaves are harvested 
and sold by villagers to 
feedmillers and processed 
into leaf meals. In other areas, 
leucaena is harvested for 
fuelwood. 

In Masbate and General 
Santos City, harvested dried 
leaves are sold to feed lot 

Country 

Indonesia 

As fencing around home lots 
only, other space devoted for 
vegetables and medicinal 
plants. 

As guard row and cluster in 
sloping land not used for crop 
production. 

As fences to separate farm 
areas along roads ides and as 
cluster in communal grazing 

India 

As hedges along boundaries 
and in backyards. 

In the plains of Assam and 
along the irrigation canals of 
Rajasthan. 

operators as supplement to areas. 

Upland and rainfed 
areas 

In plantation crops 

In alley cropping 

Forestry/fuelwood lots 

fattening animals. In most 
areas, leucaena is 
occasionally cut for fuelwood. 

To establish boundaries of 
landownership. In Tarlac and 
other provinces of Luzon and 
Visayas islands, leucaena is 
cut in summer months of 
February to May for fuelwood 

In coconut growing areas in 
Southern Luzon and 
Mindanao, lellcaena is 
sparsely planted and used as 
living fences and as poles. 
Leaves are harvested as green 
feed. 

Leucaena is one of the species 
used along with corn and 
other upland crops in 
Mindanao. 

newly introduced species. Farmer group discussions 
(FGDs) conducted during the 3-year project revealed 
that farmers were very impressed by both the palat
ability of the leafy matter, and the rate of biomass 
regeneration, particularly after livestock had entered 
and browsed some of the patch plantations within 
the villages. 

During the third year of the project, household 
interviews (H) were conducted to determine the 

As fences, guard rows and 
cluster for fodder and 
fuel wood in Kuta, Bali. 
For shade, soil protection, 
green manure and fodder in 
Petang, Bali. 

As trellise for vanilla and 
pepper; as shade for coffee 
and clove; and, as intercrop 
with coconut. 
As fence-boundary in small 
plantations. 

As alley crop for fodder and 
green manure in semi
intensive dryland farming 
in Amarasi , Flores. . 

As alley crop in taungya 
system; as shade in young 
forest; and, source of 
fuelwood . 

Grown in conjunction with soil 
and water conservation 
measures for fodder and 
fuelwood productions. 

Use for fodder, fuel wood and 
pulpwood in South India and 
Andra Pradesh . 

quality of leucaena wood as a fuel for food prepara
tion. Several opinions were expressed by household 
members, especially the women who are responsible 
for the gathering of fuel wood and cooking meals. 
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Results of the interviews showed that most of the 
household members believed that the wood burned 
longer than most other species presently used for 
cooking, resulting in the need for less fuel wood to 
cook the same amount of food. Other typical 



responses indicated that the wood was perceived as: 
producing a good taste to the food; producing less 
smoke and ash; and, burning in a similar manner to 
or better than teak wood. 

Whil e there were good qual ities attributed to 
leucaena, the question of whether the farmers will 
continue to manage the newly introduced leucaena 
species still remains. Browsing by livestock in this 
area is one of the major problems associated with 
establishing leucaena and other trees which do not 
carry immediate cash value. Unlike seasonal crops, 
planting trees requires in most instances the intro
duction of a new practice - tree planting. The trees 
must be protected and managed not only during the 
monsoon, but also during winter and summer sea
sons when fodder is in short supply, which coincides 
with villagers migration to areas outside of th e 
village to seek employment. 

In order to promote utilisation of trees such as 
leucaena in these areas, w ays to encourage people to 
stay in their villages, and to protect both private and 
common property resource areas that can be man
aged for fodder and fuelwood should be developed. 

Time constraints 
Limited time is generally available for other activi
ti es in rice growing areas during land preparation, 
planting and weeding as well as harvesting of the 
rice crop. 

Access to credit and markets 
Lack of capital and incentive to produce qual ity meat 
among farmers in remote or island towns and 
villages prohibit intensive livestock production. In 
Batangas province (Philippines), fattening of cattle 
with cut-and-carry leucaena became popular because 
local banks are extending loans to farmers fo r the 
purchase of stock. In addition, these towns have or 
are close to towns with regular weekly livestock 
markets where they could sell finished cattle (at a 
better price than other provinces) either to butchers 
or merchants catering to metropol itan Manila 
markets. These livestock markets also served as a 
source of feeder stocks to these farmers. Farmers 
cl ose to the livestock markets bring their animals to 
and from the markets by driving them on-the-hoof. 
Commonly, farmers sell their animals after a 2 to 
3-month fattening period. 

Land conversion 
Conversion of lands from agriculture to urban cen
tres and for industrial isation are the main threats to 
existing leucaena plantations and other land uses. An 
example is the CALABARZON area, a classified 
industrial zone south of Manila where smallholder 
intensive cattle production using leucaena was 

306 

common, but is now on the verge of extinction. 
Investors had raise.d the value of the land, offering 
farmers good prices for commercial or residential 
use, which the latter could not refuse. 

Land tenure 
In the Philippines, Illost of the areas where leucaena 
leaves are harvested are not owned by the gatherers 
themselves. These belong either to absentee property 
owners who have other businesses and the land effec· 
tively becomes communal, or to people who run a 
cattle fattening business and allow the harvest ing of 
leucaena from their properti es and then buy it. The 
roadsides are common areas to which everybody has 
access, unless owners of adjacent lands put stakes in 
them. Some areas are either forests or publ ic lands 
which have become communal. In these cases, there 
are no incentives for those people, generally children 
and women who gather the leaves, to improve pro
ductivity of or to expand the plantations. 

In Indonesia, Laos and Myanmar, free or com
munal grazing areas are extensi ve and common. 
Herds of cattle or buffalo with one or more own ers 
are grazed freely on these areas without restricti on. 
This means nobody cares about the improvement of 
grazing. Scope for leucaena in communal grazing is 
very limited unless farmers are organised and 
develop among themselves a controlled system of 
utilisation. 

Scarcity of land 
Scarcity of land is a threat to leucaena plantings in 
Southeast Asi a because of its expanding human pop
ulation which grows at the rate 2% to 3% annually . 
This increases the population dens ity in a given area 
limiting the area for cultivation. This is particularly 
true in East Java, Indonesia, where landholding is 
down to less than 0.5 ha per family. Another case is 
one village in Batangas, Philippines, where the 
number of households has doubl ed in seven yea rs. 
Years before, one family could survive on a single 
crop of uplarid rice, but now, both rice cultivation 
and draught cattle are gone (Ieucaena is gone too) 
and to be able to survive most farm ers shifted to 
more intensive swine and poultry production that 
reli es on imported commercial feeds. The situation 
differs in Laos, one of the least densely populated 
countries in the region with 4.1 million people and a 
land area of 23.7 million ha. 

Under-utilised and un-utilised plantations 
In some areas, leucaena plantations remain un
utilised or under-utilised. Landowners prohibit gath
ering of herbage and fuel wood. These plantations, 
however, are generally found in hilly areas and road 
cliffs and thus serve as an excellent soil stabiliser. 
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Under-utilisation occurs in areas of low concentra
tions of people and livestock. There a re cases where 
there is feed but a lack of animals to utilise it. This is 
not true in Bali, Indonesia, wh ere the leaves of prac
tically all trees (including leucaena) and shrubs are 
harvested as fodder. 

Other species becoming more important 
There is increasing popularity of other legume and 
tree species for fodder or timber. For exa mple, 
Sesbania grandiflora, Acacia /ellcop/z/oa and 
Coryp/za IItan are good sources of fodd er (Thajar and 
Mahyuddin 1993). The Sloping Agricultural Land 
Technology (SALT) of the Mindanao Baptist Rural 
Life Centre (MBRLC) in southern Philippines is not 
only pro moting the use of leucaena but also the use 
of other speci es like Lellcaena diversifolia, Ca //i
andra calolhyrslls, Cliricidia sepium, F/emingia 
macrop/zyl/a and Desmodillm rensonii in co mbina
tions found suitable in respective farms (Laquihon 
and Pagbilao 1994). 

In Bali, Indonesia, leucaena is replaced by 
C. sepium and C. calothyrsus, the latte r in higher 
altitude situations because farmers are still afraid of 
the psy llid returning. 

Cattle prefer leucaena over other species but sheep 
and goats have no particular preference for leucaena. 
Both sheep and goats feed on a wider range of tree 
species than cattle and buffalo. 

Availability of cheaper substitutes (particularly 
imported varieties) to leucaena leaf meal is a lso a 
threat to the leaf meal industry that employs the rural 
villagers. 

Extension methodologies 
Despi te all the advances tha t have already been made 
with leucaena, adoption is still very low. A big part 
of the problem has been the way researchers worked 
with farmers in the past. Leucaena was offered as a 
miracle species and planted everywhere. As a result , 
there were many failures. People remember a failure 
much longer than they remember successes. For 
example, a large (3 MGW) dendrothermal plant in 
Pangas inan province was installed, based on a 100 ha 
leucaena plantation maintained by a farmers associa
tion. The management found it difficult to run the 
plant because they ran out of wood suppli es, because 
the farmers did not sell the leucaena wood to th e 
plant. Farmers ea rned more income by selling char
coal from leucaena and there were also difficulties in 
sy nchronis ing harvest and transport with the capacity 
of the plant. Finally, when the plant did not pay the 
farm ers, it stopped operati on, and the farmers took 
everything they could sell from the plant. Some 
sectors thought that they rnay have succeeded had 
they opted for several smaller plants (10 KW). If the 
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managers had involved farmers in the management, 
the project could have been a success. 

The challenge facing development of leucaena in 
Southeast Asia in the future is changing the way 
researchers work with farmers. First, resea rchers 
should know the farmers well , understand the ir 
culture, needs, inte rests and resources and how to 
deal with them. These things are often unconsci ously 
ignored. Dealing with farmers is an art, and open
ended. It cannot be taught and in general is not the 
domain of biological sc ientists. 

Scope and Potential of Leucaena in 
the Region 

In spite of the above constraints, which vary in 
magnitude in different cou ntri es of Southeast Asia, 
there is still a scope for leucaena in the reg ion. Based 
on current use, leucaena still serves various ro les in 
different farming systems. Further development of 
leucaena will depend on how it will provide direct 
economic benefits to farmers, i.e., employ ment, 
income and material needs for poles, timber and 
fu elwood for the immediate household needs in their 
respective areas. 

Table 2 shows the scope for development of 
leucaena in diffe rent production systems. Leucaena 
would have very limited scope in intensiv e rice cul
tivation areas. Leucaena will play a major ro le in 
upland regions and rainfed crop production areas, 
but where land conversion to urban centres and 
industri es is occurring, land use zoning should defin e 
specific long-term agriculture land use. 

In general, smallholders cons ider livestock to be 
as impo rtant as the ir crops. This is a ve ry importan t 
point to consider because this means that improve
ment of animal nutrition is a majo r concern of the 
fa rmers within the production system. This is the 
main reason why farm ers integrate fodder trees like 
leucaena in the ir home gardens, lot boundaries and 
as an alley crop: A good exampl e of thi s is th e case 
in a Philippine vill age, which is outlined in the 
Appendix . 

Intens ive poultry and swin e production propels 
the feed milling industry . Feed mill s will remai n an 
important market for leucaena leaves for leaf meal 
production. 

According to FAO (1989), nea rl y three-q uarte rs 
of the popul ation of developing countries use wood 
as a fu el and more than 1000 million people in these 
developing countries a re sho rt of fuelwood. There
fo re, it is not only the need for or sca rcity of fodder 
but aiso that of fuelwood , which will provide better 
scope fo r leucaena, as in the case of Rajasthan, Indi a, 
described above. 



The fuel crisis alone will certainly need aggressive 
reforestation programs not only to provide fuelwood 
for energy needs but also to prevent mo re lands being 
cleared for agriculture due to ex panding populations. 

Tho ugh psyllid infesta tion has ha lted the develop
ment activities of leucaena for fodder, agroforestry 

and soil improvement, th e ide ntificati on and devel
opment of new hybrids and cultivars not on ly 
resistant to pests but also adapted to the infe rtil e and 
ac idic soil of the upl ands, coupled with intens ive 
promotional ca mpa igns invo lving fanners , will 
renew interest in leucaena. 

Table 2. Scope for development of leucaena in different production systems. 

Area Reasons for adoption Constraints Scope/strategies for 
(District/Region/Prov i nce) of leucaena development 

Lowland regions where 
leucaena is used for 
ruminant production 
a. Pampanga, Philippines Used as supplement to rice Intensive rice cultivation. Limited 

straw and source of Space lim ited. 
fuel wood in the dry season 

b. Indonesia Used as supplement to grass No space to grow leucaena Fence boundary in bunds of 
grown in the bunds rice fi eld. 
of ricefields. 

c. Gujarat, India Supplement to cattle for Open grazing Stall feeding 
production 

Upland regions where 
leucaena is used for 
ruminant production 
a. Batangas, Philippines A ccessible market and good La nd conversion from Land use zoning wh ich defines 

price for finished beef. agricu lture to urban and specific long-term land use. 
industrial centers. 

b. Petang, Bali, Indonesia Good for shade, green Slow growth due to cool Agrisilvicultural system 
manure and fodder. weather. 

Regions with no history of 
utilisation but promotion 
being done. 
a. Tarlac, Phil ippines On-farm trial se t-up and Farmers time and grazing Planting more leucaena in 
(rainfed rice, sugarcane credit in kind (sheep) areas limited during home gardens, alleys and 
and vegetables) ex tended to farmers. H igher croppi ng season roads ides. 

LWG is obtained and cash 
income earned by farmers . 

b. Banswara District, Introduction of fa rmer Primary constraint if open Participatory land use planning 
Rajasthan, India participatory experiments to grazing of livestock; and management 

address the need for fodder secondary, is long periods 
and fuelwood of drought. 

Leucaena in alley cropping 
systems 
a. Mindanao, Southern Promotional sem inars and Farmer acceptance Use of new cultivars. 
Philippines field trips on Sloping Agric. relatively poor. Req uires 

Land Technology (SALT) higher initial labor inputs. 
conducted by Mindanao 
Bapt ist Rural Life Centre 

b. Indonesia Increase soil fertility and Food crop being shaded. In Three Strata Forage System 
fodder supply. (TSFS). 

c. Throughout India Promotion by NGOs Farmers unwilling to plant Allocate non-cropping areas 
trees in their fields. for planting. 
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Table 2. Scope for development of leucaena in different production systems (continued). 

Area Reasons for adoption 
(District/Region/Prov ince) of leucaena 

Leucaena for fuel wood 
a. Nueva Ecija, Northern Good intermediate crop to 
Ph il ippines timber species. 
b. Indonesia Leaves also avai lable for 

fodder. 

Special cases 
a. Leaf meal (Masbate and Feedlot operators and 
General Santos City; Cebu feed m ill s buy ing dried 
and Negros Islands, leucaena leaves. Employs 
Philippines) women and children. 

b. Support for van illa and Vanilla and pepper have 
black pepper (Bali, commercial val ue and 
Indonesia) leucaena leaves aveailable 

as fodder. 
Banswara District, Rajast, Using manure as a fue l 
India source due to lack of 

fuelwood. 

Conclusion and Recommendations 
T he promotio n of leucaena in Southeast Asia should 
be viewed in the context of a holisti c fa rming 
systems approach with concern fo r peopl e rather 
than trees. T his has been translated into a motto 
'Look afte r the people, and the trees w ill look after 
themselves ' by one of FAO's comm unity forestry 
progra ms. During more than 10 years of com m un ity 
fo restry, it has been established that many of the 
most successfu l projects are those w hich a im specifi
call y to increase income and e m ployment. 

In theory, there are many a lternatives li ke those 
o utlined in T able 2. The goal is to achieve an inte
g rated scheme in w hic h fa rmers receive profits . 
However, it should be pointed out that the emer
gence and adoption of development a lte rnat ives is 
genera ll y s low, so this perspective for leucaena wi ll 
not be an except ion . 

T he first prio rity is to identify the econom ic, 
social and institut ional constraints of the fa rmers. 
T he next s tep is to devise practical, worki ng alterna
tives w hich can be implemented with govern ment 
aid by the farm ers the mselves. 
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Constraints Scope/strategies for 
development 

Acciden tal fire in the dry Limited 
season 
Fresh fodder available only In TSFS 
during lopping 

Development of drying 
Harvesting and drying facilities for wet season 
limited only during dry harvest to improve efficiency 
season. of production. 
Cheaper substitutes may Regulate importation of feed 
be available. ingredients. 
Limited land . In TSFS. 

Availablity of protected Land use management 
areas for f uelwood 
production 
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APPENDIX 

Leucaena: a case in Malimatoc village, Mabini, 
Batangas (Upland/hilly area near the sea) 
Raising of cattle is the primary enterprise in this 
village which depended principally on leucaena as 
feed before the psyllid infestation in 1985. A survey 
showed that following the infestation, the number of 
animals raised by farmers was reduced to 50% and 
some farmers stopped raising cattle (Moog and Sison 
1986). According to the Municipal Agriculture 
Office of Mabini, 100 ha was planted to leucaena 
before the infestation. This brought loss of income to 
farmers and compelled their family members to seek 
employment abroad. Land ownership in the village 
range from 0.5-2 ha with most villagers having less 
than] ha. 

At present, the farmers are still interested and 
keen on leucaena. Very few trees have survived the 
infestation; however some farmers have started 
replanting. One to 2-year-old leucaena can be seen in 
the village despite the infestation that is present. 
Leucaena is intercropped with corn, cassava or 
vegetables. How do they manage leucaena with the 
infestation? Farmers have planted napier grass to 
provide the bulk of the feed particularly in the dry 
season. Napier was not planted before the infesta
tion. In general, they harvest leucaena only twice a 
year, in May and August, the start and the peak of 
the rainy season, respectively. They seldom harvest 
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in the dry season and if they do, they make sure the 
pest is not present or the plants are bearing pods, 
otherwise if they cut with psyllids present, the 
regrowth is immediately attacked and the plants 
eventually die. In addition, when they harvest 
infested leucaena, the mature psyllids swarm on their 
faces which makes harvesting uncomfortable and the 
sticky shoots are disliked by cattle. When leucaena is 
not available, the farmers feed their cattle with 
coconut fronds, banana stems and leaves, and other 
tree leaves. The other immediate solution is to 
reduce the number of animals they raise in the dry 
season. Examples are given below: 

Name of farmer 

Nicolas Visco 
Silvino Reyes 
Galicano Bantogon 
Reming Castillo 
Pabling Hulgado 
Mariano Maniebo 
Pedro Adao 

Number of cattle raised 

Rainy season 

4 
3 
4 
5 
7 
4 
7 

Dry season 

2 
I 
2 
3 

6 goats 
2 
2 

Farmers in the village claim that leucaena is still 
the best feed for fattening cattle and though they 
have planted napier, it is only to prevent their 
animals from getting hungry. Farmers are keen on 
having a solution to the psyllid problem. The imme
diate solution thought of by farmers was spraying, 
which would not help if carried out only locally 
because the pest can easily transfer from adjacent 
areas. However, they were told that a new resistant 
variety or species might soon be available. 

These farmers clearly indicated that there was still 
scope for leucaena. This was, however, not so in 
other villages where there is no preference for 
leucaena. 



Leucaena in Smallholder Farming Systems in Africa: 
Challenges for Development 

B.H. Dzowela1, P.F. Wandera2, J. Were2 and M.A. Mohammed-Saleem3 

Abstract 

The use of LeucaeniJ species in A frican smal lholder farming systems is reviewed. A wide range 
of Leucaena leucocephala cultivars from a wide range of seed sources have been in use, 
principally for soil ferti li ty ameliorat ion, fuel wood and fodder. With the recent invasion of the 
leucaena psy llid, lesscr-known Leucaella species and provenances are current ly being evaluated in 
diverse eco-regions for adaptat ion and possible integrat ion into African farming systems. 

T HE USE of tree/shrub spec ies to offset the short age 
of quality feeds for ru m inants duri ng the dry seasons 
is widespread in Africa. As the dry season advances, 
the nati ve-grass pastures succumb to water defi ci t, 
leading to low availabilit y and qua lity of forages. 
This problem is aggravated in areas prone to periodic 
droughts. 

Lellcaella leucocephala (Lam.) de W it ( Ieucaena) 
has been used w idely not onl y for fodder but al so fo r 
provision of fuelwood in areas where deforestat ion 
of natural woodlands is severe. L. leucocephala has 
also been used widely in soil amelioration work in 
humid and sub-humid areas wi th some success. 
However, in semi-arid regions, its effect on crop 
yi elds has been negati vely correl ated with th e 
amount of preci pi tation rece ived. 

