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Abstract

The Forages for Smallholders Project (FSP) actively involved farmers in evaluating forage vari-
eties for smallholder farming systems in Southeast Asia. The combination of ‘traditional’ evalua-
tion techniques (nursery and regional evaluations) with farmer-led, informal evaluation of forages
by farmer experimenters on their own farms resulted in the identification of a small range of
robust, broadly adapted forage varieties. Most of these varieties have already been adopted and
integrated in various ways into upland farming systems in the region. Farmer experimenters not
only provided a huge amount of information on environmental adaptation of forage varieties but
also on ways of growing, managing and using forages in smallholder upland farms.

WORKING with smallhol der farmersto devel op appro-

priate technologies for their farms requires not only a

sound ‘partnership’ approach but aso ‘knowledge'

and ‘technologies which farmers can use and adapt

to their particular situations. In the case of forages,

farmers need access to forage varieties that are:

1. adapted to the climate and soils;

2. suited to the intended use (e.g. what type of feed,
environmental application); and

3. fit into the farming system.
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The ‘traditional’ approach to forage species evalu-
ation was to conduct a small plot evaluation on agri-
cultural research stations. Species with high yields
were selected and further tested in larger plotsto elicit
agronomic information on management and feeding
value. Much information on forage varieties has been
generated in this way in many countries and is avail-
able in reports and the scientific literature. Unfortu-
nately, few smallholder farmers have ever adopted
forage varieties and thus little is known about needs
of smallholder farmers, the suitability of different
forages to fulfill these needs and how forages can be
integrated into smallholder farming systems.

The Forages for Smallholder Project (FSP) tried
to overcome this limitation by including farmers
early in the species evaluation process and by pro-
viding feedback of their experiences to other partners
in the evaluation process. The objective of the evalu-
ation was to identify ‘forage options' which develop-
ment workers could offer smallholder farmers in
Southeast Asia for adaptation and integration on
their farms.

Evaluation Strategy

The FSP initialy started with a traditional approach
to evaluation but quickly realised that a different



strategy was needed to achieve the objectives set by
the Project. Several guiding principles emerged with
time. These include:

(i) identify broadly adapted, robust varieties;

(if) select only a small number of varieties;

(iii) involve farmers in the selection process.

Why select broadly-adapted varieties?

Broadly-adapted varieties were needed since small-
holder farming systems are immensely diverse, both
between and within farms. Soil fertility, slope of
land, drainage and other soil factors vary from one
field to the next. Similarly, rainfall varies consider-
ably from one year to the next. Only varieties with
broad adaptation to different environments can cope
successfully with this variation. Robust varieties
were needed since these were most likely to be able
to cope with the varied management conditions
expected in smallholder farming systems. Most
smallholder farmers had never planted forages before
and some ‘rough management’ was likely to occur.

Why a small number of varieties?

Using common varieties across countries in South-
east Asia has many advantages. Seed is more easily
available, there is a much larger market for seed and
information and experiences with these common
varieties can be shared among users. Seed produc-
tion can be conducted in many areas or concentrated
in the most favourable environments and traded
across the region.

Why involve farmersin the selection process?

Farmers are the clients who will decide which for-
ages to adopt and integrate into their farms. This
means that those who select forage varieties must
have a good understanding of selection criteria of
farmers (Figure 1). These selection criteria may or
may not be similar to those researchers traditionally
used (such as high forage yield and good feed
quality) but researchers will not know until they
involve their clients in the selection process.

Other principles of the selection process

Several general principles of forage evaluation were
aso seen as important. These included:

(i) build on both existing international and local
knowledge;

(ii) develop partnerships with national and local
researchers, loca development workers
(including extension workers, NGOs and
agricultural development projects) and local
government officias;

(i) ensure that the farmers receive the best forage
varieties, not just any variety of a species.

Building on existing knowlegeis essential to avoid
duplication and frustration by those who have experi-
ence aready. Internationally, there is a weath of
experience available, particularly in Latin America
and Australia. Drawing on experiences from others
and obtaining the best possible germplasm of each

Figure 1. Selecting forages is a shared activity between researchers and smallholder farmers.



species to ensure a broad genetic base were seen as
critical in the selection process.

Evaluation procedure

The evauations built on experience by nationa
partners, such as the Thai Department of Livestock
Development and forage research and development
projects. In particular, the FSP built on results of the
Southeast Asia Regional Forage Seeds Project,
managed by CIAT/CSIRO and funded by AusAlID,
which conducted extensive nursery and regiona
evaluations in Indonesia, Philippines, Thailand and
Malaysia. This project introduced a comprehensive
range of forage germplasm (more than 500 acces-
sions) from the CIAT (Colombia) and CSIRO (Aus-
tralia) germplasm banks to the region. These
accessions included all successful varieties from
Latin American countries and Australia and were
evaluated in nursery and regional evaluations on
infertile, acid soils in Indonesia and the Philippines
to select the most promising varieties for on-farm
evaluation (Cameron et al. 1995; Stir et al. 1995).

The FSP continued these evauations (regional
and farmer evaluations) in Indonesia and the Philip-
pines, and started evaluations in Laos and Vietnam
where there had been few previous evaluations. Here
the FSP started with nursery evaluations that
included a broad range of forage germplasm before
commencing regiona and farmer evaluations. An
overal picture of the different types of evaluations
and their timing is presented in Figure 2.

Feedback between evaluations!

1995 1 1996 1 1997

The main differences between different types of
evaluations are:

Nursery evaluations

¢ many accessions (often >50 entries);

« few locations (typically conducted on infertile
soils and areas with high disease-pressure, to
eliminate susceptible accessions);

¢ researcher managed.

Regional evaluations

« fewer accessions (usually <20 entries);

e many locations (more information on environ-
mental adaptation, specifically for the local ared);

e researcher controlled but often managed by
farmers;

¢ farmers provide feedback on the types of forage
species they prefer, using tools such as open-
ended evaluation, matrix and preference ranking;

¢ subsequently used as a source of planting material
for farmer evaluations.

Farmer evaluations —formal

¢ researchers and farmers choose varieties to be
evaluated by farmers and decide on an evaluation
procedure;

¢ farmers manage and evaluate;

e researchers may do some additional measure-
ments and facilitate evaluation and beedback;

o fewer varieties (often 6-8 varieties per farmer);

* many locations.

Farmer evaluation

1 1998 1 1999 1

1 Nursery evaluations conducted in Laos and Vietnam only

Figure 2. Timing and feedback between different evaluation types.



Farmer evaluations — farmer-led (informal)

 farmers individually choose varieties to plant on
their farms;

 farmers manage and evaluate;

* researchers provide information and varieties;

» researchers facilitate feedback to other farmers
and development workers;

» fewer varieties (often 2—4 varieties per farmer);

e numerous locations with a large range of
conditions.

A key element in conducting evaluations is to pro-
vide feedback of results and experiences to those con-
ducting the different types of evaluation (Figure 2).
Timely feedback can accelerate the overall process of
evaluation.

Traditionally, nursery and regional evaluations
were followed by large-plot evaluations on manage-
ment, seed production and feeding value of promising
varieties. For the majority of forage species there is
aready alot of information available on these issues
from different countries. There was therefore limited
need to conduct research on these aspects, and species

with known characteristics could be released
immediately for on-farm evaluation.

Outcome of Evaluations

This evaluation strategy has resulted in identification
of a range of forage varieties for use in Southeast
Asia (Tables 1 and 2). Many are adapted to a wide
range of environments ranging from humid to sub-
humid (and cool) tropics and from fertile to
extremely acid, infertile soils. All of the varieties are
robust and have been adopted by smallholder farmers
at one or more of the FSP sites and integrated in
various ways into their farming system. There are
choices of grasses for every situation. The choice of
legumes is more limited, particularly for infertile,
extremely acid soils. Table 3 cross-references the
variety names with other identifiers of each variety.
Full details on varieties recommended for different
smallholder farming systems are included in the
booklet ‘ Developing forage technologies with small-
holder farmers: how to select the best variety to offer
farmersin Southeast Asia (Horne and Stur 1999).

Table 1. Forage varieties identified for use by smallholder farmers in different climates and soils.

Species Varieties Climate Sail fertility and acidity
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(a) Grasses
Andropogon gayanus ‘Gamba . o . . .
Brachiaria brizantha ‘Marandu’, ‘Karanga, ‘ Serengeti’ . o o . o .
Brachiaria decumbens ‘Basilisk’ . o o . . .
Brachiaria humidicola ‘Tully’, *Yanero’ oo . . . . o
Brachiaria ruziziensis ‘Ruzi’ o . o .
Panicum maximum ‘Si Muang’ o . . o .
Paspalum atratum ‘Terenos' o . . . .

Pennisetum purpureum
and Pennisetum hybrids
Setaria sphacelata

‘Napier’, ‘Mott’, ‘King’

‘Lampung’, ‘ Solander’

(b) Legumes

Arachis pintoi ‘Itacambira’, ‘ Amarillo’
Calliandra calothyrsus ‘Besakih’

Centrosema pubescens ‘Barinas’

Centrosema macrocarpum ‘Ucayali’

Desmanthus virgatus ‘Chaland’

Desmodium cinerea ‘Las Delicias

Gliricidia sepium ‘Retalhuleu’, ‘Belen Rivas
Leucaena leucocephala ‘K636’, ‘K584’
Sylosanthes guianensis ‘Stylo 184’

oo . . oo .

oo oo . oo

+« = highly suitable; * = possible; no mark = not suitable.



