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Integrated Nutrient Management in Farming Systems
in Australia and Southeast Asia

Foreword

CHANGES in the economic situation of farmers and changes in farming systems has
refocused attention on ways to integrate organic and inorganic nutrient sources.
Increasing cropping intensity and the opening up of new lands, often with poor soils,
has led to substantial declines in soil organic carbon. This decline can often be
associated with declining soil chemical and physical fertility.

Recognising these changes, ACIAR funded two sequential projects on integrated
nutrient management LWR2/1991/002 ‘Nutrient Management in Rainfed Cropping
Systems’ from 1992 to 1995 and LWR2/1994/048 ‘Carbon Dynamics, Nutrient Cycling
and the Sustainability of Cropping and Pasture Systems’ from 1996 to June 1999. These
collaborative projects were carried out in Thailand. Philippines, Lao PDR and Australia.
PN9448 also included a component in Tonga.

In LWR2/1991/002, a procedure was developed which allowed the division of soil
carbon into labile (active) and non-labile forms. This technique was then used in
LWR?2/1994/048 to evaluate the effects of return of crop residues, and the addition of
small amounts of leal litter from leguminous trees on crop production and soil
propertics. The research established the benefits from the integrated use of these organic
inputs and inorganic fertilisers in the farming systems in each country.

At the conclusion of LWR2/1994/048, a workshop was held in Vientiane, Lao PDR
to summarise the findings from the projects and to integrate these with results from
other similar projects conducted in the region.

These Proceedings from that workshop have been refereed by the editors and
Dr AR. Till, Agronomy and Soil Science, University of New England, Australia.

It is hoped that these papers and the summary of the country meetings presented here
will be of benefit to the researchers, extension personnel and decision-makers, and that
the information contained in these pupers can be translated into actions to improve the
welfare of farmers and the sustainability of farming in the region.

Anthony Whitbread
Graeme Blair



Summary of Country Meetings

DELEGATES from each participating country met and
addressed 10 issues. The following represents a
summary of their deliberations.

1. The importance of organic matter

Delegates from each participating country agreed
that it was important to raise soil organic matter
levels in order to improve chemical, biological and
physical fertility. Delegates from Cambodia indi-
cated the importance of research carried out in north-
east Thailand which showed increased soil buffering
capacity, nutrient availability and water holding
capacity when the soil organic matter was increased.
The relevance of increases in soil organic matter to
mosl farmers was also raised. Improvements in man-
agement technologies, the use of appropriate plant
species and better on-farm residue management
practices are likely to improve soil organic matter.
The extension group suggested that demonstrating
that increases in soil organic matter do relate to
improved yields will result in better on-farm adop-
tion.

With increasing populations in Southeast Asia, an
increasing supply of household waste becomes avail-
able for recycling. This material potentially provides
a valuable source of organic matter for peri-urban
areas

2. The importance of animals in organic matter
recycling

In parts of Thailand, the use of buffalo for ploughing
has been replaced by machinery. This contrasts with
Cambodia where animals are still important for
traction and transportation in all of the rice-growing
areas except the northwest. These changes in the
importance of livestock should be considered against
the long-term requirements for animal products,
which are anticipated to increase some 75% over the
next 25 years. In systems where animals are
becoming less important, the opportunity to grow in-
field green manure crops is likely to be less, given
the increased cropping pressure as farmers move into
multiple crops in the one year. In systems such as in
Cambodia, where animals remain vitally important,
it seems unlkely that green manures would be
grown specifically for crop production but rather
they would be grown for high protein leguminous
feeds to enhance animal nutrition. Increasing the use
of forage in farming systems was seen as one way of

improving the on-farm recycling of residues and
potentially improving soil fertility and cash flow.

3. Risks of pre- and post-green manure crops

Delegates {rom all countries considered pre- and
post- rice cropping to be a risky practice. In Thailand,
cowpea or mung bean varieties better adapted Lo
variable moisture conditions may be acceptable. In
the rainfed lowlands of Laos, the problem of water
control was seen as a major restriction. In this
system, the need for phosphorus on the green manure
crop was seen as a risky enterprise for farmers should
the crop fail. Growing green manure after rice in the
imigated areas of Laos may be a possibility provided
it does not interfere with the sowing time f{or the next
crop. In Cambodia, the consequence of growing a
pre-rice green manure was Lo potentially delay the
transplanting of the rice crop. The labour availability
in Cambodia to grow the green manure crop, the
potential to tie up nutrients and the potential toxic
effects soon after incorporation were seen as disin-
centives to grow pre-rice green manure. The balance
of quality and quantily of green manures was seen as
an important issue. Ideally, green manures, which
had a breakdown rate and nutrient release rate similar
to that of crop requirement, was seen as advan-
tageous. Improving on-farm water storage, land
levelling and a better choice of legume species were
seen as improvements which are needed.

4. Balance between quantity and quality of crop
residues and the interaction with soil type

The difficulty in handling large amounts of pre-rice
biomass was highlighted by all delegates. With cur-
rent yields in the sandy soils of northeast Thailand,
incorporation of straw or green manure was not seen
as a problem. However, as yields increase, special-
ised machinery was likely to be needed to be able to
incorporate larger quantities of residues. In Laos, the
problem of controlling animals in the dry season in
the rainfed lowland system was seen as a difficulty.
When high quality green manure crops pre- or post-
rice are grown, not only is lack of labour for incor-
poration seen as a problem, but fencing to exclude
animals was also deemed essential. In Cambodia, the
increased cultivation required to incorporate green
manures was seen to lead to increased breakdown
rates more on sandy soils than on clay soils. The
potential advantages from the green manure crop



could therefore be undone by the increased cultiva-
tion required to incorporate them. The large straw
resource availabie, particularly in irrigated areas,
was seen (o be a problem because of its high ¢ to N
ratio. The potential immobilisation of N in the fol-
lowing crop was seen to be @ disadvantage. The
complicated issue o) the need for a sustainable
farming system to balance between residue type,
quality and quantity, tillage system and soil type was
also considered.

portunities

5. Cropir ":ns™ ¢
residue rense

Given the relatively low production in northeast
Thailand, ‘he use of on-farm residues from rice
stubble and rice husks, together with on-farm legu-
minous trees, was seen as a distinct possibility to
enhance productvity. The use of off-farm organic
resources was seen Lo be unreatistic. except in profit-
able arcas or areas close to intensive chicken produc-
tion. In arcas of Laos where animal numbers are low
opportunitics  for the veuse of on-farm  organic
resources was seen to be limited. This was particu-
larly so it animals were sent to forest areas during
the dry season where it was not possible o collect
the manure. In Cambodia, industrialisation and its
elfects on labour availability was seen as a consider-
able constraint to the on-farm usc of organic nutricnt
sources. The delegate: from Cambodia pointed out
that when a particular nutrient, such as phosphorus,
is required, the recycling of organic nutrients is
unlikely to have a major benefit in increasing pro-
ductivity unless additional inorganic  phosphate
resources are brought in from outside. Often the use
of residues obtained off-farm will be opportunistic,
depending on availability. The use ol peri-urban
wastes may be important in areas where this resource
is available, but overall, increcases in agricultural
production will require more than this resource.

6. Benefits of recycling of nutrients from organic
residue

Data from research in Laos have indicated a higher
grain yield per kilogram of N returned in green
manures than would be anticipated from an inorganic
source. It was considered that this apparent increased
efficiency in the N utilisation could be due to a com-
bination of increased biological activity and the {resh
application of nutrients when the organic matter is
incorporated into the soil. Although the total amount
of nutrient returned in the green manure is generally
small compared to crop requirement, the timing of its
availability was seen to be a major advantage. The
effects on soil physical fertility, which enhance root
growth and increase the access to native soil

nutricnts was 4iso seen to be a contributing factor to
the increasec response (o the green manure crop.

7. Usefulness ¢ e c¢ ‘bon nan: e index
(CMI)

The lack of a fixed desirable valuc for 7..__ was seen
an a disadvantage of this sysierr. It was generally felt
the : . 1 would be uscful to the policy makers who
are attempting to change broad-scale farming prac-
tices. <iven the limited availability of soil testing
facilitics throughout the region. its usefulness to
farmers was likely to be limited. “he was seen
to be particularly uscful in designing farming
systems but there was a feeling that more definition
ol what was required in particular soil and environ-
ments “or both stability and productivity was needed.
The Tambodian delegates raised the question about
necding established relationships between the © I
and other indicators or measures of siability. ~ he

4 cannot directly predict yield increases because
vield is influenced by many other factors for
cxample, available soil nutrients, soil water and
climatic influences.

8. | ure requiremenis fur researcn
exte

Delegates from Thailund felt that there was a greater
need for rescarch on integrated nutrient management
rather than on inorganic fertilisers or extension. " 'his
contrasied with the views of delegates from [.aos and
Cambodia who felt that there was now good data
throughout the region on integrated nutrient manage-
ment bui this needed to be extended to farmers. It
was considered that there was a great deal of unpub-
lished information avaiiab:_ to allow a better assess-
ment of the value and management of organic
materials in the cropping systems of the region. It
was felt that a reassessment of this data. through
short-term, masters and PhD level training programs,
together with a small amount of focused rescarch,
would enhance the value of the research already
conducted.

The extension group felt that much of ihe research
was unavailable to extension workers, and was often
not relevant to specific farming arcas. The variability
in soil types even within a village, made the package
technologies d'fficult to implement. Improving the
contact between extension workers, farmers and
researchers was deemed necessary so that research
topics were addressing the appropriale problems.
These problems could be partly solved by informal
release of research findings in the form of news-
letlers, or more formal mechanisms such as the
formation of joint rescarch and extension committees.



Delegates from IBSRAM and UNE {elt that
improving the use of existing data sets and know-
ledge, cspecially netween regions, was needed. From
this knowledge, surrogates and simple indicators of
various soil propertices (i.e., colour charts, soil identi-
fication) could be developed and would be more
uscful for extension activities. It was also proposed
that a rescarch proposal be developed with the
purpose of collating regional data, training sciertists
and extending research findings (o extension
services.

9. Inter-regional linkages

All delegates felt that there would be considerable
advances from incrcased inter-regional linkage. It
was [elt that such linkages should concentrate on the
science associated with integrated nutrient manage-
ment to enable policy to be clearly formulated. Such
linkages would enhance the limited national capacity
for research and extension which was characteristic
of many countries of the region. It was stressed that
such linkages would require coordination from a
centre within the region.

10. Other research and adoption opportunities

Integrated trials across the region on phosphorus
requirements were seen as advantages. Given the
general similarities of climate and soils in parts of
each country, such inter-regional coordinated
research was seen to be beneficial. In Thailand. the
greater use of industrial and city wastes were seen as
an important research opportunity. In Cambodia,
efforts 1o tmprove the reliability of fertiliser quality
was seen to be an important research opportunity.
District or regional nutrient balance studies were
seen as important both to make farmers aware of the
loss of nutrients from their farm and to policy
makers in them assisting farmers with nutrient appli-
cations. Research to investigate the possibility of
reducing nutrient exports Lo urban areas was seen to
be useful. The incorporation of perennial crops into
farming systems was seen as a way in which better
integrated nutrient management could be obtained.
The development of a database which would
collate integrated nutrient management data for
rice-based systems was seen by delegates from PPI
as essential. This simple database would be used by
extension services as a decision support system.



Managing Residues and Fertilisers to Enhance the

Sustainability of Wheat Cropping Systems in Australia

A.M. Whitbread!, G.J. Blair! and R.D.B. Lefroy?

Abstract

The continuous cultivation and cropping of many Australian soils, which previously supported
native vegetation, has resulted in substantial losses in soil organic matter (SOM). Field trials
consisting of legume/wheat rotations were established at Warialda, NSW. Australia, to investigate
the effect of crop residue and fertiliser management on wheat yield, nutrient balances, carbon and
soil structure. Wheat yields were significantly fowered in the first year following a lucerne or
soybean legume phase. Wheat grain production was increased from 6% to 19% with fertiliser
application and from 3% to 9% with the retention of wheat stubble. After five wheat and two
legume/fallow crops, nutrient balances showed N balances of up to 303 kg/ha on the treatments
where wheat stubble was not retained and bare fallow leys were used. The baluance of nutrients
such as K, which are contained in larger proportions in stubble, were tound to be up to =362 kg/ha
on the wheat residue removed treatments and up to +29 kg/ha on the residue retained treatments.
The greatest improvements in SOM were associated with two lucerne rotations which increased

total carbon sequestration to 41 tha as compared to 31 t/ha on the tallow treatments.

MANY Australian soils used lor cropping are fragile
and highly degraded. Farming practices such as the
removal of crop residues, poor management of leys
and cxcessive tillage, arc common and unsustain-
able. The cultivation of soil which has previously
supported native vegetation and/or pastures, gener-
ally leads to a decline in SOM and C levels (Dalal
and Mayer 1986), lower biological activity (Gupta et
al. 1994) and deteriorating soil structure (Chan et al.
1992).

Soils under natural grasslands have a large total C
pool. conlaining residues of different ages and quali-
tics and consequently contain sub-pools of fast,
medium and slow turnover rates. In cropped land,
cultivation increases the breakdown rate of residues
yielding C pools are that are generally much smaller
than under natural grasslands and the C remaining is
more resistant to decay. In addition, the major
carbon additions occur in discrete cvents such as
when cereal stubble is incorporated into soil.
Legume rotations, often used to improve soil fertility

'Division of Agronomy and Soil Science, University of

New England, Armidale 2351
> International Board for Soil Rescarch and Management,
Bangkhen, Bangkok, 10900 Thailand

and to provide forage to animals, introduce a highly

decomposable OM source and the benefit depends

on amount of C returned and amount of cultivation.
A field trial was conducted at the University of

New England’s Douglas McMaster research station
in northwest NSW to examine the effects of legume
ley crops, management of the legume residue. man-
agement of wheat residue and fertiliser on wheat
yields. The aim of this experiment was Lo investi-
gale:

« the effects of management systems on the level
and nature of SOM;

« the changes in soil nutrient status and soil physical
properties that result from changes in organic
matter;

¢ the nutrient dynamics of these systems; and

* the subsequent effect on production.

Materials and Methods
The trial was established in 1992 on a moderately
degraded Red Earth soil (Paleustat) which had previ-
ously been cropped in a cereal-legume rotation. In
phase | of the experiment, three legume systems
(lucerne, chickpea and medic) and a fallow were
established with no fertiliser during the 1992 winter



cropping season on an exisiting wheat f{ield. The
lucerne system was established on an adjacent
existing lucerne field. The residue from these sys-
tems was cither removed, returned or grazed. On
these same sites, wheat (cv. Janz) was grown during
1993, 1994 and 1995, with (wo fertiliser treatments
|0 (=F) or 25:7:27 kg N:P:S/ha(+F)| and two wheat
residue management treatments [removed (-R),
returned (+R)].

For phase 2 of the cxperiment, three legume (soy-
bean, medic, lucerne) or fallow treatments were
replanted during the winter of 1996 (8 and 8.8 kg P
and S/ha, respectively) with the residue {rom these
systems being removed, returned or burnt. Wheat
was again grown during 1997 and 1998 with two fer-
tiliser treatments |Low (12.5:11.4:10 kg N:P:S/ha)
and High (25:23:20 kg N:P:S/ha)] and wheat straw
removed or retumed.

The yields of the legume crops and wheat crops
were measured at harvest and straw and grain sam-
ples were collected for nutrient analysis. Soil sam-
ples (0-10 cm) were collected from all plots prior
to sowing. The more labile soil organic carbon (Cy)
was measured by oxidation with 333 mM KMnOy
(Blair et al. 1995). Total C (Cy) was mcasured in
an automatic nitrogen and carbon analyser mass
spectrometer system (ANCA-MS). Non-labile C
(Cn1) was calculated as Cp-Cy. Since the continuily
of C supply depends on both the total pool size and
the lability (an estimate ol turnover rate), both are
taken into account in the soil of interest, and in an
uncultivated reference soil, to derive a Carbon
Management Index (CMI) (Blair et al. 1995).
Changes in Cp. between a reference site and the
cropped site a Carbon Pool Index (CPI) was calcu-
lated as follows:

¢
CPI = —
Cy

cropped

On the basis of changes in the proportion of Cy, in
the sotl, a Lability Index (LI) was also determined as
follows:

Ll = 1‘('1‘0;;[)('1/

reference

These two indices were used to calculate a Carbon
Management Index (Blair et al. 1995):

CMI = CPI X LI x 100

The reference sample was collected from a nearby
uncultivated, uncleared area which was covered by
native vegetation. Following harvest in 1998, soil
samples were collected to 60 ¢cm depth and divided
into 0-10, '0-30 and 30-60 c¢m intervals. These
were analysed for C, available P (Colwell 1965) and
available S (Blair et al. 1991).

Results

Wheat yields

The impact of the initial 1992 pre-wheat
legume/fallow phase on grain yields was limited to a
decrease in wheat grain yield following the lucerne
phase and was restricted o the first scason of wheat.
The main impacts on grain production during the
first wheat phase were due to fertiliser, which
increased grain yields by 6.4, 7.8 and 19.4% in 1993,
1994 and 1995, and wheat stubble retention which
increased grain yiclds by 8.0 and 9.4% in 1994 and
1995 (Table 1). The second legume phase resulted in
wheat grain yields of 3488 and 3454 kg/ha following
the medic and fallow phascs and significantly lower
yields of 2376 and 2754 kg/ha following the lucerne
and soybean phases, respectively. There was no
effect of previous stubble management on grain
yields in 1997 and 1998; however, the high applica-
tion of fertiliser significantly increased yields in
1997 but not in 1998.

Table 1. Fertiliser (1993-95 -F, +F: 1997-98 Low, High)
and wheat stubble efteets on wheat grain yield (t/ha).

Wheat grain yicld (tha)

1993 1994 1995 1997 1998
— F/lLow 33b* 20b 22b 2Yb 224
+ F/High 35a 22a 260 3.la  2la
— Wheat stubble -~ 20b 23b 29a% 21la
+ Wheat stubble 21a 25a 3.0a% 22a

AMeans followed by the same letter within columns are not
significantly different according to DMRT at P<0.05

B Stubble in the first wheal crop in Phase 2 refers to the
wheat stubble from crops in Phase |

Nutrient balances

Nutrient balances, determined by the ditference
between the inputs (fertiliser and legume residues)
and outputs (grain and stubble), were calculated up
until after harvest in 1998 and arc presented in
Figure 1 for the lucerne and fallow trecatments. The
nutrient balance does not take into account the
amount of N that may have been {ixed during the
crop growth, the nutrients contained in decomposing
root material or soil nutrient changes. Fertiliser and
residue management were the primary determinants
of the nutrient balance. Approximately 80%. of the N
is contained in the grain so export of N is high
resulting in negative N balances. In contrast, approx-
imately 80% of the potassium (K) is contained in the
stubble and the management of crop residue largely
influences the K balance. The removal or buming of
wheat stubble results in large amounts of K being



exported and possible K deficiencies. Sulfur shows a
pattern similar to K; however, due to the higher S
applications in the first wheat phase (1993-1995),
the F+ has a more positive balance. This resulted in
no change in the plant available soil S pool in the
topsoil. However, at 30-60 c¢m depth, available S
increased from 2.9 to 5.1 pg/g with higher inorganic
fertiliser application (the critical value for KCI-40 §
is 6.5 ug/g). This highlights the highly mobile nature
of this nutrient especially in light textured soils.

Soil carbon

Legume phase 1993

The decrease in C as a result of farming activities
was apparent in the losses in C of up to 79% and
73%: in the C; and C fractions (Table 2). The reduc-
tion in Cy, was proportionally greater than the reduc-

tion in Cr since the C; represents the fraction of

carbon which is more casily oxidised and lost. The
existing lucerne ley resulted in a minor non-signili-
cant improvement in the carbon concentration. How-
ever, when it was continued through 1993, the
increase in labile C imoroved the CMI {rom 22 in the
previous year to 33 after the 1993 lucerne phase. The
lucerne phase during 1992 resulted in an incrcase in
Cy, L and the CMI (Table 1); however, the chickpea,
medic or fallow phase produced no significani
changes in C pools.
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Table 2. The change in carbon (mg/g) and in the Carbon
Management Index (CMI) from the uncropped reference
and the 1992 lucermne or wheat until after the 1993
legume/fallow phase.

Yeuar Treatment Labile  Non-  Total Lability CMI
C  LabileC C

me/g
1992 Reference 5.3 19.9 252 027 1.0
LLucerne 1.2 6.3 7.6 0.20 22
Wheat 1.1 5.5 6.7 0.21 20
1993 [ucerne 1.7 5.7 74 0.30 33
Chickpea 1.1 5.0 6.1 0.22 19
Medic 1.2 5.0 6.2 0.23 2]
Fullow 1.1 53 6.4 0.21 19

Phase 1. 19931996

Following the legume/fallow rotations, the manage-
ment of waeat stubble became the critical determi-
nant of €. In 1996 alter the two scasons ot wheat
stubble incorporation and surface reiention of the
1995 wheat residucs, Cy, was significantly higher on
the returned than on the stubble removed treatments.
C+ tended to be lTower on both treatments than in (ke
previous season but this was not significant. The
nigher T, in the residue retained ireatments resulted
in ar increase in the CMI (o 27 (Table 3).
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Figure 1. The N, P. S and K balance of the lucerne and fallow treatments in 1998 after five wheat crops and two legume or

fallow phases.



Table 3. The chunge in carbon (mg/g) and in the Carbon
Management Index (CMI) measured in 1995 and 1996,

Table 4. Total C sequestration (0-60 ¢m) from 1992 10
1998 following the various rotations.

Year Stubble C. Cxr. Cy CMI
mg/g

1995 Removed 0.89¢™ 5524 641 a 16 ¢

Returned 1.01h 5860 6.87a 18 b

1996 Removed 1.04b  489a 5934 19 b

Returned 1.38a  S5.13a  6S5l1a 27 a

AMeans followed by the same letter within columns are not
significantly difterent according to DMRT at P<0.05.

Legume phuse 1996
The greatest improvement occurred where lucerne
was planted which resulted in a Cy of 8.61 mg/g
compared to a Cr of 5.85 mg/g in the fallow treat-
ment. There was a continued loss of C {rom the
fallow treatments, where therc were no organic
matter inputs during the ley phase. Therc was an
interaction between the wheat stubble management
during the 1993-1996 wheat phase and the legume
or fallow phases in 1992 and 1996. The retention of
wheat stubble during 1997 and 1998 slowed the loss
of C from both the fallow and the tucerne treatment.
By calculating the total C sequestration to a depth
of 60 ¢m, the magnitude of C change 1s highlighted
(Table 4). The highest C sequestration was {ound
where lucerne was used as the ley legume. There
was a 10 t difference between the lucerne and
lallow phascs as C in the fallow treatment continued
to be lost.

Tonnes C/ha

Lucernc 41 a?
Chickpea 37 ab
Medic 34 be
Fallow 3¢

AMeans followed by the same letter are not significantly
different according to DMRT at P<0.0S.

Discussion

As a result of farming activities, soil carbon declined
by more than 70% from the pre-clearing levels. The
use ol lucerne as a traditional ley phase resulted in
the greatest improvement in Cop. The improvement in
Cy, was somewhat smaller than that in Cp. It s
hypothesised that at the time of sampling, legume
residues had been ploughed in and good soil mois-
ture resulted in high rates of microbial decomposi-
tion, especially of the labile carbon compounds.

The retention of wheat stubble has resulted in sig-
nificantly higher €y, and improvements in the “MI
following the wheat phase in 1996. During the 1996
fegume/fallow phases. the differences in Cy, disap-
peared; however, the improvement in soil carbon
became apparent through an  increase in Up
Although longer term data are required. it appears
that an improvement in soil carbon can be achicved
through the retention of wheat stubble. This has
longer term cnvironmental consequences than the

40 ~ [] stubble
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Figure 2. The cffect of wheat stubble management on the Carbon Management Index (CMD) of the fallow and lucerne

phases in 1997 and 1998.



alternative of using it as a substrate for ethanol pro-
duction or its loss through burning.

The benefits of wheat stubble retention are
apparent through the 8% and 9.4% increases in grain
yields in 1994 and 1995. This benefit was not
apparent in the 1997 grain yields following the 1996
fallow phase. Although carbon was somewhat higher
following the lucerne phase, grain yield was signifi-
cantly reduced due to lower pre-cropped stored
moisture and difficulties in killing the lucerne plants
during the wheat cropping season. The reduced yield
in the lucerne and soybean treatments may have been
partly associated with the reduced stored water in
these treatments (lucerne — 259 mm water, {allow —
267 mm water 0 — 70 ¢m).

Residue retention has the potential to influence
the amount of nutrients being returned to the soil.
This is especially important for K in which approxi-
mately 80% is located in the stubble but less impor-
tant for N which is mostly contained and exported in
grain. Other nutrients such as P and S are also signif-
icantly influenced by stubble management. The mag-
nitude of K export in residue removed systems is up
to 133 kg/ha and soil K deficiency would develop
under this form of management. In the long term,
nutrient balances can be used to predict likely ferti-
liser requirements.

One of the most significant impacts of stubble
retention was found to be on soil physical properties.
Stubble retention increased hydraulic conductivity
by more than 65%, increased water stable aggregates
and lead to lower soil strength (Whitbread et al.
1997).

Conclusions and Research Directions
for Australian Cropping Systems

Adequatc SOM levels are the key to sustainable
agro-ecosystems. Managemern! practices that opti-
misc the use of crop residues and rotations to
incrcase SOM are likely to be sustainable farming
practices, but are, however, costly to implement
especially in the short term. Management decisions
are largely market driven so the financial returns of
improving SOM need to be quantified. increasing C
and minimising nutrient export requires a balanced
lertilisation approach to farming systems, efficient
use of on-farm produced crop residues and maxim-
ising the return of plant residucs from ley phases.

Gaps in knowledge which require research are:

¢ C in cropping systems needs to be studied using
measurcments of labile C, total 7 bulk density;

o reversing C loss will need a better understanding
of the ‘quality’ of residue inputs, bulk soil C
changes, seasonal C changes and below ground
inputs of C;

¢ understanding C losses in high clay soils;

» delivering a clear C message to the farming com-
munity will stop misconceptions.
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The Management of Organic Residues in Sugar Cane and
Cotton Cropping Systems in Australia

G.J. Blair!, A. Conteh!, N. Blair! and A.M. Whitbread!

Abstract

Sugar cane and cotton are crops that produce large amounts of residues when they are harvested.
In both cropping systems in Australia, the past practicc has becn to burn the crop residues but
changes in technology and environmental considerations have led increasingly to returning the
crop residues to the soil. Data presented in this paper from a survey ol commercial cotton farms
has shown that cropping has resulted in a marked decline in both total carbon (Cr) and labile
carbon (Cy) with the greatest decline in Cp. Changes in Crand Cpin a cropped soil, relative to an
uncropped reference soil. have been successtully used to calculate a Carbon Management Index
(CMI) and this has been used to indicate the rate of change of the soil C status of sugar cane and
cotton cropping systems. In a farming systems experiment, the incluston of wheat in the cotton
rotation was found to resuft in an increase in Cy, Gy, and in CMI. Sugar cane cropping also
resulted in a marked decline in Cy, C;, and CML. Green trash management and no-till farming are
two management options that can be used to reverse the decline in soil C status in sugar canc
cropping systems. Measurement of soil C by mild oxidatton with KMnQy has been shown to be
related to active C pools in the soil. Changes in soil aggregate stability as a result of changes in soil
C status are important. Regression analyses have shown that Cp is more closely related to
aggregate stability than other measures of soil C.

SUGAR CANE production is a major agricultural
cnterprise on the tropical coast of Queensland, Aust-
ralia. The sugar industry was {irst established in the
1800s by opening up land which was under forest or
natural grass. As the industry has developed, new
land, often of low quality, has hecn brought into
production. Betler varieties, better agronomy, and, in
some cases, water management have led to increased
yields. Concurrently, high labour costs and timeli-
ness of harvesting have led to the introduction of
mechanical harvesting. These changes have gener-
ally increased the quantity of crop residues and
created options for their management.

In contrast to the sugar industry, the cotton
industry in Australia is a new industry. The first
commercial cotton was produced in the Gwydir
Valley of NSW in the 1960s. Tack of adapted varie-
ties. poor pest and disecase management strategies
and tnadequate control of water resulted in lint yields
of below 2500 kg/ha. Subsequently. improvements in

I Agronomy and Soil Science, University of New England.
Armidale, XSW 2351 Australia

the industry have approximately doubled these yields
and because of a lack of machinery able to handle
the cotton stalks after harvest, they were most com-
monly burnt. With the introduction of genetically-
engineered cotton, and the appreciation of soil struc-
tural decline, there has been a marked increase in
incorporation of cotton stalks and trash into the soil.

Crop residue burning has long been used as a
method of residuec management and as the major
method of crop residue disposal in many countries
(Tanaka 1978). Annual burning of residues not only
reduces soil organic matter (SOM), but can also
reduce microbial activity and, consequently, lead to
the immobilisation of applied N (Boerner [982).
Rasmussen ¢t al. (1980) indicated that repcated
burning decrcased microbial SOM and microbial
activity and Bicderbeck ct al. (1980) recorded a
decline of 95% ia the fungal population and 70% in
the bacterial population in the burnt treatments at one
location.

Modern sugar cane harvesting cquipment returns
the green cane tops to the field after harvest and, in
Australia, this has largely replaced the traditional



practice of burning the canc before harvest. Simi-
larly, machinery has been developed to chop and
incorporate cotton stalks after harvest. These
changed practices will lead to marked changes in the
flux of carbon and nutrients in the cropping systems

Materials and Methods
Soil sampling

Soil samples were collected from a range of cotton
and sugar cane experiments and from commercial
cotton farms in castern Australia. The samples were
air dried and then broken down into aggregales by
rolling on a board with 4 mm side plates.

Determination of total and labile carbon

Fincly ground soil samples (<0.5 mm) containing
approximately 350 pg C were weighed into tin cups
and analysed for total C (Cp) in an automatic
nitrogen and carbon analyscr mass spectrometer
system (ANCA-MS). The labile carbon (C;) was
determined by the method described by Blair et al.
(1995).