In Africa, the term agroforestry is often synony
mous with L. leucocephala-growing, because of its 
widespread use in all ey-cropping and alley - farm ing 
in the humid tropics of W est A fr ica (Kang et al. 
1981). In agro fo restry systems, L. lellcocephala 
plantings of fer considerable potential where there is 
pressure to f ind fo rms of land use wh ich add ress pro
duction and environmental concern s (Rabbinge et al. 
1994). However, because of a heavy rei iance on one 
or two cultivars with a narrow genetic base, the 

I International Centre for Research in Agroforestry, PO Box 
CY 30677, Nairobi, Kenya 
2 National Dryland Fanning Research Centre Katurnani, 
PO Box 340, Machakos, Kenya 
3 International Lives tock Research Institute, PO Box 5689, 
Addis Ababa, Ethiopia 
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psyllid insect (Heteropsylla cuballa Craw ford) has 
had a devastating effect on L. leucocephala in some 
areas (Bray and Sands 1987). T he rapid spread of the 
leucaena psyl lid in the mid- 1980s f ro m tropical 
A merica to As ia, A ustralia and f inally to the A f rica n 
con tinent during the 1992- 1994 per iod has restricted 
the use of thi s important and ve rsatil e legum inous 
tree (Ge iger et al. 1995). 

Prompted by experi ence wi th the leucaena psy llid, 
a number of institu tions in A fri ca have parti cipated 
in the search for alternat ive species, both wit hin the 
Lellcaena genus and outside it. T he primary objec
tive for alterna tives has been to assemble a compre
hens ive coll ecti on of Lellcaena lines, represen ting 
avai lable biodiversity in the genus, to assess thei r 
adaptation to di f ferent Afri can env ironments. 

Thi s paper reviews published informati on about 
Lellcaella in African farmi ng systems, and important 
technica l, sociat" and economic factors that restri ct or 
promote the adopt ion of Lellcaella , as w ell as pro
grams tha t should be in pl ace to promote its 
increased use . 

The Farming Systems of sub-Saharan Africa 
T he farming systems found in sub-Sahnran Africa 
are determined by the agro-climatic zonings 
described by Jahnke (1 982) and li sted in Table 1. 

Humid zone 
In the humid zone found along the coast of West and 
Central Africa and in the central Congo basin, 
farmers are mostly smallho lders because of high land 



Table 1. Agro-climatic classification of sub-Saharan Africa. 

Zone Area ('000' km2) Growing per iod (days) Rainfall range (mm) 

Arid 7673 
Semi-arid 3915 
Sub-humid 4834 
Humid 41 37 
Highlands 934 

productiv ity. Large variabili ty exists in the popula
tion density, wi th as few as 10 persons per square 
kilometre found in the Congo, Gabon and Zaire, 
whereas the density exceeds 500 persons/km2 in 
Eastern Nigeria. 

The population density influences the options 
taken by farmers to maintain soil fertility . Shifting 
cultivation is practised where population density is 
low. Where population density is high, non-crop 
vegetation and crop residues are used as soil mulch. 
In this zone, livestock production is restricted by the 
prevalence of diseases, especially Trypanosomiasis. 
However, for the few trypano-tolerant livestock that 
are there, feed consists of natural vegetation, which 
tends to be abundant but of poor nutritive quality. It 
must be appreciated that non-availabil ity of adequate 
farm power, and inability to use draught power in the 
humid zone (because of disease risk) are additional 
factors influencing people to cultivate small areas. 

Sub-humid zone 
T he sub-humid zone extends from the centre of West 
Africa, through parts of East and Southern Africa. 
Low rainfall variabi li ty makes this zone suitable for 
production of a number of crops. Maize, sorghum, 
rice, yams, cassava, fruits, groundnuts and vege
tables are examples of crops that can be grown in 
this zone. Farmers are again mostly smallholders. 
Although the livestock population is lower in this 
zone than in the semi-arid zone, the longer, sub
humid rainy season allows for a more sedentary pro
duction system, which is mainly agro-pastoral. Crop 
residues provide supplementation to natural and 
planted pastures. 

Semi-arid zone 
Smallholder farmers in semi-arid zones are in an 
adverse situation due to high crop production risks 
caused by low and erratic rainfall and the poor soil 
characteristics of the zone. Al though the crop culti
vars grown are drought-escaping, crop failure is 
common due to frequent severe droughts. Thus, 
farmers tend to spread the risk by diversifying. A 
mixture of crops is grown in the same plots, and 
livestock-keeping is widespread, with mixed herds of 

3]2 

0-90 <500 
90-180 500-1000 
180-270 1000-1500 
270-365 >1500 

Usua lly >180 1000-2000 

cattle, goats and sheep being kept. They form the 
most important cash generator for the small holders 
and hedge aga inst crop failu re. Trypanosomiasis and 
other paras itic diseases are not as common as in the 
hu mid and sub-humid zones. However, low seasonal 
ra infall and inadequate feed quantity and quality, 
especiall y in the dry season , are major constrai nts to 
increased liv estock productivity . 

Highland zone 
The highland zon e is the most productive due to long 
growi ng season , but it is al so the most populated. 
T he cool climate causes much reduced evapotrans
piration. The soils in the highlands of East Africa 
include deep vertisols and nitosols that are very pro
ductive. Crops grown are wheat, barl ey, maize, 
sorghum, beans, potatoes, as well as a number of tree 
and root crops. Coffee and tea are also grown. Live
stock production in this zone is mostly in tensive, 
using perennial pasture and intensively managed 
forages. 

A peri-urban production system is also growing 
within the region, due to a growing demand for m ilk, 
eggs and high-value horticultural products by urban 
dwellers. The feed resource base for livestock pro
duction is very limited in this system and the 
producers depend on agro-industrial by-products 
from processing plants in the urban centres. 

The versatility of L. lellcocephala allows it to have 
a role in anyone of these smallholder production sys
tems where rainfall is above 600 mm on free dra ining 
soils (Skerman 1977). However, the greatest concern 
of farmers about L. lellcocephala is its slow rate of 
establishment, especially from seed , and this tends to 
discourage farmers' interest. Further, in free ranging 
production systems, and especially where land is 
communally owned, protection of the establishing 
stands (by fencing) from goats is a prerequisite to 
successfully growing L. lellcocephala . 

Available Leucaena Germplasm 
Before the arrival of the leucaena psy llid, accounts 
of Lellcaena were mostly of L. lellcocephala, often 
referred to as L. g/allca. This was principally the 
result of introductions made in the 1960s of the 
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major types, Hawa iian, El Salvador and Peru, to sub
Saharan Africa. There are, however, a range of 
stands of Leucaena types that have been natura li sed 
along the east coast of the African continent. These 
stands, judging by the tree s izes, for instance, around 
Fort Jesus in Mombasa, Kenya, T anga/Bagamoyo 
and Oar-es-Sal aam in Ta nzani a, could have been the 
resu lt of much earli er in troductions, probably da ting 
to before the turn of the cen tury. Local peoples 
lopped the trees for fodde r for the emerging peri
urban smallholder dairi es along the coast of Kenya 
and Tanzania. T hese and other Leucaena plantings 
fart her inland are the subject of many research 
efforts for fodder and fo restry uses. These probably 
belong to the shrubby and bushy L. lellcocephala 

subsp. leucocephala and th e arborea l su bsp. glabrata 
that have been widely introduced (Shelto n and 
Brewbaker 1994). 

More recent introducti ons, especiall y through the 
Oxfo rd Forestry Insti tu te, have covered a wi de range 
of Lellcaena taxa and provenances, (Karachi and 
Le fofe 1997; Duguma 1995; Dzowel a et al. 1995; 
Otsyi na et al. 1995), (Table 2). 

Fuelwood Use 
There are few docum ented accounts of th e use of 
Leucaena for fuelwood or energy generati on pur
poses in Africa. It is, however, not uncommon to 
fin d it lopped primarily for fodder use o r fo r soil 

Table 2. T he most recent and most common Lellcaella introduced in Africa, representat ive species/subspecies provenances 
and countries of origin. 

Species/subspecies 

L. esclllellla 

L. maludae 
L. diversifolia 

L. Irichandra (formerly 
L. diversifolia subspp. sleJ/ocarpa) 

L.? hybrid of unknown percentage 

L. pallida 

L. collinsii subsp. col/illSii 

L. collinsii subsp. zacapaJ/a 

L. salvadorensis 

L. pulverulenla 

L. lanceolala var. lanceolala 

L. Irichodes 

L. leucocephala subsp. glabrala 

L. lellcocephala subsp. leucocephala 
L. macrophylla subsp. macroplzylla 

L. macrophylla subsp. nelsonii 

Oxford ID No. 

OFf 47/87 
OFf 48/87 
OFf 49/87 
OFf 45/87 
OFf 46/87 

K 156 
OFf 35/88 

OFf 53/88 
OFf 4/91 

OFf 52/87 

OFf 79/87 
OFf 137/94 

Offspring 
CPf 85890 
OFf 45/85 
OF15 1/88 
OFI 18/84 
OF156/88 
OFf 7/91 
OFf 17/86 
OFf 34/88 
OFf 83/87 
OFf 84/87 
OFf 43/85 
OFf 44/85 
OFf 2/86 

OFf 61/88 
OFf 34/92 

K8 
K 636 

Various 
OFf 55/88 
OFf 47/85 
OFf 23/86 
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Provenances Country 

Pachivia Guerrero Mexico 
Ti ringucha, Michoacan M exico 
Mexcala, Guerrero M exico 
Corra I Faso, Veracruz Mexico 
Zalapa, Veracruz Mexico 
Veracruz Mexico 
Zambrano Honduras 

Los Guates Guatemala 
Erandique Honduras 
Chapulco, Puebla Mex ico 

T amazalapan, Oaxaca Mexico 
Composite of 16 provenances Australia 
(CQ 3439) 

Australia 

Chiapas Mexico 
Chacaj Guatemala 
Puerto de Gol p'e Guatemala 
Gufan, Zacapa Guatemala 
San Juan de Limay Nicaragua 
Lagarita, Choluteca Honduras 
Yusguare, Choluteca Honduras 
Atlas, Cumbres M ex ico 
South Texas USA 
San Jon, Oaxaca Mexico 
Escuinapa, Sinal oa M exico 
Cuicas, Trujillo Venezuela 
Jipijapa, Manabi Ecuador 
Coahuila, Saltillo Mexico 
Zacatecas, Moyahua Mexico 
Coahuila, Saltillo Mexico 
Various Various 
Bellecitos, Guerrero Mexico 
San fsadro, Llano Mexico 
Sierra La Encantaba Mexico 



organic manu ring through the use of fo liage and 
twigs, but with the trunks and branches directed to 
fue l wood use. 

For instance, in Zimbabwe's semi-arid areas 
where planting of L. leucocephala is carried out 
using an on-fa rm alley-cropping configuration, 
farmers are reported to use the fo liage and twigs fo r 
soil mulch ing and as a source of nu tri ents and live
stock fodder, and the stems an d branches as fue l
wood (Judith Nyakabau, pers. comm.). 

It is recogn ised that some of the newer Leucaena 
species introduction s in Zimbabwe (e.g., L. pallida 
and L. trichandra) could have mo re fuel wood value 
than L. leucocephala (Pottinger and Hughes 1995). 
These species produce dense wood of high ca lorific 
value. However, there have been no comparative 
studies of these Leucaena species w ith traditional 
native or introduced forest ry fuel wood species. 

Soil Ameliorat ive Use 
L. leucocephala fixes high rates of nitrogen in sym
bios is with root nodule bacter ia (100-500 kg 
N/ha/year). Foliage and shoots collected by cop
picing can suppl y some or all of the N and other 
nutrients required by an inte rcrop such as maize 
(M afongoya and Dzowela 1997). Prunings may be 
su rface appl ied, as a mu lch or incorporated, as a 
green manu re c rop. T here is ev idence of L. lellco
cephala mulch/green manure contributing to so il 
organ ic matter. However, the high fo liar N-content 
of L. leucocephala (4 .3% of leaf DM) contributes to 
the rapid decompos ition of its fo liage. 

In agroforestry, the growi ng of trees along with 
crops an d livestock has been establi shed over the 
decades as enhancing crop yie lds wh ile producing 
products such as fuelwood, fodder, fru its and timber 
(Sanchez 1995). In one agroforestry practice, alley
croppi ng, as practiced in humid West Africa (Kang 
et al. 1981), L. lellcocephala hedges are pruned 
periodically and the resu lting pru nings are placed as 
mulches on the alleys or incorporated into the soil as 
organic manure to control weeds and to provide 
nutrients. However, the magnitude of the effect on 
soil fertility and improvemen t of crop yields varies 
drastically with rainfall. 

In a semi-arid environment at Machakos, Kenya, a 
posit ive soil fertility effect of + 11 % was observed 
(I CRAF 1993; Reynolds 1994). In the same environ
ment, alley-cropping of L. leucoceplwla and maize 
reduced maize grain yield by 10%, basically due to 
competition for moisture (Wandera 1984). Howev er, 
in sub-humid environments, negative alley-cropping 
effects with L. lellcoceplwla have been reported 
(Akyeampong et al. 1995). In the humid tropics, 
where moisture is not limiting, studies have shown 
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so me positive soil fertili ty effects resulting in ma ize 
grain yield responses of +58% (Ka ng et al. 1981; 
Sanchez 1995). See Gutteridge (these Proceedings) 
fo r a comprehensive review of alley croppi ng. 

Since L. leucocephala is primaril y valued as 
fodder, there is a need to assess the trade-off of 
appl yi ng it directly to the soil or feeding it to live
stock and applyi ng the manure subsequentl y. Bio
mass transfer systems such as a lley-croppi ng for soil 
ameliorat ion have greatest potential when: 
• biomass is of high quali ty (e.g., L. lellcocephala) 

and rapidly releases nutrients; 
• the opportunity costs of labou r fo r cutting and 

transferring biomass to cropping all eys is low 
(ICRAF 1993); 

• the value of the crop is high (e.g., high value 
vegetabl e crops); 

• the leafy biomass does not have a higher value 
alternat ive use than as a source of nutr ients 
(Buresh and T ian 1997) . 
T here is evidence to show that , due to the high 

quality of L. lellcocephala leaf, there may be no 
advantage to crop yi elds in feeding it and applying 
man ure as a source of N to crops (Mafongoya et a l. 
unpublished data). Mohamed-Saleem (unpubliShed 
data) argued that where li vestock are wel l integrated 
wi thin the fa rming systems, (fo r exa mpl e dra ught 
and dairy livestock) it may be much more efficient to 
feed L. iellcocephala foliage and fe rtili se c rops with 
the resultant ma nure. However, where cropping is 
the main focus, d irect use as organic manure could 
be justified. 

Use in Erosion Control 
Planti ng of Lellcaena on soil conservation contour 
bunds has been an effective so il eros ion control 
method in Ken ya. Lellcaena hedges decreased run
off and erosion when coppiced branches were la id 
horizontally along the contours (Kiepe and Rao 
1994). 

Close ly spaced L. lellcoceplwla hedgerows on 
steeply sloping farms in Ntcheu district, Ma lawi , 
have assistcd in reducing soil erosio n by water 
through two main processes: first, as a physical 
barrier of stems, low branches, superficial roots and 
leaf li tter against runn ing surface water (Sanchez 
1995); second, as sites where water infiltrates faster 
because of the generally better soil structure under 
tree than on adjacent land (Banda et al. 1994). 

Fodder Use 
Much of the resea rch with L. lellcocephala has con
centrated on its use as fodder. Based on the work of 
Addy and Thomas (1976), the use of L. lellcoceplwla 
dried leaf meal in smallholder dairy feeding systems 



has taken root in Malawi's peri -urban centres. S imi
larly, in Zimbabwe's sma ll holder dairy production 
system, the ICRAF Agroforestry project has encour
aged the development of fodder banks based on 
fodder species, Acacia angustissima, Calliandra 
calothyrsus, L. trichandra and L. pal/ida. T he objec
tive has been to create on -farm species d ivers ity 
within the fodder banks. Planted areas range from 
0.1 ha to 0.9 ha fo r farmers who have between 2 to 5 
cows (Dzowela and Mafongoya 1997). Farmers are 
using the fodder bank materia l as protei n supple
ments in a feeding system based on Napier grass 
(Pennisetum purpureum), various crop res idues and 
conserved hays and silages. Ev idence is emerging 
that where farmers are feedi ng between 1 to 4.0 kg 
DM/cow/day as supplement, milk yield responses 
range from 0.5 to 2 kg/cow/day over and above the 
control protein supplement of cotton seed cake 
which is reportedly variable in quality. 

In Tanzania too, small holder dairy farmers in the 
Shinyanga region have maintained milk yields of 
10 kg/cow/day when cotton seed cake was substi
tuted by dried L. leucocephala leaf meal fed at the 
rate of 1.4 to 3.0 kg/cow/day (M usengi, unpublished 
data). 

In ot her studies, lactating cows were able to ma in
tai n thei r body weight when fed on Napier grass diets 
supplemented wit h L. leucocephala leaves (Mu inga 
et al. 1995). Th is agrees wi th recent results by 
Dzowela et al. (1997a) in which L. leucocephala 
supplementation of cows on a diet of maize silage 
and Cynodon species hay ga ined in live weight by 
8.1 kg/cow compared to 10.1 kg/cow when they were 
supplemented with A. angustissima during a 3-month 
dry season experimental period. Mi lk yields 
were ranked: conventi onal da iry meal>L. leuco
cephala>Acacia, with yields of 15.6 kg/cow/day, 
14.4 kg/cow/day and 11.6 kg/cow/day, respectively . 
In all this work, the rate of supplementation was 
3.5 kg/cow/day on a dry weight basis, cows weighed 
458 :': 50.6 kg live weight and had a potentia l da ily 
dry matter consu mption of 13.7 kg/cow/day. Where 
feed ing is targeted to improve manure quali ty, 
Cobbina et al. (1989) found that the N-concentrat ion 
of the litter (wood shavings plus manure) of goats fed 
on a basal diet of Panicum maximum supplemented 
with leaves of L. leucocephala increased wi th the 
increase in the percentage of L. lellcocephala in the 
diet. Manure in most mi xed smallholder fa rming 
systems in Africa is an importan t by-product of the 
livestock production sub-sector, especiall y in the 
Central Highlands of Kenya and in Zimbabwe's com
munal areas where it is widely used as a cheap alte r
native to inorganic fe rtil isers for maintai ning so il 
fe rti lity . 
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Farm households us ing dairy concentrate in 
Kenya substituted 7 kg of fresh L. leucocephala 
leaves fo r 2 kg da iry mea l. Others who supplemented 
7 kg fresh L. leucocephala leaves to a cow's normal 
diet of low quality forages ind icated that the eco
nomic benefi ts fo r substitu ti ng tree fodders to dairy 
meal was much higher than di rectl y supplement ing 
fodder trees to a cow's diet (Van den Veen 1994). 
Also in Eastem Afr ica, crossbred dairy cows showed 
a significant (P<0.05) increase in mil k product ion to 
su ppl ementat ion with L. leucocephala during early 
lactation in the dry season. In mid to late lactation, 
the response was through increased mil k yield and 
improved body weight changes. This latter effec t has 
a beneficial impact on subsequent reproduct ive per
formance. In several studies, the forti fication of the 
basal diet (Napier grass) wit h dried L. leucocephala 
leaf has had the same effect of improving mi lk yield 
as the fortifica tion with conventional dairy meal in 
Kenya (Nyamai et al. 1995). 

In Ethiopia, Ka itho et al. (1996) reported tha t all 
Leucaena species were ranked among the highl y 
palatable group of species. Lellcaena-supplemented 
Horro sheep attained a superior average growth rate 
compared to others fed herbaceous legume hays, 
urea and noug cakes, and beca use of its addit ional 
advantages (fuel wood, high dry season leaf 
retention and higher crude protei n (CP), Lemma 
Gizachew (1993) reasoned that L. leucocephala will 
be preferred by the small holder farmers in western 
Ethiopia. Lem ma Biru et al. (1989), work ing with 
dairy cows during the dry season, could replace up to 
47% of the concentrate w ith L. leucocephala supple
ment without adverse effects fro m mimosine. When 
higher amounts of L. leucocephala were in the sup
pl emented d iet, work oxen in eastern Eth iopia also 
gained we ight without adverse effects from mimo
sine (Tesfaye Cherinet et al. 1989). It is acknow
ledged that the toxic effects of mimosine and its 
breakdown prod ucts ca n be overcome by rumen 
inoculat ion with the bacteria Synergistes jonesii. 
However, the bacteria is currentl y unavailable in 
Afri ca due to quarantine restrictions. 