Assessment of the Value of Different
Evaluation Types

Involving farmers in the evaluation process was
extremely beneficial. For most smallholder farmers,
planting forages was a new concept; few farmers had
experience with growing and using forages. It was
therefore important to encourage farmers to grow
forages on their own farms to gain experience with
forages.

Farmers criteria

Farmers criteria are necessarily based on prior
experience and thus varied between farmers with and
without experience. Thus, farmers criteria varied
with time as farmers gained experience with growing
and using forages. Although involving farmers in
nursery and regional evaluations (using tools such as
open-ended evaluation, matrix ranking and prefer-
ence ranking) was useful, since it improved the
understanding of researchers and development

workers of farmers' needs, it only resulted in some
genera criteria which farmers applied in selecting
species. It was not sufficient by itself since these
criteria tended to be based on limited experience.

Forages are different from annual crops which are
grown over a single growing season and then har-
vested. Forages are mostly perennia species which
are harvested for feed (depending on need for feed),
then regrow and are harvested again. They often
have multiple uses, such as aso protecting the soil
from erosion and can only be assessed by personal
experience.

Encouraging farmers to grow and select forage
varieties on their own farms, where they could gain
experiences with the different varieties and exper-
iment themselves, was an essentia part of the
selection process. Details on farmers criteria are
provided in another paper in these proceedings
(Gabunada et al. 2000) and included factors such as
ease of cutting and animal preferences.

Table 2. Suitability of forage varieties to different forage systems.

Species Varieties Ways of growing forages
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(a) Grasses
Andropogon gayanus ‘Gamba oe . .
Brachiaria brizantha ‘Marandu’, ‘Karangd , ‘Serengeti’ ¢ . .
Brachiaria decumbens ‘Basilisk’ . oo .
Brachiaria humidicola “Tully’, *Yanero’ . o o
Brachiaria ruziziensis ‘Ruzi’ . . .
Panicum maximum ‘Si Muang' o . .
Paspalum atratum ‘Terenos' . . .

Pennisetum purpureum
and Pennisetum hybrids
Setaria sphacelata

‘Napier’, ‘Mott’, ‘King’

‘Lampung’, ‘ Solander’

(b) Legumes

Arachis pintoi ‘Itacambira’, ‘ Amarillo’
Calliandra calothyrsus ‘Besakih’

Centrosema pubescens ‘Barinas’

Centrosema macrocarpum ‘Ucayali’

Desmanthus virgatus ‘Chaand’

Desmodium cinerea ‘Las Delicias

Gliricidia sepium ‘Retalhuleu’, ‘Belen Rivas
Leucaena leucocephala ‘K636’, ‘K584’
Sylosanthes guianensis ‘Stylo 184’

oo . . .

s = highly suitable; « = possible; no mark = not suitable.
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Farmer experimenters

Feedback from farmer experimentersgrowing forages
in abroad range of environmentsand farming systems
provided not only a clearer picture of environmental
adaptation of forages but also resulted in detailed
feedback on selection criteria and on ways of inte-
grating forages into smallholder farming systems

Farmer-led (informal) evaluations provided more
information than formal farmer evaluations in the
case of the FSP, since it alowed farmers to exper-
iment with the varieties of their choice and develop
innovations for their particular circumstances.
Farmers wanted to grow forages on their own farms,
but were happy to incorporate ideas and suggestions

(Gabunada et a. 2000).

from researchers and development workers. It was

Table 3. Identification/cross-reference of forage varieties used in Southeast Asia.

Species Variety name Other identification
Grasses
Andropogon gayanus ‘Gamba cv. Kent (Austraia); CIAT 621; aso released in many other countries
Brachiaria brizantha ‘Karanga CIAT 16835
‘ Serengeti’ CIAT 6387
‘Marandu’ cv. Marandu (Brazil); CIAT 6780; ILCA 16550; also released in many
other countries
Brachiaria decumbens ‘Basilisk’ cv. Basilisk (Australia); CIAT 606; also released in many other
countries
Brachiaria humidicola ‘Yanero’ cv. Llanero (Colombia); CIAT 6133; also released in many other
countries
Brachiaria humidicola ‘Tully’ cv. Tully (Australia); CIAT 679; also released in many other countries
Brachiaria mutica ‘Para naturalised throughout Southeast Asia
Brachiaria ruziziensis ‘Ruzi’ Ruzi (Thailand); cv. Kennedy (Australia)
Digitaria milanjiana ‘Jarrd cv. Jarra (Austraia)
Panicum maximum ‘S Muang' T-58 ‘Purple Guinea (Thailand); cv. Tanzania 1 (Brazil); CIAT
16031; ILCA 16554
‘Tobiatal cv. Tobiata (Brazil); CIAT 6299
Paspalum atratum ‘Terenos BRA 009610; CIAT 26986; cv. Hi Gane (Australia); cv. Suerte (USA)
Paspalum guenoarum ‘BelaVista BRA 003824; CIAT 26985
Pennisetum purpureum ‘Napier’ many local varieties
‘Mott’ cv. Mott (USA)
Pennisetum purpureum x ‘King' King grass (Indonesia); many similar hybrids available (e.g. Florida
Pennisetum glaucum hybrid napier in the Philippines)
Setaria sphacelata ‘ Solander’ cv. Solander (Australia)
S sphacelata var. splendida ‘Lampung’ ‘Splendida’ (Indonesia); CPl 15899
Senotaphrum secundatum ‘Vanuatu’ naturalised in Vanuatu
Legumes
Arachis pintoi ‘[tacambira CIAT 22160
‘Amarillo’ cv. Amarillo (Australia); CIAT 17434; aso released in many other
countries
Calliandra calothyrsus ‘Besakih’ naturalised in Indonesia; CPl 115690
Centrosema macrocar pum ‘Ucayali’ cv. Ucayali (Peru); CIAT 25522
Centrosema pascuorum ‘Cavalcade cv. Cavalcade (Australia)
Centrosema pubescens ‘Barinas’ CIAT 15160
Codariocalyx gyroides ‘Belize’ CIAT 3001; ILCA 14924
Desmanthus virgatus ‘Chaand’ ‘Maiyara’ (Thailand); CPI 52401
Desmodium cinerea (previously  ‘Las Delicias ‘Rensoni’ (MBRLC, Philippines); CPI 46562
Desmodium rensonii)
Flemingia macrophylla * Chumphon’ CIAT 17403
Gliricidia sepium ‘Belen Rivas' ‘Belen Rivas' (Oxford Forestry Institute, UK)
‘Retalhuleu’ ‘Retalhuleu’ (Oxford Forestry Institute, UK)
Leucaena leucocephala ‘K 584’ K 584 (University of Hawaii, USA)
‘K 636’ cv. Tarramba (Australia); K636 (University of Hawaii, USA)
Macroptilium gracile ‘Maldonado’ cv. Maldonado (Australia)
Seshania grandiflora ‘Turi’ naturalised throughout Southeast Asia
Sylosanthes guianensis ‘Stylo 184’ cv. Pucallpa (Peru); CIAT 184; cv. Reyen || Zhuhuacao; also released
in many other countries
Sylosanthes hamata ‘Verano' cv. Verano (Australia)
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important to support this process of farmer-led
evaluation with information and exchange of experi-
ences. One way to do this was through farmer focus
groups where farmers could discuss and exchange
experiences on a regular basis and development
workers could provide additional information and
guidance.

Farmer-led experimentation resulted in feedback
on the performance of forage varieties in a broad
range of environments and circumstances. In the
FSP, more than 500 farmers provided feedback on
species performance and this information was incor-
porated into the final recommendations. Nursery and
regional evaluations aone could not provide this
depth of information.

Farmer experimenters aso provided vauable
feedback on all aspects of planting, managing and
using forages. Farmers developed new ways of inte-
grating and using forages in their farming systems.
For example, farmers in Makroman, Indonesia, used
Centrosema pubescens as a cover crop in annual
crops to suppress weeds. They found that growing
the legume together with maize or cassava reduced
the regrowth of Imperata cylindrica in the cropping
area and the legume cuttings could be used as animal
feed. Farmers in Tuyen Quang, Vietnam, started to
feed grasses such as Panicum maximum ‘ Simuang’
and Paspalum atratum ‘Terenos to fish. At other
sites, farmers fed Stylosanthes guianensis ‘Stylo
184’ to pigs and Arachis pintoi ‘ltacambira and
‘Amarillo’ to pigs and poultry. Many farmers
planted different grasses together in the same rows
or plots, arguing that animals liked to eat a mixture
of grasses rather than only one particular grass and
planting grasses together made it easier to manage
and harvest. There are many other examples which
are described in other papers in these proceedings
(e.g. Vie Thi Yen et al. 2000; Ibrahim et al. 2000).

Encouraging farmers to experiment with forages
was an easy task. Most farmers are always on the
lookout for ideas and technologies which may
improve their farming operation, so evaluating new
forages was natural for farmers who felt that forages
may solve particular problems they experienced on
their farms.

Nursery and regional evaluations

Nursery evaluations were necessary in new areas
where there was little information on potential forage
species. Similarly, regiona evaluations provided a
useful way of introducing a broad range of forages
into new areas. These provided farmers with infor-
mation on adaptation and growth habit and formed a
good basis for discussions. Evaluation plots also pro-
vided planting material for farmer evaluations.
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Has*Science’ Suffered by the I nvolvement of
Farmers?