The measurements of C;, Cyr, and Cp, made on
the soil samples of interest, are used in combination
with similar data from a soil of an uncropped refer-
ence area to calculate a Carbon Management Index
(CMI), as a measurc of the relative sustainability of
different agricultural systems (Blair et al. 1995).

Measurement of aggregate stability

A sample of soil was broken down to pass through a
4 mm sieve and wetted under a tension of 25 mm on
a sand pad before being immersed in distilled water
and sieved (hrough a nest of five sieves of 2000,
1000, 500, 250, 125 um size with a diameter of
100 mm. Mean weight diameter (MWD) was calcu-
lated by the formula MWD = Y x;w; where x; is the

mean diameter of any particular size range of aggre-
gates separated by sieving, and w; is the weight of
aggregates in that size range as a fraction of the total
dry weight of soil used.

Results and Discussion
Changes in soil C pools as a result of cropping

Sugar cane soils

In a trash management experiment at Tully,
Queensland, green trash management has resulted in
substantial difterences in C pools compared to
burning (Table 1). Sugar cane cropping has resulted
in a decline in Cr in the O—1 ¢m soil layer but an
increase in the [-25 ¢m layer compared to the uncul-
tivated reference soil (Table ). The method of trash
management has markedly aftected Cy_ in the 0-1 ¢m
zone with the concentration in the green trash treat-
ment being over 4 times that in the burnt treatment.
There were no differences between treatments in the
1-25 em soil layer. The lability of C (L) in the
surface soil of the green trash treatment was some
1.7 times that in the reference soil and the burnt cane
treatment. These changes in Cr and Cj are reflected
in LI, CPI and hence CMI with significantly higher
values in the green trash than the burnt treatment in
the 0—1 cm soil layer and no significant differences
between treatments in the 1-25 cm layer.

When the data in Table [ are converted from a
concentration of soil C to a mass of soil C, the differ-
ences between the management treatments become
more apparent. The difficulty of such a conversion is
the measurement of soil bulk density. These
measurements were not made in the samples taken
from the Tully experiment so assumed bulk densities
have been used. Because of the identical soil cultiva-
tion practices used in the green trash and burning
treatments, it has been assumed that the bulk density

Table 1. Carbon dynamics in a sugar cane cropping soil at Tully, Queensland, as ffected by cane trash management. (Blair

et al. 1998)
Sample Cr Cy. Cui. L LI CPI (@Y1
mg/g
0-1em
Reference 454 5.6 39.8 0.14 1.00 .00 100
Green Trash 37.4ah 7.1a 30.3a 0.24a 1.70a 0.82a 137a
Bumt 13.6b I.6b 12.1b 0.14b 0.97b 0.30¢ 28bc
1-25 em
Reference 9.0 0.7 83 0.09 1.00 1.00 100
Green Trash 12.1b 0.9b {1.2b 0.08¢ 0.92b 0.74b 65b
Burnt 10.9b 1.0b 9.9b 0.10c 1.17b 0.66b 80b

A Numbers within a parameter followed by the same letter are not significantly different at p<0.05 according to DMRT.



does not vary between (reatments, but that it varies
with depth (1.2 g/ce for 01 ¢cm and 1.4 g/ce for
1-25 ¢m depth).

Cultivation, irrespective of trash management
treatment, resulted in a reduction of C present in the
0-1 c¢m soil layer (Table 2). Conversely, the mass of
Cry present in the 1-25 ¢m layer was higher where
sugar cane had been grown than in the reference site.
This resulted in an overall higher mass of soil C in
the 025 ¢m layer in the cropped than in the refercnce
site. Of this total, a greater amount of C derived from
C4 plants (sugar cane) was present at both depths in
the green trash treatment than in the burnt treatment.

Table 2. The cffect of management of sugar cane trash at
Tully, Queensland, on soil C.

Depth Treatment Cy C derived C.
(cm) (t/ha) from C4 (t/ha)
plants
(t/ha)
0-1 Reference 5.45 0 0.67
Green trash 4.49 3.49 0.85
Burnt 1.63 0.78 1.45
[ 25 Reference 30.24 0 2.35
Green trash 40.66 26.02 3.02
Burnt 36.62 16.85 3.36
0-25 Reference 35.69 0 3.02
Green trash 45.14 29,51 3.88
Burnt 38.26 17.63 4.81

In contrast to Cr. there is a higher amount of Cy_ in
the cropped treatment at each depth than in the refer-
ence soil. There was a higher amount of Cyp in the
burnt than in the green trash trcatment at each depth.

In a trash management experiment being con-
ducted at the Bureau of Sugar Experiment Stations at
Mackay, Queensland, the no-till treatment had
significantly higher Ct and Cj, than the cultivated
treatment in the 0 to 10 cm soil layer. These changes
resulted in a significantly higher CMI in the no till
compared to the cultivated treatment (Table 3).
Table 3. Effect of cultivation on C f{ractions in the

(—10 cm soil layer of soil in a sugar cane trash management
experiment at Mackay, Queensland (Blair 1998).

No-till Cultivated

Cr (mglg) 12.46a 10.22b
CPI1 0.37a 0.31b
Cr.(mg/g) 1.99a 1.68b
Cyr(mg/g) 10.47a 8.54b
L 0.2a 0.2a4

LI 0.98a 0.99a
CMI 35.4a 29.9b

ANumbers within a parameter followed by the same letter
are not significantly different at p <0.05 according to
DMRT.

In another trash management experiment being
conducled at Ayr, Queensland, the C concentration
in the cropped soils was again lower than in the
uncropped reference soil. The loss of Cp from the
0-25 cm soil layer, assuming a bulk density of
1.2 g/ce, amounted to 27.5 t/ha and 25.9 t/ha in the
green trash and burnt treatments, respectively. This
equates to a loss of 46.6% and 43.9% of soil C. Cane
burning resulted in the lowest Ct but the difference
between this and the green trash trcatment was only
significant in the O-1 cm layer. A similar result was
found with Cy.

Cotton soils

Soils from a series of cotton experiments and from
commercial cotton farms in Eastern Australia have
been studied. In a survey of the effect of cotton
cropping on soil chemical and physical fertility, 14
uncropped (reference) and 22 cropped soils were
collected from a wide variety of soil types ranging
{rom red brown earths with low clay contents (20%)
to heavy cracking clay soils (68% clay). The 22
cropped soils had an average of 56% lower Cyp. con-
centration and 41% lower Ct concentration than
their corresponding reference soil. Syers and
Craswell (1995) suggested such a decline was due to
increases in decomposition rate by shattering of
macro-aggregates, mixing of surface soil and
increases in the intensity and number of wetting and
drying cycles. Cropping has caused the labile carbon
to decline more than total carbon which is similar to
the findings of Blair et al. (1995).

In an experiment conducted at Warren in New
South Wales on a Vertisol soil (Entic Chromustert),
a series of seven rotations containing cotton are
included in a farming systems experiment. The
experiment commenced in 1993 and the results of
soil analyses on samples collected after 2 years are
shown in Table 4.

A significant increase in Cp was recorded in the
CFP rotation, a significant increase in Cr in the
CWLLF rotation and significant increases in both Cr
and Cyp. in the three rotations which included wheat
(Table 4). These increases in Ci, resulted in signifi-
cant increases in CMI.

The effects of cotton stalk management were
examined in an experiment conducted over three
years at the Australian Cotton Rescarch Institute,
Narrabri. Samples were collected in 1991 and again
in 1994 and were analysed for Cr, Cp. 138C, N, light
fraction carbon and polysaccharides. The experiment
consisted of a split-plot with residue management as
the main plot and nitrogen as the sub-plot. Results
are shown in Table 5.



Table 4. Changes in C under 2 years of different cotton rotations at Warten,

CT = 6.15 mg/g. CL = 0.84 mg/g. (Conteh 1998).

NSW. Original C concentration 1993

Rotation ACt(mg/g) ACy (mg/g)
Continuous Cotton (CC) 0.11 0.02
Cotton-long fallow (CLF) —.45 -0.07
Cotton-field peas (CFP) 0.33 0.14%¢
Cotton - low input wheat (CWlo) 0.20%
Cotton  high input wheat® (CWhi) 0.14%
Cotton-whcat-lablab (CWLL) 0.20%
Cotton-wheat-lablab-fertiliser (CWLLE) 0.07

A 40 kg seed/ha, 17 kg N/ha, B 106 kg sced/ha, 120 kg N/ha
C# Change significant at p<0.05%.

Change significant at p<0.

01%

Table 5. Trush Management Effects on N, C and polysaccharides in a cotton cxperiment conducted at Narrabri, NSW,

Australia (Contch 1998).

Trash Ny Cp
management
W -
Retained 1991 1.09a" 10.05 b
1994 1.11a 1111 a
Burnt 1991 1.07a 9.67 b
1994 1.09a 10.08 b
Retained Change +0.02 m? +1.06 m
Burnt Change +0.02 m +0.41 n

A'Numbers within a column for cach year followed by the sume
DMRT.

G, Polysaccharides (mg C/g)
--- MEJY - Total Labile
[.13 b 1.28 b 0.11 b,
1.67 a 1.66 a 0.4 a
1.07 b [.24 b 0.10b
1.0l b 1.20 b O b
+0.54 m +0.38 m +0.03
-0.06 n - 0.04 n 0.00 n

letter are not significantly different at p <0.05 according to

B Numbers within a column for change data followed by the same letter are not significantly different at p <0.05 according

to DMRT.

There was no signiticant change in Nt over the
three-year acriod in citer the trash retained or trash
burnt treatment. Both 7y and €y, increased signifi-
cantly througs time in the trash rctained treatment but
not in the trash burnt "catment. In addition to these
changes “n carbon, a significant increase i total and
labile polysaccharides was measured in the trash
retained treatment and again no significant change
occurred in the trash burnt treatment. The changes in
both C and €y, resulted in significant changes in the
CPI and LI resulting in marked differences ia the
CMI at the end of the experimert. ‘n the trash-
retained treatment, -he “MI increased to 141 and, by
contrast, declinea ‘0 94 in the burnt treatment.

Distribution and L.osses of Carbon I‘ractions
in Different Aggregate Sizes

“ne loss of orga: *¢ carbon frome soil aggregates has
been reported by Conteh et al. (1998) (Table 6). This
study showed that both ¢ and Cp, concentrations
were higher ir smaller aggregates (<250 wm) than in
the larger aggregates (>250 um). 3aldock ct al.

(1989) similarly showed that hoth organic carbon
and carbohydrate contents ircreased with decreasing
aggregate size. These findings contrast with tiose of
Gupta and Germida (1988) anc dliott et @1 (1991)
who found no clear wend in carbon concertration
between aggregate size Iractions and  aynes and
Swift ( 990) and Cambcrdella and Zlliott (1993)
who found that organic carbon content decreased
with decreasing size of aggregates.

The relative losses of both Cp and 7 duce to culti-
vation arc higher in the larger aggregates than in the
smaller aggregates. These differences in rates of loss
of M and C; betweer aggregale sizes suggest a
higher degree of protection of the organic matter in
the smailer aggregates than in the larger aggregates.
This can be seen from the fact that even though the
labile carbon content increases as aggregate s'ze
decreases, losses of bota qpoand o7 deccase as
aggregate size decreases. This agrees wh the con-
clusion of Skjemstad et al. (1996) that > major
mechanism respoasible for the relative stabiiity of
organic matter in soilis a shysical association with

1 inorganic comporents, rataer thar an ‘nherent
chemical or biochemical ‘nertness.



Table 6. Average concentration (mg/g) and relative losses of carbon in micro- (<230 mm) and macro- (>250 mm)
aggregates in five soils from cotton growing arcas of Queensland and New South Wales, Australia.

Cropping history

<250 um

Cr
Reference (mg Clg) 22.0
Cropped (mg C/g) 12.4
G loss 43.6

From the results ot this study, it appears ihat the
mechanisms esnoasible for the loss of organic
carbon in soil are first a change in chemical struc-
ture, the breakdown of which can be inhibited by
physical protection. The results obtained in this
study also agree with the report of illiott (1986) who
fractionated soil orgaaic matter into decosposable
and recalcitrant {ractions on the basis of its location
within aggregates of different sizes. He demonstrated
that organic matier associated with macro-aggregates
(>250 um) was more readily mineralised than that
associated with micro-aggregates (<250 um) and
was the primary source of nutrients lost during
cultivation.

Relationship ~ .wveen . casured Carbon
Fractions and >t :r .asures of Soil C

Conteh et al. (1998) has examined the relationship
between carbon measured by KMnO; oxidation (Cy)
and more traditionai  measure:  of  soil  carbon
(Table 7). Neither Cp or 7, were found to be cclated
o humic acid. By contrast, 7y, correlated strongly to
fulvic acid whereas My, was more related to the
humic [raction. Both ;. and T were related to total
polysaccharides but only £ was related to the labile
polysaccharides. Cy, was also related to microbial
carbon whereas Cyp, was 1ol.

Table 7. Relationship (r?) between CL CNL and other

measures of soil C (Conteh et al. 1998).

Component Cr. Cur.

b umic acid (HA) 0.19 0.02
tulvic acid (FA) = 0.56
Aumin 0.96%*
Microbial biomass € 0.45
Total polysaccharides 0.63%
Labile polysaccharides 0.40
Non-labile polysaccharides 0.64*

Change significant at p<0.05%:
Change significant at p<0.01%

Aggregate size

o8

>250 um
Cr Ci.
19.3 37
10.0 1.2
48.1 67.6

An indication of the size of various C pools in a
grey clay soil from the Gwydir Valley in northwest
NSW, Australia, is shown in Table 8. The concentra-
tion of Cy,is some 10 times ihat of the microbial bio-
mass in this soil. Although the concentration of Cy.
and (otal polysaccharides are similar in this soil, this
condition does not occur frequently.

Table 8. Size of a range of C pools in the 0-20 ¢m
horizon a grey clay soil from the Gwydir Valley in NSW,
Australia. (Conteh 1998).

Component Uncropped  Cropped
Cr (mgle) 224 9.4
Cy (mg/g) 3.6 1.3
Humic acid (mg C/g) 27 1.9
Fulvie acid (mg C/g) 8.4 4.0
Total polysaccharides (mg C/g) 3.0 1.2
Labile polysaccharides (mg C/g) 0.25 0.10
Light fraction (mg/g) 15.1 6.9
Light fruction —-C (mgC/g) 6.9 [.1
Light fraction —C; (mgC) 25 0.2
Microbial biomass (mg/g) 0.23 0.12

1 ionship Between «: ~“bon Povls and

Aggregate Stability

Blair et al. (1997) has examined the relationship
between various carbon pools and aggregate sla-
bility. In a survey of soils from the cotton growing
arcas of castern Australia, they found that Cp was
more closely related to mean weight diameter of
aggregates following tension wetting than was Crp
(Table 9) in soils with <52% clay. No significant
relationships were found between aggregate stability
and g, less labile © (Cry, = Cwalktey-Black - 1) OF
intrac.ab.e C (C; =T ). When soils with >52%
clay were included in the relationship, no correla-
tions were found, presumably because that in high
clay soils, materials such as calcium are more impor-
tant in binding aggregates than organic compounds.



Table 9. Lincar relationships (Y = a+bX) between
aggregate stability (Y), expressed as mean weight diameter
(MWD) measured following tension wetting, and C fractions
(X) in 20 soils collected throughout the cotton growing areas
of castern Australia (Blair ct al. 1997),

X 2
C. 0.61 #*
Cy 0.46 *
Cxi. 0.41 ns
Ciy. 0.43 ns
& 0.05 ns

Change significant at p<0.05%
Change significant at p<0.01%

Research and Extension Needs

There is a need to conduct a systematic survey of the
C status of sugar cane growing soils, in much the
same way as has been done for cotton. This will
inform the industry of the consequences of ditferent
management practices on soil C and provide intor-
mation on ways to rehabilitate soil C concentrations
through agronomic practices.

The farrung systems experiments commenced by
the Cooperative Rescarch Centre for Sustainable
Cotton Production need to continue to provide long-
term data on the effec:s of rotations on soil chemice!
and physical fertility.

The inclusion of a labile C test and the derivation
of a CMI should become a standard part of a routine
soil testing procedure in both the cotton and sugar
cane industries. This will allow producers to track
changes in soil C status in the same way as they do
for plant nutrients.
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Soil Fertility Decline in Lao PDR and the Potential of
Pre-Rice Green Manures to Improve the Sustainability
- Rice Production Systems
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Abstruct

Rice is the staple dict in Laos and accounts for 987% of the land arca farmed in the wet scason.
The loss of soil fertility due to unsustainable farming practices results in poor yields and inefficient
nutrient use. Surveys in Champasuk provinee of southern Laos revealed the low use of inorganic
fertilisers, some recycling of on-farm organic materials and losses of 19-78% in labile C (Cy ) and
38-87% ol total C (Cy). The use of Sesbania rostrata has been proposed as a possible pre-rice
legume crop which can tolerate flooded conditions and provide a source of N to a subsequent rice
crop. Field trials in the Champasak and Savannakhet provinces of Laos have shown the importance
of the application of P fertiliser on both the growth of S. rostrata and rice yields. Total biomass of
S. rostrata was maximiscd at 4.88 t/ha with the application of 19.4 kg P/ha at the Savannakhet site.
This increased rice yield from L1 t/ha with no P applied to S. rostrata to 3.0 t/ha. The application
of 12,9 kg of P/ha o S. rostrata resulted in a signtficantly higher rice grain yield of 2.63 t/ha than
the same application to rice grown with no previous S. rostrata crop which had a grain yicld of 1.9
U/ha. Total P uptake in grain increased from 1.31 kg/ha where no P was applied to 7.10 kg/ha
where 12.9 kg P/ha was applicd to both the S. rostrata and the rice phases. A number of other pre-
rice green manure legumes were evaluated during 1991-1997. During some years, yields were
high, while in other seasons the crops failed. On the basis of both yield and the least variation
between years, Sesbania aculeata and Aeschynomene afruspera were the most promising green

manure \pL(.l\.\ in Vicntiane Province.

RICE IS THE SINGLi most important crop in the Lao
. DR. The arca planted to rice in 1998 approximated
650 000 ha and wet season rice cultivation accounted
for about 98%: of the rice area and more than 97% of
the production. Rice yields in the rainfed lowland
cnvironment are reported in the range 2-3 t/ba. How-
ever, individual yields can be as low as 1 t/ha.
Approximately 85% of the rainfed lowland rice area
is in the central and southern agricultural regions,
mainly in those provinces adjacent to the Mekong
River. Seven major rice producing plains are recog-
niscd—Vientiane Plain  (Vientiane Province and
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Agriculture and Forestry, Lao-IRRIT Project, Vientiane
Otfice, PO Box 4195, Vientiane, Lao PDR

*Division of Agronomy and Soil Science. University of
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Vientiane Municipality), Borikhamxay, Sebang-Faay
(Khammouane and Savannakhet), Sebang-Hiang
(Savannakhet Province), Sedonc (Saravane Prov-
ince), Champasak and Attapu. The topography of
this arca is comprised mainly of a system of ancient
low-level terraces with an elevation of about 200 m
above sea level. These plains are the focus of the Lao
government s efforts to raise the level of rice self-
sufficiency.

Rainfall in most provinces along the Mckong
River Valley ranges from about 1500 to 2200 mm,
with about 75% being received in the period May to
October. Alfisols, Acrisols, Cambisols, Luvisols and
Arenosols are the soils throughout much of the rice
producing arca adjacent to the Mekong River and
these are derived mainly from old alluvial deposits
and. in some provinces (Saravane and Savannakhet),
sandstone materials. They are usually highly



weathered, moderately acid, loams, sandy loams and
loamy sands. They typically have a topsoil sand con-
lent exceeding 65% (and occasionally more than
80%:), and a clay content sometimes as little as 5%.
Low organic matter content, low CEC and low per-
centage base saturation are usual. Their low water
retention capacity makes them very drought prone.
Recent research within the National Rice Research
Program has shown many of them to be acutely defi-
cient in P and N, but capable of giving substantial
yield improvements with appropriate nutrient inputs.
Parts of the Champasak and Khammouane provinces
have shown responses o K.

Apart from family labour, inputs into the system
in many areas are minimal. Organic fertiliser, in the
form of favmyard manure (FYM), is usually applied
to seedbed rice. Despite the generally infertile soils,
and demonstrated high potentiz! yicld responses to
combined inputs of P and N throughout much of the
area, application rates of both organic and inorganic
fertiliser in transplanted rice are low. For households
using inorganic fertilisers, application rates generally
do not exceed about 10-15 kg/ha N and 6-8 kg/ha P
and often the rates applied are insullicient to give
any meaningful yield responsc. Currently, the cost of
inorganic fertilisers is often beyond the means of the
average cash poor farmer in Laos and alternative
forms of improving soil fertility are being evaluated.

The use of green manures such as S. rostrata have
been investigated by many workers for their poten-
tial to supply nitrogen and soil organic matter to a
rice system. Previous work from Thailand has
indicated the potential increase in green manure
biomass production when small applications of
nutrients, especially  are made. Experiments were
conducted at three sites in Laos to evaluate the
benefits of P application to S. rostrata and to a
subsequent rice crop.

Materials and Methods
Farm survey

A survey ol farmers in the Phonethong district of the
Champasak Province was undertaken during mid-
March 1997, This survey was undertaken in five
villages in a transect from Pakse to the Chongmek
border crossing in the Phonethong district. The
farmers surveyed were previously chosen by staff of
the Phone Ngam Rescarch and Sced Multiplication
Center on the basis of being representative farmers
of the area. Each farmer was asked a series of
questions regarding farming practices, crop yields,
fertiliser and residue management practices. Soil
samples were collected from arcas of the farm; some
samples were collected near to the house, where crop

(8%
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yiclds were generally higher, while other paddics
further [rom the house, which were morc
representative of the entire farm, were also sampled.
Soil from an uncultivated area was also collected and
used as the refcrence soil,

S. rostrata studies

The purpose ol these studies was to determine (1) the
responsiveness of S. rostrata to P and (2) the effect
of P applications to S. rostrata on the following rice
crop. Similar experiments were conducted in three
provinces: Vientiane, Savannakhet, and Champasak.
The eight treatments applied are given in Table 2.
S. rostrata was incorporated between 60 and 65 days
after sowing. Nitrogen (30 kg/ha as urea) was
applied to rice in all treatments 45 DAT.

S. rostrata biomass yield mecasurements were
taken before incorporation and rice grain yields at
maturity. However, all samples were not saved {or
nutrient analysis; therefore, it was not possible to
develop a complete nutrient budget for cach site. In
Champasak, the S. rostrata was analysed but not the
rice. In Savannakhet, only the rice samples taken
maturity were analysed. No samples were analysed
from the Vientiane site.

Soil samples were collected prior to land prepara-
tion, at 55 days after planting S. rostrata and afler
the rice harvest. Soil samples were analysed for
available phosphorus (Colwell 1965) and carbon.
Total carbon (Cyp) was mecasured in an automatic
nitrogen and carbon analyser mass spectrometer
system (ANCA-MS), consisting of a Dumas-type
dynamic {lash catalytic combustion sample prepara-
tion system (Carlo Erba NA1500), with the evolved
gases separated and analysed by mass spectrometry
(Europa  Scientific  Tracermass  Stable  Isotope
Analyser). The more labile soil organic carbon (Cp)
was measured by oxidation with 333 mM KMnOj
(Blair et al. 1995). A Carbon Management Index
(CMI) was calculated from changes in Cq and (i,
relative to the € and C;, values obtained from the
soil samples collected prior to land preparation
(Blair ct al. 1995).

The potential of other pre-rice green manure
crops

These studies have evaluated a number of green
manure (GM) crops for early wet scason pre-rice
cultivation and measured the benefits to the fol-
lowing rice crop through the input of organic N. The
experiments were conducted at the National Agricul-
tural Research Center (NARC) in Vientiane Munici-
pality and at the Phone Ngam Rescarch and Sced
Multiplication Center in Champasak province. ¢
to seedling establishment problems, yields of the



green manures grown at the Champasak sites were
very low so only the data from the Vientiane site are
reported here.

Results and Discussion

Farm surveys and identification of soil samples
for the data in Table 1

The following is a summary of the information
collected during the farm survey.

Site 1: Phonesung Village GPS position 15°.07.146
N 105°38.885E

Farm size: 3.1 ha.

Area cleared for at least 28() years.

Labour: 4 adults.

Supports 12 people.

Yields:

1096 5.4 V3.1 ha 1.7 t/ha;
1995 5.0 /3.1 ha 1.6 t/ha;
1994 4.2 /3.1 ha 1.4 vha.

Only local variety of rice grown.

Residue management: Rice straw is grazed by
buffalo and no straw is left by the next season. Buf-
falo move to the forest when all feed has been caten.

Fertiliser management: Some organic fertiliser is
applied to approximately one third of the farm,
although most is applied to the nursery.

Constraints to production: Drought and flood
1996, insects, hoppers. mites.

General comments: Raising cows produces more
revenue than growing rice. If supplied with credit, a
farmer would purchase cows. He could only grow
GM or a cash crop if irrigation were available.

Soil samples: | A—close to house where some
organic manure is applied;
1B-normal paddy soil.

Site 2: Nong Hao Kok Village GPS 15°.08.645N
105° 36.820E Elevation 110 m.

Farm size: 4.5 ha, 2.5 ha farmed only.

Area cleared for at least 200 years.

Labour: 6 adults.

Supports 2 families (11 people).

Yields:

1996 3.5 t/2.5 ha 1.4 t/ha;
1995 3.5 t/2.5 ha 1.4 t/ha;
1994 2.2 t/2.5 ha 0.9 t/ha.

Rice is predominantly grown, half local variety
and half improved (RD6 and RD8).

Some vegetables, beans, chilli, and cucumber are
also grown.

Residue management: Rice straw is grazed by
buffalo but some straw is left by the next season.

Fertiliser management: 100 kg of 16:20:0 (N:P:K)
applied over the 2.5 ha in 1995 and 1996. Dung from
1 buffalo applied to seedbed.

Constraints to production: Soil fertility, generally
not drought or flood.

General comments: If the farmer had more
money, he would buy fertiliser. He would attempt
planting Sesbania or other tree type legumes, e.g.
Sieow or Acacia.

Soil saumples: 2A—close to house where some
organic manure is applied.,
2B-normal paddy soil.

Table 1. Carbon fractions, total N and available S for soils collected during the survey.

Sample Cy, Cw, Cy
mg/y
Reterence .33 10.07 11.40
1A 0.56 4.74 5.30
1B 0.61 2.09 2.70
2A 1.08 5.92 7.00
2B 0.66 4.94 5.60
A 0.58 3.22 3.80
3B 1.08 10.82 11.90
4A 0.69 2.71 3.40
4B 0.67 3.43 4.10
SA 0.73 3.07 3.80
5B 0.29 .11 1.40
Meun A 0.83 5.45 6.28
Meun B 0.56 2.96 3.52

CMI N Available P Available S
% ug/g

100 0.109 6.85 3.3
41 0.051 4.7 3.9
52 0.026 0.8 0.5
85 0.067 0.8 3.9
50 0.054 0.0 1.6
46 0.036 2.6 2.2
79 0.113 11.4 3.0
58 0.032 5.2 1.1
53 0.039 3.6 1.3
60 0.036 4.0 34
25 0.014 3.9 2.9
65 0.060 5.2 3.1
45 0.033 2.2 1.7

Availuble P — Colwell (1965). Availuble S (KCI-408) - - Blair ct al. (1991).

)
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Site 3: Navieng Village GPS [5°.09.364N 105°
34.685E Elevation 90 m.

Farm size: 3.4 ha.

Area cleared for at least 100 years.

Labour: Supports 3 families (15 people).

Yields:

1996 4.3 /3.42 ha 1.3 t/ha;
1995 7.2 ¢/3.42 ha 2.1 t/ha;
1994 7.2 /3.42 ha 2.1 t/ha.

Local rice varieties are predominantly grown. A
mixture of carly, and late maturing varicties are
grown to compensale for crratic rainfall. Early
maturing varietics are grown on higher terraces.
Cash crops are grownr for consumption by the family.

Residue management: Rice straw is grazed by his
10 buffalo which are tied up in one paddy ecach day.
Some straw is left by the next season. He needs more
buffalo manure to improve fertility.

Fertiliser management: Applies fertiliser to areas
of the paddy which have the poorest growth. Buys 2
x 50 kg bags of fertiliser cach year (16:20:0)
(US$8/bag). Buftalo tied up in the paddy and dung
left there. By the time he cultivates next season,
dung is very hard to plough in.

Constraints to production: Soil fertility is the
greatest constraint. Also drought at transplanting,
erratic rainfall and weeds were also cited as
problems.

General comments: If the farmer had access to
credit, he would buy a pump for irrigation, grow
vegetables and have more livestock.

Soil samples: 3A-more than 100 years of

cultivation:
IB-so0il recently cleared and
cultivated for 1 season.

Site 4: Vang Thao Village GPS 159.08.227N 105¢
30.159E Elevation 104 m.

Farm size: 7.6 ha.

Labour: 6 people.

Supports 3 families (16 people).

Yields:

1996 6.0 /7.6 ha 0.79 t/ha;
1995 6.0 t/7.6 ha 0.79 t/ha;
1994 6.0 /7.6 ha 0.79 t/ha.

Early maturing local rice and RD6 are predomi-
nately grown.

Residue management: Rice straw is grazed by
buftalo but very little straw is left by the next season.
Buftalo are tethered at night, limiting dung transfer
to the paddy.

Fertiliser management: 100 kg of chemical ferti-
liser applied to the seedbed.

Constraints to production: Soil fertility, lack of
labour. drought at transplanting

General comments: Seeding 25 x 25 c¢m sced
spacing, 5-6 plants/hill. Would plant cash crop or
GM but labour is a big constraint.

Samples: 4A-Close to house where there arc

good yields;
4B—further away from the house
where there are poor yields.

Site 5: KM 12 Village GPS 15°.05.57IN 105°
40.474E Elevation 65 m.