In an on-farm, tree fodder banks impact assess
ment in the Guruve smallholder da iry project, 
Zimbabwe, the senior author has docu mented a posi
tive mil k increase of 1 to 2 kg/cow/day with 
Lellcaena or Calliandra fodder supplementation of 
the basal d iet of Bana napier (Figure 1.). T his pos i
tive milk increase was in rela ti on to the use of the 
convent ional co mmercial dairy concentrate supple
ment wh ich is (according to the farmers) highly var
iable in quality. Regardless of the cow 's lactation 
phase an d period of year when the cows were sup
pl emented, the superiori ty of tree fodders as protei n 
supplements is evident (Figure 1). 
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Figure 1. Milk yield responses in an on-farm situation comparing supplementat ion w ith tree fodder (Leucaena or 
Cal/ialldra) with com mercial concentrate supplementation in Guruve Communa l Area, small holder dairy prod uct ion project, 
Z imbabwe. 

A major proportion of the variab le costs in a dairy 
enterpri se (i.e., 70%-80%) is accounted for by cost 
of concentrates. On-fa rm experience in Z imbabwe, 
indicates that tree fodders such as L. leucoceplzala 
leaf have a high potential for increasing smallholder 
milk product iv ity, thus assuring profitab ility of the 
enterprise, especially if the tree fodder is grown 
on-farm. 

In Tanzania goa ts increased thei r total dry matter 
feed intake as the L. lellcocephala suppl ement level 
increased, indicating that L. leucocephala could 
replace cotton seed cake as a protein supplemen t in 
on-farm feeding systems, (Ndemanisho et al. 1994). 
The study concluded that the 250/0-47% crude protein 
suppli ed by cotton seed cake could be substituted by 
L. lellcocephala in ration formul at ions for livestock. 

In Mozambique, where goats are commonly 
tethered during the rainy season, supplementation 
w i th L. leucoceplzala leaves most months of the year, 
and especia lly during the dry season improved live 
weight gai ns. This supplementation also resulted in 
higher carcass percentage and lower digestive tract 
percentage during a low rainfall year compared with 
unsupplemented tethered goats (Muir and M assaete 
1996). 

In semi-arid areas where use of oxen for cropping 
activities is widespread, prolonged dry spells expose 
the draught oxen to periods of a very low plane of 
nutri tion , especially just before ploughing and 
planting. T his makes them unable to perform farm 
operations sa ti sfactoril y . Oxen grazing poor qual ity 
natural pasture have ma intained weight and provided 
adequate draught power when supplemented with 
L. leucocephala and urea-treated maize stover 
(T essema and Emoj ong 1984). 
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Challenges for Development 
Lellcaena lellcocephala has exceptional characteris
tics as a multi purpose tree legume and it is often 
recommended in smallhol der m ixed farming systems 
in A frica. But the leucaena psyll id challenge has 
prompted th e world to seek alternativ e species . A 
w ide range of Lellcaena taxa species and prove
nances has been acquired and is in various stages of 
evaluation. From an agronom ic evaluation stand
poin t, a great deal of promise is exh ibited by these 
and other mnteria ls. The species L. pallida, L. 
trichalldra and hybrid of L. lellcocephala with either 
L. diversiJolia or L. pal/ida continue to show grent 
yield potenti al for fodder. However, to date no other 
fodder species have surpassed the versatility and 
high fodder quality of L. leucocephala. T hus, ga ins 
made in identifying materi als of high agronomic per
formance in psyllid-prone environments may not 
result in higher animal performance. This is the big
gest challenge to development of soil fertility repl en
ishment and livestock feed ing systems based on 
Lellcaena species other than L. lellcoceplzala. 

Farmers, at least in Zimbabwe where Leucaena is 
being pro moted in agroforestry plantings of fodder 
banks, compla in of th e weed potential reSUlt ing from 
the prol ific podding and seed-setting of L. leuco
ceplzala. W hcn not fully managed in intensive cut
ting management systems, massive seed production 
has resu lted in a thick mat of what could be consid
ered weed stands. This poses a maj or environmental 
challenge in fa rming systems south of the Sahara 
where L. lellcoceplzala is not directly grazed. 

In acid so i l and cool sub-tropica l or montane 
env ironments, the establi shment and growth of 
L. lellcocephala has been part icularly disappo inting 



to smal lholder farmers. Farmers have had to wait at 
least three years before realising substantial harvests 
of fo liage/fodder. Other species, such as Acacia 
angustissima have yielded nearly f ive times the 
fodder yie lds of L. leucocephala in those env iron
ments (Dzowela and Mafongoya 1997). Other 
Leucaena species, specifically L. triclzandra and 
L. diversifolia, show considerable potential in high
land tropical environments but require on-farm 
evaluation. 

Most of the psyll id- resistant Leucaena species 
(L. pallida, L. esculenta, L. diversifolia and 
L. trichandra) do not have the versati lity and forage 
quality characterist ics of L. leucocephala. Species 
const rained by high concent rations of condensed tan
nins, e.g., L. diversifolia and L. pallida, which have 
lower in vitro dry matter digest ibil ities and lower 
rumen degradabi lities compared to L. leucocephala 
(Dzowela et a!. 1997b), may be improved by appl i
cation of tannin neutra lising substances such as poly
ethylene gl ycol (PEG) or any detox ifyi ng agents, as 
has happened with the use of cultures of the bacteria 
(Synergistes jonesii) to address the problems of 
mi mos ine toxici ty. Such attempts cou ld have fa r
reaching implications fo r enha ncing the ut ilisation of 
these alternative Leucaena species. 

The Internati onal Centre fo r Resea rch in Agrofor
estry (ICRAF) is coll aborating wit h other inter
national centres such as the Oxford Forestry Institute 
in the multiplication of Leucaena seed. T his wi ll be 
especially relevant for a lternat ive species to the 
psyllid-prone L. leucocephala. These species are 
currently bei ng evaluated across many ecosystems in 
Africa. ICRAF has real ised that certain species are 
being screened an d evaluated for various uses and 
there is likely to be a high demand for seed. This has 
been ICRAF's experi ence with species like 
Calliandra calothyrsus and Crevillea robusta in 
Kenya. Planning needs to take place beforehand on 
how to satisfy this expected demand with high 
quality germplasm. One of the ways ICRAF ho pes to 
do this is by on-farm seed production. Farmers are 
being encouraged to grow seed which can be sold to 
ICRAF. This is especially importan t as, in many 
African countries, production of germ plasm for agro
forestry and many other pu rposes is being carried out 
increasingly by non-governmental organisations 
(NGOs) and the informal sector. 
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Leucaena in Latin American Farming Systems: 
Challenges for Development 

P.J. Argel1, C.E. Lascano1 and L. Ramirez2 

Abstract 

Several species of Leucaena have been used tradi tionally by indigenous people of Mexico and 
Central America as pan of the ir subsistence use of plant resources ava ilabl e in the natural envi ron
ment. However, this does not imply an intensive use of Leucaena in their farmi ng systems. 
Leucaena leucocephala is the most widely-used species, but it has li mitations such as slow growth 
du ring estab lishment, low drought and cold tolerance, poor growth on acid soi ls and susceptibil ity 
to defoliat ing psyll id insects. These inherent problems of L. leucocephala added to deficient 
technology transfer programs, poor diffusion of technical information and farmers ' trad ition, are 
responsible for its limited adoption in farm ing systems of the American tropics. With the present 
technology availab le for L. leucocephala, product ivity of large areas of the region can be improved 
either by incorporating leucacna in grazing systems or into crop lands. However, to realise th is 
potentia l, technical and technology transfe r problems must be solved. 

T HE genus Leucaena is nat ive to the New World and 
extends from southern Uni ted S tates through middle 
So uth A merica. Presently, there are 22 species iden
tified (Bray et al. 1997); however L. leucocepJIala is 
the species tha t has been most investigat ed and uti
lised (Casas and Caballe ro 1996), fo llo wed by 
L. diversifolia (Sal aza r 1986). 

For centuries, ind igenous people of the American 
tropics have used Leucaena species as a source o f 
edibl e pods, as fo rage fo r domestic animals, as poles 
for const ruc tion , as firewood, and as shade in perma
nent pl antations. But despite the d iverse uses o f Leu
caena, and the convinc ing research results that show 
s ign if icant increases in an imal prod ucts, improveme nt 
of the soil throug h nitrogen fi xat io n and the possib il
ities of using this leg ume in alley cropping systems, 
there is not inte nsive use o f Leucaella in the regio n. 

T his rev iew di scusses the present status of 
Lellcaena in the reg ion and co mments o n some of 
the reasons fo r the poo r adoptio n o f the legume on a 
wide and intensive scale. T he p roducti on po ten tia l o f 
Leucaena and recommendatio ns fo r future devel op
ment are al so p resented. 

1 Centro Internacional de Agricullura Tropical (Cl AT), 
Apdo 6713, Cali , Colombia 
2Univers idad de Yucatan, Merida, Mexico 
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Traditional Use of Leucaena 
The present ly recognised species of Leucaena have a 
long h istory of human use by ind igenous co m muni 
ties of Mexico and Cent ral A merica. Usuall y the 
Leucaena species a re protected in trad itional agro
forestry systems (H ug hes 1993). For example f ive 
taxa are reported to be uti li sed by Indi an groups of 
Mexico : L. lanceolata, L. confertiflora va r. adenoth
eloidea, L. pallida, L. esculenta, L. lellcocephala 
s ubsp. lellcocephala and L. lellcocephala subsp. 
glabrata (Casas and Caball e ro 1996). 

T he spec ies of Lellcaena that are most w idely 
cult ivated by ' indigeno us people in Mex ico are 
L. esclllenta and L. lellcocephala subsp. glabrata. 
T he fo rmer is ca ll ed guaje roj o ( red guaje) and local 
peop le, mai nly of the Mixtec g roup, gather pods, 
seeds and young leaves fo r human consumpt ion. The 
seeds are eaten raw, roasted, coo ked in stews or 
mil led and added to tradition al chilli sauces (Casas 
and Caba ll ero 1996) . The cu ltivation of this species 
is not intensive and ed ibl e pa rt~ are gath ered fro m 
indi v idua l pl ants g rown in ho me ga rdens and from 
wild po pul ations o r from selected individu als spared 
in cropl a nds . 

Lellcaena lellcocephala is widely distributed in 
the regio n and L. lellcocephala subsp. glabrata has 
beco me natural ised in Honduras. Other species 



native to th is count ry are L. salvadorensis, L. diver
sifolia, L. shannonii and L. lempirana (Ponce 1995). 
Indigenous people of Honduras have also managed 
the leucaena trees fo r a long t ime and use them as a 
source of edi ble pods, as forage for pigs, rabb its and 
cattle, for firewood, fo r construct ion , as liv ing 
fences, as shade and as g reen manure. S imil ar use of 
leucaena is practised by sma ll fa rmers of Guatemala 
(Arias 1994), Costa Rica (Camacho 1989) and in 
other co unt ries of the region. 

A more detailed lis t of uses of Leucaena species 
by local peopl e is presented in T able 1. However, it 
needs to be clarifi ed that this use of Leucaella is part 
of a dive rs ified pract ice for fam il y subsistence o f 
indigenous peo ple that take advantages of all ava il
able plan t resou rces in the local env ironment to fill 
parti cu lar needs. It does no t mean that there is 
presently an intensive use of Leucaena. 

Present Status of Leucaena in the Region 

Research 
Cons iderable research on Leucaena has been carried 
out in the region, incl ud ing the hu mid SUbtro pics , 
du ri ng the past 10 to 15 yea rs, part icul arly by agron
omists w hose prim ary interest has been production 
of livestock feed (H ughes 1993). In th is regard, the 
contri bution of Leucaena, main ly L. leucocephala, to 
the im provement of animal production (beef and 
milk) is we ll documented (Faria-Mii rmol 1996; RUlz 
et al. 1996; Diiv il a and Urbana 1996; Suii rez et al. 
1987; Goldfarb and Casco 1995). 

Lascano et al. (1995) revi ewed Leucaena resea rc h 
results in countr ies of Central and South A merica 
and the Cari bbean, and concl uded that there is 
suffic ient germ pl asm and experimental in fo rmatio n 

availab le in the region fo r different environments. 
Based on so il and environmental data (soil pH 
(H20) > 5.5, AI saturation > 40%, alt itude 
< 1500 m .a.s.1. and dry periods of 3 to 6 months) 
they described macro-regions and agricultural 
production s ystems that could benefi t from 
Lellcaena. Muc h of the resea rc h has been conducted 
on L. leucocephala, part icularly the 'K' varieties 
fro m Hawai i (Viquez 1995), the cult ivars Peru and 
Cunni ngham and germplasm supplied by RIEPT 
(C1AT's supported pasture network). 

From 1986 to 1991, the Proyecto Madelena 
(CATIE-ROCAP) s tud ied the adaptation and the 
potential use of L. leucocephala and of L. diversi
folia as firewood, c harcoa l and forage at several sites 
in Guatemala, Honduras, El Salvador, Nicaragua, 
Costa R ica a nd Panama (Salazar 1986; Camacho 
1989). The s ites va ried in e levation fro m 0 to 
] 200 m .a.s.l., mean temperature from 20 to 30 QC 
and tota l rai nfa ll fro m 1635 to 3433 mm. The so ils 
had a pH > 5.0 and no al um inium toxicity. L. lellco
ceplwla adapted well to so il s which were well 
d rained and w it h litt le co mpact io n, a nd in si tes with 
a well -defi ned wet season. L. di versifolia adapted 
better to env iron ments over 800 m.a .s.1. 

Based on dry matter (DM) y ields under d iffe ren t 
p lant dens ities of t ri als conducted in Costa Rica, 
Salaza r et al. (1987) developed pre li m in ary pre
dictive model eq uati ons to estimate DM yields of 
fo liage, Firewood and total bio mass o f L. lellco
cephala and L. diversifolia . T he equatio ns are based 
o n the natu ra l logarit hm of the d iameter at b reas t 
height of the main s tem (dbh) and the plant total 
height. Fo r instance, fo r L. diversifolia, fi rewood 
(kg/tree) could be estimated by the equation InY = 
- 1.7544 + 2.4039 In dbh (Y= firewoo d DM). 

Table 1. Main use of native Leucaena species by indigenous people of Mexico and Central America (Adapted fro m 
Hughes J 993) 

Species 

L. col/illsii subsp. col/insii and subsp. zacapana 
L. confer/if/ora 
L. cuspidara 
L. diversifolia 
L. greggii 
L. lanceolara 
L. lellcocephala subsp. leucocephala and 
subsp. glabra/a 
L. macrophylla 
L. lIIulricapi/llla 
L. plI/verll/ema 
L. salvadorensis 
L. shannonii 
L. Irichodes 

Main use 

Firewood, fe nce posts, wood for construction, unripe pods consumed 
Unripe pods consumed 
Unripe pods consumed 
Shade tree, fodder for domestic animals, wood for construction 
Fi rewood, fodder for goa ts 
Firewood (prefered over L. leucocephala), fodder for pigs 
Unripe pods consumed (has occurred for millenn ia), fodder for livestOCk, 
green ma nure, firewood, wood for construction 
Unripe pods consumed 
Wood for construction, fi rewood 
Firewood, wood fo r construction, shade tree 
FireWOOd, fe nce posts, living fences 
High va lue as bee forage, firewood, fence posts 
Firewood, livestock food (mainly for goats); tox ic to horses 
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Leucaena diversifolia is a tree of medi um size and 
regarded as easier to manage as shade for coffee than 
the traditional species used such as Inga densiJ70ra 
and Gliricidia sepium . T his species is suitable for the 
product ion of posts (t he wood is ha rd and heavy) and 
has a hi gh ca lori fic va lue as firewood (approx imately 
4400 kca l/kg). T able 2 indicates that at one site in 
Costa Rica (La Garita), it produced in a period of 
4.4 yea rs, 45.9 metric tonne/ha of firewood and 
89.0 metric tonne/ha of tota l biomass in th ree 
harvests (Sal azar et al. 1989). It a lso has potent ia l as 
a forage pl ant si nce the mimosine content is low 
(CATI E 1986). However, farmers have preferences 
for species of Inga, Erythrina and C. sepilllll as 
shade trees in coffee pl antat ions of Centra l America, 
probabl y due to ease of propagation, e ither from seed 
or cuttings, and faste r growth of these compared to 
L. diversifolia . 

More recen tly, lesser known Leucaefla spp. have 
been under eval uation and the resu lts show great 
va riat ion in vigor, forage and wood biomass produc
tion, branchi ng habits, drought and psy llid to le rance 
(CONIF 1986; Viques 1995; Argel and Perez 1996). 
Among the more promis ing species worthy of men
tion are L. COlliflSii , L. triclwIldra , L. diversifolia , 
L. pallida , L. salvadorellsis, L. macroplzylla subsp. 
iSlmellsis and L. escll lellta . However, the new species 
must find a place in crop producti on and ag rofores try 
systems to have a chance fo r wide adoption. 

The interspecific crossing between L. lel/co
cephala and L. diversifolia, w ith the aim of identi
fying hybrids to leran t to acid so il s, continues in 
Brazil (Schifino-Wittmann et a l. 1995); however, 
although superior ac id-tol erant phenotypes have 
been selected, no cultivar has been released up to 
date (H utton 1995). 

Utilisation in production systems 
Lellcaena, particularl y L. lel/cocephala , has the 
potentia l to be used in a divers ity o f production 
systems in the region, either Leucaena-based 
pastures (Farfa-Ma rmol and Morillo 1997) o r in c rop 
production activ ities such as s hade in perenni al 
crops, fo r erosion con tro l planted as hedges on hill
sides, as mulch and green manure, for wood, fire
wood and fence posts. 

However, the reality is tha t despite pos iti ve 
research find ings that show the potent ia l that 
Leucaena has to im prove diffe ren t agropastoral pro
duction sys tems of the reg ion , its use by farmers is 
limited. In Brazil , Venezuela, Colo mbia, Mexico and 
count ries of Cen tra l America and the Caribbean, 
L. lellcocepizala is p lant ed on a small scale as a 
fo rage plant (prote in ban ks or associated w ith 
grasses) main ly as part of research or development 
projects, and in only a few cases planted at the 
farmer's own initiative. Figures detai ling the to tal 
area of Lellcaella planted are no t ava ilable. 

Leucaefla lellcocephala planted as str ips into 
ex ist ing grasses in Ca mpo Grande (Brazil), has 
increased beef production threefo ld (P. Ray man pers. 
com m.). However no mo re tha n 500 ha are presently 
planted and farmers show littl e in teres t in this tech
no logy fo r reasons listed below. In the Ce rrados and 
Northwest of Braz il, Lellcaena has been promoted 
for use as a windbrea k and protei n bank among small 
farmers, but it is used only on a small sca le (M . Soter 
and C. T. Karia pers. comm.). Similar s ituations w ith 
the use of L. lellcocephala occur around the Marac
aibo La ke in Venezue la (D. Urbano pers. comm.), in 
the Cauca Vall ey of Colombia (Shultze-Kraft 1994) 
and in the State of C hiapas in Mexico (I. Carmona 
pers. comm.). 

Table 2. Growth and regrowth yields of L. diversifolia in La Garita de Alajuela, Costa Rica (Adapted from Salazar et al. 
1987). 

Variables 

Total height (m) 
dbh (cm) of main stem 
Foliar DW (tonne/ha) 
Firewood DW (tonne/ha) 
DW standing biolllass (tonne/ha) 
Specific grav ity (glC I11 3) 

• Harvest of the or iginal stand 

First harvest' 
(2 .6 years) 

6.0 
4.7 

13 .9 
23.4 
37.3 
0.54 

•• Harvest of regrowth at 10 to 12 month intervals 
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Regrowth harvests 

1st 
(0.8 yrs) 

5.) 

2.9 
10.3 
14 .9 
25.2 

0.54 

2nd 
(1 yr)" 

5.3 
2.8 

18.9 
7.6 

26.5 

Total 
production 

43. 1 
45 .9 
89.0 



Lellcaena diversifolia is used and preferred over 
other species hy local farmers of Guatemala as fi re
wood, because it splits easily, burns slowly and pro
duces littl e smoke. The hardwood is used to ma ke 
axe handles and to build att ics for drying tobacco. 
Also, L. leucocephala is used on a smal l scale by 
farmers of Nicaragua as a windbreak planted 
together with stands of Tecoma and Eucalyptus 
camaldulensis, thus offering a better foliar surface 
fo r wind control (CATIE ] 986). 