The active involvement of farmers in the evaluation
process provided an enormous amount of valuable
information on environmental adaptation, ways of
growing forages, farmers’ criteria and innovations of
using forages on smallholder farms. Fast and ‘user-
oriented’ evaluation would not have been possible
without the active involvement of farmers. However,
most of the information was in the form of experi-
ences rather than ‘hard’ experimental data, making
synthesis and objective analysis difficult. To obtain a
guantitative assessment of the performance of forage
varieties selected in the evaluation program, FSP
partners decided to conduct a formal, researcher-
managed, geno type by environment (G x E) exper-
iment. The selected varieties are being grown at 12
sites representing the range of environmentsin South-
east Asia and their performance is being measured
over atwo-year period. Final results will be available
in 2001.

Farmer and traditional evaluations are comple-
mentary and timely feedback between evaluations
can speed up the total process considerably.

Conclusions

The Forages for Smallholders Project was able to
identify a small range of robust, broadly-adapted
forage varieties for offering to smallholder farmersin
Southeast Asia through a combination of traditional
evaluation techniques and the active involvement of
farmers in the evaluation process. Informal, farmer-
led evaluations were extremely useful. They not only
provided an enormous amount of information on
environmental adaptation but also on farmers' needs,
their criteria for selecting forage varieties and inno-
vative ways of integrating and using forages on
smallholder farms. A booklet ‘Developing forage
technologies with farmers: how to select the best
varieties to offer farmers in Southeast Asia has been
published in English and is available from CIAT and
ACIAR (Horne and Stir 1999). Asian language
versions will be published in Indonesian, Thai, Lao,
Vietnamese and Chinese.

The selected varieties and the suggested ways of
growing and using these varieties provide a solid
basis for forage development in the uplands of South-
east Asia. Although it is tempting for researchers to
continue evauation and development of forage tech-
nologies, further selection should be limited to
address specific needs such as legumes in cropping
systems, until clear needs have been identified and
expressed by farmers.
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Abstract

Case studies of successful adoption of forage tree legumes in farming systems are reviewed.
Case studies included (a) adoption of Leucaena leucocaphala in northern Australia; (b) farmer
uptake of MPTs (multi-purpose trees) in Honduras, Malawi and Sri Lanka; (c) responses to the
new hybrid leucaena in Batangas Province of the Philippines; (d) uptake of caliandra in Bali,
Indonesia; and (€) long-term use of Leucaena leucocephala in the islands of Timor and Flores,
Indonesia. Success was achieved where the innovation was simple. Complex systems required sus-
tained, high profile intervention. Common factors to successful adoption are elucidated. Technical
factors were: (a) constraints must be resolved promptly; (b) information needed to flow frequently,
accurately and in a variety of appropriate formats; (c) a range of MPT species was needed to meet
the diverse needs of farmers, their environments and farming systems; and (d) the best planting
material should be available to farmers. Socio-economic factors included: (a) farmers, local leaders
and groups, and government needed to be closely involved in the process; (b) communication/
training/extension and research networks were important; and (c) innovation needed positive com-
mercial outcomes for individual farmers as well as for the environment. Other factors of signifi-
cance were the need for long-term commitment and direction from ingtitutions due to the
complexity of many of the tree legume systems. However, successful adoption through a process
of on-farm and participatory research was a consistent theme.

ExAMPLES of locally successful adoption of exotic
and indigenous tree legumes, for multi-purpose uses
including forage, are too numerous to list. Out-
standing examples are Leucaena leucocephala in
Queendland, Australia (Middleton et a. 1995) and
parts of eastern Indonesia (Moog et a. 1998), Gliri-
cidia sepium in Southeast Asia (Stewart 1996), Ses-
bania grandiflora in Lombok, Indonesia (Gutteridge
1994), Calliandra calothyrsus in Indonesia (Palmer
et a. 1994), and Acacia spp. in Africa (Wickens et
al. 1995). However, adoption has not been wide-
spread even within the countries listed above and

1School of Land and Food, The University of Queensland,
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2IRRI, Manila, Philippines. Email: famoog@globe.com.ph
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despite high levels of promotion, farmer uptake has
been lower than anticipated.

Recent attempts to achieve adoption of new
varieties and agroforestry packages, particularly the
more complex agroforestry packages such as aley
cropping, have been only partialy successful, and in
some cases unsuccessful (Gutteridge 1998). Diffi-
culties in achieving high levels of adoption for Leu-
caena are reported for Africa (Dzowela et al. 1998),
South America (Argel et al. 1998) and Asia (Moog
et al. 1998).

This paper uses the approach of case studies to
examine the strategies used in successful adoption of
forage tree legumes. Case studies reviewed are:
(@) adoption of leucaena in northern Australia, (b) a
comparative analysis of farmer uptake of MPTs
(multi-purpose trees) in Honduras, Malawi and Sri
Lanka conducted by the Overseas Development
Institute (Cromwell et al. 1996); (c) responses to a
Leucaena pallida x Leucaena leucocephala hybrid in
Batangas Province of the Philippines; (d) uptake of
caliandrain Bali, Indonesia; and (€) long-term use of



leucaena in the idands of Timor and Flores, Indo-
nesia. Conclusions are made as to common e ements
of successful promotion and adoption strategies.

Case Study 1
Leucaenain Northern Australia

In Australia, leucaena (Leucaena leucocephala) is
used mainly for fattening beef cattle for the domestic
Australian markets and for export markets in South-
east Asia, Japan, Korea and the USA. Leucaena is
highly nutritious and is the only tropical forage
system in northern Australia capable of finishing
beef animals that can meet al export carcase specifi-
cations. Currently, in northern Australia, L. leuco-
cephala is mostly grown on fertile alkaline clay soils
in the 600—750 mm rainfall zone. It is sown in rows
with companion grasses in the inter-row space, and
isgrazed in situ at a stocking rate of 1-2 ha per beast
(Middleton et al. 1995). A recent grazing demon-
stration (Esdale and Middleton 1997) showed that,
under favourable seasona conditions, liveweight
gains of 1.25 kg/steer/day from raingrown leucaena/
grass were possible. Furthermore, carcase quality
was no different from carcases from grass or grain
feeding (Larsen et a. 1998). Leucaena systems may
therefore replace more costly annual forage crop and
feed-lot systems.

Leucaena has been naturalised in Australia for
more than 100 years and its potential forage value
was recognised 40 years ago (Hutton and Gray
1959). However, growers have been slow to adopt it.
A recent GIS analysis identified approximately 12
million ha of land suitable for leucaena development
in northern Australia (Coates 1997).

Progress of research and development

In the 1960s and 1970s, leucaena promotion was
researcher led (CSIRO), but there was little commer-
cial development. Not enough was known about its
management, potential value, agronomy, geographic
limits and establishment requirements, and there were
concerns (exaggerated) about mimosine toxicity.

In the early 1980s, a DPI extension agent in
central Queensland began a long-term commitment
to leucaena extension involving informal partici-
patory collaboration with several leader farmers. As
a result of the field days and farmer contacts he
organised, the potential productivity of leucaena, and
methodology for planting leucaena, became more
fully appreciated among the farming community and
interest dramatically increased.

By the mid-1980s, the toxicity problem had been
resolved (Jones 1985), but the arrival of the leucaena
psyllid (Heteropsylla cubana) in 1986 caused
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interest to wane. Throughout this period, a small
group of committed farmers, extension agents from
QDPI and research scientists from the University of
Queendland and CSIRO, continued their activities
despite a lack of support from key industry and
research bodies. A new variety (cv. Tarramba) was
released with improved seedling vigour and psyllid
tolerance.

It was not until the late 1980s that funds were
made available for leucaena research. These were aid
funds from the Australian Centre for International
Agricultural Research (ACIAR) which has a mandate
to support projects which aso have Australian
relevance.

An international evaluation of the agronomic and
feeding value of the Leucaena genus was conducted
under the auspices of this project. Establishment
problems related to seed scarification, Rhizobium
inoculation, soil and seed insect control, weed
control, grazing management and forage quality
issues were al overcome through a participatory
research process.

Today the resurgence of interest in leucaena
development remains largely farmer driven but with
strong support from committed individuals within
the University of Queendand, QDPI and CSIRO,
and no funds are contributed by the industry we are
supporting.

What currently limits adoption in Australia?

Despite its known production potential and the large
areas of suitable soils, adoption in the past has been
disappointing, although there has been a recent
increase in interest among farmers and graziers in
expanding sowings of leucaena.

A detailed analysis of key issues in adoption is
now given.

Technical restrictions

(a) Inadequate availability of technical information
on establishment procedures presented in a form
accessible to farmers (e.g. farmer establishment
manual, videos);

(b) Lack of government registration of chemicals to
control insects and weeds;

(c) Excessive psyllid damage in wetter environments
or in seasons of above average rainfal;

(d) Uncertainty about effects of leucaena on product
quality e.g. eating quality of beef and tainting of
milk from dairy cows; and

(e) Lack of information on methods to restrict exces-
sive height growth of leucaena in direct grazing
systems.