Farm size: 4 ha.

Labour: 6 people.

Supports 9 people.

Farmed for more than 100 years.

Yields:

1996 3.6 t/4 ha 0.9 t/ha;
1995 4.8 1/4 ha 1.2 t/ha;
1994 3.0 /4 ha 0.8 t/ha

(Gall Midge infestation).

Early maturing local rice variety and RD6 are pre-
dominantly grown.

Residue management: Rice straw is grazed by
butfalo but very litile straw is left by the next season.

Fertiliser management: Some chemical fertiliser
use.

1996 3 bags of 16:20:0 over 4 ha, 1995 2 x 50 kg
bags of 16:20:0 over 4 ha.

Constraints to production: Soil fertility. drought,
especially at the end of the season, and insccts.

General comments: Some potential [or GM. The
idea of growing Acacia sounded interesting to the
farmer. There is insufficent water after rice to grow
crops and any cash crops grown are used for the
family.

Soil samples: SA—Close to house where there are
good yields;

SB—further away from the house.
representative of farm.

The survey results show the lower concentration
of soil N and C, available P and available S present
in the soils that have been cleared and cropped com-
pared to the forest reference site (Table 1). The data
also show the differences in soil C and nutrient status
within the farms. In all the parameters measured,
there is a lower soil concentration in the areas distant
from the house than those near the house which
receive additional inputs of organic wastes etc.
Using critical levels of 35 pg/g for available P and
6.5 pg/g for available S, it can be seen how deficient
these farms arc in these (wo nutrients.

The general features of the farms surveyed are the
low rice yields, cash and labour limitations and the
importance of animals for manure. On those farms
where inorganic fertiliser is used, it is applied at
extremely low rates. The average application rates
used on the three farms where inorganic fertiliser



was used amounted to only 5.7 kg N/ha and 7.1 kg
P/ha. The data collected suggest that the opportuni-
ties for growing green manure crops before or after
rice would be limited by untavorable moisture condi-
tions, interference from animals, the need o grow
supplementary  food crops and  labour shortages.
Given these limitation of growing geen manure
crops in situ, the next likely senario would be to
erow leguminous trees in a lot where they could be
protected from unsupervised grazing. If this were
done, it is likely that the hesbage produced would be
fed to ruminant animals to supplement the poor diet
that they have. n the long term, this would benefit
rice productio  wough the production of better
quality manure, better animals that could be used to
prepare the land better for sowing, to generate cash
1o purchase inorganic fertiliser and to provide fuel-
wood.

S. rostrata studies

Vientiane, Phonehong district

S. rostrata biomass yiclds were lower in the Vien-
tiane site than at the other two sites (Table 2). The
highest yields were 1.29 t/ha in the treatment which
received 25.8 kg P/ha. There was a linear response of
S. rostrata biomass dry weight to P inpui, suggesting
that higher P inputs may have resulted in greater
yields.

_.ice yields were all below 2.8 tha. While (here
are some statistically significant results, the results
were not consistent. Based on the comparison of
treat-nents 1 and 6, rice did not respond to F presum-
ably because of the overriding N deficiency This s
in contrast to the S. rostrata which demonstrated a
clear response to P, presumably because of the
supply on N through fixation.

Table 2. Phosphate fertilisation cfiects on 5. rostrata (GM) biomass dry weight and subsequent rice yields (14% moisture)
in Vientiane, Savannakhet and Champasak provinces during the 1996 wet season.

P applicd to Vientiance
S. rostrata Rice S. rostrata Rice
(kg P/ha)

1 0 0 0.40 2.04 bA
2 6.5 0 0.61 2.32 ab
3 12,9 0 1.15 279 a
4 19.4 0 0.90 243 ab
5 25.8 0 [.29 2.62a
6 0 12,9 0.57 2.32 ab
7 6.5 12.9 0.69 2.66 a
8 12.9 12,9 0.93 2.34 ab

Suavannakhet Champasak
S, rostratu Rice S. rostrata Rice
t/ha

0.32 1.11d L10 [.80 be
2.64 250D 2.32 2.21 abe
391 2.63 ub 219 2.44 ab
4.88 299 a 2.83 2.67 a
392 2.72 ab 3.49 2.62a
0.31 1.90 ¢ 0.71 1.63 ¢
1.97 2.90 a 2.27 2.20 abce
3.04 2,74 ab 2.79 2.23 abe

AMeans followed by the same letter within columns are not significantly different according to DMRT at P < 0.05.
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Figure 1. Total N in S. rostrata in relation (o the amount of P fertiliser added caleulated from treatments |, 5, 6, 7 and 8.



Champasak Phonethong district

S. rostrata biomass yields demonstrated a linear
response to P within the range of P rates examined
(Table 3). Dry weight biomass production increased
from 0.71 t/ha in the control to 3.49 t/ha with the
addition of 25.8 kg P/ha. Nitrogen inputs in the bio-
mass increased with increasing P inputs (Figure 1).
Total §. rostrata biomass N increased by approxi-
mately 50 kg N/ha with the addition of 25.8 kg P/ha.

Rice did not respond to fertiliser P applications
made directly to the rice in contrast to S. rostrata.
However, there was a significant rice yield response
to increasing P inputs to the S. rostrata, most likely
due to increased N-fixation by S. rostrata (Figure 1).

Savannakhet, Champhone district

S. rostrata dry weight biomass yields increased
from 0.31 t/ha with no P applied to 4.88 t/ha with the
application of 19.4 kg P/ha (Table 2). There was no
further increase from the addition of 25.8 kg P/ha.

When no P was applied to cither the S. rostrata or
rice, rice yields were 1.11 t/ha. Additions of 12.9 kg
P/ha to rice when 6.5 kg P/ha or less was added to
S. rostrata (lreatments 6 and 7) resulted in a signifi-
cant increase in rice yields. Rice yields were 0.73 t/ha
greater when 12.9 kg P/ha was applied to the GM
rather than to the rice. This increase in rice yield is
most likely due to improved N nutrition in rice
resulting from greater N-fixation by S. rostrata rather
than improved P nutrition in the rice since total rice
P uptake between the two treatments was almost
identical, averaging 5.28 kg P/ha. This provides good
evidence that at least some of the P applied to the
GM crop is available to the following rice crop.

Other potential green manure crops

From 1991 1o 1993, the potential of S. rostrata, Sun
hemp (Crotaluria juncea), mung bean (Vigna
radiata). blackbean, and cowpea (Vigna unguicu-
lata) was assessed. The studies continued in 1994

through 1997 but C. juncea and V. unguiculata were
replaced by two other potential GM  crops,
S. aculeata and Aeschynomene afraspera.

In 1997, the final year of the study, climatic con-
ditions were favorable for all legumes, although
early season drought limited their productivity.
Legume biomass GM ranged from 1.2 t/ha
(S. rostrata) to 2.5 t/ha (8. aculeta), although thesc
differences were not statistically significant due to
high variability in the experiment (Table 3). Average
GM dry weight biomass was 1.8 t/ha.

Between 1991 and 1993, C. juncea and V. unguic-
wlata performed poorly under saturated soil con-
ditions and these were replaced with S. aculeata and
A. afresperua. Of the two grain legumes which were
kept in the experiment (on account of being more
tolerant of saturated soil conditions), black bean
generally performed better than mung bean. Relative
to S. rostrata, black bean performed better than
S. rostrata in all years except 1992 and 1994. In 1994,
both grain legumes did poorly due to saturated soil
conditions. A. aferaspera was included in the experi-
ment in 1994 as it is reported to have a similar yield
potential to 8. rostrata as well as being less likely to
act as a host for the Meloidogyne graminicola, the
root-knot nematode of rice. In 1994, A. aferaspera
performed poorly due to poor stand establishment and
1994 should not be used as a basis for evaluating it.
Between 1995 and 1997, A. aferaspera  and
S. aculeata performed as well or better than
S. rostrata and are suited to saturated soil conditions.

Nitrogen inputs varied from year to year and were
dependent on biomass production and biomass N
concentration. Average GM yields for all years were
2.3 t/ha and assuming a N concentration of 3.3% this
represents an N input of approximately 76 kg N/ha.
Rice yields were usually higher following a GM
crop. Yields in these and other experiments suggest
that GM in this environment provides N equivalent
to 30 to 60 kg N/ha. Therefore, GM N is generally

Table 3. Dry matter yield (t/ha) of various green manures grown in Vientiane Municipality between 1991 and 1997 wet

SCasons.

1991 1992 1993 1994
S. aculeata 3.7
A. afruspera 0.7
S. rostrata 1.8 2.4 4.9 0.7
C. juncea 1.7 4.3 24 23
Cowpea 1.2 1.6 2.7 0.9
V. radiuta 2.6 0.2 3.5
Black bean 0.9 0.6 1.2

1995 1996 1997 Means Standard
deviation
1.8 3.1 2.5 29 0.8
1.8 6.6 1.8 3.0 2.6
2.3 3.7 1.3 2.6 1.4
1.7 2.8 1.2 2.5 1.0
29 4.4 2.2 2.3 1.2
2.1 1.7
0.9 0.3

NOTE: Dry weights for 1991 and 1992 were calculated using the average moisture concentration of cach green manure from
1993 to 1997. Rainfall for the months of May and Junce are given above the corresponding year.
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insufficient to meet the total N requirement ol rice
and it has been lound in other GM studies that rice
yields are further increased if 30 kg N/ha fertiliser N
is applied at 50 DAT.

Conclusions

In all the parameters measured in the survey, there
was a lower soil C and nutrient status in the areas
distant from the house than thosc near the house
which receive additional inputs of organic wastes
cte. Using critical levels ol 35 pg/g for available P
and 6.5 pg/g for available S, it can be seen how defi-
cient these farms arc in these two nutrients.

In the S. rostratu study, the yicld varied widely
between sites with the lowest yield being recorded in
Vicntiane (up to 1.29 t/ha) and the highest in Savan-
nakhet (4.88 t/ha). At each site there was a clear
response of S. rostrata to P fertiliser additions with
the greatest response being in Savannakhet. The P
requirement for optimal S. rostrata productivity was
greater than 25.8 kg P/ha in Vientiane and Cham-
pasak and 19.4 kg P/ha in Savannakhet. Nitrogen
analysis of S. rostrata tissue {rom the Champasak
site demonstrated that improving the P nutrition of
the GM increased N-[ixation and total biomass N,
thereby improving the N nutrition for the following
rice crop.

In all cases, rice yields were below 3 t/ha. In the
Vientiane and Champasak provinces rice produc-
tivity was not limited by P fertility. This is in stark
contrast to the response of S. rostrata (o improved P
fertility and demonstrates that GMs are much more
susceptible to P deficiencies than rice. It was not
possible (o determine whether or not P applied to the
S. rostrata was available (o the following rice crop at
these sites since only yield data were available and
there was not a rice yield response to P. At the
Savannakhet site, where P was limiting to rice,
nutrient analysis of the rice crop provided strong
evidence that P applied to a GM is available to the
subsequent rice crop.

At the Savannakhet site, rice P uptake ranged
from 1.74 to 10.19 kg P/ha. This represents approxi-
malely 29% of the fertiliser P applicd to each treat-
ment and highlights the need to understand the long-
term fate and residual benefits of applied P.

The adoption of S. rostrata as a green manure
crop by farmers has been limited for several reasons.
The planting density for dense stands of S. rostrata
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is high and requires large quantities of seed. In addi-
tion, the uncertainty ol wet season opening rains
makes planting risky. Green manure crops require
extra labour for planting, weeding and incorporation
of large amounts of biomass. The use of green
manure technologies is most likely suitable to
specific areas where labour is available, and P is less
limiting.

Research Recommendations

1. Evaluation of pre and post rice legume crop arcas
most suited 1o those technologies.

. Evaluation of the potential of on-farm residue
recycling, e.g. not burning rice straw, incorpora-
tion of straw and husk, efficient use of manure
and household wastes.

3. Evaluate slow breakdown leat and organic mate-
rial for improving soil organic matter and rice
yields. e.g. the Ubon study with locally grow trees
on bunds.

. Further investigation of the effects of green
manure management on soil organic matter,
1.e. setting up of an on-station long-term residue
management experiment.

5. Working with farming systems groups to diversily
farm production, i.e. not growing rice alone, but
other crops such as forage, cash crops, trees.
These studies need to address the problem of
fencing.

. Enough technical data exist on the use of
S. rostrata as a green manure, i.e. P requirement,
residual value, N fixation. If on-farm use is to be
achieved, then a farming systems approach to
solve the problems of seed production, biomass
incorporation and adoption by farmers is needed.

[\
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Sesbania rostrata as a Green Manure and Phosphorus
Management for Lowland Rice Production in Lao PDR

A.M. Whitbread!, M. Chanphengsay?, B. Linquist?, P. Sengxua?,

G.J. Blairl, S. Vongsouthi? and V. Phengsounanna?

Abstract

The use of Seshania rostrata has been proposed s a possible pre-rice legume crop which can
tolerate {looded conditions and provide a source of N to a subsequent rice crop. The primary
objective of this experiment was to identify the role of pre-rice green manure S. rostrata in
supplying nutrients to the following rice crop and also their effect on longer term soil fertility. As
available P cun be very low in these soils, the optimal P requirement of . rostrata and its residual
value to rice was determined over three seasons. The experiment was conducted in Champone
district of Savannakhet Province (SVK) and in Phonethong district of Champasak Province (CMK).
Southern Laos, during 1997 and 1998. Both soils had less that 10% clay to 40 ¢m and were
predominantly of sandy loam texture. At both sites, there was a significant S. rostrata biomass yield
response to P which reached a maximum at a P application rate of 19.4 kg P/ha. There was a strong
linear relationship between rice yicld and the amount of N returned in the S. rostrata (slope 0.93 kg
grain/kg N at CMK and 45 kg grain/kg N at SVK). Such high slopes suggest N is not solely
responsible for this increase in yield. The rice yicld at the SVK site responded significantly to
P applications during the rice phase, while at the CMK site there was no response. The efficiency
of P recovery decreased from about 120 kg grain/kg P when P was applicd only to the S. rostrata
crop or in a split to the S. rostrata and rice crop to less than 77 kg grain/kg P when only applicd to
the rice crop. The yield of rice was highly correlated with the time since the last P application.
A lincar relationship was determined which predicts a yield decline of 69 kg grain/month since
P was last applied. Applying fertiliser P in smaller regular applications, rather than large infrequent

applications was tound to stabilise yield and increase the efficiency of P use.

RICE 1S THE SINGLE most important crop in the Lao
PDR, accounting for more than 88% of the cropped
land area. Rainfed lowland cultivation accounts for
about 70% of the tlotal rice area and in 1997, 78% of
production. National policy aims at achieving a
greater level of rice self-sufficiency by the year 2000,
by increasing the productivity of the rainfed lowland
environment to account for approximately 90% of
total production. Rice yields in the rainfed lowland
cnvironment arc reported in the range 2-3 t/ha.
However, yields as low as 1 t/ha are not uncommon.

I Division of Agronomy and Soil Science, University of
New England, Armidale 2351 Australia

2Department of Agriculture and Extension, Ministry of
Agriculture and Forestry, Lao-IRRI Project, Vientiane
Office, PO Box 4195, Vientiane, Luo PDR
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Lao government policy is to encourage the use of
organic fertiliser inputs in all rice-growing environ-
ments. This reflects recognition of the limited
purchasing power of the smallholders, and a desire to
restrict fertiliser imports that involve the use of
limited foreign exchange.

The use of Seshbania rostrata has been proposed as
a possible pre-rice legume crop which can tolerate
flooded conditions and provide a source of N to a
subsequent rice crop. Field trials reported by Lath-
vilyavong et al. (1998) showed that the application
of P to §. rostrata was essential for adequate bio-
mass and N production.

In the lowland rainfed environments, crop resi-
dues are potentially an important source of carbon
and nutrients which are, in many cases, poorly
managed. During harvest, grain and panicle straw
is removed to a central position for threshing.



Depending on the rice variety and farmer practice,
panicle straw may represent 40-60% of the total
straw produced. The rice straw remaining in the
paddy is an important food source for butfalo during
the following dry season. Some is grazed in situ in
the paddy. and some rice straw is put in hay sheds or
haystacks and fed to animals throughout the year.

The practice of buming rice stubble is quite
common and straw may be burned in the field or
wherever straw or ricc hulls are piled. A common
explanation for straw being burnt in the paddies is
the accidental starting of fires due to people smoking
cigarettes, or fires that spread from neighbouring
areas. By the end of the dry season, little plant cover
remains in the paddies and the buffalo manure is
very dry and prone to losses through wind or floating
away when the rains come.

The primary objective of this experiment was to
identify the role of pre-rice green manure S. rostratua
in supplying nutrients to the following rice crop and
also their effect on longer term soil fertility. As
available P can be very low in these soils, the
optimal P requirement of S. rostrata and its residual
value to rice was determined over a number of
seasons.

Materials and Methods

The experiment was conducted in Champone district
of Savannakhet Province (SVK) and in Phonethong
district of Champasak Province (CMK), Southern
Laos, during 1997 and 1998. Both soils had less that
10% clay to 40 cm and were predominantly ol sandy
loam texture (Table 1). At CMK, more than 74% of
the sand was fine sand while at the SVK site, there
was a mixture of fine and coarse sand fractions. The
pH was acid, becoming slightly more alkaline at depth
and the cation exchange capacity (CEC) was low.
The experiments were initiated in 1997 with the
planting of . rostrata with different rates of P applied
(Table 2). The effect of S. rostrata as a green manure
was assessed by growing a wet season (WS) rice crop
immediately following this phase. Additional treat-
ments (6—10) were also included 1o assess the effect
of the timing of P application on this ricc phase and
P recycling. A dry season (DS) rice crop was grown
at SVK only in the 1997-1998 season with irrigation,
and a fresh application of P was applied to Treatments
I and 9 to determine the residual value of the initial
P fertiliser applied. These treatments were applied to
a wet season rice crop grown at CMK during the 1998

Table 1. Initial soil properties at the Savannakhet and Champasak experimental sites.

Site Depth pH (H,0) CEC
(cm) (cmol/g)

SVK 0-10 5.4 3.8
10-20 5.6 34
2040 6.1 54

CMp 010 5.4 33
10-20 5.6 34
2040 6.0 35

Coarse Fine Silt Clay
sand (%) sand (%) (%) (%)

49 33 12 7

47 36 [0 7

45 40 7 8

6 83 6 5

7 77 8 9

5 74 12 10

Table 2. The P applications (kg P/ha), as triple superphosphate, to the Savannakhet and Champasak experiments during

1997 and 1998.

Treatment Both sites
No.
GM Rice
1 0 0
2 6.5 0
3 12.9 0
4 19.4 0
5 25.8 0
6 0 12.9
7 0 25.8
8 6.5 6.5
9 12.9 12.9
10 6.5 6.5
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SVK CMK SVK
DS wS A
1997-98 1998 1998
Rice Rice Rice
12.9 129 12.9
0 0 0
0 0 12.9
0 0 6.5
0 0 0
0 0 12.9
0 0 0
0 0 129
0 0 0
12.9 12.9 0



wel season. In the 1998 wet season at SVK, P was
added to the trcatments to make the final P additions
over the whole experiment to 25.8 kg P, excluding the
control treatment.

The experiment was arranged as a randomised
complete block design with 10 treatments and 3 rep-
lications (30 plots). Plot size was 4 X 5 m and bunds
(25 em wide x 25 ¢m tall) separated each plot. Land
preparation was done using a buffalo and a single-
tyned plough. P as triple superphosphate (Table 2)
and the sceds of §. rostrata (50 xg/ha) were uni-
formly broadcast onto al’ plots and soil was raked
over. At 55 days after sowing, the S. rostrata was
sub-sampled, cut Lo ground level, weighed and incor-
porated into each plot.

Following incorporation, the soil was prepared for
transplanting by raking soil to break up clods. P fer-
tiliser was applied to treatments 6, 7, 8, 9 and 10. A
basal application of 30 kg K/ha as KCI was applied
to all plots and 25-day-old rice seedlings (RD10 at
SVK and TDKI at CMK) were transplanted into all
plots at 3 plants/hill at 20 » 20 cm spacing. Any
missing hills were replaced 7 days after treatment
(DAT). To control insect pests, Furidan was applied
at 25 and 45 DAT at a rate of 33 kg/ha to all treat-
ments. At 35 DAT, 30 kg N/ha as urea was top-
dressed onto all plots.

At maturity, 10 representative hills from each plot
were selected, cut at ground level and collected for
analyses. After removing border rows, the remainder
of the plot was harvested by hand. During harvest, the
rice is generally cut at approximately 30 cm above the
soil surface (depending on the variety). bundled and
removed for threshing. The grain and panicle straw
were then separated by threshing and weighed.

In the 1997-1998 dry secason (SVK only) and the
1998 wet scason (SVK and C'MK), P was applied at
transplanting according to Table 2 and 25-day-old
seedlings of RD10 were transplanted into all plots.
An application of 20 kg N/ha and 23 kg S/ha as
ammonium sulfate ((NH4)2SOy), 30 kg K/ha ax KCI
was made 1o all plots prior to transplanting and
30 kg N/ha as urca was topdressed to all plots at 35
and 50 DAT. The mature rice crop was sub-sampled
and harvested as in the 1997 wet season experiment.

Soil samples were collected before land prepara-
tion, at 55 days after planting S. rostrata and after
the rice harvest and analysed for available phos-
phorus (Colwell 1965) and carbon. Total carbon (C)
was measured in an automatic nitrogen and carbon
analyser mass spectrometer system (ANCA-MS),
consisting of a Dumas-type dynamic tlash catalytic
combustion sample preparation system (Carlo Erba
NA1500), with the evolved gases separated and
analysed by mass spectrometry (Europa Scientific
Tracermass Stable Isotope Analyser). The more
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labile soil organic carbon (Cp) in the whole soil
samples and each particle size {raction was measured
by oxidation with 333 mM KMnO, (Blair et al.
1995). A Carbon Management Index (CMI) was
calculated from changes in Cr and Cy_ relative to the
Cr and C;, values obtained from the soil samples
collected prior to land preparation (Blair et al. 1995).

Subsamples of S. rostrata, rice grain and stubble
were dried at 40°C and ground to <2 mm. An
ARL3560 Inductively Coupled Plasma Atomic
Emission  Spectrometer (ICP-ALS) was used to
measure phosphorus (P), sulfur (S), and potassium
(K) and other macro and micro-nutrients after the
plant material had been prepared using the scaled
container digest procedure of Anderson and Hend-
erson ([986). Total nitrogen (N) in the plant material
was determined using an autoanalyser following a
sulfuric acid/perchloric digestion procedure.

The apparent recovery of P was calculated by:
Apparent recovery of P = (Total P content of grain +
straw in treatment — Total P content of grain + straw

in control)/(Total fertiliser P applied).

The P balance at the beginning of the scason was
calculated by the difference between fertiliser P
applicd and P removed in grain and panicle straw.

Results and Discussion
Response of S. rostrata to P

Due to exceptionally dry seasonal conditions and
slow germination, total biomass production of the
S. rostrata was  generally less than [600 kg/ha
(Figure 1), which is somewhat lower than reported
clsewhere in the rcgion (Lao-IRRI 1997). At both
sites, there was a significant S. rostrata biomass
yield response to P which reached a maximum at a
P application rate of 19.4 kg P/ha. At the CMK site,
biomass production was almost 400 kg/ha even
where no P was applied.

At SVK, the N content of the aboveground bio-
mass of S. rostrata increased as biomass production
increased from 1.3 kg N/ha where no P fertiliser was
applied to 30 kg N/ha at the higher P application
rates. At CMK, N content of the biomass ranged
from 7 to 36 kg N/ha at the zero and maximum P
application rates respectively.

The 1997 rice crop wet season

There was a strong linear relationship between rice
yield and the amount of N returned in the S. rostratu.
This was especially so at the CMK site (R? = 0.83).
The rice yield is clearly responding to the N inputs
from N fixation in the green manure phase
(Figure 2). The response of rice yield to kg N applicd
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Figure 1. The yield response of 8. rostrata to P applied at sowing.

7000 _ Champasak
y = 2100 + 93.16x
6000 4 R?=0.83 o
5000 Savannakhet
o
=
=y 4000
=
k=]
2
>
® 3000
3]
o«
2000 1% - 133133;57'82)(
. =0.
100 10
0 T T T T T
0 10 20 30 40 50

N content of S. rostrata (kg/ha)

Figure 2. The relationship between grain yield and N content of the S. rostrata biomass.

far exceeds published values of approximately 20 kg
grain/kg N applied as inorganic fertiliser. The most
likely explanation is that the P applied to the S. ros-
trata is efficiently recycling through the green
manure and is essentially a fresh P application. There
may have also been the additional benefits to soll
structure, but under a flooded rice paddy soil struc-
ture is relatively unimportant.

Although there was a yield response in rice to the
N added in the S. rostrata at both sites the slope of

the response function was lower as Savannakhet than
at Champasak. More N would be expected to be lost
by leaching [rom the coarser texture of the soil at
Savannakhet than at Champasak and this is the most
likely reason for the lower slope of the N response
function at Savannakhet. The response of rice to P
applications differed between sites, indicating a
difference in inherent soil fertility at the sites.

At the SVK site, the yield of the rice on the con-
trol treatment, which received no P, was significantly



lower than the treatments where P was only applied
to the rice phase (Table 3). A split application of
12.9 kg P/ha to both the S. rostrata and rice phases
resulted in rice grain yields equal to rice yields pro-
duced when 19.4 or 25.8 kg P/ha were applied only
to e S rostrata phase. At the CMK site, a lower
spli application rate ol only 6.5 kg P/ha to both the
S. rostiata and rice phases resulted in rice grain
yields equs' o the other treatmenis which received
split application rates of 12.9 kg P/ha. The highest
rice gra‘n yield at the CMK site was achieved where
19.4 or 25.8 kg P/ha was applied only o the GM
phase.

The apparent recovery of P followed a similar pat-
tern tor both treatmerts. The apparent recovery of P
was significantly influenced by the timing of P lerti-
liser application (Table 3). A single application of P
was more clliciently used when applied to the green
manure phase or equally split and applied to the
green manure and the rice phase. The highest recov-
eries were associated with these treatments at the
CMK site and were the result of better rice yields
and higher P uptake. The lowest apparent recoveries
were found where 12.9 or 25.8 kg P/ba was applied
10 only the wet season rice phase (Table 3). The
recoveries on these treatments were very similar for
both sites.

P efficiency can also be calculated in terms of kg
erain response/kg P applied. When P was applied to
the GM or split equally between the GM and the rice
the response in terms of grain yicld/kg P appliccé was
higher at CMK than SVK, presumably because of
the better retention of N in the soil at this site.
Extremeiy low grain responses/kg P applied were
recorded at CMK when all of the P was applied to
the rice crop.

At both sites, the highest grain response/kg P
applied was when 6.5 kg P/ha was applied to the GM
crop. At application rates of 12.9 or 25.8 kg P/ha,
highest grain responses/kg P applied were when all
of the P was applied to the GM crop or split equally
hetween the GM crop and the rice (Table 3).

Apparent recovery of P = (Total P uptake in treat-
ment — Total P uptake in control)/(Total P applied).
Total P uptake calculated ‘rom totat P uptake in
grain + total P uptake in rice straw.

Available soil P measured after harves: showed
that at the SVK site, fertiliser P application did not
significantly increase soil P levels. Available P
decreased from 7.8 peg/g at 0—-10 c¢cm to 5.0 and
3.5 pg/g in the 10-20 and 2040 cm depths.

Available P levels at the CMK site were signifi-
cantly higher where 25.8 g P/ha was applied to
S rostrata (i1 ug/g) compared to an average of
6 ug/g for all the other treatments.

The response of rice to P in the 1997/98 irrigated
dry season rice crop at Savannakhet

In order to cvaluate the residual value of previously
applied fertiliser P, the yield o ireatments which had
received earlier P applications were compared to the
ireatment  which received a fresh P applicaiion
(Table 4). At the SVK site, a fresh P application
resuited in grain yield significantly higher that those
which had received the same P rate o an ecarlier
crop. The longer the period since the 2 ap cation,
the lower the yield.

Due 10 a loss of a replicate at the CMK field site
and large variation between the remaining (wo
replicates, rice yields at the CMK site did not show
significant responses to fresh P applications.

Table 3. The response ol the 1997 wet scason grain yield (kg/ha) and apparent recovery of P to applications of P (kg P/ha)
to a pre-rice S rostrata green manure crop and direetly 1o rice at transplanting.

Savannakhet (SV¥)

Treatment P applied in Grain yield

Apparent

No. 1996 (kg/ha) recovery of P
GM Rice (kg/hit) (%)

] 0 0 1440 d
2 6.5 0 2207 ¢ 3la
3 12.9 0 2971 b 3la
] 6.5 0.5 2938 b 34a
10 6.5 0.5 3044 b 29 ab
6 0 12,9 2298 ¢ 17 be
4 19.4 0 3343 a 3la
S 25.8 0 3423 a 28 ab
9 12,9 12,9 3404 a 27 ab
7 0 25.8 2204 ¢ ITc

Champasak (CMK)

kg grain/kg Grain yield Apparent kg grain/kg
P applicd recovery of P P apphed
(kg/ha) (%)
- 2649 d . -
118 4265 ¢ 42 ab 249
118 4519 be 41 ab 145
(N 4629 abc 50 ab 152
123 4129 ¢ 33b 114
67 2682 d 12¢ 3
98 5310 ab 46 ab 137
77 5351 a 42 ab 105
76 4583 ubc 32b 75
30 28114d 12 ¢ 6



Table 4 Grain yield in the 1997/98 dry season rice crop.

“Time of P application SVK

GM 2revious Current Rice
rice rice (kg/ha)
0 0 12.9 3725 a
0 129 0 2972 b
12.9 0 0 2364 b

The P balance as determined by the removal of P
in grain and panicle straw varied depending on the
yield and P concentration of the previous WS crop.
Wwhen all treatments, excluding the two treatments
which received fresh P, were included in a regres-
sion analysis, a linear relationship between grain
vicld and P balancc at transplanting was found
(Figure 3).