Regional projects, such as Madelefia 
(CATIE-ROCAP) and COHDEFORD in Honduras 
have encouraged, during the last ten years, the use of 
Leucaena (mainl y native lines) in agroforestry sys
tems and as live fences among ind igenous people 
(ponce 1995). However, statistics on the degree of 
success are not available. Similarly, CATIE has 
researched the use of Leucaena in alley cropp ing 
systems in Nicaragua and Costa Rica (Viques 1995), 
but the utility and advantages of the system are not 
known nor it is a popular practice among farmers. 

Limitations to Adoption 
Technicians have concentrated research and promo
tion on L. lellcocephala, wh ich is known for its poor 
cold tolerance, heavy defolia tion du ring prol onged 
dry periods, poor growth on acid soils, heavy pod 
product ion, low wood du rabil ity and suscept ib il ity to 
a defo li ating psyllid (Hughes 1993), although the 
high fo rage qual ity of th is species is well recognised. 
Therefore, there are factors inherent to the species 
that li mit its adopt ion, but there are additional factors 
that meri t ment ion: 
• There are no well supported technology transfer 

programs to promote the utilisation of Leucaena 
in the region. 

• Farmers do not understand or are not full y aware 
of the benefi ts of us ing Leucaena as a fodder plant 
or in agroforestry systems. 

• Tradi tionall y for a catt le farmer, a pasture is 
fo rmed by pure grass only; farmers have difficu l
ties accepting a pasture fo rmed by trees. 

• Technical information on establishment at low 
cost and management methods to regenerate 
plantations is scarce. 

• Leucaena-based pastures need intensive manage
ment under rotation, a practice that is not common 
among catt le fa rmers of the region. 

• Ants and termites are a problem during the estab
lishment phase of L. leucocephala in areas such as 
the Cerrados of Brazil. 

• There are no studies that show the economic 
impact of using Leucaena at the farm and com
munity level, and the contribution of the legum e 
to the cycl ing of nutrients and improvement of 
the soil. 
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Potential and Recommendations for 
Development 

With the present technology avai labl e, large areas of 
the Latin American tropics could be planted w ith 
L. leucocephala, particul arl y areas of the region wi th 
med ium to good fertil ity soil s and a well defi ned dry 
season. Accord ing to Lascano et al. (1995), these 
areas are present in the so ut hern part of Mexico, in 
some islands of the Caribbean, along the Pacific 
coast of Central America, parts of Colombia, Vene
zuela, Guyana, Ecuador, Bol ivia, Paraguay, northern 
Argentina and east and northeast of Brazil. Gener
ally, these areas already hold a high population of 
beef and dual-purpose catt le. 

To th is area, mil lions of hectares need to be added 
of very acid oxiso l and ult isols with pH < 5 and AI 
saturat ion of 47-87% that cover aro und 55% of 
South America and 68% of Brazil (Hutton 1995). 
These areas could be planted wit h acid-tolerant 
hybr ids of L. leucocephala x L. diversifolia that are 
well advanced in Brazil (Schifino-Wittmann et al. 
1995), or with newly identi fied spec ies presently 
under evaluation (Argel and Perez 1996). 

However, for th is potentia l to be realised a series 
of problems and lim itat ions need to be overcome 
wi th the presentl y avai lable lines of Lellcaena, 
incl udi ng: 
• Improve the growi ng methods, focus ing on estab

lishment and so il nutrient requirements of 
L. lellcocephala. Farmers have to wait too long 
from plant ing to the firs t grazing. Appropri ate 
planti ng techniq ues are needed, together with the 
selection of robust genotypes with faster growth. 

• Organ ise and establ ish technology transfer pro
grams that prov ide incentive for fa rmer part icipa
tion in the plann ing, growi ng and management of 
Lellcaena . A government incentive may be consid
ered such as one that is presently in pl ace in Mexico, 
where the state provides to a fa rmer around 60% 
of the cost of establishment of a new pasture 
(usual ly the seed cost of grass establishment). 

• Improve the ' dissemination of technical informa
tion on the potential and li mitations of Leucaena
based systems to farmers, extension agents and 
pol icy makers. This can be assisted by estab
lishi ng a regional network to share germplasm, 
experimental resu lts and experiences wi th 
fa rmers. The present chain of experi ments already 
under way in Latin A meri ca wi th new species of 
Leucaena suppo rted by the Oxford Forestry 
Inst itute in collaboration with CIAT, may be the 
base for a future regional network. 

• Incentive programs to iden tify new li nes tolerant 
to high AI saturation and low Ca so il concen
trat ion either by breeding or selection from new 
speci es of Lellcaena. 



Conclusions 
Leucaena species are util ised fo r di ffe rent purposes 
by indigenous people of Lati n America as part of a 
divers ified practice tha t takes into account all pl an t 
resou rces ava ilabl e for subs istence in the loca l 
env ironment. 

Leucaena leucocephala is the spec ies that has 
been most widely di stribu ted and researched; how
ever there is no wide ut il isation of this species in the 
agropas to ra l system of the region. New spec ies of 
Leucaena are still in an early phase of eval ua ti on. 

The potent ial of Leucaena to increase animal pro
duct io n, as well as to contribute to more susta in able 
crop pract ices, is enormous, but there a re severa l 
factors that li mi t adopt ion . T hese facto rs incl ude lack 
of effecti ve technology transfer programs, fa rmers' 
tradi ti ons, slow establishm ent and poo r growth in 
acid so ils . These issues need to be resol ved if inten
sive use in diffe rent production systems of th is 
important legume is to be achieved in the near future. 
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Leucaena in Large-Scale Grazing Systems: 
Challenges for Development 

P.H. Larsen1, C.H. Middleton2, M.J. Bolam3 and J. Chamberlain4 

Abstract 

In Australia, leucaena is grown in rows with grass in the inter-rows and used almost eXClusively 
in large-scale grazing systems. Currently, about 50 000 ha of leucaena are used for beef production 
in tropical and sub-tropical Australia. Most of this is raingrown in Queensland on fertile clay-clay 
loam soils in the 600-800 mm mean annual rainfall zone. A small, but highly productive, irrigated 
area is grown in the Ord River area of northwest Australia. Leucaena has been grown 
commercially in Australia for nearly 40 years. Despite its known production potential and large 
areas of suitable soils, its adoption has been slow. 

L EUCAENA (Leucaena leucocephala) is a highl y 
nutritious forage used mainly for finishing different 
classes of beef cattle for slaughter for both domest ic 
and export markets in Southeast Asia, Japan, Korea 
and USA, with a smaller amount going to EEC coun
tries. In the Ord, it is used principally to finish cattle 
for the live export trade to Southeast Asia. 

The high quality of leucaena makes it ideal for 
finishing cattle and it is replacing more costly 
finishing systems like annual forage crops and feed
lots. It is the only tropical forage system in Australia 
capable of finishing beef animals that can meet all 
export carcase specifications. A recent grazing dem
onstration (Esdale and Middleton 1997) showed that 
under favourable seasonal conditions, liveweight 
gains from raingrown leucaena/grass of 1.25 kg! 
steer/day were possible. Furthermore, carcase quality 
was no different from carcases from grass or grain 
feeding. 

Leucaena has advantages over crop finishing in 
that high qual ity forage is available continuously. 
With oats, the cattle tend to get 'fatter' the longer 

1 'Cedars Park ' , Banana, Qld 4702 
2 Queensland Beef Industry Institute, PO Box 5545, 
Rockhampton, Qld 4702 
3 Agriculture W A, Durack Drive, (PO Box 19), Kununurra, 
WA, 6743 
4 Department of Primary Industries, Box 13, Clermont 
Qld 4721 
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they are on the oats. On leucaena, the cattle continue 
to go through growing and fattening phases. Cattle 
can be turned off any time during the year to meet 
market demands and better prices. 

Future development in Australia 
In spite of its known production potential and large 
areas of suitable soils, leucaena adoption has been 
slow. Some thoughts and observations on limitations 
and future development opportunities are given inde
pendently by an experienced grower and practising 
scientists and extension special ists. 

1. A Grazier's View 
(P.". Larsen) 

What limits adoption? 
The restrictions to the adoption of leucaena in 
Australia can be categorised in three ways: tech
nical restrictions, social restrictions and economic 
restrictions. 

I. Technical restrictions 
The greatest restriction in this area is the lack of 
government registration o f chemicals to control 
insects and especially weeds. Whil e much work has 
been done by OPI and CSIRO in the pest control 
area, there is a reluctance by chemical companies to 
spend time and money on registration of chemicals 
for use on crop and pasture species which seem 
insignificant to them. 



I 
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The greatest cause of failure in establishing leu
caena is poor weed control. While many modern day 
farmers are geared to chemical weed control , th is 
author prefers the low cost, hard work mechanical 
control methods and where necessary, even hand 
hoeing. While many producers o ft en prefe r other 
establ ishment and weed control methods, they fre
quentl y do not have the ability or inc lination to do 
the job effectively. They invar iabl y fail and do not 
have the wi ll to try aga in. A 90% success rate in 
establishment across the industry will on ly be 
achieved when easy, highl y effective methods are 
perfected, such as selecti ve chem ical weed control. 

What technical answers are still needed? 
• Trials need to be conducted on breeding cows to 

confirm Dr Raymond Jones ' cla im that leucaena 
will have no adverse effect provided the cows 
have the rumen bug (Synergisles jonesii). Most 
DPI staffs are not prepared to make the claim that 
leucaena feedin g to breeders does not affect 
calving or cal ves at birth. 

• Growers need tech nical information on why steers 
tend not to over-fatten on leucaena . Is this to do 
with the feed or the young age of the beast? 

• Growth rates after seedling emergence need to be 
monitored to see if there are differences between 
seed scarified by boiling water and mechanical 
means. Time to emergence an d subsequent growth 
both need to be measured. 

• Nitrogen fixing trials need to be conducted in 
order to establish if leucaena in the field is fixing 
expected amounts of nitrogen, especially in the 
normally high-nitrogen, brigalow clay soils of 
central Queensland where there is little visible 
evidence of nodulation. 

• More taste testing trials on beef from leucaena-fed 
animals will demonstrate the high quality of this 
product. 

• Trials need to be conducted on machine scarified 
seed to determine the effect of atmospheric condi
tions on seed qual ity and germination over time. 

• Trials need to be conducted on individual culti
vars to determi ne the response to coppicing at 
various heights, in comparison to a standard 
height of about 2 m that animals graze to in the 
field . Does the coppicing height have any effect 
on psyllid populations? 

• The registration of weed and insect control 
chemicals for use in leucaena needs fast tracking. 

• Research is needed to establ ish which chemicals 
can be applied to inoculated seed to control 
insects that attack emerging seedlings under
ground. However, leucaena with no live inoculant 
is better than I ive inoculant but no leucaena. 
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• How much existing grass can be reta ined du ring 
estab l ishment wi thout affecting leucaena estab
lishment? 

• What is the effect of g rass competition on the long 
term yi eld and qual ity of leucaena re lative to a 
pure stand, pa rticularly in rel ation to soil moisture 
availability? 

2. Social restrictions 
T here are probably as many social restr ictio ns to 
leucaena use as there are people who have seen and 
been impressed by it but fa il ed to attempt to use it. 
T his property hosts about 100 people each year and 
all are impressed with the leucaena and the catt le 
grazing it. However, not many of these people are 
pl ant ing it , although successfu l g rowers are quite 
passionate about what they are doing. 

Misinformation or mi s interpreted information is 
often used as an excuse not to attempt to grow 
leucaena . The 'dieback condition ' recorded at B lack
water is an example. It appeared in the recent 
drought and resulted in some plant deaths on 
severely drought-stressed plants. However, this 
property lost more native trees in the drought than 
leucaena. It is of interest that the Blackwater grower 
(Scat! McGhie) who had the longest drought and lost 
the most plants is continuing with his leucaena 
pl ant ing program and is enthusiastic about it. As a 
matter of interest, this property has had its greatest 
establishment success in the driest years, due to lac k 
of weed competition. 

Social promotional needs 
Technical manual. A new, high qua lity updated 
technical manual on glossy paper with colour 
photos needs to be written , with technical infor
mation interspersed with real life tes timonials 
from successful growers. When farmers read a 
technical manual, they need to become excited to 
the extent that they have to restrain themselves 
until they finish the last pages before going off to 
check the fatm for where it is going to happen. No 
publication is worth the paper it is written on 
unless it starts people doing something. User testi
mony is essential. 

Myth eradication is the first target when writing 
a new publication. The second is to emphas ise 
that: NITROGEN is PROTEIN is BEEF. 

Most graziers have not made this connection. 
• Establishment costs. This should only be spoken 

of where a direct comparison is given to the cost 
of establishing a grain or forage crop over a 
lO-year period. People need to recognise that the 
half- I ife of leucaena is 50 yea rs (Jones and 
Harrison 1980) and consider the costs and returns 
on this time scale. 



• Risk reduct ion. A ll risks should be taken out of 
the establishment phase so that a benchmark of 
f ull production in 6 months can be reached. If 
necessary, graziers shou ld employ exper ienced 
fa rmers to establ ish the leucaena for them. 

• Graziers need to be rem inded that animals can be 
fi nished to most speci fi ca tions at any time on 
leucaena, including during a drought. 

• Good leucaena stands need to be es tabl ished on 
research stations for t rial and demonstration 
purposes. 

• Grower promotion. Promotion by experienced, 
practical growers shou ld take place. 

• Plant breeders rights need to be in the hands of 
the r ight people to ensure benefi ts to all. 

3. Economic restrictions 
T he main economic restri ction has been the high cost 
of establ ishmen t fa ilure, due to poor seed emer
gence, weeds and the destructi on of seedlings by 
insect s. Most of these problems now have answers 
and can be overcome. 

Currently , th e most severe restriction is the low 
worl d beef prices compared to reasonable gra in 
prices. 

Ecollomic promotiollallleeds 
• The most effective econom ic factor supporting the 

use of leucaena is that beef can always be mar
keted at the high end of the price range at the 
ti me, w ith I ittl e need for the producer to have to 
negotiate higher prices. T his property has been 
offered ' top dollar ' for leucaena cattle for eight 
years now. When seasonal condi tions dictnte, the 
influx of cattle onto the mnrket drives the price 
down. Eventual ly , there is a shortage of prime 
eattle and prices increase. T his is th e time when 
meat works seek leucnena-fed cat tl e as they know 
quality can be produced at any time. The on ly 
negotiations required with the mea tworks is the 
exact time they need the cattl e and adv ice as to 
when prices are likely to fa ll. 

• Leucaena should be promoted economically on 
the basis of comparison with alternative fo rage 
crop feeding systems. 

2. Pasture Agronomists' View 
(C.H. Middleton and J. Chamberlain) 

Current use in Australia 
Middleton et aL (1995) reviewed th e status of 
leucaena use in Australia . They concluded that there 
were about 50000 ha in use almost exclusively in 
large-scale grazing systems where the leucaena is 
grown in rows 6-12 m apart with sown grass 
between the rows. Except for the Ord River area 
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which is irrigated (see next section), it is ra ingrown 
on ferti le clay so i ls in areas with 600-800 mm 
annual rain fall. It is used principally for growing 
beef an imals but all classes of cattle can be used 
prov ided they have been treated with the rumen 
bacterium. 

T he large-sca le grazing systems used in A ustra lia 
( large arable land area, non-acid soil , sma l l popula
tion and large fa rms) are not widespread throughou t 
the world. However, there are sim il ar systems, but 
on a smaller scale, in southern USA and Central and 
South America and Pacific Islands. The poten tia l for 
larger areas of large-scale open grazing is substant ia l 
both in Aust ralia (M iddleton et aL 1995) and else
where (Lascano et aL 1995). 

Once established, leucaena is toleran t of grazing 
and fl ex ibl e in i ts management. Grazing systems 
range from rotational grazing to cont inuous grazing. 

It is well recognised that leucaena in assoc iation 
with sow n grass is the highest quality forage system 
ava ilable to graziers with su itable so ils in th e sub
tropics and tropics of Austral ia . It is also known that 
high animal production levels (>1 kg li veweight 
ga in/animal/day) are achievable. All this is poss ible 
where most A ustralian leucaena in grown, i.e., at the 
lower end of its rainfall adaptation limit. 

Given the high performance of leucaena, the large 
successful plantations already in use and the large 
area of so il to whi ch it is high ly adapted, th e peren
nial question is ' Why is there not more?' A fter all , a 
less productive shrubby legume (Sly/osalllhes 
sea bra) released for use 20 yea rs later than leucaena, 
already covers close to 1 million hectares in northern 
Austra lia (Partridge et al. 1996). 

W ith ex isting leucaena cultivars, 50- 100 tim es the 
current sown area is suitab le (on the basis of so il s 
and rainfall) for leucaena grow ing in Queensland. 
The potential area would be even greater with better 
psylli d, frost and dro ught tolerance. 

Restrict ions to adoption 

There have been many reasons for the slow adoption 
of leucaena over the decades, ra nging from unfamil i 
arity of using and managing ' trees' as grazed forage 
plants, mimosine effects on ruminants, poor estab
lishment, psy llid damage, lack of frost to lerance, 
high cost of establ ishment and competition from 
other la:ld use options. 

However, current technology ex ists to the extent 
that the area of economicall y and environmentally 
viable leucaena could be expanded enormously with 
ex isting cultivars and with only minor problems with 
psyllids and frost. A few comments are offered on 
factors believed still to have a bearing on adoption . 
In the authors' opinion, some of these problems are 



often more perceived in the m ind of the grazier than 
appear in real ity. 

a) Establishment problems 
Establishment difficulty stil l ra tes h igh ly as a major 
limitation to use (Shelton 1994; Middleton et at. 
1995 and Lascano et al. 1995). Most raingrown leu
caena in Queensland is grown close to its rainfa ll 
adaptation limit because th is is w here the best soi ls 
(neutral to alkaline, relat ively fertil e, deep, well
drained clay/clay loam soils) occur. Light to mod
erate winter frosts occur. The bonus is that in thi s 
environment psyllids are generally not nearly the 
problem they are in the higher ra infall coastal areas 
or indeed in other countries. 

Because of slow establishment of leucaena and 
the devastation that weed competit ion can cause, the 
practices to ensure success must be rigidly adhered 
to. The technology to do thi s is available but often 
not carried out. In many cases, the necessary high 
level of farming skills and machinery to establish 
leucaena are lacking, despite all the good intentions . 
Unfortunately, as in any profession , the skills and 
abilities of graziers follow the normal distribution 
curve. A few are capable of achieving a high success 
rate in establishing leucaena, but many are not. 

It probably costs 50%-100% more to establish 
leucaena compared to the conventional buffel grass 
(Cellchrus ciliaris) pasture. In effect, two pastures 
have to be -planted, leucaena and subsequently buffel 
grass. Most of the additional cost is due to leucaena 
seed treatment, insect and weed control chem icals 
and the ir application, addi tional in ter-row weed con
trol and the time the ' two ' pastures are not available 
for grazing. Costs can be reduced where leucaena is 
sown into existing grass pasture or where grass is 
sown at the same time (provided 2.0 m each side of 
leucaena row is kept weed and grass free). Lascano 
et al. (1995) suggest intercropping may hel p pay for 
establishment. This has been tried in Q ueensland but 
generally the low ra infall of the area and competition 
from established leucaena has adversely affected the 
performance of both leucaena and crop. 

The comparison in the adoption rates in Austral ia 
of two adapted pasture forage legumes (Ieucaena and 
stylo) is interesting. Introduction of sty lo (5. scabra) 
into the native pasture communities of northern 
Australia is characterised by a set of circumstances 
that are quite different from those where leucaena is 
grown. Stylo establishment is characterised by: 

• Iow cost, low risk and ease of establ ishment (min
imal seedbed, aerial planting, small investment in 
machinery, highly competitive with grasses); 

• grazing can continue du ring the establishment 
phase therefore not loosing land productivity ; 
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• stylo is widely adapted to soils and tolerates low 
fertili ty; 

• the inclusion of stylo has not changed the pasture 
ma nagem ent methods of graziers . T hey still have 
a suite of plants, grasses and shrubby plants, with 
wh ich they are familiar; 

• the inclusion of stylo is replac ing a low produc
tion system (native pasture) so that big benefits 
are guaranteed with I ittle effo rt. Leucaena pl anting 
is repl ac ing an already reasonabl y hi gh production 
system (buffe l grass pasture, crops). 
It is necessa ry to convince graz iers that the bene

fits of leucaena, even where it rep laces an ex isting 
high production grass pasture, is uneq uall ed by any 
other improved pasture system. 

b) Competition from other land use 
T he so il s on which leucaena is grown in Australia 
a re generally also highly suited to both summer and 
winter crops. Leucaena must compete against th ese. 
Also, it is harder to incorporate leucaena in diversi
fied and/or rotational management systems involving 
some cropping than with less permanent pasture 
systems. The degree of competition from cropping 
varies according to the comparative net returns 
operating at the time. 

c) Research a1ld development funding 
Funding for agricultural resea rch, development and 
extension in Austral ia has decl ined substantially in 
recent years. This mea ns not only less money but 
also less staff. AI! research and development con
ducted by agencies is priorit ised and leucaena is not 
high on the list. It is not widely recogni sed that R&D 
priorities today are largely se t by industry bodies, not 
by scientists or extension people. 

d) Extension material and methods 
In Australia, leucaena has been subjected to more 
than its fa ir share of publ icity by all the conventional 
methods uti lising personal contact, written, radio and 
TV/video media, fi eld meetings etc. It is believed 
that most graziers are aware of the technology and its 
value and that factors other than lack of awareness 
are responsible for inadequate adopt ion. 