Social and economic restrictions

(8) Farmers, and especialy graziers, have difficulty
in meticulously following the detailed agronomic
recommendations that underpin  successful
establishment;

(b) Thereis concern about the cost of establishment,
especialy in view of the high risk of failure.
Ledeighter and Shelton (1986) reported that 2/3
of plantings in the 1980s and early 1990s had
failed;

(c) There is concern about the loss of flexibility
associated with conversion of good agricultural
land (suitable for dryland cropping) into long-
term leucaena and cattle production;

(d) Misinformation, exaggerating concern regarding
mimosine toxicity, die-back during dry years,
psyllid damage during wet years, and difficulties
in establishment;

(e) Some farmers have planted small trial areas not
sufficiently large to demonstrate clearly pro-
duction advantages.

Institutional

There has been a lack of long-term support from
industry, research and extension agencies and this
has limited research and extension activities. The
only research funds have come from ACIAR and this
has given the research an international focus.

Some strategies and priorities

In order to redise the great potential from using
leucaena beef production systems in northern Aus-
tralia, industry, research and extension agencies must
develop a long-term strategy and commitment to
leucaena research and development. Targets need to
be set and worked towards e.g. 500000 ha of
leucaena planted by the year 2010. To achieve such
targets, the following strategies are suggested:

() The benefits accruing from planting leucaena in
terms of improved long-term productivity and
sustainability, access to premium prices and
ultimately, improved economic returns need con-
tinually to be emphasised.

(b) The risks of establishment failure need to be
reduced by improved information flows to
graziers. This can be partly achieved by the
production of a high quality technical manual
providing technical information on establishment
and management, and containing experiences
from farmers.

Continuing enthusiasm and long-term commit-

ment is required from all those involved in pro-

motion, including: graziers, cattle breeders, meat
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processors, supermarkets, extension officers and

scientists.
(d) Greater involvement of experienced and suc-
cessful leucaena growers in the extension process
is vital. Producer demonstration sites, producer
workshops, and single and group producer visits
to successful leucaena plantings have been used
with good success. The formation of a Leucaena
Growers Association for self-help, exchange of
information, and for promotion of Quality Assur-
ance of leucaena properties would be helpful.
One goal might be to establish a regular news-
letter to communicate and exchange information
among graziers.
The beef industry and leucaena growers need to
press for increased support for R&D through the
regional Beef Industry Research Committees, the
Queensland Beef Industry Ingtitute, and the
private sector (seed and chemical companies,
meat processors). In the past, new problems
which emerged over time were not always
resolved in a way that ensured the continuing
interest of farmers and extension workers. The
continuing availability of scientific resources
(personnel and funds) to resolve problemsisvital.

C)

Case study 2:
Honduras, Malawi and Sri Lanka

Cromwell et al. (1996) initiated a study in 1994-995
on farmer uptake of MPTs with the objective of pro-
viding feed-back to researchers on the effectiveness
and relevance of their plant improvement programs.
They wanted to know if the new provenances being
produced by researchers, and subsequently promoted
by field projects, met the needs of farmers, and
whether they were able to access them. Their specific
objectives were to:

Assess the factors influencing farmer decision to
grow MPTs;

Assess the extent to which currently available
provenances met farmer needs;

Study the availability of MPTSs to farmers; and
Review the potential for improving availability of
MPTsto farmers.

The study drew on experiences of groups pro-
moting and distributing Gliricidia sepium to farming
communities in Honduras, Sri Lanka and Maawi. In
Honduras, two projects were visited in northern
Honduras (PACO-CARE and Agroforestry Project
Rio Choloma (APRC), and three projects in southern
Honduras (World Neighbours, PROCONDEMA, and
the Land Use and Productivity Enhancement Prioject
(LUPE). The projects were all selected because they
promoted the use of MPTs in agroforestry systems



attempting to aleviate rural poverty. Together they
served 30 000 farm families (Cromwell et a. 1996).

In Malawi, five projects were visited (EC funded
ADDFOOD, the USAID funded Maawi Agro-
forestry Extension Project, ICRAF-Malawi programs
at Chitezde Agricultural Research Station, and the
NGOs Christian  Services Committee and
ACTIONAID Maawi-Dowa. All projects were
significantly involved in promotion and distribution
of MPTs. Together they worked with 20 000 farm
families.

In Sri Lanka, seven organisations were visited.
They were the Upper Mahaweli Watershed Project,
Hadabima Authority of Sri Lanka, Nuwara Eliya
Integrated Rural Development Project, Promoting
Multi-functional Household Environments, CARE,
Ceylon Tobacco Company, and Aitken-Spence Tea
Estate Management Group. The projects worked
with over 4000 families (Cromwell et al.1996).

Major issue and key findings were (Cromwell et
al.1996):

Socio-economic issues

(& Most projects had not carried out surveys to
ensure that they understood farmer needs for
MPTs, and that they had the identified appropriate
solutions. Projects often assumed which species
and agroforestry systems were required by
farmers. In reality, the reasons for farmer choices
were often complex and determined by adiversity
of specific needs and resource constraints. They
concluded that there needed to be a range of
species and management options available.

(b) Farmers did not conceptualise the multi-

functions of MPTs the way researchers do. The

attributes that farmers appreciate needed to be
better understood. Trees were managed on-farm
to fulfil arange of requirements. Projects needed
to balance the promotion of MPTs for single and
multiple functions. For instance, although use of

MPTs for soil improvement may be crucialy

important, promotion on these grounds alone,

may not be sufficient.

Most projects were short term (up to 4 years).

They often achieved short-term success due to

farmer trust in outside interventions, but not

long-term success, as farmers did not have the
opportunity to observe predicted benefits before
the end of the life of a project.

(d) 1t was difficult to achieve environmental and con-
servation benefits at the macro community level,
while at the same time provide tangible benefits
to individual farmers. For instance, for Prosopis,
Dutton (1992) suggested that the benefits must
involve:- Ecological sustainability (improved soil
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fertility, control of soil erosion, reduced con-
tamination of water resources, improved self-
sufficiency for on-farm energy, reduced emis-
sions of greenhouse gases); sociological sustaina
bility (changed attitudes to management of
species, employment opportunities, improved
self-reliance); and, in addition, target groups
needed to benefit from their labour through value
added product and cash income.

(e) Often seed and/or seedlings were distributed free
of charge and farmers may not have been inter-
ested if payment was required. Simons (1996)
suggested that substantial advantage in woody
and leaf biomass yields was needed to interest
farmers in new varieties. New germplasm would
have to be markedly superior.

Technical issues

(f) The study revealed that there was insufficient
evidence that MPT species used for fertility
improvement were capable of making the signifi-
cant improvement to crop yields that were
claimed,

MPT planting material was often distributed to
farmers in a form with which they were not
familiar e.g. seeds were distributed when farmers
normally used seedlings. Farmers were often not
clear asto how to manage planting material once
they had received it.

(h) Planting material was initially distributed by
projects, but post-project, farmers were unable to
obtain further supplies. There was very limited
evidence of active seed suppliers, especially com-
munity based supply mechanisms. Seed multi-
plication orchards producing planting material of
the elite varieties were required.

Purchase of planting material from international
sources was often expensive, and projects often
obtained seed locally, as it was cheaper and more
accessible. For farmers, the dominant source of
planting material was on-farm and they infre-
quently acquired germplasm off-farm. For this
reason, germplasm was often of unknown
genetic quality; it was collected and distributed
with weak protocols; it was selected on timber
criteria; or it was distributed with no knowledge
or understanding of provenance quality, prove-
nance origins, or the importance of genetic
diversity. Urgent attention was required to estab-
lish supply mechanisms to alow farmers to
access €elite germplasm early in the development
process. There is a strong need for a clear and
sustainable strategy for supply of high quality
seed. Community based germplasm therefore had
potential to ensure such a sustainable supply.

(9)

0]



However, the technology for production of
planting material needed to be relatively simple
and there needed to be resources for storage and
seed treatment.

Case study 3:
Therole of Leucaena in swidden cropping
and livestock production in Nusa Tenggara
Timur, Indonesia

Nusa Tenggara Timur (NTT) province in eastern
Indonesia comprises the eastern Lesser Sunda Islands
of Timor, Flores, Sumba, Roti, Savu and numerous
smaller islands. The areaof NTT is about 50 000 km?
and the total population about 3 million. Population
densities range from 15-100 persons per km2,

Slash and burn cultivation commenced in NTT
after the introduction of maize from the Americas by
Dutch and Portuguese colonialists around the 1670s.
Over the last century, there has been severe and
increasing land degradation because of:

1. Increasing human population, longer crop and
shorter fallow cycles, and consequent increasing
deforestation and reduced forest regeneration.

. An increasing cattle population since introduction
in 1912, and the introduction and spread of weeds
like lantana (Lantana camara), which have
reduced forest regeneration and placed increasing
grazing pressure on grasslands.

. Extensive annual burning of forest and grassland
vegetation in the long and extreme dry season,
which |leaves the soil bare and unprotected.

. High intensity rainfall events which are common
in the short and variable wet season, have caused
severe erosion of unvegetated slopes and con-
sequent silting of streams and rivers.