The treatment which received a fresh application
of 12.9 kg P/ha, and had received no previous P
application, was highly P responsive and produced
924 kg grair more than predicted by the linear
relationship. At low soil P levels, the rice crop is
therefore highly responsive o fresh P applications.
The treatment which had received a P application in
the previous scason and a {resh P application at
transplanting. was much closer to the yield level
predicted by the linear relationship derived in
Figure 3. Therefore at higher soil P levels, a fresh
application of P did not increase the availability of
P or rice yiclds.

The 1998 wet se: — ihet

In the final rice phase during the wet season 1998, P
was added to all the treatments, excluding the con-
trol, 1o make the final P additions over the whole
experiment to 25.8 kg P. The yield of all treatments
which received fresh applications of 12.9 kg P were
significantly higher than the other treatments which
received no P application or treatment  which
received a fresh application ol only 6.5 kg P/ha
(Table 5).

Available P measured after the wet scason 1998
harvest was found to be significantly higher in the
0-10 c¢m depth on the treatments which had received
the most recent application of P (Table 5). Available
P levels were in the extremely low range (gencrally
less than 2.5 pg/g) and declined with depth. Avail-
able P was <1.0 pg/g in the 10-20 and 20-40 cm
depths. The critical value, or the soil test value where
the application of P is likely to increase yield, used
in Australia for Colwell P is 35 pg/g.

As in the two previous rice crops, grain yield was
also highly correlated with the P balance at trans-
planting (FFigure 4).

The yield of rice was highly correlated with the
time since the last P application. A linear relation-
ship was determined which predicts the yicld based
on the period since last P application (Figure 5).

If the same relationship was applied to the data in
Table 4, a similar linear relationship (slope = ~78.95
R? = 0.89) was calculated. These relationships are
important for predicting the decline in the residual
value of P.

2 erop in Sav-
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Figure 3. The relationship between P balance at transplanting and grain yield at final harvest. dry season 1997-98 in
Savannakhet. (Fresh P treatments represented by closed cireles and are not included in the regression analysis).
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Table 5. Rice grain yicld (kg/ha) in the 1998 wet scason rice crop and available soil P (0--10 ¢m) after harvest at Savannakhet.

WS98 Grain yield Available P (ug/g)
Rice WS98 010 ¢m
129 2581 a 244

0 988 ¢ 1.0 be
12.9 2578 a 2.1a
6.5 2039 b 2.5a
0 1703 b 1.0 be
12,9 2661 a 1.5 ab
0 1797 b 22a
129 2648 a 0.1 ¢
0 1703 b 0.0 ¢
0 1848 b 0.1c¢
Old + Fresh P
o 9
o
<
Old P

wS97 WS97 DS97/98
GM Rice Rice
0 0 12.9
6.5 0 0
12,9 0 0
19.4 0 0
25.8 0 0
0 12.9 0
0 25.8 0
6.5 6.5 0
12,9 12.9 0
6.5 6.5 12.9
3000 ~
y =989 + 68.6x
R? =0.93
2000 -
T
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Figure 4. The relationship between P balance at transplanting and grain yield at {inal harvest in the wet scason 1998 at

Savannakhet.

The total production of grain from the 3 rice
crops

By the final rice phase all treatments, excluding the
control, had received the same total P application.
The cummulative grain yield of all treatiments was
similar excluding the control treatment which was
significantly lower (data not presented). The
standard deviation across the 3 seasons indicates the
variability of the yields between seasons. The most
stable yields were produced in the treatments where
the applications of P were split between seasons,
rather than applied in single large doses (Table 6).

Soil carbon

Pre-trial soil samples taken at 3 intervals in the soil
profile show the generally low level of C in this soil

and the decrease in C down the profile (Table 7).
Lability (L= C;/Cxy.), however, was slightly higher
in the 2040 cm Jayer than the 10-20 c¢m layer which
may indicate possible leaching of labile C com-
pounds. Naklang et al. (1999) also found increases in
lability at depth in a sandy soil in nearby northeast
Thailand.

Soil C analyses were performed on soil samples
collected at intervals throughout the trial to investi-
gate the dynamics of C and the possible influence
that the green manure phase may have had on soil C
levels. Analysis of soil samples (0-10 ¢m) collected
following the 1997 WS rice crop (i.e. after the green
manure and rice phase) showed a small but non
significant increase in Cr and Cy. (Table 8).
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Table . The total P applied, P removed. the 2 balance, the grain produced from 3 scasons of rice production and the
standard deviation (8D).

WS 97 W 97 DS 97/98 WS 98 Total yicld Standard deviation

S. rostratua Pice Rice Rice
kg P/ha kg/ha

6.5 6.3 0 12.9 7)89 a 268

0 0 129 12,9 7747 a 1142

25.8 0 0 0 8389 a 950
Table 7. The C content of pre-trial soil samples at 3 depths. The increases in soil L are not related to green
- — — —_ manure management and do not reflect biomass
Cr Cu ¢ L inputs. They are, however, due to inputs of P across

the experiment which improves rice vields. All straw

- 2pth mg/g that remained after harvest was incorporated during
0-10 2.96 2.26 0.70 0.31 this trial and [hiS, combined with the rice roots,
10-20 1.63 .34 0.29 0.22 increased soil € levels.
2040 1.52 [.22 0.30 0.25 The range in Cy (rom 3.29 10 5.68 mg/g and in
from 0.60 to 1.24 mg/g measured after harvest in
1998 were related to the cummulative grain yield
from all three scasons. The strongest relationship
Table 8. C parameters following the 1997 wel season. was found between Cp and the total grain yield
_ _— : (R2=0.71) and C;, and total grain yicld (R? = 0.48).
w597 Cr Gy, L CMI At the low C levels in thesc soils, any increases in
. organic matler inputs such as sice stubble and roots
M me/e has resulted in a detectable change in C.
0 352 0.77 0.29 108
6.5 3.55 0.80 0.29 113 ~ fOnG
12.9 3.84 0.85 0.29 119 Conclusions
19.4 329 0.73 0.29 103 S. rostrata can supply some of the N requirement for
25.8 4.42 0.80 0.25 117

a f{ollowing rice crop depending on the amount of

|99
1%



biomass it produces. On P deficient soils the growth
of 8. rostrata, and similarly for many legumes, is
highly dependent on adequate P fertiliser application.
The P requirement for adequate growth of the green
manure often exceeds the rice requirement for P.
Fertiliser P applied to a green manure phase is more
efficiently used by the following rice crop than when
P is applied directly to the rice. Fertiliser P in this

experiment was found to be most efficiently used if

applied to a GM or in split applications. The likely
mechanisms involved in improving P use efficiency
are a combination of the improvement in soil
physical conditions and the re-release of P and N in
an available form from the highly decomposable
S. rostrata residues. Significant management prob-
lems will likely limit the adoption of this technology
by farmers as experienced in other neighbouring
countries

¥aowledge of the residual v ue of ' 1s an impor-
tant maragement tool when mu g fertiliser deci-
stons. The highest residual value of 15 in the bag.
Unee applicd some 1t [ost, removed or tran: formed
into various [ess available chemical forms. . which
was recycled tnrough the green manure plant was
most efficiently used due to the additional N pro-
vided through N fixation. Fresh P applications of P
were found (o increase rice yield when compared Lo
similar or higher amounts already present in the soil
from earlier applications. Applications of P on each
crop is better than larger infrequent applications
decreases risk and stabilises yields.
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Future research needs for P management in Laos

Longer term residual P studies needed in key areas
of Laos on soil types representative of the main crop-
ping areas. Investigation of the availability of phos-
phate rock in Laos or neighbouring countries is
needed. If significant reserves exist, the agronomic
elfectiveness should be determined.
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The Potential of On-farm Residues for Improving Rainfed

Lowland Rice Productivity in the Lao PDR

B. Linquist!, P. Sengxua?, A.M. Whitbread?,
M. Changpengsay?

Abstract

Rainfed lowland rice is grown on approximately 70% of the total rice area tarmed in the Lao
PDR. Lowland rice soils are generally highly weathered, sandy, and acid with low organic matter
contents. The objectives of this paper are to discuss the impact of on-farm residues for improving
N-use efficiency and for maintaining soil fertility in rainfed lowland rice systems. An experiment
was conducted at two sites in the Lao PDR to measure the cffect of on-farm residues (farmyard
manure at 2.6 and 5.2 t/ha and rice husks at 1.3 t/ha) on urca-N-use efficiency. The yield response
to 60 kg N/ha alone, averaged across both sites, was 1.2 t/ha. At both sites, application of residues
alone increased rice yields by (0.2 to 0.9 t/ha. At one site, the benefit of N plus residue was additive
(no significant interaction) while at the other site there was no response to the residue. Another
experiment was conducted to improve green manure (GM) N-use efficiency using rice straw. In
this study. two GM crops were used: Sesbania rostrata and Aeschyanomene afraspera. The N-
recovery cfficiency (NRE) was lowest (29%) for A. afraspera without rice straw; however, with
the addition of rice straw, NRE improved to 50%. The NRE for S. rostrata with or without straw
was 45%. The difference in response 1o rice straw was most likely due to a lower C:N ratio in
A. afraspera. While the initial benefits of applying on-farm residues may be small, the long-term
cltects on soil fertility maintenance can be signilicant. Approximately 80% to 90% of crop K. Ca,
and Mn remain in the straw at harvest. Removal of large amounts of straw from the system could
lead to deficiencies of these clerments. The application of fertilisers containing only N and P will
exacerbate this problem. In Lao PDR, straw is often grazed or fed to livestock. Although we would
not advocate stopping this practice (livestock account for about 50% of cash income). we would
suggest managing livestock and straw so that manure could be collected and used more efficiently.

Further work in this area nceds to be conducted at the tarming-systems level.

RICE 1§ the single most important crop in the Lao
PDR, with a 60% share of total agricultural produc-
tion (UNDP 1998). Approximately 70% of the total
rice area (646 000 ha) is in the rainfed lowland eco-
system. More than 80% of lowland rice is grown on
six  plains adjacent to the Mekong River. The
remaining 20% is grown in valleys. primarily in the
mountainous north.

Lowland rice soils on the six main plains are gen-
crally weathered and infertile: 80% have organic

" Lao-IRRI Project, Vientiane, Lao PDR

*Department of Agriculture and Extension, Ministry of

Agriculture and Forestry, Vientiane, Lao PDR
* Agronomy and Soil science. University of New England,
Armidale, NSW, 2350, Australia

matter contents of less than 2%, 68% arc coarse
textured (sands, loamy sands, and sandy loams), and
87% have a pH of less than 5.5 (H»O). In contrast,
lowland rice soils in the mountainous regions are
more fertile: 66% of the soils have organic matlcr
contents of greater than 2%, 80% are loams or clay
loams, and only 48% have a pH of less than 5.5.
Results from 37 on-farm NPK omission trials con-
ducted throughout the Lao PDR indicate that N and
P are the primary nutrients that limit nce produc-
tivity (Linquist ct al. 1998). At 80% of the sites
tested in the central and southern regions, there was
a response to P, and P was the most limiting nutrient
(no response (o other nutrients unless P was
applied first) at 30% of the sites. In the north,
P deficiencies occurred at 33% of the sites. The
response o inorganic fertilisers was  generally



favourable. On average, a~d relative to a no-lertiliser
control the application of” 60:13:17 kg/ha of NPK
increased yields by 1.5 t/ha in the southern and cen-
iral regions and by 0.8 t/ha in the north.

Maximising nutrient-use efficiency i imperative
for farmers: because of the high risk of crop failure
or poor crop performance caused by drought or
flooding in ‘his environment. Data from Thailand
indicate :hai, on some sandy soils. responses to inor-
ganic fertilisers have been tmall to nonexistent
without additions of organic amendments (Willet
1995; Ragland and Boonpuckdee [988). In the Lao
PDR there has normally been a relatively good
response o inorganic fertiliser: however, it may be
possible to improve the cfficiency of inorganic ferti-
lisers with the combined use of organic amendments.
“n this paper, results from several experiraents con-
ducted in the Lao - F. which examine the potential
of on-farin residues to improve ol-use efficiercy are
presented and discussed. The role of on-farm res’-
dues in maintaining the soil nutrient balance wil!
then be discussed.

Materials and Methods

Experiment 1

The objectives of this experiment were to quantify
the cflects of on-farm residues on rice productivity
and to assess whether urea-N-use cfficiency is
imnroved when used in combination with residues.
he experiment was conducted in Vientiane and
Saravan provinces during the 1998 wet seaso~. Soils
at both sites were coarse textured and low in organic
matter.

The experimer tal design was w split-plot with
three replications. wviai~ -plot treatments: were () and
60 kg N/ha and the four suoplots were residue treat-
ments (none, farmyard manure (FYM at two rates),
and rice husks). On a dry weignt basis, the F v was
applied at 2.6 and 5.2 t/ha and rice husks a: [.3 tha.
“he source of residues was the same for both sites.
Nitroger fertiliser (urea) was applied in three equal
splits: basal, active tillering, and panicle initiation. A
basal @oplication of P, K. and $ was made to all plots
at a rate of 13, 66, and 30 kg/ha using trinle-super-
phosphate and potassium sullate.

Bunds were made around cach plot (3 36 m) foi-
lowing land preparatton and just before trans-
planting. Pasal fertilisers and residue: were applied
just before transplanting and ‘acorporated with a
hoe.  Thirty-day-old rice seedlings  ( -1, a
medium-maturing  glutinous  variety) were  trans-
nlanted at a hill spacing o 20 ¢ 20 ¢m and 4 to 6
scedlings per hill.  irain weight was determined at
crop maturity and adjusted to 14% moisture.

Experiment 2

The objective of this experiment was to examince the
effects of combining rice straw with green manure
(GM) to improve GM-N-use efficiency. The experi-
ment was  conducted in Vientiane  Municipality
during the 1997 wet season on a deep sandy soil.

The experiment was a randomised complete
block design with nine trcatments replicated three
times. There were five residuc ircatments: Sesbania
rostrata and  Aeschynomene  afraspera (both with
an¢ without straw) and straw alone. n al: straw
ireziments, straw was applied at a rate of 1.3 t/ha.
The four remaining treatments were N rates anging
from 0 to 90 kg urea-IN/ha, applied in three cqual
splits at (ransplanting and 35 and 55 days after
transplanting.

The field was tilled in laie April and bunds made
around cach plot (3 x 6 m). .n the 31 plots, a
seedbed was prepared and J. rostrata and A, afra-
spera seeds were sown at 4 rate of 20 and 69 kg/ha,
respectively, then P applied ai a rate of 19 kg/ha.
Both the seeds and P were raked into the surface soil.
Because of low rainfall, rice transplanting was
delayed so the GM crop was grown for 79 days
rather than the recommended 55 to 60 deys. Ai 79
days, 0 representative plants from each . 1 plot
were sampled for determination of moisture con:ent,
dry weight, and nutrient content of above-ground
biomass. In cach GM plot. the TM was cut at ground
level and fresh weight cetermined; it was then cut
mto 10 cm to 20 ¢m lengthe and evenly distributed
across the plot it originate.. “om. Rice straw was
added (o the appropriate plois and all residues were
incorporated.

Gae weck after residue incorporation, 30-day-old
seedlings (PM-1, an early maturing glutinous variety)
were transplaated with hills at 20 < 20 ¢m spacing
and three seedlings per hill. At maturiiy, rice yields
were determined in each plot and a sample was (aken
for nutrient ara'ysis.

TR
B0 ‘1

In Vientiane, yiclds without M were 2.1 t/ha, but
mncreased by 0.9 t/ha in response to 60 kg :l/ha

(Fig .c 1). The agronomic elficiency of applied !
(. =yield increase in response to /1T applied) was

15 kg/kg. There was a significant yield response o
all residues © Vientiane. Averaged acros: boih

levels. yield ircreased by 0.9, 0.6, and 0.4 t/ha in
response to 52 and 2.0 t/ha of 1 711 and to rice
husks, respectively (yield 1acrease ranged tfrom [5%

to 35%). The interaction between ! and residuc
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Figure i. Rice grain vield response to the application of inorganic N (60 kg N/ha) and residue (rice husks and farmyard

manure (Y M), & and

aeatment was not significant. suggesting that the
application of residues did not improve N-use
efficiency but rather the benefits from (he residues
were additive.

At the Saravan site, yields increased by 1.4 tha in
response to uea-N alone (an AE ol 23 kg gram/kg).
There was a significant yield response o residues
and the interaction between N and residue treatments
was significant. In the treatments that did not receive
M. yiclds increased by about 0.2 t/ha in response to
Jce husks and 2.6 t 7’M/ha and by 0.5 tha in

rezponse (o 5.2 © ¥ /ha (an increase i yield of

»rT

12% 1o 28%). Where fertiliser I was added therc
was no signilicant effect of residues on rice yield's.

LDA ?

Above-ground dry weight of S, rostrata and A. afra-
spera was 1.9 and 1.6 Vha, respectively (Table ).
ack of rain following seeding -esulted in poor stand
establishment and low biomass production despite a
relatively long growing period of 79 days, but these
yields are iypical for the Lao ™" . (Changphengsay
et al.. these Proceedings). "The i concentration of S.
rostrata (1.86%) was lower than that ol A. afraspera

AT
o

ndicate a significant difterence at P = 0.05 and 0.01. respectively.

(2.13%), but the total N contribution from cach was
about 35 kg N/ha.

The rice grain yield response to urea-N was linear
for urea-N rates between (O and 90 kg N/ha.
Maximum yields of 3.7 t/ha were obtained in
response o 90 kg urea-N/ha. The AE of urea-N
averaged 27 kg/kg across all N rates. Nitrogen-
recovery efficiency (NRE = (N uptake—N uptake in
control)/N applied * 100) for urea-N averaged 37%
across N rates.

Seshania  rostrata - and A, afraspera  alone
increased rice yields by 1.3 and 0.6 t/ha, respec-
tively, which was roughly equivalent to 30 to 60 kg
urea-N/ha,  Adding rice straw to A, afruspera
increased rice vields by 0.7 t/ha but had no effect
when applied to S. rostrata. The NRE of S. rostrata-
M owithout straw was 46% compared with only 29%
for A. dafraspera-N. Adding rice straw o A. afra-
spera, however, increased the o RE of A. afrasperu-
N to 50% but had no effect on the NRE of S.
rostrata-N. Applying straw alonc increased yields
by 0.45 /ha, although this was not significant, and
the NF . was over 100%.



Table 1. The effect of different organic N sources [S. ros-
trata (S.r.). A, aferaspera (A, and rice straw| on rice
yiclds (149 moisture). N uptake, N recovery efficiency,
and agronomic efficiency. Within columns, means tollowed
by the same letter do not ditfer significantly at the 0.05
probability level.

GM  TotalN  Rice N NRE " AE

Treatment yicld Added yicld uptake
kg/ha “. kg/kg

ON 0 1749 ¢ 179
30N 30 2854 be 30.0 404 368
60 N 60  3074b 376 329 221
90 N 90 36644 506 374 213
S.r. 1916 a 356 3093b 343 460 378
S+ 1916 a 427 3017b 37.0 446 29.7
straw’
A 1626 a 34.6 2351 cd 278 28.6 174
Al + 1626 2 41.7 3029 b 387 499 30.7
straw
Straw 7.1 2197 de 26.6 123.1  63.1

“Straw was added at a rate of 1335 kg/ha to all straw
treatments.

“* Nitrogen-recovery  efficiency
relative to the control/N upplied.

“ Agronomic efficiency of applied N = increase in yield
relative to control/N applied.

increase in N uptake

Discussion

Immediate benefits of residues for rice
productivity

Although all soils in these studies were coarse tex-
tured (sands, loamy sands, and sandy loams), the
response to urea-N was good. The AE of urea-N
ranged Irom 15 to 27 kg/kg and, where NRE esti-
mates were possible, the NRE averaged 37%. Simi-
'arly, I.'aquist et al. (1998) reported that, with the
application of 60 kg N/ha on average (22 sites in
central and southern Lao PDR), yiclds increased by
1.2 t/ha. wnich corresponds to an AE of 20 kg/kg.
These data are in contrast to those of Willet (1995)
and Ragland and Boonpuckdee (1988), who reported
that on some sandy soils in northeast Thailand there
was no responsc o inorganic fertilisers without also
applying organic amendmerts. Ore reason for this
discrepancy may be the split applications of N that
were used in these studies, although it is not clecar
{rom the northeast Thailand studies how the fertiliser
was applied. On sandy soils, where N is highly sus-
ceptible to leaching and denitrification, splitting N
applications has improved N-use efficiency (Prasad
and De Datta 1979).

In all experiments, therc was a yield benefit to
applying residues alone. The yield response to rice
husks was generally the iowest and averaged
0.37 t/ha across the two sites. Farmyard manure
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usually gave a slightly higher response (0.2 to
0.9 t/ha), although it was applied at two to four
times the rate of the rice husks. The yield increase in
responsc to residues alone, while small relative o the
response to N, ranged from 17% to 34% (averaged
26%). These yield responses are higher than those
reportcd by Supapoj et al. (1998) in northeast
Thailand, where rice straw (6.25 to !8 t/ha) and rice
husk (3.13 t/ha) applications increased rice yiclds by
10% to 15% (0.3 t/ha on average). The high NRE for
rice straw applied alonc tn Experiment 2 (Table 1)
suggests that, although these residues contain low
amou ‘s of N, the N is used efficiently. This may be
partly attributed to slow N mineralisation as well as
improved root growth and N acquisition. Improved
root growth may have resulted in NRE values greater
than 100%.

While yield responses were observed for both
urea-N and residues alone. there was never a positive
significant interaction, which would suggest that the
residues resulted in more efficient N uptake. This
may be because fertiliser N was applied as a split
application. In the GM experiment, however, where
GM-N is all added before transplanting, straw addi-
tions significantly improved the N recovery of
A. afraspera-N but nol §. rostrata-N. Similarly,
Beceker ct al. (1994) reported that adding straw to
GM residue slowed N mineralisation, reduced N
iosses, and improved N-use efficiency. The differ-
ence in results between the two green manures is
most likely due to the higher C:N ratio of S. rostrata.
In this study, S. rostrata biomass N concentration
(1.86%) was lower than (hat of A. dafraspera
(2.13%), suggesting a higher C:N ratio. Becker el al.
(1990) also found S. rostrata o have a higher
C:N ratio than A. afraspera. The higher C:N ratio
results in slower N mineralisation and an N supply
that is more synchronous with crop demand.

Role of residues in maintaining the soil nutrient
balance
Fertiliser use in'the Lao PDR is low. especially in the
rainfed environment where risk of drought and/or
flooding is high. Results from a benchmark study
conducted in southern Lao PDR, however, indicate
that fertiliser use is increasing (Pandey and
Sanamongkhoun 1998), as indicated by the statistic
that 60%. of fertiliser users have only been using
ferti’iser since 1995. The average application rate
applied by fertiliser users was 19-8-1 kg/ha of N, P,
and K, respectively. The low amount of K used
reflects the limited availability (K made up only 4%
of total fertiliser imports in 1996) and higher cost of
K-containing fertilisers.

Currently in the Lao PDR, about half of the rice
straw (depending on the variety and farmer) remains



in the ficld following harvest. This stubble 1s most
commonly grazed by livestock during the dry
season, but it may also be burned. The panicle straw.
which is removed with the grain, is moved Lo a cen-
tral location, which depends on how the rice will be
threshed. Large mechanical threshers mounted on
trucks are becoming more common and, in such a
case, the straw will be moved near the road. Fol-
lowing threshing, the straw will often be burned in
the road ditch. If the panicles are to be hand
threshed, the straw will be moved near the house and
often the panicle straw will be stored for livestock
feed. Rice husks are usually left at the rice mills,
although some farmers apply rice husks to their
fields. Husks may be burned before incorporation.
Straw accounts for approximately 50% of above-

ground biomass and is probably the most abundant
on-farm residue available. Rice husks account for

about 20% of unmilled rice (Juliano and I chtel
[985) or abou 10% of above-ground bioma.... . ble
2 shows the ercentage of sorme plani uitie 5 that

remain in the straw at harvesi. At least 506 o0 all e
murients meacuwred remain in the otraw, with the
exception of N, P, and Cu. Furthermore, 80% or
more of crop K, Ca, and Mn remains in the straw at
harvest. These data suggest that continual removal of
rice straw could rapidly deplete soil nutrient
reserves. To examine the effects of straw manage-
ment on the soil N, P, and K balance, input and yield
data from the Pandey and Sanamongkhoun (1998)
benchmark study were used Lo develop a simple
nutrient budget (Table 3). Straw management had
little effect on the N and P balance because of the
low concentration of these nutrients in straw. The
positive P balance is due to the preferential use ol
16-20-0 fertiliser by farmers. In contrast, straw
management had a large cffect on the soil K
balance. Removing straw results in a K balance of
-19 kg K/ha. With straw returned, however, the K
was almost balanced (—4 kg K/ha). The exclusive use
of N and P fertilisers, as is the common practice, will
accelerate the decline in soil fertility, especially in
these sandy soils with low nutrient reserves.

Table 4. Nutrient concentration of some on-farm residucs.

Table 2. Pcercentage of crop nutrients that remain in the
straw at harvest,

Nutrient NP S K Ca Mg Mn Zn Cu
Percentin 37 20 52 RO 91 66 88 57 28

slraw

Data are the mean of three experiments (Experiment 2 of
current study and the Champassak and Savannakhet experi-
ments presented by Whitbread et at., these Proceedings).

While rice straw is important in maintaining e
soil nutrient balance, it is also an important livestoc <
feed during the dry season when little other forage is
available. Livestock accounts for 46% of expendable
cash income (Pandey and Sanamongkhoun 1998):
therefore, the most valuable use of straw may be as
livestock feed, the current practice of many farmers.
ivesiock are left to graze {reely, however. and little
effort i made to collect u~d wse ranure. _ata from a
farming - coe utudy conducted in southern 10
. O Ll0-] 19¢5) indicate that only [1% of
far aer used nar re, with applicaiion raies vary g
between 35 and 1050 kg/ha and most of 1t being
applied to nusscries.

Table 3. Calculated nutrient budget with and without the
return of rice straw. Input and yicld data are from a bench-
mark study conducted in southern Lao PDR (Pandey and
Sanamongkhoun 1998). Data are only from farmers who
reported using fertiliser.  Yields at these input levels
averaged 1500 kg/ha.

Nutrient Inputs Outputs  Nutrient  Nutrient
balance balance
(straw (straw
removed) returncd)
kg/ha
N 19.5 21.0 2.5 +4.5
P 8.1 6.0 +2.1 +3.6
K 0.9 19.5 - 18.6 -3.6

Assumptions: Grain concentration ol N, P, and K is 1.0%;,
0.3%, and 0.3%: straw concentration of N, P, and K is
0.4%. 0.1%, and 1.0%: harvest index is 0.5,

Residue N P K
G . U
Rice straw 0.4 0.05 1.0
i 0.43.0.55 0.03-0.08 0.17-0.87
0.5 1.0 0.12-0.17 0.22-0.26
0.35 0.11 0.09
0.80 0.02 0.26

“ Juliano and Bechtel, 1985.

* Uexkull and Mutert, 1992,
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S Ca Mg Mn
Y. Y Y neg/g
0.09 0.38 0.17 814
0.05 0.07-0.15 0.03 116-337
na na na na
na na na na
na na na na

na = not available.



The average farmer has abou. five cows and/or
buttalo (Lao-IRRI 1995). Assuming that each anima!
produces 1.5 t manurc/year and ihat the farmer col-
lects half of the manure (3.75 1), il tais manure is
evenly distributed over 1.5 ha, the applicatior rate
will be approximately 2.5 t/ha. Returning livestock
dung 1o the ficld will have little effect on the K bal-
ance (2.5 t of manure contains about 2.3 kg K)
because the K concentratio: is low (Table 4), but it
may have a significart cffeet or the nutrient balance
of other nutrients.

Summary and Cor _ s.

Improved and sustained rice productivity in cash-
poor economies wil. require a balanced nuirient
management progrem that includes the efficient use
of inorganic fertilisers and recycling of on-farm resi-
ducs. These data suggest that, at realistic residue
application rates, grain yields can e increased by
about 25%: however, moderate inorganic {ertiliser
applications can increase yields by 50% to 100%.
The role of residuc managemer:. in these systems
will be to maintain the inherent soil fertility and
return nutrients that are not available in commer-
cially available fertilisers. Currently, farmers use pri-
marily N- and P-containing fertiisers because K-
containing fertilisers are either not available or are
expensive and little on-farin residue is returned o
the field. While such nutrient management practices
may result in some short-term yield gains, there will
be a net negative effect on soil nutricnt balance,
which will lower the sustainapility of these systems.
The situation is exacerbated by the fact that most
soils are coarse textured and low in nutrient reserves.
Because of the importance of livestock in these sys-
tems, in terms of generating cash and as a consumer
and producer of on-farm residues, future research on
residue management needs to be conducted ai the
farming-systems level.
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Use of Plant Residues to Sustain Soil Productivity
in Rainfed Lowland Rice in Northeast Thailand

Y. Konboon!, K. Naklang!, A.M. Whitbread2, R.D.B. Lefroy?,
G.J. Blair? and D. Suriya-Arunroj!

Abstruct

Two field cxperiments were established at the Ubon Rice Research Center on an infertile acid
sandy soil (Acric Palcaquult) of the Roi Lt series to evaluate the impact of small annual
applications of leal” litter, fertiliser inputs and post-harvest rice straw management on rice
production, nutrient balances, and soil organic matter dynamics. The {irst experiment consisted of
a complete factorial design with five leaf litter (reatments (no leaf litter, Cajanus cajun. Acaciu
auriculiformis, Samanea sawnan, and Phyllunthus taxodifolins), two inorganic fertiliser rates (low,
25:7:7, and high, 50:14:14 kg NPK/ha, respectively), and two rice stubble managements (stubble
removed and returned). with three replications. Thirty-day-old seedlings of rice (cv. KDMLI105)
were grown. The results showed rice yields increased the most with the annual application of low
rates (1500 kg/ha dry matter) of leat litter from Cujanus cajan, Phyllanthus taxodifolius, Acacia
auriculiformis, and Samanae saman. The six scasons of leaf litter application increased the total
(Cy) and labile (Cy ) carbon pool by TH4 0 21% and 7% to 27% relative 1o a no-residue control,
respectively. A carbon management index (CMI), which incorporates changes in labile and non-
labile C (Cyy) pools, was found to be able to detect changes in soil C over the 6-year trial. In the
sceond experiment, the experimental design and management is similar to that described for the
first experiment. The treatment combinations included the three plant residue application (i no-
residue control, C. cajan, A. awriculiformis) and two inorganic fertiliser rates (25, 16, 8 and 50, 16,
8 kg/ha of N, P and K) and two rice stubble managements (stubble removed and returned). with
four replications. Soil samples were collected carly in the wet season to determine the breakdown
and possible leaching of C and N. The treatments intensively sampled were the ones on which
fertiliser was applied and rice straw residues were retained. Soil samples were collected from T4,
T5 and 16 (0, C. cajan, A. awriculiformis) at 0-10, 10-30 and 30-60 cm depth at three sampling
dates. The results showed that leaching of C and N varied with the kind of plant residuc added.