Mo re recent extension strategies are discussed 
under the adoption strategies section below. 

Adoption strategies 

a) Gettillg the message across 
How far can anyone go in 'encouraging ' people to 
adopt a technology that they can benefit from finan
cially? The moral obl igation of scientists and exten
sion special ists is to make sure the grazi e r has all the 
necessa ry information (both pos itive and negative) to 



make decis ions as to w hether leucaena is appro
pria te. To be adopted by graziers, any new tech
nol ogy must suit their lifestyle, thei r 'pocket ' and 
their product ion system; they w ill ta ke it on in their 
own time. 

Participatory research (Lascano et al. 1995) and 
extension is a tool which the authors have been 
involved w ith in Queensla nd since 1986 through the 
Producer Demonstration S ite (PDS) project. Groups 
of graziers conduct on-farm demonstrations of new 
technologies, partly funded by industry (Meat 
Research Corporation-M RC). T he group activities 
are usually facili tated by tech nical 'experts' in that 
particula r technology. The aim is to improve grazier 
skill s, give them 'ownershi p' of the proj ect and 
ult imatel y achieve techno logy adopt ion . In the past 
five years, several leucaena demonstrat ions have 
been carried out successfully. 

A si mil ar approach, part-funded by industry 
(M RC), is the PIRD project (Producer In iti ated 
Research and Development). Groups of producers 
initiate and conduct thei r own proj ects with or 
without input fro m tech nica l people. Its aims are 
somewhat s imila r to the PDS. T he two projects w ill 
be amal gamated in 1998 into a common PIRD 
approach. 

There is no doubt that successful 'on farm ' dem
onstra tions are a hig hl y useful method of gett ing the 
message across. A large production demonstrat ion 
carried out in association with the 1997 Queensland 
Beef Expo (Beef '97) all owed graziers to compare 
the production and carcase traits of their an ima ls 
agai nst others under diffe rent feeding systems 
(Esdale and Middleton 1997). During alSO-day 
period, the average da il y liveweight gain of 150 
steers grazing leucaena/g rass was 1.26 kg/steer/day 
compared to 0.82 kg/day from buffel grass alone. 
The implications of this performance in terms of age 
of turnoff and marketing flex ibili ty are obvious. 

Chamberlain (t hese Proceedings) has taken 
another approach to getting the leucaena establish
ment message across to leucaena growers and to 
tra in them in establi shment technology. As an alter
native to on fa rm demonstrati ons, he took a bus load 
of graziers interested in leucaena on field visits to 
existi ng leucaena growers. The visits were designed 
to see both successful and unsuccessfu l establ ish
ments and get grazier interaction on the processes. 
Several group members planted leucaena as a result 
of the exercise. 

The authors believe the best way to achieve 
greater adoption of leucaena or any other tech
nology is to increase the skills level of the users and 
to involve them in the process of testing or 
demonstrating the technology to ensure ownership. 
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b) Increased funding 
If industry considers that leucaena research, develop
ment and extension deserves higher priori ty than it 
currently receives, then it must be proacti ve in ca n
vassing its representatives in industry associat ions, 
the Regio nal Beef Resea rch Com mi ttees, Queens
land Beef Industry Inst itute, R&D fund ers (Meat 
Research Corporation), and the agribus iness com
panies that produce chemicals for insect and weed 
control. 

c) Leucaena establishment cost 
While the cost of leucaena establi shment is high re l
ative to establishment of grass pasture, the add iti ona l 
benefits far outweigh th is. Graziers already have a 
high produci ng buffe l grass pasture (160-180 kg 
liveweight ga in/ani mal/ha). The need is to convince 
them of the add itional fi nancial benefits and market 
f1 exib il ity that a pas tu re capable of producing 
300 kg/animal/yea r of liveweight can bri ng. 

d) Queensland Leucaena Growers Association 
T his association does not exist, but perhaps it 
should! Broadacre leucaena growing for beef pro
duc ti on is a specialised farm ing system that can pro
duce a high qua l it y prod uct. A specialist group mi ght 
have three pri ncipa l aims: 
• trai ning and skills development of existi ng and 

potentia l growers through interchange of ideas, 
tra in ing works hops, etc.; 

• a co mmo n interest gro up to promote the system 
and to ca nvass for and seek funding for resea rch, 
develop ment, extensio n and training; 

• develop and promote a Quality Assured product 
that leucaena/grass pasture can produce. 

3. Intensive Irrigated Production Systems 
(MJ. Bolam) 

The current system 
Leucaena has peen grow n in the Ord River Irr iga tion 
Area (ORIA) of no rth-western Austral ia s ince 
pl anti ngs by CSIRO in the early 1970s. It was not 
unti l the discovery of the DHP destroyi ng bacterium, 
Synergistes jonesii, that leucaena began to establi sh 
itself as a pro fitabl e opt ion fo r farmers in the ORIA. 
No furt her reports of tox icity have been recorded 
si nce shortl y aft er in troducti on of these bacteri a. 
Subseq uen tl y, the Department of Agriculture (now 
Agricul ture WA) foc used on develo ping a manage
ment system to intensively graze tlood- irr igated 
leucae na in the Ord va ll ey . T he industry began to 
develop in 1985 and today appro xima tely 1400 ha of 
leucaena are under g razi ng in the area. 

The stocking rates on well ma naged leucaena in 
the ORIA average six head/ha and growth rates of 
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200-250 kg/head/year are regularly achieved. This 
equates to 1200-1500 kg/ha/year of liveweight gain. 
These are some of the best levels of animal pro
duction recorded from leucaena, or any other tropical 
pasture, in the world. The value of the industry in 
1996/97 is estimated at $2 million . 

Leucaena is grazed in a rotational management 
system, with an optimal rotation length of six weeks 
(one week grazing/five weeks rest). The leucaena is 
planted on beds with an optimum row spacing of 
1.8 m. The inter-row is planted with grasses such as 
Pangola (Digilaria erianlha) or Tully (Brachiaria 
hllmidicola). An ideal configuration developed by 
Agriculture WA and growers is to plant two rows 
then miss one. This provides ease of access to 
machinery and a good stand of grass which has been 
shown to be an important component of the grazing 
animals' ration. 

The crop is flood-irrigated, on average fortnightly, 
during the dry season with approximately 1 mega
litre of water, equating to an annual water use of 
around 29 megalitres per hectare. Leucaena/grass 
pastures are cut to maintain the stand at a height of 
1.0-2.0 m every year or two (preferably cut with a 
circular saw, not a slasher) and fertilised to maintain 
soil phosphorus levels at approximately 20 parts 
per million. 

Leucaena's susceptibility to waterlogging requires 
that good water management be applied including 
laser-levelling before planting. Seeding rates of 
10-13 kg/ha are used in the valley. Full stocking 
rates are not achieved until 18-24 months after 
planting. It is important not to overstock the crop for 
a further 12 months to ensure lifetime productivity . 
Yields of dry matter range from 12-48 tonnes/ha/ 
year. For a more detailed description of the produc
tion system, see Petty et al. 1994. 

Almost all the cattle grazing on leucaena in the 
ORIA are destined for live export. The good growth 
rates, high stocking rates and all-year-round access 
provide a market advantage for leucaena growers. 
The leucaena growing areas are an important part of 
the vertical integration of extensive grazing enter
prises. There is also the potential to produce cattle 
for slaughter for the domestic trade of equivalent 
quality to those finished in southern areas. Leucaena 
is also used by the local dairy to carry dry cattle and 
steers. 

Limitations 
The poor availability of slaughter facilities is at 
present limiting this marketing option for growers. 

Two periods of reduced Iiveweight gains are 
evident in the year-round grazing system. The first is 
during the middle of the northern cool/dry season 
(May, June, July) and the second is during the 
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mid-to-Iate wet season (January, February). Recent 
work by the Department of Agriculture has focused 
on improving the productivity of the leucaena/pan
gola system even further. 

Reduced yield of herbage mass on offer has been 
identified as the key reason for the dry season reduc
tion in liveweight gain. This has been addressed in 
two ways: firstly, to provide energy supplementation 
during this period using maize or molasses; and 
secondly, by using a grazing system that increases 
herbage allowance, known as the 'leader-follower' 
system. The use of maize in the dry season has the 
potential to increase annual animal liveweight gain 
to more than 300 kg/head. Increasing the herbage 
allowance to 10 kg dry matterll 00 kg I iveweight of 
cattle/day resulted in improved liveweight gain but 
above this, no further improvement was recorded. 

The most likely reasons for the reduced Iiveweight 
gain are the wetter months during a combination of 
high temperature and humidity limiting the animals' 
ability to dissipate heat, overcast weather conditions 
limiting growth of both leucaena and pangola, and 
muddy conditions making cattle reluctant to graze. 

Challenges for development 
Economics of energy supplementation. The 
improvement in liveweight gain demonstrated 
from maize supplementation in the dry season has 
also been demonstrated with molasses as the 
energy source. Molasses is now available in the 
ORIA from the recently constructed sugar mill. 
The technology to feed and handle molasses is 
well developed in the eastern states of Australia 
and could be readily applied in the OR lA. 
Increased density of leucaena (more forage in 
each bite). The low bulk density of leucaena leaf 
as compared to the pangola grass in the rotational 
grazing system of the ORIA results in decreased 
herbage intake per bite for the grazing animal. 
The low bulk density of leucaena would be the 
most likely factor limiting the intake of leucaena 
and is a key" factor in the nutritional limitations to 
liveweight gain in this system (Petty et al. 1997). 
Continued efTort in promoting the quality of 
leucaena finished beef. There is significant bias 
exhibited by buyers of cattle for slaughter against 
Brahman and Brahman cross animals. The trop
ical environment of the ORIA region requires a 
high content of Bos indiclIs. There needs to be 
continued promotion of the high quality of 
finished beef from Bos illdicus based animals. 

• Pirex control and management. The root-rot 
fungus, Pirex subvinosus, is the main recognised 
disease of leucaena in the ORIA. The ecology of 
this fungus, its mode of action and methods for 
control and management are not well known. This 



is an important area for research in the ORIA, as 
is the establishment of the real, long-term impact 
of its presence. 

• Evaluation of new cuItivars under grazing. The 
assessment of new cultivars of leucaena for their 
agronomic limitations, animal production poten
tial and disease resistance is essential to provide 
options for inevitable problems growers will face 
in the future. 

• Faster and more efficient establishment of 
leucaena. The use of post emergent weed control 
could reduce the period of establishment of leu
caena from 18 to 6 months. Reassessment of the 
benefits and costs is necessary (Pratchett and 
Triglone 1990). 

• Water use efficiency. A key area of challenge for 
all irrigated crops including leucaena is improved 
use of the valuable water resource. 

• Leucaena as a weed . Leucaena has the potential 
to be a weed in ungrazed areas. Selection of low 
seeding cultivars or sterile Fl hybrids should be 
given priority. The control of undesirable regener
ation (by seed) of leucaena on farms should be 
promoted. The seed-destroying bruchid beetle that 
recently arrived in Queensland may help in the 
control of leucaena on undesirable sites. 

• Difficulties in trading cattle. The lack of man
agement flexibility in long-term crops such as 
leucaena and the problems in buying stores and 
selling finished cattle pose significant problems. 
While the focus is in the areas of expertise such as 
the agronomy of leucaena and animal production, 
it is essential to keep abreast of the realities of 
market issues, level of risk for producers, and the 
need for flexibility and coping with change. 

• Production losses due to thrip insects. The 
damage to leucaena during recovery from grazing 
or cutting from thrip insects is recognised but 
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poorly defined in terms of forage production and 
economic loss. 

• Dryland leucaena. The potential for leucaena in 
the Kimberley area under dryland conditions 
needs to be properly evaluated. 
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Adaptability Trials with Leucaena in Vietnam and its 
Potential Use in the Uplands: a Case Study 

Hoang Xuan Tyl 

Abstract 

Leucaena leucocephala subsp. glabra/a was tested in various forest sites in Vietn~m ranging 
from latitude 10·41' N to 21 ·40' N at elevations of 10-800 m above sea level (ASL). The results 
showed that L. leucocephala is widely-adapted 10 different climatic conditions in Vietnam, but the 
key factor that limits growth rate of this tree species is soil acidity. In suitable soils with pH(KCI) 
>4.8--5.0 and good management after 4 years, L. leucocephala had reached a mean height of 
8.7-10.4 m and produced an average dry biomass of 53.6-60.8 I/dw/ha. At all trial plots, 
L. leucocephala produced good quantities of seed with germination potential from 80% to 85 %. 
Because of simple planting methods, vigorous coppicing and high potential for soil improvement, 
this species has been accepted enthusiastically by upland farmers. L. leucocephala is one the most 
suitable NIT species for intensification of fallow management in Northwest Vietnam and other 
similar areas. 

SHRUBBY Lellcaena lellcocephala has been planted 
for garden fencing in the alluvial soils of lowland 
central and northern Vietnam for a long time. 11 was 
classified previously as L. glallca (now considered as 
a synonym of L. lellcocephala). Because of its small 
size and low adaptability to degraded soils in the 
uplands, the distribution was limited. 

In order to find new, fast-growing trees suitable to 
the wastelands of Vietnam, the Forest Science Insti
tute of Vietnam (FSIV) has introduced 14 new exotic 
nitrogen-fixing tree species since 1992 for trials 
within the framework of a research project. 

L. lellcocephala subsp. glabrata (Ipil-Ipil) and 
Callialldra calo/hyrsus look very promising because 
of their adaptability to a wide range of climatic con
ditions, their quick growth and high coppicing poten
tial. They thus have the potential abil ity to provide 
quick income to poor farmers in the uplands. This 
has created a demand for these species, and they are 
constantly requested by many people in projects 
deal ing with upland development and aiming at the 
establ ishment of SALT models. The goal of the trial 
reported here was to assess the adaptability of a new 

I Director, Research Center for Forest Ecology and 
Environment (RCFEE), Forest Science Institute of Vietnam 
(FSIV), Chem-Tu Liem, Hanoi, Vietnam 
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arborescent leucaena in different ecological zones, 
and its potcntial use for firewood, fodder and soil 
improvement in fallow periods. 

Material and Methods 

Seed origin 
Seeds of L. leucocephala subsp. glabrala (OFI 
44/88) were obtained from Java, Indonesia, through 
the Firewood Project funded by Food and Agricul
ture Organisation (FAO) of the United Nations. The 
original seed collection by Oxford Forestry Institute 
was made at G~alan, Zacapa, in Guatemala. 

Forest sites of trial plots 
Ten forest sites were selected for trials in various 
bio-c1imatic zones between latitudes 10·41' Nand 
21 °48' N . The sites were at elevations of 10-80 m 
ASL with 1320-2270 mm annual rainfall. Mean 
annual temperature ranged from 20 to 26.5 QC with 
minimum temperature of about 16 QC in the south 
and -1 QC in the north (Table I, Figure 1). 

The soil types were classified as red and brownish 
feralites developed from limestone or reddish yellow 
feralites from gneiss, sandstone, or basaltic soils of 
volcanic origin. Most of the sites can be described as 
hillsides degraded due to mismanagement and severe 
erosion with pH(KCI) of 3.6-5.1 and very low 
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Figure 1. Distribution of 8 trial L. Leucocephala sites in Vietnam (1992-1995). 
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Table 1. Climatic conditions of the L. leucocephala trial sites in Vietnam (Source: Meteor-hydrology Institute of Vietnam, 
1996). 

Location Province Latitude Elevation 
m ASL 

1. Muong La Son La 21.22 400 
2. Ban Hin Son La 21.22 800 
3. Luong Son Hoa Binh 20.52 100 
4. Dong Hy Bac Thai 21.36 50 
5. Cau Hai Vinh Phu 21.32 60 
6. Play Ku Gia Lai 13.59 800 
7. Song Be Song Be 11.32 30 
8. Ham Minh Binh Thuan 10.41 10 

amounts of available organic matter, phosphorus, 
potassium and nitrogen (Table 2). 

Establishment of trial plots and data recording 
Seeds were scarified by dipping into hot water at 80 cC 
for ]5 minutes but were not inoculated with Rhizo
bium. Seedlings were raised in plastic tubes 6 x 12 x 
30 cm in size. The plots were prepared by ploughing 
and were 30 x 30 m with sub-plots 30 x 10 m. The 
initial plant spacing was 2 x ] m (5000 seedlings/ha). 

Regular weeding was carried out and tree meas
urements were taken periodically. Plant measure
ments included basal diameter (10 cm above 
ground), height and dry biomass at 1, 2, 3, and 4 
years after transplanting. Data were analysed with 
GENSTAT. Chemical analysis of soil and plant 
components included nitrogen (Kjeldahl method), 
humus (Tiurin method), pH(KCI) by pH meter, 
potassium (flame photometer). 

Results and Discussion 
Growth rate 
Survival of L. leucocephala was good (85%-90%) in 
the first year, but there were significant differences 
in the growth and health of trees in each site. 

Rainfall Number dry Temperature °C 
mm months 

Mean Maximum Minimum 

1460 5 21.0 38.0 - 0.8 
1450 5 21.0 38.0 -0.8 
1800 4 23.2 41.2 1.9 
2025 4 23.0 39.5 3.0 
1850 3 23.0 40.7 3.2 
2272 4-5 21.8 36.0 5.7 
1800 5-6 26.2 38.6 11.9 
1420 5-6 26.5 35.3 16.6 

After the first and second years, the growth differ
ences at the various sites became apparent through 
the measurement of both diameter and height. At the 
end of the second year, average heights in the most 
suitable sites (Luong Son and Muong La) ranged 
from 6.6 m to 7.1 m, but those in the unsuitable 
locations (Cau Hai, Play Ku) were only 2.4-2.5 m 
(Table 3). 

After 3 and 4 years, there were obvious differ
ences in growth (diameter and height) of stands 
among sites. The three best sites were Luong Son, 
Muong L'l and Ban Hin. The Ham Minh and Bac 
Thai sites were considered as moderate while Play 
Ku, Song Be, and Cau Hai sites were not suitable for 
L. leucocephala. At Play Ku, the health of L. lellco
cepha/a was very poor and 600/0-70% of plants were 
dead by the third year. Among the reasons for this 
could be that the dry season was too long (6 months 
in 1994), the ground water level was too deep 
(25- 30 m from surface) and the wind velocity at this 
site (800 m ASL) was too high. 

What are the key factors relating to growth rate of 
the tree species in the different sites? When bio
climatic conditions and soil properties of the trial 
sites are compared with the growth rate of leucaena, 

Table 2. Characteristics of L. leucocephala trial sites in Vietnam. 

Sites Slope Soil type and Soil depth Soil analysis (0--10 cm layer) 
(Degrees) parent material (cm) 

Available Available pH OM Total N 
P20 5 K20 (KCI) (%) (%) 

mg/ 100g mg/IOOg 

1. Muong La 12 Feral ite on sch ist >100 0.4 8.1 4.9 3.6 0.18 
2. Ban Hin 17 Red feralite on limestone >120 0.3 6.3 5.0 3.0 0.15 
3. Luong Son 20 Red feralite on schist 40--50 0.6 4.1 4.8 2.5 0.14 
4. Dong Hy 12 Red feralite on metamorphic 30--50 1.0 5.3 4.2 \.6 0.12 
5. Cau Hai 18 Red feralite on gneiss >150 1.1 8.1 3.9 3.8 0.1 5 
6. Play Ku 7 Red feralite on volcanic 150 0.8 6.9 3.7 3.5 0.14 
7. Song Be 5 Red feralite on schist 60 1.2 7.3 4.2 2.4 0.1. ; 
8. Ham Minh 2 Sand 150 \.0 4.8 3.6 \.5 0.09 
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Table 3. Growth rate in diameter (cm) and height (m) of L. lellcocephala at different forest sites. 