There are two regions in NTT where this severe
land degradation has been arrested and reversed
through the development of stable agricultura
systems based on Leucaena leucocephala (leucaena).
One is in the Kecamatan (district) of Amaras in
West Timor, and the other is in the Kabupaten
(regency) of Sikka on the island of Flores. Leucaena
has probably been in the eastern Lesser Sunda
Islands for severa centuries. According to Dijkman
(1950), it was brought to Indonesia from central
America by early Spanish explorers. It has been used
in Java and Sumatra to provide shade and firewood,
improve soil fertility and reduce erosion since the
early 1800s (Metzner 1982, 1983). The two regions
are now described.
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Kecamatan Amarasi, Kabupaten Kupang,
West Timor

Amarasi occupies a 740 km? strip of land 1025 km
wide and 65 km long located on the south coast of
West Timor. In the 1930s, experimental plantings of
leucaena were made under the guidance of the Dutch
administration on abandoned fields around the
village of Baun (Ormeling 1955; Metzner 1981,
1983). The species was then sown widely in
response to an adat (traditional) regulation which
obliged every farmer in Amarasi to plant contour
rows of leucaena. Failure to comply carried the
threat of a fine and/or jail. Leucaena-based cropping
systems were further promoted in 1938 after
successful implementation of land use zoning regula
tions eliminated the need for fences, and farmers had
more time for other agricultural activities.

Adat regulations were reinforced in 1948 when
the Government introduced the Peraturan Tingkat
Lamtoro (Leucaena Increase Regulation) that com-
pelled all shifting cultivators to plant leucaena
hedges along contour lines (Ormeling 1955). Over
time, the plant moved out from the rows and quickly
formed an even cover, apparently because hedges
were not trimmed, and |leucaena colonised the inter-
row spaces (Metzner 1981).

By 1980, Metzner (1981) estimated that leucaena
covered two thirds or 500 km?2 of Amarasi, and that
lantana had been largely eliminated as a weed
problem. By the 1960s, seasona famine had been
eliminated, and food was being exported from
Amarasi.

Cattle production, which began in 1912, was
further stimulated by the Provincial Government with
the introduction in 1971 of the paron cattle fattening
scheme. The government bought store cattle from
central Timor and distributed them to interested
farmers for fattening with cut-and-carry legume
fodder, principally leucaena, but also sesbania,
Acacia leucophloea, and Tamarindus indica.

Widiyatmike and colleagues in 1989 (Komang
Surata 1993) reported that farmers raised 5-7 head
per year, purchasing at 100 kg and selling after 12—
14 months at 300 kg body weight, at a profit of Rp
200000 per animal. Leucaena density over the
whole farm was approximately 10 000 plants per ha.
Each farm averaged 2 ha, of which 1-1.3 ha was
used for fodder, and the remaining 0.6-1.3 ha was
used for crop production. Liveweight gains have
been reported to be as high as 1.3 to 1.7 kg/head/day,
and this was attributed to the high proportion of
leucaena in the animals’ diet. Other reports have put
liveweight gains at only 0.2-0.4 kg/day which
increased to 0.5-0.8 kg/day with mineral supplemen-
tation and use of a bacterial digestion starter (Nulik



et a. 2000). The extra income fulfils crucial family
needs such home refurbishment, educational needs
and ceremonia events (Nulik et al. 2000).

It was not necessary to resow leucaena after crop-
ping because of the strong regrowth from cut stems
and establishment of seedlings from fallen seed. Real
incomes were estimated to be 20-30% higher than
the average for West Timor, and this was attributed
to the stable farming system based on leucaena
(Jones 1983).

Unfortunately, continuing increase in population
pressure and shortening fallow length, have put even
this robust system under threat. Leucaena is
becoming sparse, weeds are invading and there is
increasing risk of erosion (Nulik et a. 2000).

Kabupaten Sikka, Flores

Sikka covers a 1670 km? area 15-30 km long on the
eastern end of the island of Flores. Sikka has few
cattle but serious erosion, and leucaena was intro-
duced to provide vegetative cover and soil stabilisa-
tion. Efforts to popularise the plant were first made
by the Dutch in the 1930s but farmers feared that
thickets would get out of control and spread onto
arable land (Metzner 1976).

In 1967-1968, a Catholic priest and alocal farmer
successfully established demonstration rows of
leucaena which collected soil and formed indirect
terraces between the leucaena rows. Over the three
years to 1971, yields from the garden were stable,
eliminating the need to shift to a new garden area
(Cunha 1982).

This experience prompted a farmer group, Ikatan
Petani Pancasila (IPP), to establish indirect terracing
in 1972 at Kloangpopot, using contour rows of local
leucaena spaced 5 m apart with clove trees between
the rows. This demonstration was shown regularly to
farmers and participants in IPP training courses, and
stimulated great interest and activity in indirect
terracing (Metzner 1976, Borgias 1978, Cunha 1982).

In 1973, the district government of Sikka and the
Catholic Biro Social Maumere, with the support of
IPP, established the Program Penanggulangan Erosi
Kabupaten Sikka (Sikka Erosion Control Program) to
stabilise 30000 ha of land in five years. The pro
gram held farmer training courses, distributed water
levels for making contours, purchased and distributed
seed, encouraged farmer cooperation through prizes,
and supervised and evaluated plantings. Leucaena
planting was also stimulated at this time by the intro-
duction of Hawaiian giant leucaena varieties from
Hawaii and the Philippinesin 1978-1979, and by the
introduction into Sikka in 1974 of the national food
crops intensification program (BIMAS). Credit for
crop inputs was restricted to farmers who planted
leucaena in their cropping areas. Cunha (1982) put
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the leucaena area at this time between 27 000 and
43 500 ha

For indirect terracing, leucaena was sown at about
70 kg seed per ha in furrows or banks cultivated
aong the contour with the aid of an A-frame or water
level. Early establishment was slow, and seedlings
were protected from weeds and grazing. With reason-
able management, thick hedges formed within 2
years. Once established, hedges were usually cut at
4-6 week intervals and cut material was thrown on
the upper slope to fertilise the soil (Metzner 1976).
Unlike in Amarasi, leucaena has been maintained in
hedgerows in Sikka and cropping is practised in the
inter-row strips.

The primary aim of the leucaena planting program
in Sikka was to control erosion. Evidence of the
improvement in water balances could be seen from
the Batikwair River, which ceased to flow in the dry
season in the 1920s, but has been flowing continu-
ously since 1979. Maumare, once a flood-prone
town, has not been flooded since 1976 (Parera 1980;
Prussner 1981; Metzner 1982).

Other benefits have followed. Established areas
were being cropped more intensively and were more
productive. Leucaena also controlled weeds such as
Imperata cylindrica.

L eucaena herbage was fed mainly to small animals
(chickens, pigs, goats) in Flores. Unlike in Timor,
cattle have not traditionally formed a significant role
in the livestock industry, partly because of the lack of
water and extensive grasslands (Metzner 1982).

Effects of Heteropsylla cubana on Leucaena
productivity

The arrival of the psyllid to eastern Indonesia in
1986 initially devastated leucaena plantings, as trees
were bared and in places died. One study suggested
leucaena productivity was reduced by 25-50%
(Piggin et al. 1987). This was reflected in an 11%
fal in cattle numbers sold in trade markets, from
88000 head in 1986 to 77000 in 1987. Psyllid
numbers have now declined and productivity of
leucaena has gradually recovered over the years, per-
haps due to a build-up of psyllid predators.

The psyllid experience highlighted the danger of
over-dependence on a single species and has
prompted a concerted effort to find alternative shrub
legumes. Research has shown that L. diversifolia, L.
collinsii, and L. pallida, and severa Leucaena
hybrids are well adapted and exhibit good resistance
or tolerance to psyllids (Piggin and Mella 1987a and
b; Mella et a. 1989). Other species, such as
Sesbania, Acacia villosa, Gliricidia sepium, Calli-
andra callothrysus and Desmanthus virgatus, were
aso shown to be well-adapted and useful as multi-
purpose trees.



Reasons for success of Leucaena

Two contrasting systems to utilise leucaena in local
farming systems have developed and persisted in
eastern Indonesia, both prompted by concerns about
land degradation, low productivity, and poverty.
There were many reasons why the leucaena-based
systems were successfully developed and persisted
in Amarasi and Sikka. They include:
* Loca leaders, NGO and church groups, and
government departments recognised the need for
more sustainable systems, and were instrumental
in demonstrating the potential of leucaenato local
villagers. Alternative systems had failed. Church
and farmer cooperative groups were prominent in
Sikka, while Dutch and local government officials
provided the impetus in Amarasi. The successful
adoption of leucaena in Amaras was only
possible because of the introduction of a series of
supportive regulations, introduced and enforced
by the adat ruler (raja). Clearly this represents a
top-down extension approach.
Compatibility of leucaena with local environment
and farming systems. Leucaena is a robust plant,
which, once established, was able to persist and
regenerate under traditional swidden systems of
cropping which involved regular and quite severe
cutting and burning. It was attractive to farmers
because it provided livestock forage, wood for the
construction of fences, mulch for crops, weed
suppression, shade for tree crops, and soil
stabilisation.

» Leucaena could be relatively easily established
under corn crops, and could re-establish from cut
stumps or seed in subsequent years.

Contribution of leucaena to development of more
commercial farming systems. Leucaena has helped
village farmers to move from subsistence farming to
more commercial farming systems. This potential for
commercial development has been important in
farmer acceptance and enthusiasm for the use of
leucaena-based systems.

Case study 4:
Leucaena use in two villages in Batangas
Province, Philippines

Thisis acase study of leucaenausein two villagesin
the Philippines, and of our experiences with intro-
duction of improved varieties. The villages are Mali-
matoc 1 and 2 and are located in the Mabini District
in Batangas Province. They are positioned on low
hills overlooking Batangas Bay, and are about 500 m
above sealevel. The population of the two villagesis
1781 and they cover a land area of about 400 ha
Land owned per farming family is small (approx.
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1.0-1.5 ha). Sailsin the area are formed on volcanic

parent materials (Lipa series). Rainfall is 1,200 mm

per annum. Some relevant aspects of their pro-

duction systems are listed below.