THAILAND is a major rice-growing country in which
rice production in 1995-1996 was estimated at 22.02
million tonnes (Office of Agricultural Economics
1995). Among the four regions in Thailand, the

northeast is the largest and covers about one-third of

the total arca of the country. The area of land used
lor rice production in the northeast is also the largest,
at approximately 5.12 million hectares (OAE 1995),
but average rice yields are the lowest of the country.

'Ubon Rice Research Center, PO Box 65. Ubon
Ratchathani, 34000 Thailand

2Division of Agronomy and Soil Science, University of
New England, Armidale, NSW, 2351 Australia
SIBSRAM. PO Box 9-109. Jatujak, Bangkok. 10900
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Thailand’s average rice grain yield is 2.2 t/ha, with
an average of 1.7 Uha in the northeast and 2.9 t/ha in
the more fertile central region (OAE 1995). Infertile
sandy soils and erratic rainfall are the major causes
of lower yields.

The major problem with most of northeast Thai-
land’s soil is low fertility. Soil samples down the
profile to 10 cm were collected from adjacent
cropped and uncropped areas in the southern part of
northeast Thailand to assess the impact of long-term
rice production on soil carbon (C) (ACIAR PN944§
1997). This survey revealed the large decline of
52%—85%: of total soil C and 60%—-83% of total soil
nitrogen (N). It is clear that these changes in soil C
and N after periods of cropping are assoctated with
reduced soil fertility and low rice yields in this area.



Soil organic matter (SOM) is considered a key
{factor in maintaining soil quality and is therefore
crucial in  determining  long-term  soil  fertility
(Wallace 1994). Much evidence indicates that the
decline in crop yield with continued production in
many temperate and tropical areas is correlated with
declines in organic matter levels (Sanchez ct al.
1987). Therefore, maintaining soil organic matter
must be considered one of the goals of sustainable
land management systems.

In the past. soil management to increase SOM has
generally been approached via the use of green
manuring and crop residue return. Application of
green manure, e.g. Seshania rostrata, Aeschynomene
afraspera cte. often results in increases in crop yield.
However, there was no evidence of long-term
improvement of SOM and soil fertility (Herrera ct al.
1989). Green manuring often produces short-term
pulses of nutrients into the farming systems,
resulting from extremely rapid release of C and
nutrients due to the rapid breakdown of the added
material. Conversely, lower quality crop residue (e.g.
cereal straw) releases nutrients too slowly, and in
insufficient quantities to meet microbial and crop
requirements. As an alternative, the application of
high quality residues which break down relatively
slowly due to chemical and/or physical restrictions,
could result in significant inputs of C, maintain other
nutrients at suitable levels over longer periods and
reduce soil nutrient losses.

To examine this hypothesis, and to assess whether
the generally low rice yields and poor quality of
some of northeast Thailand’s soils could be
improved despite the uncertain rainfall, a ficld exper-
iment was conducted to investigale the impact that
relatively small annual additions of organic material
to a rainfed lowland rice system have on SOM and
rice yields in one of the major soil types of northeast
Thailand.

Material and Methods

The ficld experiment (R2 experiment) began in 1992
at the Ubon Rice Research Center on an infertile acid
sandy soil (Aeric Paleaquult) of the Roi Et serics.
This field experiment was established to evaluate the
impact of small annual applications of leal litter,

fertiliser inputs and post-harvest rice straw manage-
ment on rice production, nutrient balances, and soil
organic matter dynamics. The cxperiment consisted
of a complete factorial design with [ive leal litter
treatments (no leaf litter, O cajan, A. auriculiformis,
S. saman, and P. taxodifolius), two inorganic er-
tiliser rates (Jow. 25:7:7. and high, 50:14:14 kg
NPK/ha, respectively), and two rice stubble manage-
ments (stubble removed and returned). with three
replications.

The A. auriculiformis, S. saman, and P. taxo-
difolius leaves were collected from locally grown
trees and dried prior to incorporation in the appro-
priate treatments. C. cajan was growit at the research
station and prepared in the same way as the other
leafl litters. All leaf litters and rice straw were sub-
sampled and the decomposition rate deter nined
using in vitro perfusion technique of Konboon ct al.
1995.

Leaf litter was applied cach year at 1500 kg dry
weight/ha and incorporated one week before trans-
planting, except for C. cajan in 1992, which was
applied at half the rate due Lo a shortage of material.
Table 1 shows the annual average addition of
nitrogen (N). phosphorus (P), potassium (F), and
sulfur (S) in lcaf litters. Thirty-day-old seedlings of
rice (Orvza sativa cv. KDMLI10S) were (ransplanted
and P, K, and half of the N were applied at
transplanting and the remainder of the N at panicle
initiation.

Plants were harvested at maturity and plant
samples taken for nutrient analyses. Soil samples
were collected following harvest and were dried at
40 °C and ground for chemical analyses. Only results
from the O-10 ¢m layer are reported here.

Total C (Cyr) and labile C (C;) measu ~ts

Sub-samples of the <2 mm sieved soil were taken
and ground to <500 pum and the total T (Cy)
measured in an ANCA-MS. The more labile soil
organic carbon was mcasured by oxidation with 333
mM KMnO, (Blair et al. 1995) as described in
Whitbread et al. (1999) in these i'roccediags. The
reference sample used was the soil collected from
primary lorest near to the experimental sites.

Table 1. Average annual input (kg/ha) of N, P, S, and K in the leaf litlers applied at 1500 kg/ha.

L.eaf litter N

C. cajun 62.7
A. auriculiformis 245
P. waxodifolius 29.3

S. suman 26.5

——
Erene

K S
17.9 3.5
8.1 2.0
6.6 2.3
8.3 2.5



An additional experiment (o study the fate of
nutrients and C {rom crop residues and fertiliser (R3
cxperiment) was also commenced at Ubon in 1996.
The experimental design and management is similar
Lo that described for the R2 experiment. The legume
residues applied were 1.5 tonnes dry weight/ha. The
treatment combinations included the 3-plant residue
application (C. cajan, A. auriculiformis and a no-
residue  control), two inorganic fertiliser rates
(25:16:8 and 50:16:8 kg/ha of N, P and K) and two
rice stubble managements (stubble removed and
returncd). with four replications. Thirty-day-old
seedlings of rice (cv. KDMLI105) were transplanted
at a spacing ol 25 ~ 25 em and 3 seedlings per hill.
Plants were harvested at maturity and plant samples
taken for nutrient and yiel¢ determinations. Soil
samples were collected early in the wet scason to
determine the breakdown and possible leaching of C
and N. The treatments intensively sampled were the
ones on which fertiliser was applied at higher rate
and rice straw residues were retained. Soil samples
were collected from the control, C. cajan, A. auricu-
liformis treatments at 0-10, 10-30 and 30-60 cm
depth at three sampling dates:

Sample 1: 10/6/97. Pre-rice — Rain event 2.

Sample 2: 14/7/97. After incorporation —-

first rain.

Sample 3: 25/7/97. After incorporation —

second rain.

These samples were analysed for Zy., Cr, and total
soil nitrogen (Np) to investigate the movement of C
and N down the profile as a result of leaching. Only
the results of C and nutrient leaching are described in
this paper.

Results and Discussions

Decomposition of plant residues

After 32 days, the highest O release of 40% was
observed {rom C. cujan followed by S. saman
(31.6%), P. taxodifolius (25.4%), rice straw (18.8%)
and A. auriculiformis (13.4%) (Figure 1). This study
showed that during the {irst 15 days there were very
large differences in the rates of decomposition with
C. cajun the fastest and A. auriculiformis the
slowest. From 15 to 30 days, the rates of carbon
release (rom the residues were very much closer

Field experiment R2

Rice grain yields

In 1992, the C. cajan leaf litter, although applied at
only half the rate of the other leaf litters, resulted in
the highest grain yields of’ 1683 kg/ha, most likely
because of the high concentration of nitrogen and the
faster breakdown and nutrient release ol this leaf
litter.

In 1993, the C. cajun leaf litter, from now applied
at 1500 kg/ha, still resulted in the highest yield com-
pared to other residue treatments, but the difference
was smaller than in 1992, All leaf litter treatments
produced higher rice grain yields than the no-leaf
litter control (Table 2). In the following three years,
C. cajan still resulted in the highest grain yields and
was closely followed by the A. auriculiformis and P.
taxodifolius treatments. By 1997 and 1998, there was
no significant difference in rice grain yicld when
compared between C. cajan leaf litter treatment and
other residue treatments. They were, however, signif-
icantly higher than the no-residue control treatment.

40
—@—— A. auriculiformis
30
- ~—~—p— P. taxodifolius
1
2 20 /‘ —3— S saman
k)
[ —— C. cajan
o
10 —&@— Rice Straw
0 T T T T T T
0 5 10 15 20 25 30

Times (days)

Figure 1. Decomposition of plant residues used in the experiment.



Table 2. Rice grain yield (kg/ha) of the leaf litter treatments from 1992 to 1998.

1992 1993 1994
C. cajun 1683 a® 1604 a 2010 a
A auriculiformis 1363 b 1463 ab 1597 b
P. tuxodifolius 1242b 1327 be 1683 b
S. saman 1194 be 1210 ¢d 1631 b
No leaf litier 1012 ¢ 1051 d 1197 ¢

1995 1996 1997 1998
1637 a 2282 a 1882 a 1969 a
1415 b 2090 b 1813 a 1916 a
1493 b 2043 be 1886 a 1981 a
1456 b 1896 ¢ 1804 a 212] a
1188 ¢ 1545 d 1507 b 1567 b

AMeans followed by the same letter within columns are not significantly different according to Juncan’s multiple range

test at P<0.05.

In cvery year of the experiment, increasing fer-
tiliser application rates led to an increase in rice
grain yicld. A: an early stage of the experiment
(1992-1994), rice grain yicld incrcased by
22%-26% with increasing fertiliser application rate.
In the latter years (1995-1998), the increment was
less than 20%. Chemical fertiliser is an importani

nutrient source for crops during the carly stages of

mtegrated nutrient management. Differential nutrient
release rates {rom residues can add to this nut-ient
supply. Residual itrient release from plant residues
can supply nutrienis over the long term.

Efect of rice stubble management on rice grain

yield was quite small. The only sigaificant effect of

returned stubble was obuerved in 1993, resulting in
an increase in grain yield from 1456 o 1606 kg/ha.
Aparl from 1993, there was no significant effect.

m 1992, the 7 cajan lcal litter application: pro-
duced the highest rice yields and yield gap compared
to C. cajain leal litter and other residue treatments.
‘the higher the nutrient input (62.7 kg/ka) and faster

decomposition rate associated with the C. cajan leaf

litter, the more nutrients were available for the rice
crop (Table 2). However, the yield gap between the
C. cajan leal litter treatment and other residue treat-
ments were gradually decreased from 1993 to 1996.
By 1997 and 1998, there was no difference in grain
yield obtained from the four residue ire: iments.
Moreover, application of A. auriculiformis, P. taxo-
difolius and S. saman leaf litter sroduced the highest
grain yield in 1996, 1997 and 1998, respectively.
Slow decomposable  organic  materials,  e.g.
A, auriculiformis, . taxodifolius. gradually decom-
posed and gradually released nutrients for the latter
rice crops—this is in addition to residual aatrients
accumulated frora tie previous application. The
grain yicld results (“able 2) reflect the differences in
breakdown raie and nutrient release of these resi-
dues, cornfirming the result from the in vitro per-
fusion study (Figure 1). The poor performance in the
carly rice crops after applicaiion of slow decom-
nosing organic materials suggests that when using
these residues to improve soil organic matter a larger
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amount of inorganic fertiliser would be required to
compensate for the nutrients immobilised during the
early stage ol nutrient management. The response to
diffcrent iypes of leal litler in this field experiment
suggests that management of residue breakdown, by
choice of species. method of incorporation. and
application of fertiliser, can have significant etfects
or the short, medium an¢ perhaps even long-ierm
availability of nutrients.

in the present study, applications of lea! litte:n
also improved grain yiclds by at least 19% over
those from the no-leat litter control treatment,
Fesults from s study support the findings of many
workers that application of plant residucs improve:
c.op growth and yield (Ta and =arts 1990: . "Onpra-
said et al. 1995) because the incorporation ol resi-
dues of forage or grain .cgarme crops usually result:
in an increased supply of mineral ™ ((roughton and
. wKenzie 1984; Strong et al. 1986).

Soil carbon

The reference soil, collected from an undisturbed
Jorest arca, indicated the initially large ¢ and <y,
pools that existed originally in this soil series
(Table 3). The experimental site had been cleared in
1971 and farmed to rice for at least 20 years prior (o
the experiment. The 1992 pre-trial soil analyses indi-

cated reductions of 90% and 85% in 77 and .
respectively,  resulting  in carbon  lability ()

decreasing from .25 to (.14 and a verv iow 7 a1 of
9 ( Mwle 3). Soil samples collected aft 1¢ hawvent
in 1997 showed a signiticant imarove: nent in € asso-
ciated with the retatively small leaf litter additions.
However. there were no differences between the leal
litter treatments tor any of the 7 parameter:
mecasured. All the cef litler treatments have sig-
nificantly higher ¢ and " concentrations than the
no-leaf litter control, resulting in an improvement in
the MI. The improvement in ™ in all pools in the
no-leaf’ litter treatment represents the contribution
from incorporated rice straw as ihe data for all treat-
ments in this Table are the means of the plus and
minus straw return and fertiliser treatments.



Table 3. The effect of leat litter addition on soil C status and carbon management index (CMI) ol the 0—10 c¢m soil layer at
Ubon, Thailand, at the beginning of the experiment (1992) and afler 6 cropping seasons (1997).

Cr Cr.

Lelerence soil 23.02 4.55

1992 2re trial 348 0.44
1997 1 o leaf litter 3.88 bt 0.59 b
C. cajan 4244 0.79
S. yaman 4.01 a 0.76 a
P. taxodifolius 4.07 a 0.81 a
A, auriculiformis 4.44 a 0.77 a

Cur. L CP1 LI CMI

18.47 0.25 [.00 1.00 100
3.04 0.14 0.15 0.59 9
2.79b 0.21 a 0.15b 0.86 a 13b
345a 0.23 a 0.18 a 0.95 17 a
324 a 0.24 a 0.17 a 0.97 a 17 a
326a 0.25 a 0.18 a 1.03 a I8 a
3.67 o 0.24 a 0.19 a 0.98 a 17 a

A Means followed by the same lette within columns are not significantly dilferent according to Duncan’s multiple range

test at 270.05.

The lability, or the proportion of the ™ pool that is
labile, increased from 0.14 in 1992 (o more than 0.20
in the leal litter treatments. Although the size of the
total carbon pool was il coasiderably lower 11an
that of the reference soil, there was a 15%-27%
improvement above the original Cr in 1992 and an
almost doubling in the 7y pool above the pre-irial
concentration (Table 3).

“he change of CHI over time is shown in
Figure 2.~ he 0.1 at the start of the tral in 1992
was 9 and began to improve in all treatments in
1994. “’he initial imorovement in the /47 of the no

feal litter applied treatment subsequentty levelled oft

in 1995, vac increase in 7 in the no leaf litter ircai-
ments is due to the inclusion of benefits of improved

increased to apnroximately 20 in 1996, except for the

Wl of the 50 saman treatment, wiiich declined
sharply in 1996. This may have been duc to the poor
qualiiy of the S. saman residies in 1996, which had
been stored since 1995,

In 1997, however, the in the . cajun,
A. auriculiformis and  P. taxodifolius  treatments,
decrcased markedly, while the 72 I of the 5. saman
treaiment increased.

The management of residues can affect the inpud
ol carbon and other nutrients into the system and the
rate at which SC v terns over. This in turn witl affect
the size of the vartous £C.M pools and. therefore, the
overall supply and availability of nutrients and ihe
eencral chenieal, physical, and biological fertility of

fertility, from residue reiurn and fertiliser. "'he = | the soil. a'l of which contribute to the sustainabiiity
in the four leaf litter treatments has  steadily of the system.
25
- C. cajan
20 ~ - A. auriculiformis »
. e —
Pt Vius = -
axodifolius ) PR \~
- S. saman o~
15 .
—¢—- Control e
b / = ——
O . .
10
t -
- ’
5 4
0 . : : . — .
1991 1992 1993 1994 1995 1996 1997

Fi e 20 impact of leal litter addition
Ratchathani, Thailand.
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on the carbon management index (CMI) in an Aeric Palequult soil at Ubon



Calculation of the CMI takes into account the
change in Cy pool size and its lability and gives a
more definitive picture of soil C dynamics than when
only a single parameter is used. It appears to be a
useful measure of the relative restorative or
degrading capacity of different management sys-
tems. Blair et al. (1995) found it a more usetul
indicator of soil C dynamics than Cr in a range of
agricultural systems in Australia and Brazil.

This field experiment shows that by understanding
the turnover rate of crop residucs and leaf litters, the
fate of the nutrients released from the organic mate-
rials, and the crop demand for nutrients, it is possible
to devise systems that maximise the reuse of plant
nutrients by crops.

C and N leaching experiment (R3)

There is a substantial decline in C with depth,
although C;. does not decrease substantially from
10-30 c¢m to 30-60 c¢m (Figure 3). There is no sig-
nificant difference in soil C between the 3 applied
residues.

Over time, however, there was a significant change
in Cy in the 0-10 and 10-30 cm depths and this was
related to the type of residue which had been applied.
Where no residue was applied, the Ct continues to
decline throughout the sampling period in the
0-10 ¢m depth. However, at the 10-30 ¢m depth, the
Cr initially declines but then increases in the {inal
sampling. The C. cajan residue which has a fast
decomposition rate follows a similar pattern. How-
ever, the A. awriculiformis shows a continuous
increase in Cr at 0-10 cm (not significant) and a

slight decreasce in the 10-30 c¢cm depth (Figure 4).
There does not appear o be a simple explanation {or
these results but they may be due to relatively small
additions of residue C compared to the total soil C
in 1992.

The total C content of the soil was calculated
using a bulk density of 1497 kg/m3, which was
measured at a nearby site and the measured Cy and
Cp values. There was a significant interaction
between the applied residue and sampling time for
the total C content. However, there were no sig-
nificant changes at the decper depths or for the Cy,
measurement. At the first sampling date, the total C
content for all three trcatments started at a similar
content. By the second sampling time, the C content
of the no residue control treatment or where C. cajan
was applied, C declined significantly and then
recovered somewhat by the third sampling time. The
total C content of the slower decomposing residue
treatment of A. awriculiformis remained steady for
the first two sampling times and increased by the
third sampling.

Table 4. The total C content (t C/ha) in the 0-10 cm depth
at three sampling dates.

Date 0 C. cajan A, auriculiformis
10/6/97 7.05a 7.36 a 697 a
14/7/97 648 b 585b 697 a
2517197 6.04 b 6.82a 7.22a

A Means followed by the same letter within a sampling date
are not significantly different according to Duncan’s
multiple range test at P<0.05.

30-60 A. auriculiformis
30-60 C. cajan
30-60 [}
= 10-30 A. auriculiformis
g 10-30 D G C. cajan
8 1030 H c o
0-10 A. auriculiformis
0-10 C. cajan
0-10 o
T T T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00
C (mg/g)

Figure 3. The Cr and Cy, of the 0, C. cajun, A. auriculiformis treatments at the first sampling.
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Figure 4. Totul C (Cy) at 0-10 and 10-30 ¢m depths at the three sampling periods.

A similar pattern emerged for Nt. In the O residue
treatment, Nt decreased from 0.042% to 0.037%
over the sampling period. The Nt remained rela-
tively steady for the A. auriculiformis treatment but
on the C. cajan treatment Nt decreased from 0.043%
at sampling | to 0.038% at sampling 2 and again
increased to 0.043% by the final sampling.

Conclusion

The development of efficient residue management
systems  for improving soil organic matter and
restoring soil (ertility levels requires an under-
standing of plant growth rates, and thus of course
demand for nutrients, such as N and S, and an under-
standing of the current nutrient status of the soil and
the likely risk of leaching. Optimising the supply of
organic nutrients to crops requires synchronising the
soils’ nutrient mineralisation rate with the crops’
nutrient needs. Improved matching of supply and
demand would result in less excess mineral nutrients
in the soil and, therefore, reduced opportunity for
losses. The nutrient supply may be synchronised
with plant nutrient uptake by manipulating plant
demand. for example, the planting date or crop
growth duration may be controlled (McGill and
Myers 1987). Alternatively, nutrient relcase and
nutrient use ctficiency may be manipulated by con-
trolling the quality of organic inputs such as crop
residues and green manures (Francis et al. 1994).
Thus, an organic material of the right quality may
release nutrients at approximately the same rale as
required by the crop.
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Future Research Directions
Field experiments

The results of the study on C and N leaching need to
be clarified. Similar evaluations of the effects of dif-
ferent management systems on the leaching of C and
nutrients need to be undertaken in field experiments.
Where the use of radioactively-labelled residues is
safe and permitted, this is the preferred methodology
due to its high precision and accuracy. In arcas
where this is not possible, the use of 3C, N and S
stable isotope labelled residuc is an attractive alter-
native. Priority should be given to developing eco-
nomical systems for production of large quantities of
evenly labelled residues and leaf litters. Natural
abundance techniques (for '3C, SN and even ¥S)
will continue to be useful, but with reduced accuracy
compared to the use of labelled/cnriched residues.

On-farm trials

The results of this field experiment showed the
impact that the addition of small amounts of leaf
litter and crop residues can have on crop production.
There i1s a need to now take the study to farmers’
fields to ascertain its practicality on-farm.

The trees used in this field experiment, e.g.
A. auriculiformis, S. saman, P. taxodifolius, were
shown to be effective in improving soil productivity.
The productivity of these and similar trees should be
further evaluated in farmers’ fields. A practical
system for their production, either on rice bunds or
in an agro-forestry system, needs to be developed.



Collaboration among the associated organisations,
¢.g. Departiment of Agriculture, Department of Agri-
cultural Extension, Department ol Land Develop-
ment and non-government organisations (NGOs), in
addition to technical supports {rom the Department of
Forestry is needed to ensure success of these studies.

Modification of the current field experiment

As seen in Figure 2, the CMI started to reach a
platcau in 1995. Modification of the experiment to
mclude increased residue application rates, other
residue species and their {requency of application
should be considered.
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The Management of Pre and Post-Legume Crops, Fertilisers

and Plant Residues on Rice Yields and
Soil Carbon in a Flooded Rice Cropping System

K. Naklang!, A.M. Whitbread?, Y. Konboon!, D. Suriya-Arunroj!,

G.J. Blair? and R.D.B. Lefroy?

Abstract

A field experiment began in 1992 at the Ubon Rice Research Center, in northeast Thailand. on
an infertile acid sandy soil (Aerie Pualeaguuldt). The objective of this study was to evaluate the
elfect of legume residues, lower quality rice straw, and inorganic fertifiser. on soil fertility, soil
carbon and the growth of rice. The inclusion of cowpea (Vigna unguiculata) within the rice system
was also evaluated for its potential to produce sced and biomass for incorporation. The treatments
were in a complete tactorial design consisting of three rice cropping systems (rice alone, rice with
cowpea and rice followed by cowpea), two leaf litter rates (0 and 750 kg/ha of raintree (Sumanac
suman) leaves, two fertiliser rates (18:14:13 and 50:14:13 kg/ha NPK) and two crop residue
treatments (rice stubble removed and returned), with three replications. Generally, the application
ol the higher fertiliser rate resulted in 14%-39% increases in rice yields but no elfect on the
growth of cowpea. Annual additions of raintree leaf litter improved rice yield from 1994 and
cowpea yiclds from 1996 indicating a buildup in sotl fertility. The Carbon Management Index
(CMU) reflected this improvement in sotl fertility by increasing from 12 in 1992 to 29 in 1996. The
retention of rice straw, however, did not impact on rice yield until 1998 (six seasons of rice straw
retention) and was critical for the success of the cowpea sown after harvest. This was almost
definitely related to the mulching effect of the straw reducing soil water loss and protection of the
cowpea seedlings. Raintree additions also positively influenced cowpea yields sown after rice in
later years of the trial. The benefit, in terms of cash and biomass, that mung beans or cowpea may
provide when included in the traditional rice system, depends almost entirely on seasonal
conditions. As these legumes are sensitive to waterlogging. good early season rains reduce legume
growth. The success of legumes sown following the rice crop depends on stored water in the
profile and the occurrence of late scason rains. The variable environment in northeast Thailand
makes the inclusion of legume crops in the rice system a risky option.

THATLAND i$ a rice-growing country in which 70%
of the total population are rice farmers. Thailand
presently produces rice in excess of its local con-
sumption and is thus a major exporter of milled rice.
Total rice production of the country in 1991-1992
was estimated at 20.4 million tonnes (OEA 1992).

'Ubon Rice Research Center, PO Box 65, Ubon
Ratchathani, 34000 Thailand

*Division of Agronomy and Soil Science, University of
New England. Armidale NSW 2351 Australia

YIBSRAM, PO Box 9-109, Jatujak, Bangkok 10900
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Thailand is divided into four regions: north, north-
east, central and south. The northeast is the largest of
the four regions, covering about one third of the total
land area of the country. The area of land in rice pro-
duction in the northeast is also the largest, at approx-
imately 2.7 million hectares. However, average rice
yields are the lowest in the country. The average rice
grain yield of Thailand is 2.2 t/ha compared to an
average of 1.7 t/ha in the northeast and 3.0 t/ha in the
more fertile central region. Infertile sandy soils, with
some salinity problems, low use of fertilisers and
erratic rainfall account for the lower yields achieved
by northeast farmers.



Large increases in rice yields have been demon-
strated  with applications of fertiliser. farmyard
manure, rice straw, other rice residues and the use of
green manuring lechnologies, such as Seshania
rostrata and Aeschynomene afraspera (Herrera et al,
1989). Generally, these increases arc only obtained
at unacceptably high costs in terms of cash outlay,
the fertility of other regions or labour. A combina-
tion of relatively low cost technologies is required to
produce increases in yield and result in long term
restoration and subsequent maintenance of the soil
resource  base.  Carclul  management of residue
quality and guantity, combined with the judicious
use of inorganic fertilisers, allows management of
organic matter and nutrient dynamics to produce
systems which should prove to be more sustainable.

Another constraint to rice production in the north-
east is that 95% of paddy ficlds are in rainfed areas.
The annual rainfall  varies between 1000 and
2000 mm. In addition, and perhaps more critically,
the distribution of rainfall varies considerably.
Delays in the onset of the rainy season in May and
June, dry spells in mid season (late Junc and July)
and short flooding periods iater in the season (Sep-
tember and October) can be significant constraints.

In the past, transplanting of rice seedlings was the
normal practice, but now direct seeding is gaining in
popularity because of the shortage of labour. T.and
preparation is usually carricd out by animal power or
small farm tractors, as soon as there is sufficient
moisture. Some farmers apply chemical fertilisers,
but a large part of the rice growing arca is still
cultivated without the application of any fertiliser.
The cost of chemical fertilisers in Thailand is
relatively high compared to other countries. Even
those turmers who use fertilisers apply low amounts:
common applications are in order of 40, |1 and
10 kg/ha of NPK as 16:16:8 compound feriiliser
and urea.

In the face of these constraints, farmers in
Thailand must combine technologies for optimal
production. A system is described in this experiment
that demonstrates the Jong-term impact of the
management of different organic residue sources on
soil fertility and yields.

Materials and Methods

A ficld experiment was commenced in 1992 at the
Ubon Rice Research Center, in the northeast of
Thailand, on an infertile acid sandy soil (Aeric
Pualeaguult)y of the Roi Et series—a widely dis-
tributed soil used for rice production in northeast
Thailand. The Roi Et scries are acid (pidu, 4.2),
sandy (sand = 85.4%. silt = 10.5%, clay = 4.1%)
soils derived from sandstone. The site of the experi-
ment had been cleared in 1971 and farmed to rice for
at least 20 years prior to the experiment.

Tais field experiment was established to evaluate
the efleet that small amounts of relatively high
quality legume residues with different breakdown
rates. lower qualily rice straw, and inorganic ferti-
liser had on soil fertility, soil carbon und the growth
of rice. The inclusion of mung bean or cowpea as a
cash crop within the rice system was also eveluated
for its potential to produce seed for harvest and bio-
mass lor incorporation. The treatments were in i
complete lactorial design consisting of three rice
cropping systems [rice alone, rice with mung
bean/cowpea (Vigna radiata/Vigna unguiculata) and
rice (ollowed by cowpea (Vigna unguiculata CP-4-3-
2-1)], two leat litter rates (0 and 750 xg/ha of
Samanae saman lcaves), two fertiliser rates (8, 14,
[3 and 50, 14, 13 kg/ha NPK) and two crop residue
treatments (rice stubble removed and returned), with
3 replications. The sowing and harvesting dates ol
the rice and legume crops rom 1992-1998 are
displayed in Table 1.