Location (site) 1 year 2 years 3 years 4 years 

Diameter Height Diameter Height Diameter Height Diameter Height 

1. Muong La, Son La 2.3 2.6 6.1 
2. Ban Hin, Son La 1.8 2.1 4.3 
3. Luong Son, Hoa Binh 3.1 3.8 6.2 
4. Dong Hy, Bac Thai 1.5 1.8 3.2 
5. Cau Hai, Phu Tho 0.6 1.4 J.3 
6. Play Ku, Gia Lai 0.6 1.4 1.2 
7. Song Be 0.8 1.5 1.4 
8. Ham Minh, Binh Thuan 1.4 1.8 3.6 

it is evident that soil pH is the most important factor 
directly affecting nutrient uptake and symbiosis with 
Rhizobium. 

At sites where leucaena grew well, soil pH(KCI) 
ranged from 4.6 to 5.0. The most suitable sites were 
those in Luong Son, Muong La, and Ban Hin, where 
the soils are formed on limestone areas or on rock 
schist m ixed with limestone at elevation 100-800 m 
ASL. There were no close re la tionships between leu
caena growth rate and other soil properties relating 
to soil depth, nutrients or with the latitude or other 
climatic conditions. 

From the growth rate at the trial sites, it was con
cluded that L. leucoceplwla could grow well only on 
the si tes with low acidity , that is, with pH(KCI) 
greater than 4.8. The northwest of Vietnam has a 
high potential for planting this tree species because 
most of the soils in this area were formed from lime
stone and schist and have low acidity. 

6.6 7.6 8.1 8.4 8.7 
5.1 5.3 6.2 6.4 7.5 
7.1 8.6 9.2 9.8 10.4 
4.5 4.1 5.3 no data 
2.4 2.7 3.9 3.6 3.7 
2.5 Dead Dead Dead Dead 
2.8 3.7 4.1 4.9 5.5 
3.7 4.8 6.1 no data 

Biomass production 
Biomass data were recorded by weighing the above
ground components (stem, leaf, branch) of 4 trees 
with average height and stem diameter. 

Three sites with the best growth of leucaena were 
selected, and the biomass results are given in 
Table 4. 

The total biomass yield of L. leucocephala in the 
suitable sites ranged form 13.4 to 16.1 t/ha/yr, of 
which stem and branch comprised 86% and leaf 14%. 
At the same forest sites, C. calothyrsus had a total 
biomass yield 10% smaller than that of Leucaena. 

Nodulation 
Almost all seedlings planted in nylon pots produced 
nodules in the nursery after 4 weeks without inocula
tion with Rhizobium. The number of nodules on the 
root systems depended on the pH and soil te xture in 
the nursery stage (Table 5). When inoculated with 

Table 4. Dry biomass (t/ha) of L. lellcocephala at favourable sites (stands of 4 years growth). 

Site Plant density Dry biomass (t/ha) Mean annual OM 
(plants/ha) increment 

Stem Branch Leaf Total t/ha/yr 

1. Muong La 4500 43.2 9.4 8.2 60.8 15.2 
2. Ban Hin 4000 37.5 8.6 7.5 53.6 13.4 
3. Luong Son 3800 46.5 9.0 8.9 64.4 16.1 
Average 3776 42.4 9.0 8.2 59.6 14.9 

Table 5. Nodulation of L. lellcocephala seedlings in nursery (3 months old) in 1992. 

Site Soil pH (KCI) Height Number of nodules per 
(in nylon pot) (cm) seedling (> I mm) 

Luong Son 5.2 35 40 
Muong La 5.1 37 36 
Cau Hai 4.1 34 8 
Song Be 4.5 30 12 
Ha Noi 5.8 45 50 
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effective Rhizobium the dry biomass of leucaena 
seedlings increased 3-4 times when compared to 
sterile pot conditions. This situation was the same 
with call iandra. 

Soil improvement and weed control 
Topsoil samples (0--10 cm) collected just before 
planting and 3 years after planting at two forest sites 
were analysed. Some important soil properties are 
shown in Table 6. 

The data showed that humus, Nand KCI content 
had increased, especially humus after 3 years. 

The light intensity under the canopy of the 
L. leucocephala stand decreased quickly from the 
second and third years. At the Muong La and Ban 
Hin sites, the leucaena had been planted on the 
fallow lands of slash-and-burn agriculture systems. 
There was no Imperata regrowth but other grasses 
re-grew well under a closed canopy of leucaena with 
a density of at least 4500--5000 stems/ha from the 
third year after planting. 

Because of this, the highlanders in this area pre
ferred leucaena and calliandra to other small legumes 
(such as Tephrosia candida) well known in the 
country. 

Seed production 
At all the trial sites, leucaena flowered from the 
second year and produced good seed even at the 
unsuitable locations. At the good sites, each tree in 
the stand at 3-4 years old could provide 1-2 kg of 
seed. Some single trees 4-5 years old produced 
4-5 kg of good seed. The best time for seed collec
tion in Vietnam is from October to December. 

Pests and diseases 
No disease was recorded at any of the trial sites, but 
the leucaena psyllid insect appeared in North 
Vietnam from November to January. Damage so far 
has not been severe, because the area of leucaena is 
very limited. Selecting psyllid-resistant leucaena for 
the future should be one of the priorities for research 
in Vietnam. 

Conclusions 
• L. lellcocephala has a wide adaptability to dif

ferent bioclimatic conditions from the north to the 
south of Vietnam at elevations from 10-800 m 
ASL. 

• The key factor that limited leucaena growth was 
soil acidity. Leucaena grew well only on the soil 
with pH(KCI) above 4.8. In these conditions, 
leucaena can grow well even in degraded soil if it 
is managed properly in the early stages. 

• The northwest part of Vietnam is considered as a 
high potential area for planting this species for 
fodder, firewood and especially for fallow man
agement of shifting cultivation systems. 

• On suitable sites in Northwest Vietnam, leucaena 
can reach a total biomass ranging from 13.4 to 
] 6.1 t/ha/yr. 
Leucaena has a high potential to reduce the fallow 

period because of its soil improving and weed 
control abilities. 

Psy llid resistance and acid soil tolerance of 
leucaena should be the most important issues for 
future study. 
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Leucaena in Alley Cropping Systems: 
Challenges for Development 

R.e. Gutteridge l 

Abstract 

Alley cropping has been promoted as a sustainable agroforestry practice for upland tropical 
agriculture since the late I 970s. Early trials and demonstrations in humid locations on more fertile 
soils have indicated a number of positive benefits on crop performance. However, when the tech
nology was used in less favourable sites, negative impacts, particularly due to competition between 
hedgerow and crop, became apparent. The root distribution of hedgerow species is one of the main 
factors influencing competition but research on this topic to date has been minimal. Leucaella 
leucocephala has been the most widely used hedgerow species in alley cropping but its com
petitiveness makes it less suitable in harsher environments. A number of species from other genera 
as well as lines from within Leucaena such as the new KX2 hybrid may be suitable alternatives for 
these sites. Adoption of the alley cropping technology by the farming community has been less 
than satisfactory in most areas. Some of the reasons for the poor adoption and how this may be 
improved are discussed. 

ALLEY CROPPING, or hedgerow intercropping, as it is 
also known, is a sustainable agroforestry practice in 
which perennial, preferably leguminous trees or 
shrubs are grown simultaneously with a crop. The 
trees are grown in wide-spaced rows with the crop in 
the interspace or alley between the trees. Just prior to 
and during the cropping season, the trees are pruned 
and the prunings used as mulch on the crop to 
improve the organic matter status of the soil and pro
vide nutrients, particularly nitrogen, to the crop. 

Alley cropping was first developed in humid 
tropical regions as a replacement for the traditional 
bush fallow slash and burn system of agriculture 
(Kang et al. ] 981). 

The bush fallow system utilised the restorative 
power of deep-rooted trees to recycle plant nutrients, 
build up soil organic matter, reduce erosion and sup
press weeds. Alley cropping attempts to combine the 
restorative attributes of the bush fallow with arable 
cropping so that instead of separating the two cycles, 
as happens in shifting cultivation, the two processes 
can occur simultaneously, thus allowing the farmer 
to crop the land for an extended period. 

I School of Land and Food, The University of Queensland, 
Qld 4072 Australia 
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The beneficial effects of alley cropping including 
improved crop performance, reduction in the use of 
chemical fertilisers and reduced soil erosion on 
sloping land (Kang and Gutteridge 1994) were 
wide ly promoted in the early 1980s. This resulted in 
the initiation of a substantial number of research and 
demonstration programs largely in more humid 
locations on reasonably fertile soils. 

As the technology spread to less favourable 
climatic and edaphic locations, the negative impacts 
of alley cropping, most notably competition between 
tree and crop, often began to outweigh the benefits. 

A number of general reviews of alley cropping 
(Kang 1993; Reynolds 1994; Sanchez 1995) have 
described the technology and outlined its impact 
over the past 10--15 yea rs. This paper addresses both 
the positive and negative factors that intluence the 
outcome of alley cropping, together with the role that 
Lellcaena has played as a hedgerow in the system. 

Choice of Hedgerow Species 
The choice of hedgerow species for alley cropping is 
extremely important and can often determine the 
success or failure of the system. Rachie (1983) sug
gested that the ideal hedgerow species should have 
the following attributes: 



rapid establishment and growth rate; 
• ability to regrow after frequent cutting; 
• nitrogen f ixing capacity; 
• low tann in content in leaf; 
• deep rooted with a different root distribution to 

the crop; 
• ability to withstand environmental stresses. 

Lellcaena lellcocephala has been the most widely 
used hedgerow species in research and demonstra
tion activities on alley cropping, because it combines 
many of the attributes mentioned above (Kang and 
Gutteridge 1994). Also, in a number of comparative 
studies, it was shown to be superior to other species 
(Kang and Reynolds 1986). However, most of the 
work on alley cropping in the early 1980s was under
taken in favourable humid environments on reason
ably fertile, high base-status soils where 
L. lellcocephala, prior to the arrival of the psyllid, 
excelled. When alley cropping was tried in less 
favourable environments, such as low fertility, 
acidic, low base-status soils and semi-arid climates, 
the beneficial effects of the system were often nulli
fied. This was largely due to the strong competitive 
effect of the tree on the crop for the limited resources 
particularly moisture. 

This, together with the impact of the psyllid (Het
eropsylla cllbana), prompted a major effort to seek 
alternative hedgerow species. Ethno-botanical sur
veys were undertaken in regions dominated by low 
activity, acid infertile soils to try to identify appro
priate species. Flemingia macrophylla (Kang et al. 

199]), Erythrina poepplgwlla (Kass et al. 1992), 
Alchornea cordiJolia , Dactyladenia barterii (Lawson 
and Kang 1990) and Peltophorum dasyrachis (Van 
Noordwijk et al. 1995) have all proved to be of some 
value for alley cropping in more difficult sites . 
However, none have really reached the potential of 
L. lellcocephala in the more favourable environ
ments before the arrival of the psyllid. 

Crop Performance 
An effective, objective means of evaluating crop per
formance in alley cropping systems is essential, as 
this is the factor of most interest to the farmer. 

Sanchez (1995) utilised a modified tree-crop inter
action equation to quantify the crop and tree com
ponents in alley cropping as follows: 

I=F-C 
where I = overall interaction as a percentage of 

sole crop yields free from interference 
with trees. 

F = the fertility effect, the percentage of 
crop yield increase caused by soil 
fertility improvements from added tree 
mulch. 

C = the competition effect, the crop yield 
decrease caused by competition with 
trees for light, water and nutrients. 

A summary of some long-term alley cropping 
experiments conducted over a range of environments 
and soil types is presented in Table 1. In general, 

Table 1. Alley cropping results from a range of environments. Values for I, F, C expressed as a percentage of sole crop 
yields. (After Sanchez ) 995) 

Location Climate Soil Tree Crop F C Reference 

Hyderabad, Semiarid Alfisol L. leucocephala Millet, Peanut -58 +19 -77 Rao et al. (1991) 
India 550 mm pH 6.0 

Machakos, Semiarid Alfisol Senna siamea Maize -31 +3 -34 ICRAF (1993) 
Kenya 230 mm pH 5.6 

Chipata, Subhumid Alfisol L. leucocephala Maize -20 +36 -56 Akyeampong et al. 
Zambia 760 mm pH 4.6 (1995) 

Ibadan, Subhumid Sandy Entisol L. leucocephala Maize +4 +58 -54 Kang et al. (1981) 
Nigeria 1400 mm pH 6.2 

SE Qld, Subhumid Ultisol L. leucocephala Kenaf +27 +33 -6 Gutteridge (1988) 
Australia 1400 mm pH 5.2 

Yurimaguas, Humid Ultisol Inga edulis Rice -30 +28 -58 Szott et al.(1991) 
Peru 2200 mm pH 4.2 

North Lampung, Humid Ultisol Peltophorum Maize +32 +58 -26 Van Noordwijk 
Indonesia 2700 mm pH 4.7 dasyrachis et al. (1995) 

338 



these indicate that in semi-arid locations on acid 
soils there is a large negative impact of alley crop
ping. In more humid areas, alley cropping generally 
has a positive effect but where soils are highly 
acidic, a negative result can also occur, for example 
in Peru (Szott et al. 1991). 

These results highlight some of the problems 
associated with alley cropping primarily due to com
petition between the tree and the crop. 

In more favourable humid locations, competition 
for light is usually the most important factor limiting 
yield depending on the vigour of the tree. In studies 
where the tree was allowed to grow during the crop
ping season, serious competitive impacts (C = -54%) 
occurred (Kang et al. 1981). Conversely, in southeast 
Queensland where L. leucocephala was cut 2 or 
4 times to 25 or 50 cm during the cropping season, 
competition for light was much reduced to a C value 
of -6% (Gutteridge 1988). Thus, the simple solution 
to competition for light in more humid environments 
is.to prune the tree frequently at a low cutting height 
during the cropping season. 

Competition for moisture in semi-arid areas is a 
much more serious problem with yield reductions of 
between 30 and 75% occurring in the alley treat
ments in some experiments (Singh et al. 1989; Rao 
et al. 1991; ICRAF 1993). The solution to over
coming the problem of competition for moisture is 
not an easy one. Techniques such as the insertion of 
root barriers or trenching beside the tree rows have 
been proposed (Verinunbe and Okali 1985) but are 
generally far too costly and often not very effective. 
Deep ripping along the tree row at the start of the 
cropping season is a feasible option as this severs lat
eral roots that have grown into the alley area during 
the off-season. Severe pruning at the time of crop 
planting can also reduce root density and this, in 
combination with deep ripping, may reduce competi
tion particularly if the pruning is continued during 
the crop growth cycle. Another alternative is to alter 
the arrangement of the tree and crop by increasing 
the distance between tree rows and allowing a space 
of up to 2 m between the tree and the first crop row. 
The use of a more productive tree such as the KX2 
hybrid (L. leucocephala x L. pallida) (Mullen et al. 
these Proceedings) may be useful in this situation to 
hel p compensate for the increase in area that requires 
mulching with increased tree row spacing. However, 
its greater vigour is likely to be accompanied by 
greater competition for available resources. 

Competition between tree and crop for below 
ground resources depends to a large extent on the 
root architecture of the tree. Trees that rely mainly 
on superficial root systems are probably highly com
petitive with shallow rooted crops. One of the objec
tives of alley cropping is to utilise trees that have a 
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complementary root architecture to the crop and thus 
minimise below ground competition. 

Quantifying tree root architecture and thus its likely 
competitive nature is a very difficult and laborious 
process and often cannot be related to farmers' criteria 
for assessing the performance of trees. Van Noord
wijk and Purnomosidhi (1995) proposed an 'index of 
root shallowness' as an indicator of competitiveness 
for the tree. Indices of 2.13, 0.97 and 0.39 were 
calculated for L. leucocephala, Paraserianthes 
falcataria and Calliandra calothrysus (calliandra) 
respectively, indicating decreasing competitiveness. 

However, other studies indicated that L. leuco
cephala may be less surface rooted and therefore less 
competitive than calliandra. For example, Sw as
diphanich (1993) found that root length density in the 
top 50 cm of soil within 50 cm of a L. leucocephala 
hedgerow was 0.5 cm/cm 3 while that for a calliandra 
hedgerow of the same age was 2.0 cm/cm 3. Mugwe 
et al. (these Proceedings) found that maize sown in 
association with calliandra was lower yielding than 
when grown with L. lellcocephala indicating the 
greater competitiveness of calliandra. Evidence from 
Mt Cotton in southeast Queensland (Gutteridge 
unpublished data) where grass growing in association 
with calliandra was observed wilting before that 
growing with L. lellcocephala in dry periods also 
points to calliandra being more competitive. 

As suggested by Van Noordwijk and Purnomo
sidhi (1995), much more work is required in this area 
before a reliable, effective indicator of tree com
petitiveness can be developed. 

Level of Nutrient Addition from Hedgerows 
The level of nutrients appl ied to a crop from the 
hedgerow will vary with climate, soil type, species 
of tree and its management. In many situations, the 
gross amount of nutrients applied in the mulch from 
tree legumes over the cropping season will be in 
excess of the requirements of the crop (Table 2). 
Conversely, the 'nutrients (particularly N, P, K) sup
pi ied from non-legume trees are generally not suffi
cient for a crop, indicating the benefit of using tree 
legumes (Table 2). However, even though the gross 
amount of nutrients from tree legumes is sufficient, a 
problem arises due to slow rate of release and avail
ability of the nutrients out of synchrony with crop 
requirements. Factors such as C:N ratio, lignin and 
polyphenol contents of the mulch influence decom
position rate, the subsequent release of nutrients and 
their uptake by the crop (Kang and Gutteridge 1994). 
Differences between tree species can also be impor
tant. Gutteridge (1990) showed that mulch from Ses
bania sesban was superior to L. lellcocephala and 
gliricidia (Gliricidia sepiwn) in supplying N to 



Table 2. Nutrients supplied (kg/ha) by 4t leaf mulch from tree legumes and non-legumes in comparison to the nutrient 
requirements for an average corn crop (from Juo and Kang 1989 and Palm 1995) 

Average of 5 tree legumes) 
Average of 2 non-legumes2 

Corn requirements 

N 

140 
56 
80 

P 

ID 
3 

18 

K 

80 
28 
66 

Ca 

50 
50 
IS 

Mg 

10 
8 

10 

) £rylhrina poeppigilla, fllga edulis, Leucaena leucocephala, Gliricidia sepilllll, Sellna siamea. 
2 Daclyladellia barleri, Grevillea robusla. 

maize but mulches from calliandra, Acacia cllnning
hamii and A. fimbriata were ineffective sources of N 
over a 56-day period. This may have been due to the 
high polyphenol and/or lignin content of the latter 
species. L. collinsii may have potential as a 
hedgerow species because of its relatively high 
yields and very low tannin contents (Dalzel et aI., 
these Proceedings). While some of the other Lell
caena species such as L. pal/ida and L. trichandra 
are high yielding, they have high tannin concentra
tions and low in vitro dry matter digestibilities. This 
makes them less useful in alley cropping because of 
the slower breakdown rate of their leaf. 

However, rapid decomposition and release of 
nutrients may not always be an advantage in alley 
cropping as many farmers prefer mulch to be long 
lasting to help control weeds and provide a better 
soil environment (Palmer 1996). This problem has 
been addressed to some extent in the Philippines by 
utilising double hedgerows of Desmodim rensonii 
and F/emingia macrophylla. The leaf of D. rellsollii 
breaks down quickly and releases nutrients while the 
larger more fibrous leaf of Flemingia lasts longer 
giving good cover and protection to the soil. 

Socio-economic Factors Influencing 
Alley Cropping 

In the early 1980s, a large number of research trials 
and demonstrations on alley cropping were estab
lished by local, national and international agencies 
but subsequent uptake of the technology by the 
farming community was low. 

A number of reasons have been put forward as to 
why this was the case. One of the primary reasons 
for rejection of the technology by smallholder 
farmers was that it was too labour intensive and that 
labour for pruning hedgerows was required at the 
time of peak labour demand for other activities such 
as land preparation and crop planting. Other reasons 
for poor adoption include: 
• alley cropping was found to be not suited to many 

environments; 
• results from 'on station ' research were not repeat

able 'on farm'; 
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• often the technology did not address the farmers 
real problems; 

• there was a long lead time for benefits to take 
effect. 
On the last point, Rusastra et al. (1997) compared 

open field farming with hedgerow intercropping in 
Imperata dominated areas of Lanpung, Indonesia, 
and found that the hedgerow system provided higher 
yields after 5 years and higher economic returns after 
10. These lead times are far too long for most small
holder farmers who are primarily interested in the 
yield from the next crop. 