(a) The two villages practise mixed cropping, horti-
culture and cattle enterprises, with jackfruit,
coconut, mangoes, chico, citrus, bananas, sugar
apples, corn and vegetables grown in mixed
garden and agroforestry combinations. Leucaena
is grown in hedgerows across slope, as farm
boundaries and as single trees throughout the
villages and is cut and fed to cattle and goats. It
was first introduced to the villages in 1978 by
Governor Leviste for the purposes of livestock
feed. Most farmers raise cattle (an average of 2—
3 each) and this provides approximately 30% of
their cash income. Before psyllid infestation cash
income from livestock raising ranged from 70—
90% of total farm income. Growing cattle are
purchased from Mabini and Lemery auction mar-
kets at alive weight of 150250 kg and fattened
to approx. 300400 kg live weight. Fat cattle are
sold to middlemen in the area, or in auction mar-
kets at neighboring towns of Lemery, Taal and
Batangas City for approximately $1.10 per kg
live weight. At times, prices are dictated by the
middlemen.

(b) Feed resources for cattle fattening include leu-
caena, in conjunction with crop residues (corn
stover), naturalised grasses, weeds and other tree
and shrub fodders. However, leucaena is a key
component of the diet due to its high forage
quality and its capacity to give good live weight
responses. There are multiple uses for leucaena
in the villages. The most important, ranked in
order, are:
¢ livestock feed;
¢ erosion control on sloping land;

* firewood:;
« fertiliser mulch for cropping;
 shade tree for animals.

(c) The proportion of leucaena fed in the diet varies
seasonally. During the dry season, it is the main
part of the diet as long as it is not devastated by
the psyllid, which is usualy at its worst in the
dry season (January to May). During the rainy
season (June to October), when psyllids are less
of a problem, the leucaena shows excellent
growth. Other sources of feed are aso in good
supply at thistime.

(d) The psyllids were first noticed in late 1985 when
they caused great devastation, reducing leucaena
productivity amost to zero. Since that time,
natural predators have gradually reduced the
psyllid challenge, and production has steadily
increased to the present time. Farmers estimate



that leucaena is back to 70% of pre-psyllid
productivity. However, severe defoliation still
occurs from the break of the dry season to the
early wet season. As leucaenais the predominant
feed resource, this causes serious disruption to
forage supply and liveweight gains.

The villages were chosen for promotion of our
new psyllid resistant hybrid (KX2, an F; cross
between Leucaena pallida and Leucaena leuco-
cephala) because of their prior experience with
leucaena, and their obvious interest in testing new
more productive and psyllid resistant varieties. The
leucaena hybrid exhibits a combination of psyllid
resistance and superior dry matter production
(Mullen et a. 1998), but has one significant draw-
back. It needs to be vegetatively propagated as F,
and subsequent generations segregate strongly. With
assistance from the local Municipal Agricultura
Officer, approximately 50 farmers were trained in
vegetative propagation and propagation chambers
were constructed from locally available materials.
Two training courses, one in each village, provided
information concerning procedures for establishing
the cuttings as well as for marcotting and grafting.
Farmers' response was very good. They saw KX2 as
a good aternative to common leucaena, and it was
resistant to psyllids.

However, the strike rate for cuttings was only
1-2% in the village propagation chamber. At the
University of Queensand, we were achieving
greater than 50%. The reasons could have been
disease, poor watering, or too high temperature.
Consequently, farmers have less confidence with
the cutting technology and rely more on marcotting
and grafting. Most had had prior experience in
using these techniques.

Despite the poor strike rate, approximately 200
plants were distributed among afew farmersin Mali-
matoc 1 and 2. Some were planted in October 1998,
but most were planted after January 1999. Growth of
the KX2 trees has been excellent and they looked
especially good in April 1999 when psyllids were
seriously challenging common leucaena. Cuttings
and grafts planted in March/April were more than
2m in height in September of the same year and
were being used to produce more cuttings as well as
for grafting and marcotting. Initial feeding experi-
ences gave good results as the hybrid was well eaten
by cattle and goats. Early results and the response of
farmers to the new hybrid have been excellent.

Reasons for the success of the extension effort to
date are:

(8 There was an urgent need to increase the dimin-
ishing forage resource brought about by psyllid
infestation on existing leucaena plantings.
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Farmers had high hopes that the hybrid would
answer this need.

(b) We introduced a simple innovation that comple-
mented a well established and successful farming
system i.e. a new variety that overcame the key
limitation of the common variety.

(c) The fattening enterprise of the farming system
had important commercial outcomes for farmers,
and they accorded high priority to improvement,
Mutual trust and confidence between farmers and
BAI and Municipal Agriculture Staff.

(d) Continuous monitoring and follow-up by BAI
and loca government staff and Austraian
collaborators.

However, before the innovation can be viewed as
permanently adopted by farmers, the following
criteria still need to be met:

(8 The methodology for supply of new seedlings
from propagation chambers must be more robust
i.e. capable of delivering a regular supply of
large numbers of rooted cuttings at low cost,
without significant difficulties.

(b) Teething problems, such asthe low strike rate for
cuttings, must be overcome quickly so as not to
discourage government officers and farmers into
thinking that the idea is impractical and therefore
not relevant, and

(c) The Municipal Agricultural Office must continue
to provide support for the propagation units, for
training courses and for village promotion
activities, until the nurseries are self-supporting
and well established.

Case Study 5:
Calliandra calothyrsus for Cattle Fattening
in Bali

Calliandra calothyrsus (calliandra) was introduced
to Bali between 1970 and 1975, after Mount Agung
(nearly 3200 m high) erupted in 1963. Most of the
villages nearby were destroyed by lava or covered by
sand material. Calliandra was introduced as a com-
ponent of reforestation programs in the south and
west of Mount Agung, mainly around Besakih
village, about 900 m asl. Besakih village has a popu-
lation of around 5100 and covers 2100 ha, half of
which is used for dryland farming. Annual rainfall is
1500 mm and the soil is volcanic.

The forestry officials cooperated with smallholder
farmers asking them to look after the plantation trees
(mainly Pinus and Albizia) which had been planted
by government on land bordering areas belonging to
farmers. As compensation, the farmers were allowed
to plant calliandra and king grass (Pennisetum pur-
pureum x P. glaucum) under the Pinus trees and



were alowed harvest the calliandra and king grass
regularly for forage. Planting materials of calliandra
and of king grass were provided by government.
Calliandra grew vigorously in the volcanic and
cooler environment of Besakih and produced large
quantities of seed which quickly colonised the area.
This system was successful and has spread to nearby
regions of Bangli, Gianyar, Badung and Tabanan at
700-1100 m above sea level. Farmers now plant
caliandra as live fences, together with king grass
about 2 m from the fence line. The live fence of
calliandra produce about 1.8-3 ton/km dry matter in
10 months (Wiersum and Rika 1992). Gliricidia
sepium (gliricidia) was also introduced and planted
as live fences and as single trees for forage.

The spread of cdliandra and dliricidia was
through the efforts of the farmers themselves. This
occurred after they learned that calliandra was a very
good forage for the cattle.

Table 1 shows the amount of edible herbage of
tree legume produced in five regions. The highest
production of Calliandra is in Bangli sub region
followed by Gianyar and Tabanan. Furthermore, it is
worthwhile to note that Calliandra is the second
most popular tree forage in Bali (after Gliricidia)
despite the fact that it was the most recently intro-
duced species.

Utilisation and benefits of calliandra

Calliandra has been used both as forage and fuel-
wood by farmers. For fuelwood, farmers collect the
branches after the leaves have been fed to cattle.

Farmers cut calliandra about 34 times a year.
Calliandra is eaten by cattle when fed fresh, but if
wilted, it is not eaten, and |eaflets shatter. Calliandra
is often not fed throughout the year and is combined
with the grass Pennisetum polystachion for dry
season feeding. During the rainy season, when
Pennisetum and other pioneer grasses grow well,
farmers just use grass for their cattle athough calli-
andra may be cut for fuel.

In addition to Calliandra, Erythrina, Gliricidia
and Leucaena, broad-leaved weeds and grasses are

dso fed to cattle. Sometimes, farmers around
Besakih feed boiled sweet potato mixed with
drinking water and a little salt.

Thus the composition of the feed for fattening
cattle in Besakih area village is mostly Calliandra +
Pennisetum (about 70-80%), pioneer grasses, broad
leaf weeds and sweet potato pulp in the drinking
water. Farmers raise an average of 34 head of cattle
per family. There are 8500 cattle in Besakih. Cattle
are purchased at 6 months of age, housed, and fed by
cut and carry methods. Live weight gains are 500—
750 g/day. Cattle are sold at an age of 1.5-2 years at
Rp 8500 to 9000 per kg live weight. Farmers can
earn about Rp. 2 M—Rp 2.5 M per year from cattle
sales. In addition, they earn about Rp. 75000 to
80 000 if they sell the manure.

Cattle in Besakih area are more expensive because
they have higher live weight than cattle from other
areas in Bali. Cattle sales provide 70% of farmers
cash income. Recently (late 1997) new provenances
of Calliandra and Gliricidia were introduced to 10
farmersin the Besakih area. The new provenances of
caliandra were adopted quickly because of their
high productivity and ease of spread.