Table 1. The sowing and harvesting dates of the rice and legume crops from 1992-1998.

1992 1993
Rice
Sowing 17 June 9 June
Flowering date 5 Oct 18 Oct
Harvest 11 Mov 15 Nov
Mung bean/cowpea with rice
Sowing 17 June 9 June
Sampling 24 July 12 July
Cowpea after rice
Sowing 13 Nov 24 Nov
1*! Harvest 2 Feb [t Feb

N
8]

1994 1995 1996 1997 1998
17 June 22 June [2 June 9 June 3 June
17 Oct 1 Oct 7 Oct 10 Oct 9 Oct
15 Nov 9 Nov 11 Mov 12 ov 4 Nov
17 June 14 May 12 Junc 9 June 3 June
5 Aug 20 June 16 July 14 July 7 July
|8 Nov 10 Nov 18 Nov 14 Nov 10 Nov
2 Feb 29 Jan 10 Feb 19 Jan 8 Feb



One week before the rice was sown, the dry leaves
of rain tree were applied and incorporated into the
soil. At planting in 1992 and 1993 and 1995, chem-
ical fertiliser was applied and incorporated into the
soil, at the rate of 0, 14, 13 kg NPK/ha and 32, 14,
13 kg NPK/ha for the low and high nitrogen treat-
ments, respectively. In 1994 and 19961998,
fertiliser was broadcast | month after planting
instead of being incorporated. At panicle initiation,
urca fertiliser was topdressed to a:l plots at the rate
of 18 kg N/ha.

In all three rice cropping systems, rice (cv. RDI5)
was broadcast at the rate ot 60 kg/ha onto cultivated
moist soil. Where rice was planted with mung beans
in 1992 or cowpea in 1993—'998, the legume seeds
were broadcast together with the rice at a seeding
rate of 30 kg/ha and soil was raked over the seeds.
The principle behind this system °s that the legume
and rice grow together until the legume can no
longer toleruie the anaerobic conditions. If the rains
fail, the legume and rice can grow together, and both
can be harvested. The stage at which the legume is
TJooded out will determine the benefit derived by the
rice [rom t1e biomass and, more particularly, fixed
nitrogen produced by the legume. From [993-1996,
cowpea (cv. CP4-3-2-1) was used instead of mung
bean because it is more tolerant to flooding.

In 1995 only. the cowpea was planted alone and
grown for 35 days before it was incorporated and
30 day-old rice scedlings were transplanted (Table ).

In the rice followed by cowpea system, cowpea
was planted less than 10 days after the rice was
harvesied (Table 1) and grew on the residual soil
moisture and any late rains that fell. Soil remained
untilled after harvest and the cowpea seeds were
dibbled into the soil at a spacing of 20 x 40 ¢cm. This
system can produce harvestable product or just bio-
mass, depending on the season. The cowpea crop was
harvested as it matured and was separated into shell
and seed. When all the plants had stopped producing
seeds, the remaining biomass was weighed, and
returned to its respective plot along with the shells.

Rice plants were harvested at maturity and plant
samples taken for nutrient analyses of grain, threshed
panicle straw, and stubble. The straw was removed
from the stubble removed treatments and remained
in the stubble retained treatiments. Soil samples were
taken from the 0—10 ¢m layers following harvest and
prior to cultivation in tne following crop, dried at
40 C and ground for analysis.

Total C (Cy) and labile C (Cy) measurements

Subsamples of the <2 mm sieved material were
taken and ground to <500 um and the C measured
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in an automatic nitrogen and carbon analyser mass
spectrometer system (ANCA-MS), consisting of a
Dumas-type dynamic (lash catalytic combustion
sample preparation system (Carlo Erba NAI1500),
with the evolved gases separated and analysed by
mass spectrometry (Europa Scientific Tracermass
Stable Isotope Analyser). The more labile soil
organic carbon was measured by oxidation with
333 mM KMnOQy (Blair et al. 1995).

The Cy. and C;, measurements were used to calcu-
late a Carbon Management Index (CMI) (Blair et al.
1995) as described in Whitbread et al. (1999) in
these Proceedings. The reference sample used was
the soil collected from primary forest near to the
experimental sites.

Results
Carbon

Soil samples collected and analysed following
harvest in 1996 reflect the influence of the various
residue and fertiliser treatments over the past four
seasons on . The reference soil, collected from a
nearby forested site, represents the original C levels
of these soils prior to clearing and farming. The pre-
trial sample which is a composite of the three
replicates shows the effect of more than 20 years
ol rice paddy cultivation on these sandy soils.
Cr and C; declined by 83% and 88% from the
original reference soil resulting in a CMI of (2
(Table 2).

There was an overall increase in C on all treat-
ments representing better management of the site and
inputs of C from ungrazed weeds growing on the
plots during the dry scason. Inputs of C in the form
of roots were an additional C source that was not
measured.

By 1996, the annual input of 750 kg/ha of raintree
reaf litter significantly increased the Cy Cy., and the
CMI from 25 to 29 (Table 2). The high fertiliser rate
increased Cy, and the CMI while the management of
rice straw at harvest had no cffect on any of the
C paramelers.

The C measured on soil samples during 1994 and
1995 were included in a repeated measures AOV
with the 1996 data. There were significant increases
cach year in all C parameters measured and when
averaged across seasons. the addition of raintree leaf
litter resulted in significantly higher C. No signifi-
cant interaction between year and trcatment was
found (data not presented).



Table 2. Effect of raintree leaf addition, fertiliser and rice straw on C dynamics.

Site/treatment Cy Cy, Cni,
Reference 23.02 4.55 18.47
Pre-trial 3.92 0.56 3.36
- Raintree 6.89 bt 1.15b 5.74 b
+ Raintree 749 a 1.33 a 6.16 a
Low fertiliser 7.01 a 1.I7b 583 a
High fertiliser 7.38 a [.31 a 6.07 a
- Straw 7.00 a 1.22 a 578 a
+ Straw 7.38 a 1.26 a 6.11 a

L LI CPI CMI
0.25 1.00 1.00 100
0.17 0.68 0.17 12
0.21 a 0.84 a 0.30 b 25b
0.22 a 0.90 a 0.32a 29 a
0.21 a 0.84 a .30 a 25b
0.22 a 0.90 a (.32 a 28 a
0.22 a 0.87 a 0.30 a 26 a
0.21 a 0.86 a 0.32a 27 a

A Means followed by the same letter within columns are not significantly different according to DMRT at P<0.05.

Mung bean (1992) or cowpea (1993-1998) sown
with rice

The dry matter yield of mung beans and cowpea
varicd enormously between the seasons and as a
result of treatment cffects. No grain was ever
produced and only the biomass production at the
sampling dates in Table | are reported. In 1992, due
to the slightly delayed planting of this experiment
and the carly rain, the mung bean did not establish
very well before the plots were flooded and. conse-
quently, on most plots there was generally less than
50 kg DM/ha produced.

In 1993, mung bean was replaced by cowpea in
the broadcast rice + legume system. Cowpea bio-
mass production responded significantly to the
higher fertiliser application rate which increased
yield from 644 to 1124 kg DM/ha. Although not
significant, rice stubble retention increased the
cowpea yield from 752 1o 1014 kg DM/ha.

The cowpea dry matter yields in 1994 and 1995
were unaffected by treatment imposcd and varied
from 48 to 905 kg DM/ha in 1994 and from
84--1354 kg DM/ha in 1995 (average of the raintree
treatments in Table 3). By 1996, however, the cumu-
lative effects of the residue treatments (raintree
and rice stubble management) began to influence
cowpea yields.

From 1996, cowpea biomass production increased
significantly due to the annual applications of
raintree leaf litter (Table 3). In 1996, grain yield
increased from 1641 kg/ha where rice stubble was
removed to 2044 kg/ha with four scasons of rice
stubble retention. However, the same effect was not
significant in 1997 and 1998.

Yield of cowpea sown following rice

Cowpea immediately following rice harvest grew on
the residual soil moisture that remained from the rice
crop. As rain following harvest is generally very lim-
ited. it was critical that the cowpea established
quickly and was able to grow roots into the soil pro-
file 1o tap the water from the drying soil profile.
During 1992, the yield of grain, shell and plant bio-
mass showed no significant effect due to the treat-
ments imposed. By 1993, however, the retention of
rice stubble became critical for maximising cowpea
growth and generally resulted in more than doubling
cowpea yield (Table 4).

Cowpea yield was unaffected by the fertiliser rate
applied to the rice crop but the application of the
raintree leaf litter significantly increased cowpea
grain and shell' yield in 1995 and 1996, and shell
yield only in 1997 (Table 5). The 1998 data are still
being collected.

Table 3. The effect of annual applications of raintree (750 kg DM/ha) on mung bean (1992 only) or cowpea (1993-1998)

dry matter yicld produced when sown with rice.

Mung bean/cowpea yield 1992 1993 1994 1995 1996 1997 1998
(kg/ha)

Raintree 61 a 799 a 332a 538 a 1503 b 380 b 337b

+ Raintree 17 a 968 u 353 a 590 a 2182 a 509 a 461 a

AMecans followed by the same letter within columns are not significantly different according to DMRT at P<0.05.
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Table 4. The effect of rice straw management on the
grain, shell and stubble yield of cowpea sown after the rice
harvest.

Grain Shell Stubble
Yield (kg/ha)
1992 - Straw 226 a 97 a 298 a
+ Straw 236 a [03 a 479 a
1993 - Straw 205 a 109 a 538 a
+ Straw 434 b 257 b 1022 b
1994 - Straw 185 a 109 a 96 a
+ Straw 458 b 257 b 399 b
1995 - Straw 132 a 376 a 134 o
+ Straw 193 b 548 b 445 b
1996 - Straw 1552 68 a 134 a
+ Straw 719 b 276 b 536 b
1997 - Straw 61 a 43 a Sla
+ Straw 267 h 166 b 138 b

A Means {ollowed by the same letter within a ycar are not
signiticantly difterent according to DMRT at P<0.0S.

Table 5. The effect of annual application of 750 kg/ha
raintree leaf litter on the grain, shell and stubble yield of
cowpea sown after the rice harvest in 1995, 1996 and 1997.

Grain Sheli

1995 - Raintree 122 b 385 b
+ Raintree 203 a 540 a

1996 - Raintree 295 b ISb
+ Raintree 578 a 229 a

1997 - Raintree 126 b 82 b
+ Raintree 202 a 126 a

AMeans followed by the same letter within plant part and
year are not significantly different according to DMRT at
P<0.05.

Rice yield

The effect of the various treatment combinations on
rice growth was measured annually on rice grain,
panicle straw and stubble production. Across all
years, the most consistent treatment effect on the
yield of rice was due 1o the higher rate of application
of fertiliser which significantly increased rice grain
yield (Table 6), panicle straw and stubble yields
(data not presented) each year. The percentage
increase in grain yield due o the increased rate of
fertiliser varied between seasons and ranged from
14% to 39%.

Table 6. The cffect of fertiliser rate on rice grain yield
(kg/ha).

Grain Yield (kg/ha)

Year Low High Per cent
fertiliser fertiliser increase
1992 2389 b 2970 a 24
1993 1389 b 1930 a 39
1994 1497 b 2006 a 34
1995 2453 b 2795 a 14
1996 2544 b 2906 a 14
1997 2262 b 3077 a 36
[998 2045 b 2461 a 20

AMeans followed by the same letter within a year are not
significantly different according to DMRT ut P<0.05.

The annual application of a relatively small
amount of raintree leat litter (750 kg DM/ha)
resulted in significant increases in grain yield in
years 1994 and 1996 to 1998. These increascs

Table 7. The effect of the application of raintrec leaf litter on rice grain yield.
Grain yield Per cent Panicle straw + stubble (kg/ha) Per cent
(kg/ha) increase? increase?
- Raintree + Ruintree - Raintree + Raintree
1992 2685 a 2674 a 0 4459 a 4412 a -1
1993 1626 a 1694 a 4 4070 a 4217 a 4
1994 1615 b 1887 a 17 3805 b 4201 a 10
1995 25334 2716 a 7 4167 b 4647 a 12
1996 2621 b 2829 a 8 6086 b 6810 a 12
1997 2506 b 28324 13 6145 b 7211 a 17
1998 2101 b 2405 a 14 4716 b 5762 a 23

Means tollowed by the same letter within a plant part and rows are not significantly different according to DMRT (P<0.05).
Y% increase = (yield of + raintree)—(yicld of - raintrec)/yield of - raintree.

n
[



generally becoming larger each season reflecting the
cumulative benefits of annual leaf litter additions to
soil fertility (Table 7). Panicle straw + stubble yields

were also significantly increased by raintree leaf

litter additions in every season from 1994, with the
difference in yields between the no raintree treatment
and the treatment with leaf litter applied becoming
consistently larger each year (Table 7).

The eftect of the mung bean/cowpea planted
cither with rice or following the rice crop varied
between seasons. In 1992, carly flooding induced
the poor growth of the mung bean planted with the
rice (Table 2) and resulted in no effect on the final
rice yicld (Figure 1). Biomass produced from
cowpea following the harvest was also minimal
(Table 4). As a result the 1993 rice yields were
unaffected by the previous yecars legume growth.
The biomass produced by the cowpea planted with
rice in 1993 again resulted in no significant effect on
rice yield. In 1994, the grain yield increased where
cowpea was sown with rice (P<0.01) (Figure 1)
while there was a highly significant incrcase
(P<0.001) in panicle straw and stubble yields (data
not presented).

In 1995, there was a significant intcraction
between fertiliser rate and the cowpcea treatments in
rice yield. The high fertiliser ratc applied to the rice
alone or the cowpea planted after rice systems
increased grain yield (Table 8), panicle and stubble
yiclds (data not presented) compared with the low
fertiliser rate. Rice yield remained unaffected by an
increase in the fertiliser rate where cowpea had been
grown after the rice phase.

3500 -
3000
2500

2000

Grain yield (kg ha)

Table 8. The interaction between the cowpea system and
the fertiliser ratc on rice grain yield (kg/ha) in 1995.

Grain yicld (kg/ha) Per cent
increase
Low High
fertiliser fertiliser
Rice alone 2395 ¢ 2775 ab 16
Cowpea before rice 2281 ¢ 2950 a 29
Cowpca after rice 2684 b 2661 b -1

AMeans followed by the same letter within a year are not
significantly different according to DMRT at P<0.05.

In 1996, the cowpea treatments, whether planted
with or following the rice crop, resulted in signifi-
cant increases in grain yield of almost 300 kg/ha
(Figure 1) while stubble yield was also significantly
increcased by more than 1000 kg/ha on the cowpea
following rice treatment compared with rice alone.
In 1997, rice yield only significantly increased on the
cowpea following rice system.

Grain and panicle straw yield in 1998 was unaf-
fected by the cowpea treatments. However, stubble
biomass significantly increased from 3715 kg/ha
where rice is planted alone and 4047 kg/Ma where
rice is planted with mung bean to 4814 kg/ha on the
cowpea planted afler rice treatments.

Discussion

The response to different types and rates of legume
residues in this ficld experiment suggests that

1500 —@— Sown after rice
1000 —il— Sown with rice
—&— Rice alone
500
0 T T T T T 1

1992 1993 1994

1995 1996 1997 1998

Figure 1. vhe yicld of rice (1992 1998) on a cropping system planted with mung bean/cowpea. cowpea following the rice

harvest and rice alone.



management of residue breakdown, by choice of
species, method of incorporation and application of
fertiliser, can have significant effects on the short,
medium, and perhaps even long-term availability of
nutrients. Theretore, management of residues can
affect the input of carbon and other nutrients into the
system and the rate at which soil organic matter turns
over. This in turn will affect the amount of soil
organic matter in the various soil organic matter
pools and. therefore. the overall supply of nutrients,
the availability of nutrients and the gencral chemical,
physical and biological fertility of the soil.

Generally, the application of the higher fertiliser
rate resulted in a positive and immediate impact on
yields and C while the effect of the other residue
treatments was cumulative. The addition of raintree
leal litter resulted in increases in C and rice yields
later in the experiment (Tables 2 and 3) indicaling a
buildup in soil fertility. The retention of rice straw,
however. did not impact on C or rice yield, but was
critical for the success of the cowpea sown afler
harvest. This was almost definitely related to the
mulching effect of the straw reducing soil water loss
and protection of the cowpea seedlings. Rainuee
additions also positively influenced cowpea yields
sown after rice in later years of the trial.

The benefit, in terms of cash and biomass, that
mung beans or cowpea may provide when included
in the traditional rice system, depends almost
entirely on seasonal conditions. As these legumes are
sensitive to waterlogging, good early season rains
reduce legume growth. The success of legumes sown
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following the rice crop depends on stored water in
the profile and the occurrence of late season rains.
The variable environment in northeast Thailand
makes the inclusion of legume crops in the rice
system a risky option. If cheap seed is available and
the additional labour required for planting and
harvesting is kept to a minimum, the legumes may
provide extra cash and/or {vood in some seasons. Rice
yields were positively influenced by the cowpea
following rice harvest system indicating some soil
fertility benefits derived from the legume biomass
produced. The additional soil fertility benefits, how-
ever, are fairly small and probably worthwhile only
in combination with the production of a cash crop.
An economic evaluation of this system will provide
additional information for the decision-making
process.
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Nutrient and Organic Matter Management in Ca<

"AMBODIAR agriculture s entering a period of rapid cut-and-carry - green  manures. cow
development. The economy has become more open, household waste). The increased
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Abstract

Cambodiun agriculture is in a phase of rapid development thut requires more sophisticated
management of nutrients and organic matter in order to increase and stabilise yields search
indicates that there is a diverse range of soils throughout lowland rice-growing arcas of Cambodia
to which management must be tailored. On sandy surfaced soils, organic matter addition intensifies
soil reduction and pH increases upon flooding. These change: have led o improved fertiliser use
cificiency on similar soils in northeast Thailand. However, in Cambodia, field cxperiments have
not shown a positive interaction between cow manure and inorganie fertiliser addition in terms of
aramn yield of rice grown on these soils. On the low uctivity clay soils. ficld experiments at some
sites show 4 posilive interactton between cow manure and inorganic fertiliser addition so that the
cfficiency of inorganic fertiliser use is substantially improved when applied together with cow
manure. It is not clear. however, whether the effects of cow manure are operating through induced
chemical changes in the zoil or through the addition of potassium or other nutrients contained in
the cow manure. A comparison of the soil properties of the seedbeds and mainfields on [5 furms
showed that scedbed areas recetved about five times more cow manuie and slightly more urca than
mainficld arcas over a period ol seven years. Plant growth on the nursery arcas was higher than on
the mainficld areus, but total organic C and other soil properties were not ditferent. The cost and
benefiis of rescarch aimed at improving soil organic matter levels ax opposed to rescarch aimed at
better managemeni ol inorganic fertilisers on sandy soils needs to be examined. Simple indicators
are also needed to help local rescarchers and extension officers monitor changes in soil chemical
and physical fertility due to ditterent management regimes.

inpuis are more available axd ihe

manure
quantitics
nutricnts removed by higher yields will have to be

sovernment has a policy to increase food sroduction
o keep pace with the rapidly expanding population
(' AG 1994). The need for increased food production
and inability to significantly expand agricultural
accas will substantially change the way farmers
manage nutrients and organic matter in their soils.
For most of the country's history, farmers have
subsisted on low  yields which removed  small
amounts ol nutrients (rom the soil. These nutrients
could be replaced through natural nutric t additions
(inputs, through rain, soil weathering anc . {ixation)
and the recycling of organic maierials  (straw.

'Cambodia-IRRI-Australia Project, PO Box 01, Phnom
Penh, Cambodia.

replaced (hrough inorganic fertiliser addition: und
changes in the management of manures and crop
residues. Greater biomass production greaier turn-
over of nutricnts, and the utilisation of an unfamiliar
nutrient sources (inorganic fertilise ) will all require
more  sophisticated management of  resources by
farmers than currently occurs. importantly also, the
management strateges that need to be developed und
extended to farmess will vary over the country.
depending on the soils, existing farming sys.em and
environment.

A varied range of soils oceurs in the rice-growing
areas of Cambodia. Some soils wre acidic, sandy.
with low levels of organic matler and weatherable
minerals. Other soils ae moderately fertile. with



higher clay contents and low o moderate organic
matter levels. Sull other soils have relatively high
organic matter levels and good soil structure but very
low available nutrient levels (White et al. 1997a). All
these soils present different problems for nutrient
and organic matter management. Added to this com-
plex range of soils are varied farming systems and
cenvironments. Large land holdings (2-5 ha) in the
north and northwest of the country, which rely on
tractor-ploughing and direct seeding. contrast with
the small land holdings (<1 ha) in the south of the
country, wherc animal-ploughing and transplanting
systems are used. Similarly, the unpredictable
growing conditions caused by total reliance on
erratic rainfall in some areas contrasts with (he
wetier and more stable environments in the direct
seeding rice areas (Nesbitt and Than 1997).

Specific problems and solutions are therefoie
likely to arise for many individual circumstances.
Seneralisations should be made with caution, bul
extrapolation of resecarch results from other couniries
is likely to speed nrogress in Zambodia, given the
limited soil reccarch that has been conducted. Fecent
advances in the understanding of ihe effects of testi-
liser and organic matter addiiion to the rainted rice
soils ol mortheast  Thailand  has enabled  good
progress in the understanding of these processes in
Cambodia (Willeit 1995 Hnprasaid et al. 1995;
Supapoj et al. 1998, Fonboon et al. 1998). These
results apply o some soils in Z¢ wodia under some
circumstances. but there are still significant areas
where ‘undamental rescarch s required. As a better
unde:standing of Cambodia’s soils is obtained, then
collaborative research with other national and inter-
national rescarch institutions is likely to produce
substantive gains.

This peper reviews research involving nutrients
and organic matter that has been conducted in
Cambodia. The aim is to examine the types of
responses that occur as a result of organic and

inorganic nutrient addition and to compare these
with research conducted clsewhere in the region.
New directions for research and extension are
discussed in the final scction.

Rice-growing Soils in Cambodia

White et al. (1997b) described 11 soils used for rice
nroduction in Cambodia but only four will be dis-
cussed here 1o illustrate the range of variation that
occurs (Table 1).

Sandy s

Soils with sandy surface textures have been classi-
led into either the Prey Khmer or rateah ..ang
groups (White ct al. 1997b). The Prey Khmer soil
has a sandy sarface horizon extending 50 cra or
deeper, while the Sratcah Larg soil has a shallow,
sandy-textured surfuce horizoa (usually 10 to 30 cm)
over a clayey or loamy textured subsoil. hese soils
can be classitied either as cintisols, “Isols or
Alfisols  (often  2linustults ~plusalfs) (Soil
Survey Staff 1994).

“he responie to nutrient and organic  matter
management of these sois are simtlar in some
respects Lo those of norther .1 Thailand as desceribed
by v/illett (1995). The organic carbon f{raction ol
these soils constilutes a large proportion of the cation
exchange capacity 7 7). Willett (1995) suin-
marised data (pereentage organic carbon content
(o), percentage clay content (clay) and JECD)
rom 16 soil samples from northeast “hailand by
fitting the following multiple regression equation
which accountea lor 95.5% ol .he variation:
CAC==10.5+ 018 clay + 4.1 oo + 2.0 pa . Similar
regressions were  fitted to the  rey Khmer and
Frateah Lang soil types and the multiple regressions
shown in Table 2 were produced.

or

T le 1. Chemical propertics of Cambodian rice soils (modified from Sovuthy ct al. 1996).

Soil purameter Prey “hmer Pratcah Lang Koktrap Bakan
measured?

pH (1:1 soil 10) 5.48+0.74 5.53+0.59 5.09+0.60 5.34+0.71
Organic C (%) 0.34+0.31 0.29+0.21 1.28+£0.63 0.430.23
Total N (%) 0.04+0.03 0.0320.02 0.12£0.00 0.05+0.02
Olsen P (mg/kg) 1.02+0.86 0.90+0.98 3.19+1.81 1.71+2.97
CEC (emol©'7kg) 1.36+1.77 2.28+2.74 7.36x6.84 4.75x4.87
Clay (%) 49229 8.8+7.1 22.2+15.5 17.0£14.1
Silt (%) 29.9+22 .48 40.4£12.3 40.6x12.8 47.4+15.3

*Value * standard deviation,



Table 2. Constant and regression coef(icients of the equation CEC = by + b Clay content + by OC content + b; pH for four

rice-growing soils in Cambodia.

Soil type

by b
Prey Khmer -1.63 0.22
Prateah Lang -2.18 0.24
Bikan -5.24 0.24
Koktrap -23.72 0.19

The CEC of the Thai soil samples were deter-
mined at soil pH and low ionic strength (Gillman and
Sumpter 1986) which unfortunately was not the case
for the Cambodian samples (ADAS 1981). OC con-
tents of all samples were determined using the
Walkley-Black method.

The regressions indicate some similarity between
the sandy soils of northeast Thailand and those of
Cambodia, particularly the Prey Khmer soil type.
The effect of OC on CEC was larger than that of clay
{or both soil types since the parameters are expressed
as percentages. The contribution of OC to CEC,
however, was clearly greatest for the Thai soils,
followed by the Prey Khmer soils and then the
Prateah Lang soils.

The chemical changes in the sandy Cambodian
soils upon flooding are also similar to those observed
for the Thai soils (Willett 1995; Seng et al. 1999a).
The pH and Eh values of the Prey Khmer soil
changed rapidly upon flooding. The addition of
organic matter increased soil pH and decreased its
Eh significantly (Seng et al. 1999a). The kinetic pat-
tern of pH and Eh changes in the Cambodian soil
was similar to that of the Thai soil. However, the
Thai soil was more strongly reduced than the
Cambodian soil which could have been due to
greater level organic carbon and extractable Fe in the

Constant and regression coefficients

by

Do —
—_ ) —
—nC

Number of

samples
hj r
0.13 0.76 27
0.33 0.56 108
0.82 0.69 80
3.75 0.81 20

Thai soil compared to those of the Cambodian soils
(Willett and Intrawech 1988: Seng et al. 1999a).

Adding rice straw to the flooded Prey Khmer soil
in a pot experiment increased plant growth, extract-
able P levels in the soil and P uptake by the plant
(Table 3). The increased P avatlability and P uptake
resulted from the pH and Eh changes described
above and were directly related (o the increased plant
growth (Seng et al. 1999a). Addition of inorganic P
resulted in a higher yield than when straw was
applied alone. Addition of both straw and P resulted
in a significant additive effect but an interaction
between P and straw application did not occur
(Seng et al. 1999a).

Results from field experiments examining the
response of rice grown on the Prey Khmer and
Prateah Lang soils to inorganic fertiliser, and organic
matter additions, are variable. In general, however,
rice responds well Lo inorganic fertiliser application
and slightly less well to cow manure application but
rarely is an interaction observed {rom adding both
nutrient sources together on these soils (Table 4).
Typical responses of rice to inorganic fertiliser and
cow manure application that have been observed
over the past 10 years of research by CIAP are pre-
sented in Table 4. The average increase in rice yield
was about 100% (range: 19-175) when inorganic

Table 3. Response of shoot dry matter and P uptake at panicle initiation (P1) of lowland rice. ¢v. Neang Ourk to the
addition of phosphorus and straw into two soils subjected to continuously flooded conditions and grown in pots.

Treatments Koktrap soil Prey Khmer soil
Shoot DM Shoot P content Shoot DM Shoot P content
(g/pot) (mg/pot) (g/pot) (mg/pot)

Control 11.8 9.3 309 33.6

+P2 58.7 96.1 59.6 11

+ Straw " 14.2 13.6 37.7 48.8
P+straw 69.6 137.3 63.0 [25.2
LSD¢ (P<0.05) 0.8 4.4 1.3 39

2P applied at 45 mg/kg soil, ® straw applied at 2 g/kg soil, ¢ least significant difference.
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Table 4. Rice yield responses to inorganic NPK fertilisers (InF) and cow manure at 10 locations in Cambodia. Data
sources CIAP (1992), CIAP (1995), CIAP (1999), and Seng et al. (1999b).

Rice grain yield in the control treatment (t/ha) and yicld response (tha) to

additions of inorganic fertiliser, cow manure or combinations of the two forms

Location Soil type

Yield of

control
Por Lors Prateah Lang 0.4
Tuk Will Prey Khmer 1.1
Koktrap Prey Khmer 1.2
CADRI Pratcah Lang 3.7
Toul Bakha - - DS 90 Bakin 2.5
Toul Bakha - - WS 90 Bakan 2.4
Ta Saang — WS 94 Bakan 24
Slakou — WS 94 Bakan 1.5
Toul Koktrap RS 94 Koktrap 1.2
Toul Koktrap RS 94 Koktrap 1.6

fertiliser was applied alone, 68% (range: 11-200)
when cow manure was applied alone, and 168%
(range: 40-425) when inorganic fertiliser and cow
manure were applied together. These averages are
somewhat misleading because of the very low yields
of rice at Por Lors station when grown without ferti-
liser in 1989. The average yield increases in all trials
conducted in 1993 by CIAP on the Prey Khmer and
Prateah Lang soil types was 79%: (range: 26—109) for
inorganic fertiliser addition, 22% (range: 845%) for
cow manure addition and 89% (range: 50-125) for
concomitant inorganic fertiliser and cow manure
addition (CIAP 1994).

The vanable responses to inorganic ftertiliser and
cow manure addition are consistent with the varia-
tion commonly occurring in the rainfed rice-growing
cnvironment of Cambodia, where water supply fluc-
tuates causing drought and flooding (Nesbitt and
Chan, 1997), and the nutrient concentration of cow
manure varies (Litzenberger and Ho Ton Lip 1963).
The mean nutrient concentrations of the cow manure
used in the experiments reported above were not
determined; however, the data available on the nutri-
ents contained in various sources of cow manure in
Cambodia are listed in Table S.