However, in some areas, notably Southern Mind
anao and Cebu in the Phil ippines and the islands of 
Timor and Flores in Indonesia, alley cropping or its 
modifications have been well adopted by the local 
farmers. Surveys undertaken in these areas have 
pointed to a number of common factors that give a 
good indication of whether the technology is going 
to be successful. These include: 
• the existence of a stable land tenure; 
• good community interaction; 
• accessibility to markets; 
• appropriate extension systems with farmer to 

farmer contact; 
• sloping land with an erosion hazard; 
• flexible technology which can be modified to 

meet farmers' needs. 
In the Philippines, the original Sloping Agricul

tural Land Technology (SALT), a system of alley 
cropping developed by the Mindanao Baptist Rural 
Life Centre, has now been extended to four modified 
versions based on I ivestock production, timber trees 
and perennial fruit trees. There is also substantial 
flexibility within each SALT version making them 
very attractive to local farmers (Palmer 1996). This 
flexibility may have been one of the reasons for rela
tively high adoption rate in this region. 

In parts of Africa, there has been greater interest 
shown by farmers in a modified alley cropping 
version known as 'alley farming' (Reynolds 1994) in 
which livestock play an important role in the syste m. 
Farmers who own livestock are more inclined to feed 
the fol iage produced from the hedgerows directly to 
their animals particularly if the hedgerow species is 



of high forage qual ity such as L. lellcocephala . 
Manure from the animals is then spread over the 
interrow areas giving similar benefits to the conven
tional alley cropping system. 

Conclusions 
Leucaena lellcocephala has been the most widely 
used woody species in all ey cropping largely 
because it has many attributes that make it suited to 
the system. However, its competitiveness makes it 
less suitable in harsher environments. The new 
Lellcocephala hybrid (KX2) as w ell as other hybrids 
may be suitable a ltern atives to L. lellcocephala in 
psyllid-prone environments and less favourable si tes, 
but the ir competitiveness with crops needs to be 
examin ed. Combinations of species will also add to 
tlexibility and biodiversity. Mo re resea rch should be 
directed to describing the root distribution of 
hedgerow species and quantifying its effect o n com
petition with crop species . 

In general, a lley cropping is an appropri ate agro
forestry techno logy g iven the right biophysical and 
socio-economic circumstances, but it s ho uld not be 
regarded as a panacea for a ll the problems of upland 
agriculture, as it perhaps o nce was . Flexibility is the 
key with a sys tem designed to meet the needs of the 
s mallho lder fa rm er. 
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Poster Papers 

Leucaena leucocephala in Papua New Guinea Smallholder 
Farms 

M.E. Moatl, K.K. Galgal2, M.K. Komolong3 and J. Tarabu4 

Abstract 

The use of Leucaena leucocephala in a range of smallholder cropping systems, as lives tock 
feed, for shade, and other multipurpose uses are discussed. Improvements in these systems will be 
based on new high-yielding pest- and disease-tolerant species, together with a well-coordinated 
and funded extension program. The importance of focusing on a specific industry is emphasised. 

MORE than 80% of Papua New Guinea's 4.0 million 
people live in rural areas and depend on semi
subsistence agriculture. The development of sustain
able smallholder farming systems is therefore essen
tial for the socio-economic stability of rural PNG. 

The use of multi-purpose leguminous tree species 
for improving smallholder agriculture has been 
recognised. Leucaena lellcocephaln (Ieucaena), 
introduced more than 100 years ago and extensively 
naturalised in PNG, has been accepted into the rural 
farming communities. Its importance and its uses are 
highlighted in this presentation. 

Leucaena in Food Cropping Systems 
The natu rh lised leucaena has found its way into 
various smallholder food cropping systems as a 
short-term fallow, and for alley cropping and land 
stability on sloping lands. 

The best example of leucaena use for a small
holder food cropping system is the leucaena fallow 
for yam cultivation along the coral uplifts of the 
Huon Peninsula in the Morobe Province. This 
system has been accepted and used over the last 

1 Animal Husbandry Research Centre, Labu, Department of 
Agriculture and Livestock, PO Box 73, Lae, Papua New 
Guinea 
2 Smallholder Rural Project Management Company Pty Ltd, 
PO Box 2120, Lae, Papua New Guinea 
3 Department of Agriculture, University of Technology, 
Private Mail Bag, Lae, Papua New Guinea 
4 Food Management Division, Department of Agriculture 
and Livestock, PO Box 1984, Lae, Papua New Guinea 

342 

40-60 years by the local population of more than 
30000 people. The naturalised leucaena thickets 
cover an area of approximately 50 square kilometres 
along a narrow (1 km) coastal strip. 

The naturalised leucaena thickets are cleared after 
every 3-4 year fallow for a single yam crop. The 
local people prefer the leucaena fallow to a grass 
fallow having recognised the bcnefits of so il fertility 
maintenance, especially under increasing land 
pressure in recent years, and the abundance of the 
leucaena stakes for yam vine cultivation. 

Leucaena as Livestock Feed 
Leucaena forage from naturalised stands is readily 
fed in small quantities to village pigs and poultry. 
The high protein fodder is also utilised for the newly 
introduced village livestock, viz. sheep, goats and 
rabbits . However, the biggest use of leucaena for 
livestock is by smallholder cattle farmers. There is 
currently about 200 ha of naturalised leucaena in use 
for smallholder cattle in Morobe Province. 

There are additional areas of naturalised leucaena 
which not only offer the potential but are being 
actively promoted and utilised for further expansion 
of smallholder beef cattle projects. This improvement 
program for smallholder cattle is well supported by 
government extension and rural credit schemes. 

Other Common Uses of Leucaena 
Leucaena 's initial role in PNG agriculture as a 
common shade tree for cocoa and coffee, in both 
smallholder blocks and large plantations, is still as 
important to this day. Besides providing shade, 



leucaena is also used as live stakes for crops such as 
vanilla, pepper and native mustard. 

Other important uses of leucaena, viz., fuelwood, 
fence posts, building posts and poles, are increas
ingly appreciated in rural communities faced with 
encroaching grasslands and retreating forests under 
increasing population pressure. 

Leucaena: Challenge for Development 
Smallholder farmers in PNG have readily adopted the 
naturalised shrubby leucaena into their contemporary 
subsistence and cash-cropping systems. Improve
ments in these existing farming systems will be based 
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primarily on introduction of new high yielding, pest 
and disease tolerant leucaenas. Another challenge is 
a well coordinated and funded extension program on 
leucaena-based farming systems. 

However, the real challenge is to have a focus on 
a specific industry or primary produce to ensure the 
initial success of the new and improved leucaenas. 

The current pilot extension program for improve
ment of smallholder beef cattle production depends 
very much on leucaena for improved nutrition. The 
success of the smallholder beef farmers is therefore 
in the interest of efforts for the greater utility of 
leucaena. 



Leucaena and other Shrubby Green Manure Cover Crops 
in Contour Hedgerow Farming Systems on Sloping Lands 

in Vietnam 

Thai Phien1 

Abstract 

Intensive cultivation of sloping land has led to extensive soil erosion and degradation . This 
paper summarises the results of experiments at 11 sites in Vietnam, involving eight hedgerow 
species, two cereal crops and some grain legumes. Hedgerow prunings (and in some cases crop 
plant material) were returned to the soil. Using the hedgerow system, soil loss was reduced by 
50%--60% and the yields of alley crops generally increased, although the extent varied among sites 
and crop species. It is concluded that the contour-hedgerow and alley-cropping technologies are 
applicable in a wide range of environments and will produce increasing benefits over time. 

THE use of sloping land is vitally important for the 
development of agriculture in Vietnam because of 
population pressure. The food deficiency in the 
1980s led to massive deforestation and inappropriate 
landuse causing soil erosion. Consequently, large 
areas of soil were degraded. Attempts to control 
erosion on upland sloping lands have largely not 
been successful. 

In 1990, the National Institute for Soils and Ferti
lisers (NISF) in collaboration with international 
agencies ( IBSRAM, AIC, ACIAR, NGOs) and in
country institutions set up long-term experiments 
together with on-farm research sites in 1990 to test 
the improved technology on sloping lands of 
Vietnam. This resea rch uses a participatory approach, 
and closely collaborates with farmers to apply 
hedgerow farming systems as biological measures for 
erosion control. Shrubby leguminous green manure 
cover crops are one of the components of these 
hedgerow farming systems (alley cropping). Farmers 
are trying to minimise soil erosion and to amend soil 
fertility for long-term sustainable land use. 

This paper gives a synthesis of the observations on 
contour-farming systems on sloping lands in 
Vietnam. It gives an evaluation of the system as a soil 
conservation measure and a crop production enhance
ment strategy on sloping uplands. Information on the 
performance of the hedgerow species used, and on the 

I National Institute for Soils and Fertili sers, Hanoi, Vietnam 
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effects of the hedgerow farming systems on soil 
conservation and crop yields have also been included. 
Finally, it provides general recommendations to 
hasten the technical applicability of the technology in 
a wide range of environments. 

Research Program 
Sites 
The main interest is in the use of hedgrow plants in 
improv ing soil fertility and reducing soil erosion, 
and many experiments have focused on these 
aspects. The ASIALAND sloping lands network is 
composed of cooperators from seven countries in 
Southeast Asia including Vietnam with the NISF as 
the focal poin.1. In their validation experiments, all 
the countries have included contour-hedgerow 
farming or alley cropping as a system of soil conser
vation and food production . Table 1 shows some of 
the long-term experiments together with farmers par
ticipatory research sites in the ASIA LAND network 
in Vielnam. Many other National and International 
program/projects especially agroforestry projects are 
applying contour farming systems as the main 
measure for soil conservation and e~osion control. 

Hedgerow species and crops 
Species suitable for hedgerows can have many uses. 
Some of these include: 
Garden fencing: Leucaella lellcocephala, Cajanus 

cajall, Cro/alaria jUllcea , Cro/alaria anagyroides, 



, 
"r 

Table 1. Conservation farming technologies evaluated by NISF on sloping lands in Vietnam. 

Research site Slope of site (%) 

I. Bavi (Ha Tay) 10-12 

2. Luong Son (Hoa Binh) 
Hoa Son village 39-42 

Dong Rang village 15-20 

Lam Son village 42-45 

Rut village 16--25 

3. Thanh Ba (Vinh Phu) 
Thai Ninh village 18--30 

Phuong Linh village 20-25 

4. Dong Dang (Lang song) 25-35 

5. Phu Quy (Nghe An) 18--30 

6. Buon Ma Thuot (Dac Lac) 
Eakmat 10-12 

Eakchucap 28--30 

Crota/aria striata, Crota/aria lIrasamoensis, 
Tephrosia candida, Tithonia diversifo/ia. 

Wind breaks: L. /ellcocepha/a, Acacia cOllfllsa, 
A. mangillm, Casllarina equisetifo/ia. 

Permanent shadi ng: Cassia occidelllalis, Cassia 
siam ea, Crota/aria allagyroides. 

Temporary shading: Cassia tora, Crota/aria lIras
amoellsis, Sesballia cannabina, T candida. 

For green manure: most of the above species. 
For erosion control: all of the above species. 

This paper considers only the latter two uses. 
Table 2 shows the hedgerow species and the crops 

used in research and extension on sloping lands in 
Vietnam. At least eight hedgerow species, two cereal 
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Year initiated 

1990 

1992 

1992 

1995 

1995 

1995 

1994 

1997 

1994 

1990 

1995 

Conservation farming technology 

Alley cropping 
Agroforestry 
Hillside ditch 

Alley cropping 
Agroforestry 
Hillside ditch 
Grass strips 
Alley cropping 
Hillside ditch 
Crop residue incorporation 
I ntercropping 
Stone contour band 
Alley cropping 
Agroforestry 
Improved fallow 
Natural fallow 
Alley cropping 
Agroforestry 
Intercropping with fruit trees 

Alley cropping 
Agroforestry 
Hillside ditch 
Alley cropping 
Hillside ditch 

Alley cropping 
Agroforestry 
Intercropping with fruit trees 

Alley cropping 
Agroforestry 
Intercropping with coffee 

Alley cropping 
Hillside ditch 
Bunding 
Intercropping with coffee 
Alley cropping 
Hillside ditch 
Intercropping with coffee 

crops, and some grain legumes were used. Tephrosia 
candida was the most widely planted species 
because of its tolerance to low soil fertility, drought, 
and pests. 

Experimental management of the alley crops and 
hedgerows 
Cereal crops (upland rice and maize) were alternated 
with leguminous crops in most research and exten
sion sites. The legumes used were peanut, mung
bean, black bean, and soy bean, based on the 
predominant crops grown in the area. The alley crops 
were either unfertilised or had different levels of 
inorganic fertiliser applied (Table 3). 



Table 2. Major contour-hedgerow farming systems on sloping lands in Vietnam. 

AJley crops Hedgerow species 

Upland rice Tephrosia candida 
Cassava 

Maize-bean/peanut 

Maize-Peanutlbean 

Maize-peanut 

Coffee/tea/ fruit trees 

Tephrosia candida + Croto/aria 

Tephrosia candida + Tea 
Tea 
Leucae/la /eucocepha/a 

Coffee 

Maize-bean(peanut)lcassava 

Annual crops 

Leucae/la leucocepha/a + Tephrosia candida 

Leucaena /eucocephala + Croto/aria striata 

Leucaena /eucocephaLa + Cajanus caja/l 
Cajanus cajan, FLemingia congesta, Tithonia diversifolia, Lemon grass 

Annual crops/fruit trees Natural grasses, Vetiver grass, Pineapple 

Table 3. Application of inorganic fertilisers to the alley crops. 

Research sites Alley crops 

All sites with Upland rice No input 
annual crops peanutlbean-maize 

cassava 

Low input 

High input 

All sites with Coffee, No input 
perennial crops fTu it trees 

Low input 1 

Low input 2 

High input 

The hedgerows were planted at the start of the 
experim ents/on-farm research. They were spaced at 
6-8 m intervals; the double hedgerows were about 1 
m wide, and the single hedgerows 0.5 m. The hedge
rows were trimmed regul arly every 60 days after the 
first cutting in the rainy season, and the prunings 
returned to the soil as mulch. 

Performance of the hedgerow species 
The mean herbage yields of the hedgerow species 
are presented in Table 4. 

Nutrient return 
One of the factors that influences crop yields and the 
sustain ability of agricultural systems is soi l fertility. 
Since most of the plant nutrients are contained in the 
upper 15 cm soil layer, the loss of this soil by ero
sion is detrimental to crop production. By the same 
argument, minimising soi l loss and returning organic 
residues to the soil may improve its productivity. 

Input levels 

No fertiliser applied, herbage returned to so il (Farmers' 
practice) 

Half basal application of N, P20 S, K20 and CaO 
(15-45-30--500 kg/ha) with pea nut/soybea n herbage returned 
to so il 

Full basal application of N, P20 S, K20 and CaO 
(30--90--60--1000kg/ha) with peanut/soybea n herbage returned 
to soil 

No fertiliser applied, no intercropping (Fanners' practice) 

No fertiliser. Leguminous crops as intercropping, herbage 
returned to so il 

Half basa l rate of fertili sers used for annual crops and intercrops 

Full basal rate of fertilisers used for annual crops and intercrops 
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Table 4. Average herbage yield (t/ha/yr) of hedgerows in 
some tested sites on sloping lands. 

Hedgerow No input Low input High input 

Tephrosia 4.5 5.8 6.5 
Tephrosia 6.5 
F/emillgia 4.2 5.5 6.8 
F/emillgia 6.6 
Leucaella 3.5 4.7 6.6 
Leucaena 5.1 
Lellcaella 4.5 
Cajanus 6.5 
Tephrosia + Cajanus 3.8 5.3 5.8 
Tephrosia + Leucaena 3.5 4.7 5.0 
Tephrosia + Croto/aria 4.0 5.7 6.8 

The hedgerow pruning return ed to th e so il 
between 3.5 and 6.8 t/ha for mulching, erosion con
trol and improvement of so il fertility. Based on the 



nutrient content of hedgerow species (Table 5), and 
assuming one-tenth of the area is occupied by hedge
rows, the amount of nutrient returned from hedgerow 
species should be of the order of 30 kg N, 3 kg P, 
and 25 kg K/ha/year. 

Table 5. Average nutrient content (% of dry matter) of 
some hedgerow species. 

Species Nutrient 

N P K 

Tephrosia candida 2.30 0.40 2.77 
Leucaella leucocephala 2.52 0.37 2.00 
Cajallus cajall 1.62 0.37 1.40 
Flemingia cOllgesta 2.41 0.25 2.30 
Crotolaria anagyroides 3.36 0.23 2.10 

Soil erosion 
Alley cropping reduced soil erosion at all experiment 
sites (Table 6) with soil losses all being 50%-60% 
less than the control. 

Formation of terraces 
Terrace formation was observed at the study sites 
between 1990 and 1992. The terraces resulted from 
filtration and accumulation by the hedgerow plants 
of runoff sediments. This was enhanced by the culti
vation in the alleys. In the experiment site at Hoa 
Son, the slopes developed a distinctive profile after 
three years. An abrupt drop of about 10--20 cm was 
observed a few centimetres downslope from each 
hedgerow. Below this point, the slope was uniform 
until 50--70 cm above the next hedgerow, where the 
upslope limit of an accumulation wedge of soil was 
seen. The accumulation wedge showed evidence of 
layering, with each layer presumably representing 
the accumulated soil drop by the runoff of an indi
vidual storm as it was slowed down by the 
hedgerow. 

Similar results were observed from experiment 
sites in IBSRAM ASIALAND-Sloping Lands Net
work in Thailand, Philippines, China, and Indonesia. 

Changes in soil properties 
As much as 60--80 kg/ha/year of N, 25-35 kg P20" 
and 20--30 kg K20 can be lost under the farmers' 
practice of no hedgerow cultivation. This is more 
than two or three times the amount of nutrient 
applied to the crops in the same period. This can 
drastically reduce the fertility of the topsoil and its 
capacity to produce crops economically. With alley 
cropping, the amount of nutrients lost is reduced by 
the prunings returned to the soil. If the crop residues 
are also returned, soil fertility will be improved even 
further. 

Observations at the research sites showed that soil 
moisture contents in the plots with hedgerows were 
consistently higher than in the plots without hedge
rows and bare plots. 

With these results, however, there is still a need 
for further evaluation as there were also observations 
suggesting possible competition between the hedge
rows and the alley crops for nutrients, sunl ight , and 
water. Plants nearer the hedgerows were relatively 
less vigorous than those at the middle of the alleys. 

Yield of the alley crops 
The effects of alley cropping on crop yields, when 
compared to those of the farmers' practice, are pre
sented in Table 7. In general, alley cropping gave 
equal or even higher yields of crops than those from 
the farmers' practice despite the reduction in the 
effective cropping area of 10%-15%, although the 
response varied across sites and among species. 
Maize and cassava had the greatest absolute 
increases in yield. 

The positive effect of alley cropping on the yield 
of crops increased with time. In some experimental 
sites, an increasing yield difference between the alley 

Table 6. Comparison of soil loss between the farmers' practices (control) and alley cropping. 

Site Slope Mean soil loss (t!ha/yr) Soil loss 
(%) reduction (%) 

Control Alley cropping 

Ba Vi 10-12 2.3 1.1 52 
Hoa Son 39--42 20.0 8.0 60 
Dong Rang 15-20 30.4 12.3 60 
Thai Ninh 18-30 43.1 15.9 63 
Phuong Linh 20-25 44.2 17.4 61 
Phu Quy 18-30 38.4 14.3 63 
Eakmat 10-12 8.2 4.1 50 
Eakchucap 28-30 85.2 38.6 55 
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Table 7. Mean yield of alley crops in farmers' practice (control) and alley cropping. 

Site Crop Average yield (kg/ha) 

Control Alley cropping Effect (%) 

Hoa Son Black bean 
Peanut 
Vigna sinensis 
Maize 
Cassava 
Cassava 

Dong Rang Peanut 
Peanut 
Cassava 
Cassava 

Phuong Linh Peanut 
Peanut 
Cassava 
Cassava 

Phu Quy Peanut 
Maize 

Eakmat Coffee (fresh) 
Mungbean 
Peanut 
Maize 

cropping and the farmers' practice treatments was 
observed over the three-year period of the research. 
This was observed even if the alley cropping area 
was only four-fifths of the farmers' practice treat
ment. Although there was no consistent trend in 
yield (partly complicated by seasonal change in 
climate), it was obvious that the alley cropping tech
nique could yield sustainable agriculture on sloping 
lands. The beneficial effects will be more obvious in 
later years when most of the surface soil from the 
farmers' practice (no soil conservation measure) is 
eroded and its fertility is depleted. 