Reasons for successful uptake

(a) The intervention was supported by government
agencies for an extended period of time during
which the calliandralking grass system became
established.

(b) The farming community had few forage options
available at the time of theinitial intervention due
the eruption of Agung The calliandra/king grass
system was simple and effective, and it spread
naturally by seed dominating other vegetation.

(c) Feeding calliandra provided a much needed
source of cash return from cattle sales.

(d) The use of calianda met multipurpose needs of
forage, wood, erosion control and green manure.

(e) The Balinese have a long history of integrated
farming systems using MPTs so that the inclu-
sion of the tree legume calliandra was not a new
concept.

Table 1. Production of major tree/shrub legumes used in five sub regions of Bali.

Tree/shrub Legume Production of tree legumes
(DM tonnes/year)
Badung Tabanan Gianyar Bangli Karangase
m

Gliricidia 16.3 12.0 19 85 6.3
Leucaena 1.0 8.3 0.4 21 04
Calliandra 0.2 71 13.9 17.8 13
Erythrina 2.3 14.1 22 7.8 1.0

Source: Forage Survey for Bali 1992.
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Conclusions

There are many reasons put forward for success or
lower than anticipated levels of adoption (Smith
1992, Cromwell et al. 199; Larsen et a. 1998). The
innovation may be simple (anew variety overcoming
a key problem), and effective adoption may be
achieved with relatively little intervention. However,
complex systems, involving a new farming system,
generally require sustained, high profile intervention
to achieve significant adoption.

From the case studies, several factors were
common to successful adoption including:

Technical

Technical constraints must be resolved promptly to
avoid farmers and extension workers becoming dis-
couraged and losing interest. To achieve this, back-
up R&D services must be available to ensure that
problems that appear can be resolved.

Technical information needs to flow frequently,
accurately and in a variety of appropriate formats
(field visits, manuals, videos, newsletters, discussion
groups) to farmers.

A range of MPT species may need to be available
to meet the diverse needs of farmers, their environ-
ments and farming systems. Simons (1996) suggested
that substantial advantage is needed to interest
farmers in new varieties. He suggested that farmers
may not be prepared to buy improved germplasm of
low value crops if existing material is available for
free. New germplasm would have to be markedly
superior, asisthe case with the KX2 Leucaena hybrid
being introduced into the Philippines.

The best planting material should be available to
farmers. This will require education of both exten-
sion agents and farmers to ensure adequate farmer
knowledge concerning suppliers and their varieties
available. Planting material may be prohibitively
expensive (if it is imported).

Socio-economic

Farmers, local leaders and groups, and government
al need to be closely involved in the process and
there needs to be frequent contact among al players.
All need to feel some ownership and al need to be
respected for their contribution to the innovation. The
importance of communi cation/training/extension and
research networks needs to be stressed. Adequate
training of specialists and techniciansin all aspects of
the management and use of tree legumes is important
(Dutton 1992).

Innovation needs to have positive commercial
outcomes for individual farmers as well as other
beneficial outcomes. Cook et al. (1989) stressed the
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importance of understanding the economics of agro-
forestry systems from the farmer’s point of view as
well as from the broader perspective of benefits to
society. Project implementation should take into
account local markets and opportunities for off-farm
employment offered by tree products, as well as the
opportunity costs perceived by farmers in making
adoption decisions. A full cost-benefit analysis of
new agroforestry systems is essential. There is often
a lack of information on the economics and long-
term benefits of new systems. It is unlikely that
farmers will adopt new MPT systems on the basis of
environmental benefit only.

Other

Interestingly, successful tree legume-based interven-
tions have commonly involved long-term, top-down
extension methodologies. The need for institutional
direction and long-term commitment may be neces-
sary due to the complexity of many of the tree
legume systems being promoted. It could be argued
that uptake of leucaena systems in northern Australia
has been limited by a lack of institutional direction.
However, successful adoption of tree legume inter-
ventions through a process of on-farm and partici-
patory research has also been a consistent theme.

Perhaps the most important elements of successful
adoption are the time, enthusiasm and long-term com-
mitment, of farmers, researchers, and extension agents
involved. Successful innovation needs champions to
ensure continuity of interest and support over an
extended time period (often >10 years and sometimes
up to 30 years).

One thing is certain — without improved levels of
adoption, and more explicit demonstration of the
relevance and benefits of forage tree legumes, the
good will and support of funding and donor agencies
will be limited.
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d) The DLD staff regularly advise the farmers, from
planting to harvesting.

The DLD staff organise a direct contract between
hay producers and the end-users (dairy farmers). In
1999, the DLD had atarget to buy back 18 tonnes of
hay. We believe that if contact between the pro-
ducers and dairy farmers can be established, con-
served forage marketing will be a success and help
the dairy farmers solve their feed shortage problem
during the dry season.

Infrastructure to support dairying in Central and
South America varies widely, from farmer-
cooperatives in Costa Rica to minimal infrastructure
for cheese-making in Honduras and Nicaragua, for
consumption by the family and for sale within the
village (C.E. Lascagno pers. comm. 1999). In the
Cuaca Valley of Colombia, there is a resurgence of
interest in smallholder dairying associated with a
processing facility which has been under-utilised
owing to change in land use to sugar cane. Funding
from the commercia company Nestlé and the
building of a satellite milk-processing facility in
another district has encouraged smallholder dairy
producers to increase production (C.E. Lascagno
pers. comm. 1999). In Brazil, 10 large companies
(including Nestlé) control dairy production, promote
intensification and enter into annual contracts with
producers, hence stabilising the industry.

Only a small fraction of the milk produced by
smallholders in sub-Saharan Africa enters the com-
mercial market, owing to a lack of milk-collection
systems in rural areas and scarcity of small-scale
processing techniques (O'Mahoney and Peters
1987). In East Africa, the costs of dairying limit its
profitability and dairy cooperatives have a role in
reducing these costs (Staal et al. 1997; Wiggins and
Mdoe 1997). The Kenya Government has an active
policy to promote dairying through the National
Dairy Development Program (NDDP) (Reynolds et
al. 1996), and the milk production per cow was
higher in NDDP farms than comparable farms with
extensive dairying systems in coastal districts (Leeg-
water et a. 1992).

In India, cooperatives are being promoted to
support small producers, including for milk supply,
but it has been emphasised that cooperatives need to
‘follow the rules of the market’ if they are to main-
tain viability (Brahme 1984). In 1988, the Interna
tional Fund for Agricultural Development (IFAD)
granted a loan to the Small Holder Dairy Develop-
ment Project in Punjab Province, Pakistan, with,
inter alia, the aim of improving marketing systems
(Aziz 1990).
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Economics of Dairy Farming and
Availability of Credit

Dairying is profitable for smallholder farmers in
Thailand, as there is a stable market and a guaranteed
price. The guaranteed price for milk in 1998 was set
at 10.75 baht/kg and the factory price was 12.50 baht/
kg (Office of Agricultura Economics1999c). Dairy
farming gives a better return on capital investment
than rice growing or cassava growing, and the high
gross margin encourages more farmers to venture
into dairy farming. In Uthaithani Province, the
benefit/cost ratio for rice production and dairy
farming has been calculated as 0.95 and 1.09, respec-
tively (Duangpatra et al. 1999). Net annual profit
from dairy farming is US$868 per hectare (US$1 =
36 baht, 1996) whereas the net profit from rice and
cassava are US$61-122 and US$ 42-194 per hectare,
respectively (Ministry of Agriculture and Coopera-
tives 1996).

In Thailand, despite an anticipated annual increase
of 13%, milk production is projected to meet only
50-60% of domestic demand in 2001, as demand for
milk is expected to increase 18% per annum
(Ministry of Agriculture and Cooperatives 1996). As
an incentive to increase national milk production,
credit is provided by the Bank of Agriculture and
Agricultural Cooperatives under the Agricultural
Infrastructure Project. Each farmer cooperator
receives 250 000 baht (US$7000) with 5% interest
and a 2-year grace period. This credit is for pur-
chasing five cows, barn construction and pasture
establishment. Payment of the loan is to be complete
within 15 years.

In the State of Kerala in India, regional rura
banks have been providing credit for the purpose of
purchasing milking cows. This has been found to
have a positive impact on income and employment
generation, athough repayments are very low
(Krishnan 1997). The requirements for credit for
working capital and for investment capital to support
peri-urban smallholder dairy farmers in Nigeria,
Ethiopia and Uganda vary widely between farmers
(Freeman et al. 1998).

In Kenya, the NDDP assists farmers, where
appropriate, to obtain finance for the purchase of
dairy heifers (Reynolds et al. 1996).

Available Productive and Adapted Forage
Species
The Thai Government has a policy to reduce the cost
of milk production by increasing the use of good
quality roughage, including pasture, and decreasing
the use of concentrate feed. Many trials have been
conducted to identify the most promising species



(e.g. Kasuo and Kodpat 1992; Thinnakorn et al.
1992). Three grass species, Brachiaria ruziziensis
(ruzi grass), Panicum maximum TD 58 (purple
guinea) and Pennisetum purpureum (Napier grass)
and three legume species (Stylosanthes hamata cv.
Verano, Desmanthus virgatus and Leucaena leuco-
cephala) are recommended and widely used by
smallholder dairy farmers (Bunyanuwat et al. 1995;
Jumjetjaroon and Angthong 1998). Critical to the
success of these species is that they are reliable and
heavy seed producers in Thailand. Other species
listed as promising, but which require further evalua-
tion, are Paspalum atratum, Brachiaria brizantha, B.
decumbens, Arachis pintoi, Sylosanthes guianensis
CIAT 184 and Centrosema pascuorum. One of the
more promising grass species is B. decumbens (cv.
Basilisk), which is much better adapted to areas with
along dry season than B. ruziziensis, but seed pro-
duction is poor in the Thai climate. Research in
association with the Forages for Smallholders
Project has recently identified Brachiaria accessions
with comparable dry season yield and good seed
production (Nakamanee and Phailkaew 2000).