Modelled responses to nutrient addition predict
similar yield increases as those detailed in Table 4
(CIAP 1998). The model is based on 78 replicated
trials measuring the response of rice to varying rates
of urea, TSP, KCI and CaSO4 which were conducted
by CIAP from 1994 1o 1997. The model predicts
that, under average conditions, the response to N and
P is relatively flat once an initial response to low
rates of fertiliser addition is obtained except for the
response to N application on the Prateah Lang soil.
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Inorganic Cow manure InF + CM
fertiliser (InF) (CM)
0.7 0.8 1.7
1.2 0.5 0.7
1.3 0.2 1.5
0.7 0.4 1.5
1.8 -0.2 2.0
1.7 0.2 24
0.7 0.2 0.9
0.9 04 1.2
1.3 0.1 [.5
14 0.3 1.7

Table 5. The mean composition of cow manure sampled

from various locations in  Cambodia (taken from
Litzenberger and Ho Ton Lip 1963).

Nutrient Average Range
Moisture (%) 59.5 13.5-76.9
Organic matter (%) 19.5 7.3-55.9
Ash (%) 21.0 11.0-38.4
N (%) 1.5 00.42-6.2

P (%) 0.20 0.04-0.16
K (%) 0.83 0.83-2.00

The model predicts also that, given the average
nutrient composition of cow manure listed in
Table 5, then the responscs to cow manure addition
in most of the experiments conducted by CIAP to
date can be explained primarily by the addition of
nutrients contained within the cow manure. For
example, the CIAP model predicts that rice grown on
the Prey Khmer soil without fertiliser will yield
about 1.3 t/ha; 5 tonnes cow manure per hectare
would be expected to supply about 45 kg N/ha,
2.6 kg P/ha and 24.9 kg K/ha (average of values
listed in Table S); the predicted yield of rice with this
level of nutrient addition on the Prey Khmer soil is
1.9 t/ha (CIAP 1998). The predicted yield when
larger quantities of nutrients are applied through the
concomitant application of inorganic fertiliser and
cow manure is 2.3 t/ha. The yields predicted by the
model arc comparable with those listed {or the Prey
Khmer soil in Table 4. Responses to cow manure
applied alone are, however, lower than that predicted
by the model. This is likely due to a lower N concen-
tration in the cow manure used in these experiments
than that derived from the average of the values in
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present in this soil may hinder the further decom-
position of organic matter and may be one reason for
the low supply of nutrients and high OC of this soil
(Seng, pers. comm.).

Yield increases of rice in response to inorganic
fertiliser or cow manure additions to the Koktrap soil
are similar to responses on the other soils although
few experiments have been conducted. Again, no
intcraction between the application of CM  and
inorganic fertiliser has been observed (Table 4).

Long-term changes in soil properties

The research conducted in Cambodia to date has
only related to the short-term (usually one season)
consequences of fertiliser additions to the soil. There
is scant information about the long-term changes in
soil properties from ycarly applications of organic or
inorganic fertilisers. Given that rainfed lowland rice-
growing environments are nredisposed to high rates
of organic matter oxidation because of the wet-dry
moisture regimes, it is important (o determine if it is
indecd possible to increase soil organic matter levels,
nutrient supp’y and rice yields. through regular addi-
tions of organic fertilisers over a long period. Differ-
ences beiween seedling nursery and mainfield areas
may provide insights into long-term changes in soil
properties because thess: areas are ustally managed
very differently by farmers for long eriods.

Ros et al. (1998) compared the soil chemical
properties of seedling nurseries with those of the
mainfield of !5 farms on the Prateah Lang and
Bakan soil types. ©On average, the seedling nurseries
had been used continuously tor a period of 6.9 years
and they occupied 14% of the land area. The  irs-
eries had received ©.0  cow manure/ha and 3 kg
viha. The main crop had received .5 t cow
manurc/ha; 19 kg N/hay and 5 kg 2/ha. Nutrients
taken up by seedlings were exported (within the

seedlings) to the main field at transplanting, but
seedlings were also transplanted back into the old
nursery area which was incorporated into the main
cropped area. The nursery arcas therefore recetved a
second fertiliser addition as part of the main crop.

Shoot biomass at PI and straw yields were higher
for plants harvested from the nursery area than for
plants harvested from the main field (Table 6). Grain
yields also tended to be higher, although, differences
were not statistically significant. Shoot biomass and
grain yields were significantly correlated with shoot
N and grain N concentrations respectively but not P
or K concentrations. Grain yields and straw dry
weights were also correlated to the amount of cow
manure added but not with total N applied (Ros et al.
1998).

The concentration of soil OC, total soil N, Olsen P
and CEC were the same for both the nursery and the
mainfield areas. Extractable and exchangeable K
levels in the nursery soil, however, were lower in the
mainfield than in the nursery soil.

These results indicate that long-term improve-
ments in soil organic matter or nutrient status
through the continuous application cow manure are
difficult to achieve, if at all, on the Prey Khmer,
Prateah lang and Bakan soil types, given the current
rates of cow manure application and farming prac-
tices in Cambodia. Application of higher rates of
cow manure may produce long-term increases in OC
and nutrient status, as has been observed elsewhere
(Supanoj et al. 1998). However, it should be noted
that the rates of cow manure currently applied by
Cambodian farmers arc achieved by concentrating
applications to the relatively small area of the
nursery. improvements in soil OC that would impact
on total crop yields is likely to require a substantially
higher rate of cow manure applied (o a substantially
larger land area than currently occurs. Clearly. there
1s not enough cow manure to go around.

2 Crop yields and soil characteristics of nurseries and mainfields of farmers™ ficlds on the Bakan and Pratcah Lang

soil types. Figure represent means + standard deviation of 15 farms (Data from Ros et al. 1998).

Purameter wiainfield
Shoot dry weight at F (kg/ha) [914.6
Crain yield at maturity (kg/ha) 10391444.5
Straw yield at maturity (kg/ha) 1652£566.1
Total Soil T4 (%) 0.03+0.004
Soil organic € (%) 0.2240.051
Soil CEC (emolt/kg) 1.78+0.438
FExtractable P (Olsen mg/kg) 0.44+0.226
Extractable K (cmolt*/kg) 0.03+0.008
Exchangeable <% (¢cmolt/kg) 0.03+0.011

“Probability level for the t distribution
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Nursery pa

2416.1 0.019
130214443 0.116
2078£580.2 0.052
0.0310.008 0.784
0.25+0.076 0.169
[.81£0.358 0.864
0.56+0.266 0.208
0.02+0.008 0.054
0.0220.010 0.045



The results of Ros et al. (1998) also indicate that
the status ol essential elements such as K may be
declining in the nursery areas. A greater supply of N
(cither through inorganic N or cow manure) may
have caused a greater uptake ol K through higher
biomass production of seedlings which in turn was
be exported from the nursery arca at transplanting.
Potassium supplied with the cow manure may not
have been sufficient to balance the K removed. This
highlights the fact that organic matter, if derived
from a soil deficient in a particular nutrient will con-
tain low concentrations of that nutrient.

Studies discussed so far relate to cow manure
application, which, because ol its higher C/N ratio,
decomposes quickly producing a small contribution
to the relatively stable, slowly decomposing, soil
organic matter pool (Wonprasaid ct al. 1995). Other
organic materials with higher C/N ratios (rice straw)
or tannin contents (Flemingia macrophylla shoots)
breakdown slowly and contribute more to this stable
organic matter pool (Wonprasaid et al. 1995). Only
one cxperiment in Cambodia has examined the effect
of slowly decomposing organic materials (rice straw)
on ricc growth (Seng et al. 1999b). This experiment,
however, aimed only to examine the short-term
chemical changes in the soil and did not examine
long-term soil OC changes.

Research and Extension Needs

Much of the recent research in Cambodia has con-
centrated on characterising soils and quantifying the
response of rice to additions of organic or inorganic
nutrient resources. Research has focused on this
aspect of agricultural development because agricul-
tural research capacity in the country is limited and
there has becn an increasing demand for this type of
information as the economy has opened and agricul-
tural inputs have become more available to farmers
(Helmers 1997). Little rescarch has thus {ar been
conducted on understanding the processes of loss or
fixation of nutrients in soils, nutrient availability and
uptake by plants and the recycling of nutrients
through animals, crop residues and pastures.
Research into these more fundamental processes
of nutrient and organic matter management are
important for Cambodia because responses of rice to
nutrent and organic matter addition are different
from those in neighbouring countrics despitc some
similarities in some soil properties. Furthermore, as
work expands to crops other than rice, the difference
in soils and production systems are likely to become
more apparent because the physical structure of soils
assumes more importance. In addition, experience
with green manure cropping in Cambodia has shown
that technologies that are acceptable to farmers will
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involve small adjustments to current practices rather
than the introduction of significant new practices.
Hence it is important to understand the factors
affecting the dynamics of nutrient and organic matter
flows in soils so that a series of small and sensible
adjustments in farming practice can be made that
will lead to long-term improvements in soil quality
and farm productivity.

As has been shown above, significant increases
over the current very low yields can be achieved
through simple technologies such as inorganic ferti-
liser addition. This has important implications for
research directions. Emphasis for research on the
Bakan soils should be to increase production through
nutrient addition and then management of the
increased biomass produced (roots, straw, stubble) to
cnable increases or stabilisation of soil OC levels.
Research on the Prey Khmer and Prateah Lang soil
types should similarly emphasise inorganic fertiliser
management but also strategies for extra biomass
production through growing legumes or other spe-
cies in order to extend responses on these soils 1o
higher rates of inorganic fertiliser application. Some
specific recommendations for research and extension
are discussed below.

There is a strong need to establish long-term trials
examining the typical production systems in the
country. Without these, it will not be possible to
effectively manage the agricultural systems. Impor-
tant aspects hat need to be cxamined for lowland
rice in Cambodia are:

[. the flows and balances of major nutrients;

2. the dynamics of organic carbon oxidation under
different strategies of straw management and
organic materials with different decomposition
characleristics, and

3. the impact of land levelling and increased soil dis-
turbance through mechanical cultivation of soils.
[t is important to note that the emphasis of the

long-term trials will vary with different soil types. In
the sandy, Prey Khmer and Prateah Lang soils. trials
are needed to cxamine the benefits of increases in the
stable organic matter fraction of the soil through the
use of slowly decomposing organic materials as has
been shown in northeast Thailand. Factors influ-
encing the quality of organic matter and the release
of nutrients are probably more pertinent questions
for investigation on the Koktrap soils.

Rescarch is needed into methods of increasing
total  biomass production and incorporation of
increased amounts of organic materials into the soil.
As mentioned already, there is insufficient cow
manure produced to significantly impact on crop
production. Green manure cropping is one tech-
nology able to eftectively use early season moisture
to produce extra biomass which is incorporated into



the soil to increase rice production (CIAP 1990;
Becker et al. 1995). For various reasons, however,
green manure cropping has proved inappropriate to
farmers (Becker et al. 1995). New strategies are
needed that make use of early scason moisture.

Improved pasture production is one potential
alternative. One strategy could be to establish a
sparse, low quality grassy pasture each year at the
beginning of the opening rains and let it grow until
the soil is cultivated in preparation for the main rice
crop. In some years when insufficient rain falls to
establish a crop. the pasture may grow for the com-
plete season, particularly on the upper paddies. Little
use is made of this pasture except for low intensity
cattle grazing. There is good scope to dramatically
increase the quantity and quality of this pasture
which will have benefils to animal health and
production, rice yields and soil quality. Research into
species  composition, nutrient  requirements  and
grazing management, however, ix needed. Improving
pastures would only require slight changes to the
management of a resource that already exists rather
than the introduction of new practices (as in green
manure cropping) and hence may be easier to pro-
mote to farmers. However, tree access to fallow land
is usual in Cambodia regardless ol ownership, hence,
the common problems of improving and managing a
collective resource would also need to be addressed.

The chemical dynamics of rice soils during
flooding also requires further research in Cambodia.
Significant changes in the pH and redox process
occur when the soil is flooded and the amount and
nature of organic matter in the soil, or added as an
amendment, has a strong influence on the dynamics
of these processes and hence intluence the avail-
ability of nutrients to plants (Seng et al. 1999a). The
small amount of research currently conducted on
these processes needs to be expanded to a greater
range of soils and organic materials.

Finally, the improved systems which are devel-
oped need to be applied and managed by provincial
rescarchers, extension officers and farmers who have

little understanding of formal agricultural science. If

technologies are developed for specific soils and
environments then these people must be able to
identify these soils and environments in the field.
Furthermore, to be effective. improved systems will
need to be managed dynamically (rather than
following a set of standard recommendations).
Hence, the researchers, extension officers or farmers
will need Lo recognise changes in the soil properties
to determine if improvements arc occurring or not.
Simple indicators are required.

The agronomic soil classification of White et al.
(1997a) and the Carbon Management Index of Blair
et al. (1995) are (wo useful tools that need o be

expanded. Research lo improve the accuracy and
applicability in the field of these tools is required and
more tools need to be developed.
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Table 1. Average rice (paddy) yields (t/ha) in Southcast Asia between 1990 and 1998 (FAO 1999).

1990 1991 1992 1993
Cambodia 1.4 1.3 [.2 1.3
Indonesia 4.3 4.3 43 4.4
Laos 2.3 22 2.7 2.3
Malaysia 2.6 2.4 3.1 3.0
Myanmar 29 2.7 2.9 3.1
Philippines 2.8 2.8 2.9 2.9
Thailand 1.8 2.0 2.1 2.2
Vietnam 3.2 3.1 33 3.6
Southeast Asia 3.0 3.0 3.1 3.2

Vietnamese when compared with nearly 67 million
in 1990 (Table 2).

Intensification was a major factor of this achieve-
ment and average annual paddy yields in Vietnam
increased by 0.8 t/ha (compared to 0.2 tha in South-
cast Asia) between 1990 and 1998 (Table 2).

Obviously fertiliser use contributed substantially
to this development as annual NPK fertiliser nutrient
consumption in Vietnam increased by >750 000
tonnes since 1990 (Table 2). It is estimated that 80%:
of presently consumed fertiliser N, 70% of {ertiliser
P and 40% of fertiliser K is applied in rice-based
systems.

Assuming that in 1998 every hectare of rice
reccived S t farmyard manure (FYM) in addition to
NPK fertiliscr, and 18 kg N, 2.6 kg P and 12.5 kg K
were removed from Vietnam’s rice soils per tonne
paddy, the country’s annual NPK nutrient
input/output balance for rice would be expected to be
presently positive for N and P but seriously negative
for K (Table 3).

Table 3 indicates that, throughout the 1990s,
about 20 kg K/ha, together with other essential nutri-
ents such as Mg, S, Zn, ctc., were mined annually
from Vietnam’s rice soils.

1994 1995 1996 1997 1998
1.1 1.7 1.8 1.8 1.8
43 4.4 44 4.4 4.1
2.6 2.5 2.6 2.8 2.8
3.1 32 29 3.0 3.0
29 3.0 32 3.1 3.0
3.0 2.9 3.0 2.9 2.9
2.2 2.4 2.2 24 23
3.5 3.7 3.8 39 4.0
3.2 33 33 33 32

Materials and Methods

In order to study the effect of fertiliser nutrients on
paddy yields, two field trials were initiated in 1996
on degraded soils and alluvial soils of the Red River
in northern Vietnam. These soils can be clearly
distinguished by their physico-chemical propertics
(Figure 1).

Alluvial soils are clays and their topsoils contain
>2% organic carbon and relatively large reserves of
P and K. CEC is >8 cmol/kg of which more than
80% is occupied by Ca and more than 10% by Mg.
However, contents of exchangeable K are
<0).2 cmol/kg and contents of available P (Olsen
et al. 1954) are <20 mg/kg in topsoils of young
alluvial deposits of the Red River.

By contrast, degraded soils derived from old
alluvial deposits of the Red River and their topsoils
contain >80% sand and silt and have small contents
of organic carbon (<1.5%) and a CEC below
3 cmol/kg. Accordingly, reserves of P and K, and
also the contents of exchangeable Mg and K, are
small (Figure 1).

The field experiment on the alluvial soil is located
at Thuong Mo commune, Dan Phuong District, Ha

Table 2. Population, harvested arca, production and yicld of paddy, export of rice and NPXK fertiliser nutrient consumption

in Vietnam, 1990 and 1998 (FAO 1999),

Unit 1990
Population (M) 66.7
Area harvested (M ha) 6.0
Production (paddy) (M) 19.0
Yield (paddy) (t/ha) 32
Export (rice) (M t) 1.6
NPK consumption (000 v) 483
N (000 t) 419
P (000 t) 45
K (000 1) 19
N:P:K (N = 100) 100:11:5

68

1998 Increase 1990-98 % Increuse
78.2 +11.5 17.2
7.1 + 1.1 8.3
28.2 +9.2 48.4
4.0 +0.8 25.0
3.9 +2.3 144.0
1235 +752 156.0
930) + 511 122.0
163 + 118 262.0
142 +123 647.0

100:18:15



Table 3. Total NPK nutrient input/output balance for rice (paddy) in Vietnam, 1991 and 1998 (IFA 1992; IFA et al. 1994,
FAO/RAPA 1994; FAO 1999).

1991 1998
Area: 6.3 M ha: Production: 19.6 M t Area: 7.1 M ha; Production: 2822 M t
N P K N P K
FYM#*(Kt) 126 20 132 142 23 148
Fertitiser## (Kt) 163 10 0 446 69 57
Crop removal®*# (Kt) -353 =51 -245 =507 -73 -352
Balance (Kt) -64 =21 ~113 +81 +18 -146
Balance (kg/ha) -10 -3 -18 +11 +3 =21

“5tFYM/a (4 kg N, 0.7 kg P, 4 kg K per t FYM), #* Fertiliser recovery: N. P = 60%. K = 100%); *** 18 kg N, 2.6 kg P.
2.5 kg K per tonne paddy.
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Figure 1. Selected characteristics of topsoils of alluvial (Sample numbers 1, 4, 5, 6) and degraded soils (Sample numbers 11,
14, 15, 16) of the Red River in northern Vietnam.

Tay Province. Average values tor pH (KCl), organic District, Bac Giang Province. Average contents of
C, otal N, total P and total K in the topsoil were organic C, total N, total P and total K in the topsoil
5.5%, 2.2%, 0.21%, 0.04% and 1.6% respectively were 0.68%, 0.07%, 0.04% and 0.08% respectively,

before the start of the experiment. before the start of the experiment.

A rice-rice-maize rotation was grown in 1996, A randomised complete block (RCB) design is
1997 and 1998 under irrigation. Since crop produc- used at both sites. Plot size is 20 m? at the alluvial
tion at the degraded soil site is limited to two rice soil site and 24 m? at the degraded soil site. Each
crops per year, this paper will discuss the impact of treatment is replicated three times.
fertiliser nutrients on yields of spring rice and The 14 treatments at each site are: Full treatment
summer rice at the alluvial and degraded sites. (N, P, K, Ca, Mg, S) =Ty, Full -N, Full -P, Full -K,

The degraded soil site is located at the Ha Bac Full —Ca, Full -Mg, and Full -S (T, ~ T;) and Full +
Station for Degraded Soils Improvement, Hiep Hoa treatments (Tg — T)4) which include FYM at the rate
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o 10 t/ha ‘n addition to ihe feritliser  wieats 1997 and 1998 when compared wiih those oun the
applied with treatment "7y - 7 Ureatments will con- degraded soil ( ubles 4 and 5, 0 iguren 2 and 3).
iinue uniil 200°.

~he fertiliser nutrie .2 rate . applied on the alle sal !
sotl wer Spring vicer 1= ( 2/iw) 1500 32 7 50

AU LS B Lo . _addy yields of spring rice and . amer rice in 1996
A3 24 0. 33 5 Lummer dee: T ull = (ke/ha) acay y pring ‘ -

1997 and 1998 on a per coop besis were large w in

- SN 1A A 27 o
120739 SOF 143 S, 24 e 330 tre e . which mcluded anpleatior of .7 ( “ull
e fertiliser nutrient rates  @oplied on  the +). 'he 1 compared with full £+ i ro . vy
degraded votl are: Spring rice: tull = (kg/ha) 120 17 sz Streatments (Iull) the addition of -0t [fha,
39100 45 Ta 24 e 33 8. Sumaer rice: Full resulted in yield merements of 12% -18% on  lluvial
= (kg/ha) 90 5L 20 70K 143 Ta 2407 (33 1L soils and 9% 22¢ on degraded soils of annue accu-
Jutrient soucces are urea, L FOSS0 0T T mulated (spring r'ec + w0 wner rice) paddy (7 ables 4
“att kieserite, 1), clemental sultur and local and 3). he full + treatnients resulted mthe largesi
L average annual paddy yield i oll 3 years: 129 t

paddy/hia on alluvial socs and 8.8 t paddy/ha on
degraded soils ((gure 2).

Fo

he vntssonof 7 and L from the fult fectilicer

yoyiel . o spring and summer rice were lrger Co g Donubient ceabment (Cally a T from
on all treae wents applied on the alluvial soil fn 1990, the rull +

I reduced paddy yields ¢ "opring

Liflect of full fertiliser 75170 07 "¢ Jlg, O treatraent (17D and treatments without .0 ¢ 20, 20 DK L0 Ty
W) g ( ) and & (=S) without (-manure) and with additional furm yard manure (+manure) o1 mean paddy yield:
i/ha) of spring and sununer rice grown in 1996, 1997 und 1998 on an alluvial soil of the Red Piver in Vi

(
( weinam (- ruyen
[rong ""hi. 1997, 1998: Meuyen Van Bo et al. 1999).

Treatment Lpring rice (t/hi) Summer rice (t/ha)
S Y + YM “ivi +HY w1
Full 6.13 0.806 501 6.05
- 4,78 5440 3.49 4.70
t 572 0.13 4,39 3.08
K 561 6.18 4.50 5.29
u 3.97 0.02 4.97 378
.8 5.90 0.04 4.99 5.82
S 5.93 0.08 4.82 3.74
1 {feet of full fertiliser LKL Can g Sorreatment (Fully and reatments without o7 (L0, P (=P), K¢ 3 Ta

(—Cw), g (w9 and £ (=S) without ¢ manure) and wirh additional furm vard manure (+manure) on mean paddy yields
(Uha) of spring and summier rice grown e 1996, 1997 and 1998 on a degraded soil of the Red River in Viemam (Nguyen
Trong Thi 1997, 1998; »guyen Van Bo et al. 1999).

“Treatment Spring rice (t/ha) Sumine fice (Vha)
Y Ml +[Y vt AN + Y

_ll 4.00 4.70 3.03 4.06

R 2,93 348 282 3.20
5.49 399 3.28 3.03

3.4 3.38 2,59 3.02

Ca 378 4 30 3.44 488
oy 34 3.95 3.01 3.30

X 3.60 4.23 3.09 3.54
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rice and surasaer vice on alluvial and degraded notls
significantly in all 3 years.

“Me reduction of paddy yield was largest when 1
wi omied fromthe 7 I and "Full+ 77T e
ment on the alluvial <oil (Vable 4, Figure 2) and

when U7 and 7 orespeciively were omitted from the
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~ull” and
(" able 5).

ull + ircatments on the degraded soil

“he omission of Zla. Jdg and € resulied in compar-
ativ:ly small reductions of paddy yield: on the
alluvic  sotl when compared  with “Full”  ond
sull + =y wm treatmernis (Table 4).



On the degraded soil. however, the omission of Mg
(-Mg) and S (=S) from the ‘Full’ and ‘Full + FYM’
treatments resulted in significant reductions in paddy
yield in all 3 years. Spring rice yields in 1998 for
example were reduced by 0.9 and 0.7 t paddy/ha
when Mg and S were omitted from the ‘Full + FYM’
treatment and similar yield reductions in summer rice
resulted from the omission of Mg and S in 1997 and
1998 on the degraded soil.

Based on the 3-year average accumulated annual
yicld the omission of N reduced paddy yield on the
alluvial soil by 2.8 t/ha when compared with ‘Full’
and ‘Full + FYM® treatments respectively (Figure 2).

Omission of P and K resulted in smaller reduc-
tions of 1 t/ha when compared with ‘Full’ and 1.7
and 1.5 t/ha for —P and -K, respectively. when
compared with ‘Full + FYM" on the alluvial soil
(Figure 2).

On the degraded soil, the omission of N and K
resulted in reductions of average annual paddy yields
of 1.8 and 1.9 vha when compared with ‘Full’and
2.1 and 2.2 tha for —N and —K. respectively, when
compared with ‘Full + FYM’ (Figure 2).

The omission of K clearly increased the rate of
unfilled grains in spring rice and summer rice on
both the alluvial and degraded soils in 1998 and
decrcascd the number of grains per panicle most on
the alluvial soil in that year.

On the degraded soil in 1998, the omission of N
(-N) had the largest impact on the number of
panicles/m* which were reduced by up to nearly
30% when compared to ‘Full’ and ‘Full + FYM’
lreatments.

At the alluvial soil site in 1997-1998 and
1998-1999, omission of nitrogen {(— N) resulted in
crop failure of the hybrid maize crop succeeding the
two annual rice crops even when FYM was applied
(Full + — N). The low availability of P after two
crops of rice per year is seen as a major reason for
crop failure of maize in the ‘Full — P’ treatments in
the 1997-98 and 1998-99 winter crop seasons
(Figure 3).

Discussion

Under conditions of rice land intensification as pres-
ently experienced in Vietnam, balanced fertilisation
using a combination of N, P, K, Ca, Mg, S nutrients
and farmyard manure can increase average annual
paddy yields by 3 tha according to these 3-year
experiments at representative sites on alluvial and
degraded soils of the Red River in northern Vietnam.

Obviously, the higher level of native soil fertility
of the alluvial soil, which derived from geologically
younger deposits of the Red River can, for the
present, support higher yields when compared with

degraded soils derived from older Red River alluvial
deposits under similar fertiliser regimes.

The annual ‘yield gap’ between the best treat-
ments (Full +) on the alluvial and degraded soils,
based on a 3-year average, was more than 4 |
paddy/ha and this was increased to more than 6 t
paddy/ha between the ‘Full +' treatment on the allu-
vial soil and the ‘Full + — N* or ‘Full + — K’ treat-
ments on the degraded soil.

Thus cash poor rice farmers on degraded soils
may substantially reduce their income il they cannot
afford essential fertiliser nutrient inputs, as, for
example, nitrogen and potassium.

Farmers on degraded soils who are not able to use
farmyard manure of sufficient quality and quantity,
and cannot afford essential fertiliser nutrient inputs
such as N and K may see their average annual paddy
yields, as compared to the best treatment (Full +) on
alluvial soils, reduced by more than 7 t paddy/ha
(Figure 4). The long term (30 years) annual average
paddy yield at Ha Bac Station was found to be as
small as 2 t/ha where neither fertiliser nor manure
had been applied.

On alluvial soils, the annual ‘yield gap” caused by
a single fertiliser nutrient (N) can be as large as 4.6 t
paddy/ha, based on a comparison of the ‘Full — N’
treatment and the best (Full +) treatment (Figure 4).

These results underline the fragile status of a rela-
tively fertile soil with regard to nutrient supply sutfi-
ciency under conditions of Jand intensification.

Conclusions and Recommendations for
Future Research

A combination of adequate amounts of fertiliser N,
P, K, Ca, Mg, S nutrients and 10 t farmyard
manurc/ha/crop resulted in the largest paddy yields
of spring and summer rice when tested in compar-
ison to treatments with and without FYM from
which single fertiliser nutrients were omitted during
six rice crops in three consecutive years on alluvial
and degraded soils of the Red River in Victnam.

The results clearly indicate that combinations of a
balanced supply of fertiliser nutrients and farm yard
manure are required to support large annual paddy
yields of 8-15 t/ha under conditions of land intensifi-
cation, as presently experienced in Vietnam.

The application of 10 t FYM/ha/crop is usually
insufficient to compensate for essential fertiliser
nutrients in situations of limited supply from the soil
and thus makes its use less efficient, and less eco-
nomic, than in combinations with fertilisers which
contain sufficient N, P, K, Ca, Mg and S. This
applies especially to N on the alluvial soil of the Red
River and to N and K (in some cases also to Mg



and S) on the degraded soil of the Red River tested
during 1996-1998.

The authors conclude that integrated nutrient man-
agement, the combination of fertiliser nutrient supply
and recycling of nutrients in residues and manures is
the most etfective way to support increasing rice
yields in Southeast Asia under conditions of land
intensification.

Medium to long-term studies, such as the ones
reported here on representative soils and in economic
environments of Southeast Asia, are needed to study
the effects of single plant nutrients in this respect.

A network of representative experimental sites is
to be interlinked with researcher managed and
farmer managed on-farm research on integrated crop
management in order to study and monitor the
impact of fertiliser nutrient application under real-
istic conditions.

An easy to use database for integrated crop man-
agement is required for rice-based systems in South-
east Asia. Such a database would allow the
involvement of extension services, presently the
weakest link in a chain between research and farm,
to develop research-based food crop production in
Southeast Asia and to monitor the role of production
factors such as fertiliser nutrients in rice based sys-
tems, and their impact on yield and quality of the
staple food.

Close and broad-based monitoring is essential at a
time when unprecedented growth of population and
food demand in Southeast Asia is changing plant
nutrient resources in regional soils faster than ever
before in human history.
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A Network Approach to Improving Nutrient and Org: nic

Matter Management of Infertile Acid Soils

R.D.B. = efroy! and D. Santoso!

Abstract

There is a great need to develop improved land management systems that increase agricultural
production while maintaining the resource base $o as to achieve food seeurity and reduce poverty.
The greatest need for improved land management is on the inherently marginal arcas and in arcas
that have become marginal due to severe degradation. The challenge is to tdentify what sustainable
land management (S1.M) is feasible, where diflerent strategics can be applied, and how particular
strategies can be implemented. The IBSRAM acid soil network has been operating in Southeast
Asia since 1990, During this time, the rescarch focus has shifted from reduction in Al toxicity,
through lime and organic matter management, (o the current focus on improved management of
phosphorus. A generic design for rescarcher-managed, on-farm experiments was developed and
currently is in use in eight sites in Vietnam, Philippines. Indonesia. and Myanmar. These
experiments aim to assess the response to F, the value of different inorganic and organic sources of
Poand the interactions between these sources. Thorough characterisation of the treatments and of
the socio-cconomic and biophysical aspects of the siies is a critical part of the network. In addition,
there is a focus on improving the quality of laboratory analyses and the management and use of
rescarch data. Information gathered across this range of sites should allow greaer insights into the

best suited. Supporting activities include more detailed studies to understand the undeslying
processes of particular strategies. the development of technigues and indicators to improve the
matching of sirategies to particular environments, and farmer-managed on-farm trials. o
appreciate the potential for adoption and methods of extension and implementation. While further
identitication and development of Tand management strategics is important, the twin problerns of
maiching appropriate sirategies to particular situations and encouraging the implementation of
improved management strategies by resource-poor farmers are seen as the most limiting steps to
widespread achievement of food sceurity and reduced poverty.