The observations from the field validation experi
ments on the sloping lands showed the technical 
adaptabil ity of the contour-hedgerow and alley
cropping technologies in a wide range of environ
ments. The results have shown the beneficial effects 
of alley cropping in soil and water conservation and 
in maintaining and increasing crop production. They 
corroborate the results of earlier studies indicating 
the positive effects of alley cropping. In relation to 
these observations, some general recommendations 
may be considered to improve further the effective
ness of the contour-hedgerow farming system. 

The effectiveness of the alley cropping technology 
should not be evaluated only for its beneficial effects 

445 556 +25 
463 656 +42 
364 436 +20 

1181 1916 +63 
11130 12150 +9 
11940 14500 +21 

660 850 +29 
780 790 +1 

18700 19000 +2 
12850 11930 -7 

1171 1200 +2 
1012 916 - 9 

16900 17000 +1 
14600 15100 +3 

986 1126 +14 
1450 1568 +8 

12100 16]00 +33 
1200 1090 - 9 
1520 1530 +1 
4500 4500 0 
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on soil conservation. Of equal importance are the 
benefits to farmers from the increased yield of the 
crops. Although alley cropping is unlikely to produce 
crop yields comparable to yields that can be obtained 
using optimum inorganic applications with conven
tional cultivation, the benefits could be enhanced by 
the application of inorganic fertilisers. These would 
benefit not only the alley crops but also the 
hedgerow crops, as shown in the results from the 
experiments. 

Conclusions 
L. /eucocepha/a together with other shrubby legumi
nous cover crops can be used in hedgerow farming 
systems on sloping lands. These species can con
tribute to soil erosion control, improvement of soil 
fertility, and increase crop yields in the alleys. 

Management of hedgerow crops and alley crops is 
vitally important for the benefit of the cultivated sys
tems. Under a systems approach, the compatibility of 
the hedgerow species with the alley crops planted 
should also be subject to tests and verification. 
Aspects of shading, provision of organic matter, and 
crop yields for sustaining the agricultural systems on 
sloping lands, need to be investigated. 
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An Overview of Leucaena Usage in the Southern 
Philippines: The Mindanao Baptist Rural Life Center 

(MBRLC) Experience 

J.J. Palmerl 

Abstract 

Leucaella leucocephala has been known in the Philippines since the sixteenth century. 
Extensive research during the 1970s was slowed by the advent of the psyllid. The Mindanao 
Baptist Rural Li fe Center (MBRLC) has demonstrated the usefulness of L. leucocepltala in corn 
production and as a feed source for dairy goats. MBRLC has also developed sloping agricultural 
land technologies for corn production using hedgerows of nitrogen-fixing trees and shrubs for soil 
erosion control and soil amelioration. Whereas L. !eucocepha!a was used exclusively for these 
hedgerows, its popularity has declined due to the psyllid, and it is now being replaced by L. 
diversifo!ia , Desmodium rellsollii and F!emillgia macrophylla. 

TH E MINDANAO Baptist Rural Life Center (MBRLC) 
is a rural development ministry of the Philippine 
Baptist Mission, International Board, USA. The 
centre is located on a 19 ha demonstration farm at 
Davao del Sur on the island of Mindanao, Philip
pines, and is dedicated to the betterment of upland 
farmers in the Philippines as well as the rest of Asia. 

A high emphasis has been given to trees such as 
Lellcaella spp. and their role in sustainable farming 
systems for small land holders. Several internation
ally known technologies and demonstrations using 
Lellcaella and other nitrogen fixing trees/shrubs 
(NFf/S) have been developed by the MBRLC and 
extended to the numerous upland farming communi
ties throughout the southern Philippines and the rest 
of Asia. These are primarily the sloping agricultural 
land technologies, known generally as SALT. 

SALT is a soil conservation-oriented farming 
system, basically attuned to the corn production of 
small sloping-land farmers. It makes use of nitrogen 
fixing trees/shrubs planted thickly as a double 
hedgerow on contour lines and spaced about 3 to 
5 metres apart for soil erosion control and soil 
amelioration. Every third alley is planted to a locally 
used permanent crop while the other two alleys are 
used for food/cash crops. 

I Director, Mindanao Baptist Rural Life Center (MBRLC), 
Bansalan, Davao del Sur, Philippines 
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This paper looks at the devel o pment and use of 
Lellcaella in the southern Philippines. It traces the 
progress of L. lellcocephala from its promotion as a 
' miracle tree ' to the post-psyllid era and its resu r
gence as an integral use in farming systems at the 
MBRLC and surrounding areas of southern 
Mindanao. 

Leucama use in Philippines 
The original introduction of L. lellcocephala into the 
Philippines is thought to have been by the Spanish in 
the sixteenth century, probably as a forage for their 
animals . By 1973, largely because of interest aroused 
by the 'Hawaii,)n Giant' L. lellcocephala (K lines 
from Hawaii), a nation-wide comprehensive research 
program was in place devoted to exploiting the mul
tiple uses of L. lellcocephala, the 'miracle tree'. 
Giant ipil-ipil was widely promoted and tested 
throughout the Philippines until the mid-1980s when 
the psyllid (Heteropsylla cllballa) attacked. L. lellco
cephala, once touted as the miracle tree, was defoli
ated by the psyllid and research interests as well as 
local users turneo to other spec ies. 

MBRLC use of Leucaena 
Prior to 1985, L. lellcocephala was the primary focus 
of MBRLC's NFf/S-based farming systems. It was 
used as an erosion control and for soil amelioration , 
as fodder for goats, reforestation and fuel wood 



production, and fresh composting for production of 
garden vegetables and fruits. 

Initially, the MBRLC SALT models were exclu
sively built upon L. leucocephala as the foundation 
of the double contour hedgerow system. The original 
Demonstration SALT, first planted in 1978 on a 40% 
slope (and still productive today), was solely a L. 
leucocephala-based system. However, due to the 
psyllid, hedgerow species util ised in the SALT 
farming systems have been diversified to include 
Desmodium rensollii, Flemingia macrophyl/a, Cliri
cidia sepium, Lellcaena diversifolia, Indigofera tyes
mani and Calliandra calothyrslIs along with some of 
the original L. leucocep/IGla. Most of the earlier L. 
leucocephala species used for SALT and distributed 
to local farmers were the' Hawaiian giants' such as 
K6, KS, and K2S. However, continued testing of L. 
lellcocephala and monitoring of its slow but sure 
recovery have been watched closely by MBRLC. 

A complete I ist of Leucaella species tested and 
used by MBRLC as well as abbreviated results of 
testing is given in Table 1. 

SALT corn production using L. /eucocephala 
The potential of l.. leucocephala was evaluated as a 
sole-source of fertility input for corn production in a 
SALT system. The plot was located on a 30% slope 
but within the double contour hedges of SALT. Con
tinuous corn was planted on the plots and 23 harvests 
were recorded in the 11-year period of the test 
giving, an average of two croppings per year. 

The results showed that if L. leucocephala hedges 
can be maintained as productive sources of nitrogen
rich biomass, significantly higher yields of corn can 
be obtained than those using natural fertility only. 
Even though sole plots fertilised with L leuco
cephala do not yield as much as the ones with com
mercial fertiliser, there is no cost of application 
outside of the farmer's labor to apply the freshly 
trimmed leaves. 

Dairy goat production using Leucaena 
L. lellcocephala was evaluated as a sole source of 
fodder for dairy goat production versus two other 
popular fodder species: rensonii (Desmodium 

Table 1. List of Leucae/la species tested and utilised by MBRLC. Biomass production is categorised into high when more 
than 20 tons/ha/year based on SALT 5-metre double hedges, and low when less than 20 tons/ha/year. 

Species Origin Date Characteristics Biomass Psyllid 
yield tolerance 

L. diversifolia Manila seed bank 1985 Fast growing High High 
L. leucocephala NFTA 1986 Fast growing High Medium 
L. leucocephala K614 NFTA 1986 Fast growing High Medium 
L. lellcocephala K636 NFTA 1986 Fast growing High Medium 
L. lellcocephala K584 NFTA 1986 Fast growing High Medium 
L. glauca Vietnam 1986 Slow growing Low Low 
L. diversifolia CSIRO 1987 Slow growing High High 
Leucaena hybrid KX2 Hawaii 1989 Fast growing High Medium 
Leucaena hybrid KX3 Hclwaii 1989 Coppice well High High 
Leucaena hybrid KX3a Hawaii 1989 Good in coppicing High High 
L. leucocephala K584 composite Hawaii 1989 Slow growing Low Low 
Lcucaclla hybrid KX 1 composite Hawaii 1989 Slow growing Low Low 
Leucae/la hybrid Hawaii 1989 Slo;,/ growing Low Medium 
L. diversifolia KI56 Hawaii 1989 Fast growing, good High High 

in coppicing 
L. lanceolala K393 Hawaii 1989 Fast growing, good High High 

in coppicing 
Hybrid KX 1 x L. leucocephala F2 Hawaii 1989 Fast growing High High 
L. pallida K376 Hawaii 1989 Fast growing High High 
L. leucocephala K636 Hawaii 1989 Fast growing High Medium 
L. leucocephala Hawaii 1990 Fast growing High High 
L. pallida K817 Hawaii 1990 Fast growing High High 
L. diversifolia Hawaii 1990 Fast growing High High 
L. reI usa Australia 1990 Slow growing Low Medium 
L. macrophylla Australia 1991 For reforestation Low Medium 
L. shalll/on;; Australia 1991 Slow growing Low Medium 
L. plllverulcnla Australia 1991 Slow growing Low Medium 
L. pallida K376 Australia 1992 Fast growing High Medium 
L. lanceolala Hawaii 1992 Fast growing High Medium 
Three-way hybrid MBRLC 1994 Slow growing Low Medium 
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rensonii) and fJemingia (Ffemingia macrophylla). 
The test was r~ln over a five-month period (one lacta
tion). Milk production was higher from L. fe//Co
cephafa (2.25 kg/day) than from either of the other 
two legumes. If L. fellcocephafa can be produced in 
large quantities without psyllid interference, the 
potential is still great to exploit this species as a 
primary source of animal feeds for both fresh fodder 
and leaf meal inputs. 

MBRLC psyllid predators 
In the late 1980s and early 1990s, it appeared that 
L. feucocephala was recovering from the psyllid 
plague. This observation seemed to be truer in the 
drier zones of Mindanao around Sarangani Province 
and the Alip mountain range which receives much 
less total rainfall as well as fewer wet months per 
year than other areas of Mindanao. Observations of 
psyllid activity in the Arakan valley in central Mind
anao which also has lower rainfall due to a rain 
shadow effect of the surrounding mountains seemed 
to indicate a lower incidence of the pest. 

About mid-1995, MBRLC staff began observing 
certain predator activity against the psyllid with 
corresponding L. fellcephafa growth. Thus a simple 
test was set up to monitor and identify the observed 
activity of psyllid predators on site at the MBRLC. 
Two beetles were found, one of which was identified 
as CurillllS coerufells, previously introduced specifi
cally into the Philippines to combat the psyllid. The 
other has not been identified but is suspected to be 
closely related. Two unidentified spiders have also 
been observed to be very aggressive in their psyllid 
consumption. None of these predators by themselves 
or even in combination with the others are sufficient 
to wipe out the psyllid or prevent damage to the 
L. fellcocephafa when an outbreak occurs. 

Current Uses of Leucaena by Farmers in the 
Magsaysay Impact Area - A Short Case 

Study of Leucaena 

Brief history of Magsaysay IMPACT area and 
usage 
The village development work of the MBRLC is 
based on the 'Impact' philosophy of working in a 
small area (usually defined by a geographical com
munity with 15 to 50 families) for approximately 
3 years (one year introduction, one year implementa
tion and one year phase down). One such MBRLC 
Impact area is Purok 1, Bacungan, Magsaysay, 
Davao del Sur. This village has a history of work 
with leucaena through contact with MBRLC and 
serves as a good example of the spread of L. fellco
ceplzafa usage as well as adaptation. 
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The Bacungan area is very steep, rolling moun
tains with I ittle or no forest cover. The average 
slopes are 60% with slope lengths up to 300 feet. 
The forest slopes of these mountains were logged out 
in the late 1950s and early 1960s and were thereafter 
predominantly covered with cogon grass (Imperata 
cylindrica ). 

In mid-1984, the implementation of 100 hectares 
of Lellcaena-based SALT began as a pilot project 
with a goal of 1000 total hectares expected from a 
'radiating' effect. Farmers were provided with 
enough L. fellcocephafll seed to plant a one-hectare 
SALT project each . They were given a week of 
training at the MBRLC as well as a per metre cash 
incentive to plant contour hedgerows. 

I n all, a total of 100 hectares of SALT contour 
hedgerows were established on an average 5-metre 
spacing which equalled 2000 linear metres of double 
L. feucoceplzafa hedges per hectare for a project total 
of 200 000 I inear metres of contour hedgerows 
established. This was accomplished over a three 
year period with approximately one ton of 
L. lellcoceplzafa seed being distributed and planted. 
The leucaena used was primarily a mixture of the 
'Hawaiian giants' K6, K8 and K28. 

In retrospect, many of these original SALT 
projects were planted by farmers in order to obtain 
the cash incentives provided by the program. Thus, 
after a few years, a majority of the projects were 
' abandoned' and left to grow into small reforested 
areas on the slopes of the Alip mountains. 

Upon re-entering the area in 1993, MBRLC noted 
the local peoples' high priority placed on the old 
L fellcoceplwfa growths as well as their integration 
into the local farming systems. Even though the 
MBRLC SALT programs had by this time diversi
fied to utilising alternative NFT/S besides L. fellco
cephafa, an effort was made to build upon the local 
farmers' experience and knowledge of L. fell co
cephafa and its ~ses. 

After almost 10 years of planting the first original 
L. fellcocephafa-based SALT farms, the local 
farmers' usage of leucaena revolved around three 
areas: 

Forage 
Local people have long valued the 'native' ipil-ipil 
as a source of animal feed . The introduction of the 
giant varieties only made the tree more valuable as a 
fodder. MBRLC in its Impact work in Bacungan has 
promoted raising goats for milk, meat and income 
primarily utilising old L. fellcoceplwfa stands as the 
main fodder. To date, over 80 small goat projects 
(usually consisting of four to five head) have been 
established in the Magsaysay area. Most of these 



animals are being raised solely on freshly cut 
L. lellcocephala with little or no concentrate given. 

Fuelwood 
One of the highlights of L. leucocephala usage in the 
Bacungan area is its utilisation for fuelwood and the 
development of a local market for the firewood. The 
sale of the fuel wood has been extremely beneficial to 
the residents of Bacungan during the prolonged dry 
seasons. 

Erosion control/soil amelioration 
Some of the farmers who adopted SALT as their 
primary farming system still farm with L. lellco
cephala based hedgerows today even though many 
of the old hedges are giving way to Desmodium ren
sonii and Flemingia macrophylla hedges. A modifi
cation of the original SALT has been implemented 
by the local farmers. Generally they utilise a long
rotation cycle of where the one hectare Lellcaena
based SALT would be allowed to grow up for fuel
wood harvest. After harvesting for fuelwood, the 
farmers then plant maize in the alleyways for two to 
three croppings utilising the natural fertility gener
ated by the L. lellcocephala hedges and then allow 
the hedges to re-grow into a small forest to be har
vested once again for fuelwood . This creates a con
tinuous cycle of fuelwood harvesting followed by 
corn cropping. Thus, what had appeared to be aban
donment of SALT projects was later verified to be a 
form of fallowing and long rotations which fit into 
traditional farming systems. 

The Bacungan area, even though situated only a 
few kilometers from the MBRLC base, has been 
extremely lightly hit by the psyllid in contrast with 
the immediate areas surrounding the MBRLC. One 
explanation is that the area is considerably drier with 
a longer pronounced dry season (typically January 
to June). 
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MBRLC'S Future Plans for Use of Leucaena 
Lellcaena spp. is still a staple NFT/S of the MBRLC 
but instead of being the main species used as in the 
pre-psyllid days, it is only one of many possible 
choices. The days of viewing it as the 'miracle tree' 
are over but it will continue to play an important role 
in the southern Philippines as a source of high 
quality animal feed, soil enricher and sustainable 
fuel wood production species. 

MBRLC and local farmers are still heavily 
util ising L. lellcocephala as a multi-purpose species. 
As an animal feed, it is fed fresh as a fodder and in 
the form of leaf meal. Currently, about 30 tons of L. 
lellcocephala leaf meal per year are utilised through 
the MBRLC Feed Room as a protein amendment. 

Leucaena leucocephala continues to be a popular 
tree for reforestation primarily targeting light 
building materials as well as a renewable source of 
fuelwood. Even though L. lellcocephala is contin
uing to be plagued by the psyllid in southern Mind
anao (especially the young growth), it is relatively 
unaffected if left to grow into a large tree. 

MBRLC promotion of L. lellcocephala for use as 
a contour hedgerow species has ceased. The only 
exceptions to this are the small leafed Lellcaena 
species which are proven to be psyllid tolerant such 
as L. diversifolia. Even though remnants of the orig
inal L. lellcocephala lines exist in the MBRLC 
hedgerows and surrounding farms, no new promo
tion is happening for this particular use. The main 
reason is that the constant coppicing of the hedges 
encourages growth of young tender shoots which in 
turn attracts the psyllid attack. 

Over 500 kg of Lellcaena seeds have been pro
duced and distributed to local farmers through the 
MBRLC Seed Department since 1994. Half of those 
seeds are L. diversifolia with the other half being the 
older strains of L. leucocephala. Moreover, MBRLC 
will continue a testing and screening program of new 
species and their various cultivars, especially those 
which show tolerance to psyllid attack. 



Promoting the Adoption of Leucaena in Central Queensland 

J. Chamberlain} 

Abstract 

Leucaella is well adapted to the Central Queensland environment, and successful establishment 
techniques exisl. Good establishment practices, panicularly weed control, were promoted to 
provide incentive for adoption. A group of 20 prospective Lellcaella growers was put in contact 
with successful Leucaena growers and on-farm demonstrations identified appropriate strategies, 
machinery and techniques. Five group members planted Lellcaena in 1995, three successfully. 
Eight planted LeucaeJ/a in 1996 with reasonable establishmenl. 

LEUCAENA (Leucaena leucocephala) is a highly pro
ductive rain-grown tropical pasture plant capable of 
producing more than 800 g live weight gain (LWG)/ 
animal/day once established. It is well adapted to 
clay soils (brigalow, softwood scrub and open 
downs), and the potential for Leucaena on these soils 
in Central Queensland is considerable. 

In the Nogoa/Belyando catchment alone, approxi
mately 600000 hectares are potentially suitable for 
Leucaena production. Currently, this country runs 
about 160000 head of cattle on approximately 150 
properties. 

The adoption of Lellcaena in inland areas where 
there is no serious psyllid problem has been 
restricted by a succession of low rainfall summers 
and inadequate attention given to cultural practices 
prior to, during and after planting. Either singly or in 
combination, these have led to most establ ishment 
failures. It is a priority task that every incentive is 
provided for Lellcaena adoption by addressing the 
establ ishment issue. 

The Meat Research Corporation partially funds 
Producer Demonstration Site (PDS) groups to 
increase the rate of adoption of beef industry tech
nology by beef producers and to promote producer 
involvement in the conduct of 'on-farm ' demon
strations. This has been achieved by demonstrating 
that Lellcaena is adapted to Central Queensland 

I Department of Primary Industries, Box 13 Clermont Qld 
472] 

354 

(600-650 mm monthly average rainfall), demon
strating that successful Lellcaena establ ishment tech
niques exist and promoting the importance of good 
establishment practices, particularly weed control. 

A PDS group was formed from 20 graziers in the 
Clermont, Kilcummin and Capella grazing/farming 
districts of Central Queensland. These were all keen 
to incorporate Lellcaena in their beef production 
system. 

Through consultation with successful Lellcaena 
growers in the Central Highlands (Banana, Black
water, Rolleston, Clermont) and on-farm visits, the 
following issues were addressed: 
• seedbed preparation; 
• planting moisture; 
• seeding rate; 
• planting depth and seed coverage; 
• seed/soil contact and presswheel type; 
• post plant weed control (herbicide and cultivation); 
• soil insect control. 

The enthusiasm generated among the PDS was 
such that positive feedback is still forthcoming. Five 
group members planted Lellcaena late summer 
(February-March) 1995, with three successfully 
establ ishing 500 ha. Summer 1996 provided a further 
opportunity for planting. 

Establishment was generally good but seedlings 
were ravaged by spur throated locusts and badly 
affected by lack of rain for 3 months. 

The enthusiasm generated in 1994 is still present 
despite the setbacks although the cattle market slump 
will delay proposed activity. 
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