Forage seed production in Thailand has expanded
steadily over the past 20 years to reach an annua
production of over 1000 tonnes in 1995. Village
farmersin contact with the DLD produce 80% of this
seed (Phaikaew et a. 1996; Phailkeew and Hare
1998). In 1995, grass seed made up most of the pro-
duction with Brachiaria ruziziensis and Panicum
maximum TD 58 accounting for 904 and 138 tonnes
of seed, respectively. Seed production of Sylo-
santhes hamata cv.Verano greatly exceeded seed
production of any other forage legume, with 150
tonnes of seed harvested in 1995. Vegetative
planting material such as stem cutting of dwarf
Napier, common Napier and king grass (P. pur-
pureum x P. glaucum) is aso made available for
farmers at eight Animal Nutrition Research Centres
and 25 Animal Nutrition Stations all over the
country. Some private companies also sell forage
seed and an increasing amount of seed is now being
sold from one farmer to another.

In 1998, feed cost accounted for 54% of the raw
milk production cost in Thailand (Office of Agricul-
tural Economic 1999a). The major problem of the
dairy farmers is a lack of good quality roughage,
especialy in the dry season, when farmers com-
monly feed crop residues. Formerly, crop residues
were available free of charge, but raising demand
resulted in increased prices and crop residues
becoming increasingly scarce. There is a trend
towards increasing the sowing and feeding of forage,
owing to its lower cost per unit of total digestible
nutrient (TDN) than crop residues. The cost per kg
of TDN of a forage crop is 1.5 baht per kilogram,
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whereas the eguivalent costs for rice straw are 3.4
baht and for baby corn husk and stover, 2.7—2.8 baht.
For concentrates, cost per kg of TDN is 6.6 baht.

Karnjanasirm et a. (1999) reported that the
location of the farms is an important factor affecting
the success of dairy farming in Nakorn Pathom
Province, in central Thailand. The unsuccessful
farmers had an inappropriate area for forage culti-
vation so they had to buy baby corn stover for
feeding their cattle. The price of corn stover was high
and also, because the source of corn stover was far
from their farms, it was expensive. In northeastern
Thailand, farmers who had a larger area per head for
forage cultivation benefited more from the forage
than the farmers who had smaller areas for forage
cultivation (Bunyanuwat et al. 1995). Most (80-98%)
dairy farmers established their own pasture
(Bunyanuwat et al. 1996; Poathong et al. 1998).

During the recent and current economic crisis,
Thailand has had to import costly raw material such
as maize and soybean for concentrate feed. This has
resulted in increased prices for concentrates and
there is a need to decrease the use of concentrate
feed by using high quality forage. Local studies have
shown that hay made from ruzi grass mixed with the
legumes centro (Centrosema pubescens), leucaena or
lablab (Lablab purpureus)) produce more milk than
cows fed with pure ruzi hay (Tudsri et a. 1997,
Thinnakorn et al. 1998). Inclusion of alegume in the
feed not only increases milk production but also
decreases the cost of production. Lekchom et al.
(1989) reported that dairy cows which grazed either
grass-legume pasture or were fed good quality grass
with low concentrate supplement (1 kg concentrate:
3 kg milk production) gave higher economic benefit
than cows fed on grass with a high concentrate rate
(1 kg concentrate: 1 kg milk production).

Although there has been some uptake of sown
grass forages in sub-Saharan Africa, the adoption of
forage legumes has been slow, despite their demon-
strated benefits (Dzowela 1993; Paterson et a.
1998). In coastal Kenya sown forages have been pro-
moted by NDDP, and the most popular are Penni-
setum purpureum, Leucaena leucocephala and
Clitoria ternatea, but sown forages contribute <40%
and <25% of dairy cattle feed during the wet and dry
seasons respectively. Thisis attributed to the farmers
alocating their resources to the staple food crop
maize, rather than to sown forages, even though they
recognised the increased feeding value of the sown
forages (Mureithi et al. 1998).

Although herbaceous legumes have not been
widely accepted by dairy farmers in subSaharan
Africa, there is now strong evidence that the shrub
Calliandra calothyrsus is being enthusiastically
adopted in the highlands of Kenya (Franzel et al.



1999). It has been estimated that 3 kg of fresh fodder
of this species has the same effect on milk pro-
duction as 1 kg of commercial meal (Paterson et al.
1998). Studies by Muinga et a. (1992) in coasta
Kenya showed an increase in milk production of
1 kg/cow/day when cows fed on napier grass were
supplemented with 8 kg/day of L. leucocephala.

Trias in Nigeria showed that the margin of profit
for home-grown forage legumes Stylosanthes hamata,
Lablab purpureus and Chamaecrista rotundifolia was
5-8 times that of purchasing feed for dairy cattle in
peri-urban dairy systems, and that dairying was sub-
stantially more profitable than cropping to sorghum
(Agyemang et al. 1998).

In Costa Rica, feeding of Cratylia argentia as a
supplement to sugar cane tops is becoming popular.
Farmersareintensifying production onlesssteep land,
feeding C. argentea in the dry season and Brachiaria
decumbens in the growing season. This has the
desirable side effect that the steeply sloping land is
made available for re-afforestation (C.E. Lascagno
pers. comm. 1999). In CostaRica, increased dairy pro-
duction is made possible through the use of protein
banks (Erythrina berteroana), or Arachis pintoi/
Brachiaria brizantha pastures (Holman et al. 1992).
These authors stated that stocking rates could be 25%
higher and milk production substantially higher on
grass/legume than grass only pastures, for the same
cost of establishment. A. pintoi is also the key legume
in the smallholder dairying development in the Cuaca
Valley, Colombia

Smallholder dairy farmers in Brazil need to inten-
sify and increase their production if they are to stay
competitive with large-scale producers. This is
achieved with sown-grass pastures, heavily fertilised
and rotationally grazed. The main species used are
Brachiaria brizantha, B. decumbens, Pennisetum
purpureum, and Panicum maximum cv. Tanzania-1
(L. Jank, pers. comm. 1999). Alternatively, some
farmers rely heavily on feeding concentrates to
increase production. Sown pastures rarely include a
legume component.

Access to Information

Dairy farming is a new and complex activity for
farmers in many parts of the tropics, and, where
there is a need for improved forages, there is a
requirement for readily available information at an
appropriate level. Most farmers find it a novel con-
cept to plant grasses and legumes as feed for live-
stock. Intensive and continuous training for farmers,
including formal and informal training, field visits
and provision of advice are a necessity.

In Thaland, the Depatment of Livestock
Development and the Dairy Promotion Organisation
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(DPO) have been responsible for the promotion and
implementation of dairy farming. Under DLD,
Regional, Provincia and District Livestock Offices
are responsible for this task. District Livestock
Officers are the key persons who closely interact
with farmers. Farmers need technological advice
from different sources. The main sources of infor-
mation for farmers are friends and relations, dairy
farmer groups, DPO officers and district livestock
officers (Bunyanuwat 1995; Suthirat 1997).

Management System

In Thailand, the Division of Animal Nutrition of the
DLD has developed guidelines for establishment,
management and utilisation of the species which
have been selected. Reliable establishment is critical
if a smallholder is to adopt improved pasture tech-
nology, and includes suitable techniques of land
treatment, and appropriate sowing rates and methods
of sowing. Minera nutrient requirement for each
species (e.g. Khemsawat et al. 1993; Suksaran et a.
1997) and the role of cutting in crop management
(e.g. Phaikeew et al. 1984; Punyavirocha et al.
1994a, b; Nakamanee et a. 1995) have aso been
defined. B. ruziziensis provides good roughage for
feeding cattle and buffalo but quality of ruzi straw
(after seed harvesting) is low. It should be used in
conjunction with good quality feed (Chuenpreecha et
al. 1992). Dried Desmanthus leaves can be used as a
protein supplement to improve feed quality of rice
straw when fed to cattle in the dry season (Naka
manee et al. 1997). New information arising from
research is conveyed to farmers by direct contact, via
extension officers, or through training courses.

Management systems adopted by smallholders
may be open grazing, semi-grazing or zero grazing.
In Uganda, it was concluded that productivity by
cattle was higher under a zero grazing system
(Okwir et a. 1998). However, in Kenya, many
farmers (Y3 of those sampled) do not provide
adequate quantities of feed in the feed trough to
allow ad libitum feeding (Reynolds et al. 1996), and
thisislikely to be the case in other tropical countries
where zero grazing is practiced. Failure to provide ad
libitum and high quality feed will inevitably have an
adverse effect on milk yields.

Conclusions

Many tropical countries still have to import a large
amount of milk products. As the cost of production
of milk in the tropics is generaly high, processing
companies often prefer imported milk powder to
domestic raw milk. The liberalisation of trade
through the General Agreement on Tariffs and Trade