Drserre mador gains during the past {our decades,
the world requires Wl greater increases i agricul-
tural produciion articularly in developing coun-
trics. The ever incccasing world  pop lation,  the
tnadequate per canita food consvmption tn waany
parts of the world, and the dwindling reserves of
quality arable land cor oine to ciert considerable
pressure on land resource: (Celroy and Craswel]
199%),

Haternational Zoard for Soil Clesearch and Mansgernent
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Increased agricuitural production velies or ihe
implementation  of  suctainable  Tand  managerient
() o different ag-ieultural syswer s, 17 sily,
ou wut from the highly prodective agricultural sys-
tems m -t be maintained and made raore sustainable,
Sceondly  management strategies that cverse land
degradation raust be developed ond Luoplemented
where reversal s possible. “hirdly, & Sy: s
must be developed for the Tands not currently in use.
which tend to be the 1 oore marginal lands, 2 the
rescrves ol good qualt y land decrease and th e arca
of deg aded land inereases, grenccr agricultnal pro-
duction wil' rely on sustainable mwgemem of boin
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Similarly, once nutrient problems have been
addressed in infertile soils, attention must turn to
problems with the hydrologic cycle. Many limita-
tions. such as the amount and distribution of rainfall,
cannot be addressed other than in the limited cases in
which irrigation is available. However, the avail-
ability of soil water can be aftected by SLM strate-
gies through the choice of crop and crop rotation,
and through the management of ground cover, SOM,
nutrient supply, and tillage, which in turn have con-
siderable impact on the nutrient cycles, thus demon-
strating the highly interrelated nature of carbon,
nutrient and water cycles.

Focusing on Phosphorus

Deficiency of P is widespread in the tropics and sub-
tropics. Different estimates suggest that there are
approximately 2 billion hectares of soils in the
tropics that are likely to respond to P (Sanchez and
Cochrane 1980; Von Uexkull and Mutert 1995; Fair-
hurst et al. In press). It is likely that SLM strategies
for improved fertility management of these marginal
soils will involve adaptation of the farming systems
with greater reliance on organic sources of nutrients,
combined with the judicious use of inorganic ferti-
lisers. Although much is known about phosphorus,
more remains to be done. There is reasonably good
understanding of the management of phosphorus
with inorganic amendments, less detailed informa-
tion on management with organic forms, and limited
information on the interaction of organic and inor-
ganic forms. Even with those areas where the proc-
esses are understood, there is limited capacity to
malch management strategies o farming systems,
including crop rotations, perennial cropping systems,
and livestock. Practical recommendations are
required that improve the synchrony of phosphorus
supply and plant demand through management of
organic and inorganic amendments, and other
aspects of system management.

The IBSRAM Acid Soils Network

With the critical nature of P in limiting agricultural
production on marginal lands, thc IBSRAM acid
soils network aims to contribute to this knowledge of
P nutrition through high quality applied and appro-
priate research. Prior to 1996, the focus of the net-
work was on amelioration of the toxic cffects of Al
and low pH. The current phase of the IBSRAM acid
soils network concentrates on overcoming the limita-
tion of P on agricultural production. The objective is
Lo contribute to the process of improving manage-
ment of infertile marginal soils, with a particular
focus on improved management of phosphorus in the
acid upland soils of Southeast Asia.
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A systematic approach is taken in the network
towards the development of SLM strategies for the
marginal infertile acid uplands through a core set ol
aclivities undertaken by the majority of collaborators
and a number of important related initiatives with a
limited number of the collaborators. The collabora-
tors from the national agricultural research and
extension systems (NARES) in SE Asia are the
National Institute for Soils and Fertilisers (NISF) in
Vietnam, the Bureau of Soil and Water Management
(BSWM) and the Central Mindanao University
(CMU) in the Philippines, the Center for Soils and
Agroclimate Research (CSAR) and the Universily of
Gadjah Mada (UGM) in Indonesia, and the Land Use
Division of the Myanmar Agriculture Service (LUD-
MAS). Additional activities involve a number of
government institutions in Indonesia and Thailand,
and limited involvement of similar institutions in
most of the countries of ASEAN. Developed country
research organisations involved in the network
include the University of Queensland and the
Queensland Departments of Natural Resources
(QDNR) and Primary Industry (QDPI) in Australia,
and Massey University (MU), New Zealand, with
limited interaction with other international research
institutions.

The network aims to establish quality analytical
and experimental methodologies, develop and imple-
ment appropriate {ield experiments concentrating on
inorganic and organic P management, and thor-
oughly assess the socio-economic characteristics of
the farming systems and of the experimental treat-
ments. In this approach, it is recognised that sound
scientific and sociological methods and principles
must be used in the interpretation of any improved
crop growth that might be achieved by various treat-
ments. In addition, the results of field experiments
will be implemented and extended successfully to
other sites only if the results take full consideration
of the socioeconomic context. This approach helps
with the what, where, and how components of
achieving SLM.

A generic experimental design to evaluate dif-
ferent P management strategies was developed and
adapted for the local biophysical and socioeconomic
conditions. The designs were applicable to particular
sites, but the similarity in designs allowed lor greater
interpretation of results across different socioeco-
nomic and biophysical environments. The primary
aims of the experiment were to assess the respon-
siveness to a chemically available P form, to assess
the relative response to different inorganic and
organic materials, and to assess the interactions
between organic and inorganic sources.

The responsiveness to P is assessed with readily
available P sources that have undergone different



degrees and methods of acidification, such as triple
superphosphate, single superphosphate, and SP 36 —
a phosphate fertiliser produced in Indonesia, which
contains 36% P,0s, or 16% P. The inorganic/organic
combinations included these same sources plus some
sources of inorganic P that are less available, in the
chemical sense, such as fused magnesium phosphate,
and different phosphate rocks from North Carolina,
Christmas Island, and the Peoples Republic of China.
The organic sources were chosen on the basis of
what was available, or may become available, for
transfer within or importation {rom outside the
farming system. They included the retention of corn
residue where this was not normal practice; applica-
tion of chicken manure purchased from commercial
chicken farms; farmyard manure, generally from on-
farm sources; Tricho compost produced with the
fungal agent Trichoderma harzianum; the cuttings of
Stylosanthes guianensis grown under the corn; cut-
tings of Tithonia diversifolia from field edges; and
for the sites in Australia, residues of Lablab
pupurens and Rhodes grass (Chloris gayana). The
treatments were chosen after discussions with collab-
orating scientists and surveys of farmers, farm sup-
pliers, and the local agro-industries.

The inclusion of basal or treatment applications of
lime depended on the pH of the soils. At sites with
soils of very low pH, lime was included as a basal
application, with the exception of a number of treat-
ments without lime to assess the impact of lime.
Similarly, at sites with soils of pH 5 or above, if lime
was used, it was applied to a limited number of treat-
ments, to assess the impact of adding lime. Basal
lime applications were not applied to treatments with
rock phosphate.

Most of the ficld trials are located on farmers’
fields that were assessed as being representative of a
major soil type and agroecosystem in the area. The
experiments in Myanmar and Australia are located
on research stations for reasons of access and man-
agement.

Site characterisation

An essential component of running good field exper-
iments, particularly medium to long-term multi-site
experiments, is careful characterisation of the sites.
This is important for running and interpreting a good
cxperiment, but more importantly, it allows far
greater comparison of the results from different sites,
and thus aids in the development of relatively site-
specific management recommendations. A range of
techniques was used to characterise the sites.

Firstly, the available P and P supply capacity were
assessed. The network sites cover a wide range of
soils in terms of the available P and P sorption char-
acteristics. As there is particular interest in the
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immediate availability and the residual value of dif-
ferent forms or organic and inorganic P, a limited set
of soils samples have been collected for measure-
ments of P fractions using a moditication of the tech-
nique of Hedley et al. (1982).

Carbon has not been a major focus of the network;
however, the importance of the carbon cycle in
nutrient and water supply means that there is interest
in the impact on soil carbon. Improvements have
been made with respect to the method for measuring
total soil carbon, and it is hoped that some of the
treatment differences will be revealed using meas-
urements of labile carbon (Blair et al. 1995).

Soil analyses and glasshouse trials were used to
assess the nutrient status and indicate likely basal
nutrient applications. Although variability in soils is
the reality with which the farmer must cope, mini-
mising heterogeneity, or at least understanding the
variability, is important in the experimental context.
Site uniformity was assessed, with soil analyses and
growth trials. Together these analyses and experi-
ments improved the capacity to select the rates of
treatments and basal fertilisers, and improved the
potential quality of data by minimising experimental
error.

In order that results can be interpreted accurately,
it is essential that there are sufficient data to charac-
terise all fertilisers and organic materials. Samples of
all fertilisers and organic materials have been ana-
lysed to estimate total and, in some cases, available
nutrient contents, although further analyses, using
different methodologies will need to be undertaken.

Choosing analytical methods for the less available
inorganic sources, and for the organic sources,
presents some problems. For organic materials,
information is required on the moisture content of
the material as applied, the total content of inorganic
elements, the content of particular organic com-
pounds and an estimale of breakdown rate. The rate
of breakdown can be estimated by measuring the
particular organic compounds that affect breakdown
(Tian et al. 1995; Palm and Rowland 1997) or by a
more empirical approach (Lefroy et al. 1995).

Results
Results to date indicate responses to additions of P at
all sites, albeit to different degrees and at different
yield levels. Similarly, there have been significant
differences in response to the ditferent inorganic and
organic forms and combinations of P fertilisers and
organic amendments. The combinations of inorganic
and organic sources have produced large differences
between treatments. The less available inorganic
sources (fused magnesium phosphate and rock phos-
phate) result in lower yields, although it appears that
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etc.) (White et al. 1997), and the use of particular
plants (weeds, crops. and other non-agricultural
plants) to indicale parameters such as acidity, avail-
able nutrients, toxicities, ete.

A particularly useful and relatively simple indi-
cator is an estimate of the nutrient balance of sys-
tems. Although the net removal of nutrients can
continue without negative consequences for some
time, eventually there will be a negative impact on
the resource base and on »roductivity. Mutrient bal-
ance studies qave been weed in sub-Saharan Africa
(Stoovogel et al. 1993) and CTentral America (Stoor-
vogel and Smaling 1998) to e:timate some alarming
annual losses o7 nutrients at tae regional. farm and
field levels. Crude estimates of nutrient budgets {or
different crops in . ‘ortheast Thailand indicate rea-
sons for concern (Lef~oy and Fonboon 1998) and led
io the development of a project ¢ * nutrient balance
studies in Northeast Thailand (.. .72 ), which is
associated with the acid soils network. NBS-NE
aims to develop improved databases on nutrient bal-
ances in rainfed vice-based cropping systems and, in
so doing, develop improved metnodologics for cal-
culating nutricni budgets at the field, furm and higher
levels.

The nutrient balance is calculated as the inputs
minus the outputs of nutrients from tae system. At its
simplest, this considers ihe input of fertilisers and
output in product.; however. & more complete
budget is based on mo-c componenis (Tabie 1),

The components of nutrieni input and output
used to estimate nutrient budgets.

Inputs Outputs

Fcrtiliser Jroduct

Organic materials tesidues removed
Br'E Gaseous losses

Wt und dry depositions
Sedimentation

[eaching
Runoft/trosion

In genera the compone
each column are more casily and accusately meas-
ured or esitmated than those towards the bottom.

. 1 hoped that @ simple nutrient balance caleu-
futor can be developed from these siudies Such a
culeulator could be in the form of a straple set of
printed took-up tubles, or of a compuicr-based data-
basc/spr radsheet wiidi @ stmple inte face. "o be of
significant use 1 ooac marginal ulands, 1t would
cover d range of a nual wand perennial tropical crop
and livesiock systems. ™ cope with data-poor situa-
tions that ore encounterce tequenily nothe margioeg!
arcas 1t will be desigaed with a set of default values
dhat can be modified by the vser when data arc avail-
eble. o faults are requized for hasvese adices,

i towards the top of
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nutrient contents in products and residues, inputs of
rain, BNF, and other depositions, and losses from
erosion and leaching. Nutrient balances need o be
calculated per land management unit and then be
integrated for the whole farm [or usc in recommen-
dations for fertility management. Summation to
higher scales — district, province, country — will
assist in managing the supply, importation, and man-
ufacture of fertiliser. Once again, management of
such data in geo-referenced databases provides a
powerlul tool for extensionisis and policy-makers.

) ementation ot Sustainable Land
Managemen’ " rategies

rlaving identitied the feasible strategies and matched
a strategy to the social, economic, and biophysical
characteristics of the sttuation. the problem is to
iriplement the strategy. The level and stability of
profit of a particular strategy may be a very impor-
tant factor in selecting the strategy for implementa-
tion; however, the start-tp cost and the availability
and cost of credit may be more important considera-
tions for implementation. Similarly, the most profit-
able strategy may not be selected as it does not (it in
with the rest of the farming enterprise or some other
social factor. For these reasons, 1t 1s critical that the
farming community s involved at all stages of
development and implementation of new land man-
agement systers. Gn-farm. farmer-managed  wrials
are an ellective way to assess strategies o tee how
they aich the biophysical and socioeconomic con-
staints, and to highlight any problems or potenrtial
solutions in the implementation stage.

A sertes of oa-‘araw,  fanmer-managed  trials oare
underway in five provinces of indonesia as part of
the OUebarfos  Upland  Agriculture  Improvement
roject. 'the project, which aims to increase the pro-
ductivity of acid upland soils, is being conducted by
a qumber of agencics within the ndonesian Depart-
ment of Agrteulture in partnership with the “otash
and hosphate nstitute (- .) und in collanoration
with the ™7« acid sotls network and several
upland farming projecis supported by ¥
In cach of five provinees in Sumatra anc Kali-
raantan, i arers are involved o on-farm sials to test
the hypoih sis that the application of 2 farge amount
ol reactive  rock  phosphiaic  (approximately
150 kg #/ha, or 1 t/ha of rock phosphate), in combi-
aation with the introduction of improved ac ocally
adapti ' germpiasm for vhichever crop iney use. and
appro riate soil conservation messures 18 4 stralegic
iniavention  for the  developr of  Improved
farming sysiems, “he alm s o es oss his strategy i



terms of policy implementation, as well as agro-
nomic and economic impact.

These trials involve comparison between current
farmer practice and the SebarFos strategy on large
arcas of the farmers’ fields. The initial step in imple-
menting the improved strategy is to establish appro-
priate erosion and runoff control measures. The
control measure that is chosen will depend on the
characteristics of the site and the farming system
(slope. ground cover, tillage, etc.). Commonly, this
will be an alley cropping system, involving grass or
legume species planted along the contours, which
has the added attraction ol providing forage for live-
stock. The next step is to improve the soil fertility
with direct application of a high rate of reactive rock
phosphate, which is an attractive intervention, as it is
a relatively cheap source of P that is effective and
has a long-term residual effect. The last step is to use
improved locally adapted germplasm that can utilise
the newly cstablished fertility of the soils.

The difference between farmers’ practice and the
SeharFoy treatment may be limited to differences in
the application of P where farmers already arc using
conservation measures and responsive varieties.
Monitor *windows’ are located in each treatment on
some farms so that more detailed information and
plant and soil samples can be collected to aid inter-
pretation of the results.

The SebarFos trials in the village of Pauh
Menang, in Jambi Province, show that crop yield and
economic benefits have improved and indicate that
an indirect effect of improved P nutrition is
improved N nutrition through greater root nodulation
(Table 2).

Table 2. The mean effect of improved practice on crop
growth, cconomic benefit, and soil characteristics during
the 1997/8 wet season peanut crop.

Attribute Unit Management T test

Improved Farmer's
practicc  practice

Pod yield t/ha 1.6 I.1 w

(field dry)

Biomass t/ha 1.8 1.2 —

(ficld dry)

Economic benefit  Rp/ha 2900 000 1 750 000

Soil pH 4.7 4.5

Root nodules g/hill 169.2 85.7

(fresh weight)

# and — indicate significant differences with Student’s
t-test at 1%, 5% and 10%, respectively.

The residual effects of rock P resulted in signifi-
cantly higher yields for subsequent crops, and

evidence from ecarlier experiments in Lampung
Province indicated residual effects for up to seven
maize and soybean crops. A small area in the
improved management practice trealment on some
farms is receiving additional P so that the residual
value of the rock P application can be assessed.

An important benefit of these trials is that they
provide evidence for the importance of conducting
on-farm research to enhance technology adoption.
The farmers actively participated in all stages of
these activities, with decisions on the crop to be
planted, the application of other inputs etc., and
through attachment to their farmer’s group.

This on-farm research approach has resulted in
spontaneous adoption of the suggested technology.
The SebarFos farmers in Pauh Menang voluntarily
formed a group and gradually expanded the group
using a revolving fund scheme to include farmers
willing to implement the three basic steps of
improving upland farming. Through this procedure,
membership of the group has grown from nine in the
first season to 40 by the fourth crop (sccond year).

To begin with, cach farmer received a stake of
Rp300 000 (USS[=RpS000 at this time), which con-
sisted of 400 kg rock P, 20 kg urea, 60 kg KCI, 30 kg
kieserite, and 40 kg of peanut seed—sufficient for an
area of 4000 m>. It was agreed that the loan would be
repaid in six instalments after each harvest. Repay-
ments were in the form of fertiliser or seed, except
for the rock P, which was paid back in cash. The
farmers decided to grow king grass along the contour
lines and to eslablish a saving fund to be used in the
case of drought, pest attack, or harvest failure, and to
buy rock P.

The gradual expansion of the group resulted from
the return of funds, although the more recent mem-
bers were more independent as they obtained urea,
KCI, kieserite, and seeds, and established hedgerows
by themselves, and used the support of the group for
rock P.

The improvement of productivity through these
strategic interventions requires follow up to ensure
that some of the profits are used to maintain soil
fertility.

Integration in the farming system

The success or failure of particular strategies often
depends on how well they can be integrated into the
farming system. This requires balancing the cost of
establishment, the time delay untl profits are
returned, the security or stability of profits, and how
the various farm enterprises interact.

Using the example of the farming systems in the
transmigrant village of Pauh Menang in Jambi prov-
ince, Indonesia, we can see differences in simple
cconomic analyses (Table 3) and the importance of



considering a balance of different enterprises
(Table 4). In addition, the integration of enterprises
in the farming system impact upon the flow of
carbon and nutrients within the farm and allow flexi-
bility for management (Figure 1).

Table 3. Simple economic analysis of three enterprises at
Pauh Menang, Jambi, Indonesia, 1996--1997.

Variable Peanut Oil Palm Cattle
Cost (US$/yr) 309/ha 750/ha 171/head
Yicld 3 t/ba/yr 24 thatyr 300 kg/yr
Price (USS/kg) 0.29 0.056 1.43
Gross income (USS) 870 1344.00 428.7
Net income (US$) 561.42 593.93 257.15
B/C ratio 1.82 0.80 1.50

Decisions on the mix of enterprises involves con-
sideration of the value of by-products (forage from
weeds and hedgerows, FYM. etc.), while the level of
input of fertilisers to the whole farm and to parts of
the farm can be manipulated in response to produc-
tivity. the costs of inputs, and the price for products.
These arc critical considerations in matching strate-
gies to farming systems and establishing the require-
ments for implementation. Consideration of the
information in Tables 3 and 4 and in Figure |, shows
why the farmers of Pauh Menang have had to rely on

annual cropping while establishing (heir perennial
crops, and have altered their management of annual
and perennial crops, particularly in terms ot forage
production, as livestock have become more impor-
tant. In addition, this assessment indicates the poten-
tial for greater recycling of residues from oil palm
processing and {lexibility in fertiliser management
for crops (both rate and enterprise) with respect to
forage and crop production.

Table 4. Assessment of the positive and negative aspects
of three enterprises in Pauh Menang.

Enterprise Positive aspects Negative aspects
Peanut High B:C ratio Risk of crop failure

Forages from residues
and hedgerows

Rapid returns (in onc
cropping season

Oil palm Regular income every  Long time to
two months establish
Forages from weeding
Relatively low upkceep
(cost and time)

Cattle Low costs Delayed returns

Provides dung and
draught

Products and residues

Product &

Home gardens
vegetables, fruits
& livestock

Forages

residues

FYM

A

&

Annual crops
peanuts, rice &
forages

y

residues

Perennial crops
oil palm &
rubber

Leaching and erosion losses

Fertiliser

Figure 1. The flows of carbon and nutrients between enterprises in the farming systems of Pauh Menang. Jambi, Indonesia.
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Conclusion

The suite of activities within, or associated with, the
IBSRAM acid soils network constitute multidiscipli-
nary approaches to a wide range of strategic and
applied research. Thesce activities should result in
improved management of marginal soiis through
enhanced research and development capacity and
communication between collaborating institutions
and through direct outputs from network activities.
What are the feasible land management strategics
should be answered by greater appreciation ol the
underlying processes of different strategies. Where
should particular strategie: be implemented will
become clearer through better understanding of the
corstraints of the systems and maiching these with
the characteristics of the feasible strategies. How
particular strategies can be implemented will be
aided by greater understanding of the agroccosys-
tems and the strategies and through the involvement
of the major stakeholders, the farmers, the govern-
ment and non-government agencies, and the private
sector, in a: much of the research and development
process as possible.
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Bridging the Gap Between Farmers and Researchers:

The Lao Pilot Extension Project Experience

J.G. Connell! and K. Soysithatthha!

Abstract

The Pilot Extension Project (PEP) has used an off-the-shelf ‘technology package’ for rice
production with great effect, raising yields by approximately | t/ha in 3 years, over 20% of the
paddy area in pilot villages. While this generally applicable technology packuge has been an
cffective vehicle to train staff and mobilise extension, there is in fact no real *bridge’ between the
emerging research and extension institutions, let alone farmers, in Laos. Any such bridge should
provide for a flow of information in two directions: research providing research results for
extension to use with farmers, and extension fecding back information to direct rescarch. However,
there are a number of factors which make this seemingly straightforward information flow a
complex task. Firstly, extension needs to develop tarmers’ capabilities, not simply deliver
‘technology packages’. Secondly, the diversity of the production environment raises questions as
to the role of site specific research, and, how extension can best use the precise and careful results
ol research when faced with the reality of tarmers’ conditions. Despite this complexity, PEP
believes there are a number of robust mechanisms which could be used to ensure both that rescarch
findings are used more eflectively, and that farmers’ issues are indeed able to contribute to the

direction of research.

THE OBIECTIVE of the Pilot Extension Project is to
establish a model for development of a national
extension system, based on the existing Provincial
and District Agriculture and Forestry Offices (PAFO
and DAFO). In the past, their work has been mainly
administrative, or mobilising villagers for activities
such as constructing irrigation weirs and digging
canals. The instances of using improved technologies
Lo gain increases in productivity are rare. As a result,
staft at both levels have few of the basic technical or
communication skills for extension, or in most cases,
even a concept of what is involved in extension
work.

The key to the development of an extension
system is capacity-building of the staff. At the same
time, PEP has tried to focus not just on training of
the DAFO technical staff, but on up-grading the

!'Pilot Extension Project and Agriculture Extension Project,
Agriculture Extension Agency, Ministry of Agriculture and
Extension, Vientiane Lao PDR. jconnell@mail.laonet.net
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DAFO as a unit. Eventually, this will involve
changes to its structure and administrative proce-
dures to give the necessary priority to extension
work.

PEP has developed:

(a) Working Models for implementing extension:
¢ extension methodology;
« DAFO organisational structurc adjusted for
extension;
¢ extension management system.
(b) Programs to develop staff capacity, to work
according to the models:
e for capacity-building of the DAFO and its
staft;
* developing leadership for the senior DAFO
staff.

These could be applicd to PAFO and DAFO
throughout the country to gradually establish the
basis for an extension system. Over the past 3 years,
PEP has implemented these models and programs in
two DAFO in each of two Southern Provinces,



Saravan and Champassak (i.e. a total of four DAFO)
and is currently in a process of presenting these
models and programs and their impact to MAF for
assessment.

Using a Technology Package

Given the general lack of understanding of the proc-
esses of extension by PAFO and DAFO staff, in
order to carry out the Capacity-Building Program,
PEP needed to find technical interventions which
would (a) have a visible impact on production, and
(b) would be rapidly adopted by farmers. While
under no delusions that such a technology would
provide long term solutions to farmers’ problems,
this ‘quick-fix" was needed as a training mechanisim,
to ensure DAFO staff would see they had gained
results with farmers, and could see the process of
adoption begin to spread from farmer to farmer,
within ] or 2 seasons.

With rice the predominant production activity in
the pilot areas, PEP used a basic ‘technology
package’ as the main technical intervention to intro-
duce to farmers. This consisted of the components
shown in Table 1.

This technology package was the result of
rescarch  conducted by the Lao National Rice

Research Program, having been tested in on-farm
trials in numerous locations by the Rice Rescarch
Network. It was regarded as a ‘confirmed’ tech-
nology, and indeed was the single main technical
intervention to be promoted to farmers. Thus in 1996
when field work began in the pilot areas, PEP simply
accepted this technology package for DAFO staff to
use in the pilot areas.

4 -
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=
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3 2
>
@
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g ]
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Caltaborator General
+T+F+S adopter #2

Table 1. ‘Technology Package’ for improved rice
production.

New materials Improved practices

Improved rice Close spacing (20 X 20 cm)
varictics:
TDK 1
PN |
RD 10
Chemical fertiliser Rates and timing of fertiliser
application:

Basal 16-20-00 % 150 kg
Top dress [# 46-00-00 % 50 kg
Top dress 2#  46-00-00 x 50 kg
Smaller seed-beds with drainage

channels.

One of the characteristics of a ‘technology
package’ is that the components interact to support
each other to achieve the full potential yield. While
this is true, it is also characteristic that farmers ‘dis-
assemble’ technology packages! Extensionists sce
this as part of the adoption process.

The effects of this on this ‘technology package’
have been (Sipaphone et al. 1998) illustrated by a
socio-economic study by Lao IRRI in Ban Oupalath,
Phone Tong District Champassak.

From 1995-97, the Lao IRRI project conducted a
study to assess the impact of its ‘technology
package® on rice yields and farmers’ income. They
provided seven “collaborating farmers’ with all the
material inputs to apply the full technology package
over | ha of paddy under supervision. In the two fol-
lowing seasons (1996 and 1997), the project sur-
veyed the yield and practices of 66 farmers in the

(+) improved
practices

(+) fertiliser

(+) seed

General
adopter #1

Non-adopter

Figure 1. Yield Increases due to components of technology package.
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Figure 3. Effect of extension over general use of material inputs.

The DAFO staftf in Soukhouma estimated that
with the experience they now had, that they could
achieve similar results over 50% of the paddy area of
the District (i.e. 5300 ha) within 5 years. This would
result in production of additional rice each year of
8957 tonnes, worth approximately 5373 million Kip
(=AUDSI1.2 million). Extension would then be
having a macro-cconomic effort on the cconomy of
the District.

This has been a short story and one with a happy
ending. The availability of a technology package
which was generally applicable provided an example
for PEP to train DAFO staff and demonstrate the
dynamics ol adoption over just a few seasons. As it
was, no ‘bridge’ or linkage between research and
extension was needed, as the technology package
was well known.

The success of the ‘off-the-snell” technology
package was possible as farmers present production
practices are at such a low level of intensification, so
that any general technology package with improved
varieties and fertiliser would provide an increase in
yields. Once this general technology package or
something similar has been adopted. gaining the next
level of improvement in production will be far more
difficult; research wil! need o work harder to get
smaller increases, and any new technologics will
have Lo be tailorea for specific production domains.
in this situation, (unctional linkages between
rescarch and extension will need io develop quickly.

There are two information loops for linking
research and extension, (Figure 4):

I. Rescarch needs to convey its results to extension
for use with farmers-

2. Exiension needs o provide information to
research on problems areas which need research
efforts.
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Given that both research and extension are still
emerging in Laos, this makes the institutional struc-
tures for this unclear. PEP as a pilot project has
worked in a very limited arca and has not the direct
cxperience on the ground to have bheen confronted
with a wide range of issues. However, there are a
number of robust mecharisms which PEP does see
could be put into place fairly quickly and serve to
stimulate the development of a research/extension
linkage.

Before we look at this it is necessary (o appreciate
the more complex issues that research and extension
face.

Complex Issues for Extension
E-* sion and transfer of technology

As Lao farmers begin to move (rom traditional agri-
cultural practices to more developed agriculture, they
are faced with a whole range of decisions which they
need to make, sometime each season. ese include
what crop to grow ir the dry-scason ander their new
pump irrigation scheme how much fertiliser to pur-
chase tor the main rice crop, whether to buy from the
local merchant or trust to the Agriculture Promotior:
cank to deliver its subsidised fertiliser on time, and
=0 on. their tources of information may come from
a variely of sources, including neighbours. radio,
merchar:is and finally the _." ™D staff.

“hese  decisions  are  common  place,  yet
demanding. Farmers reed ihe ability to analyse their
constraints and opportunities. Thus tne broad objec-
tive ot extension for farmers to be anle to deal with
ihe complex issues they deal with on a day-to-day
Dasis. 18 Lo:
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Figure 4. Typical information linkages between research, extension and farmers.

Assist furmers to have the ability to assess their
problems; to learn and try new technologies; to eval-
uuate these, and to make decisions.

Simply delivering the latest ‘technology package’
to farmers will not achicve this. At the same time, a
common task of DAFO staff will be introducing
improved technologies to farmers. More often than
not, this wili not be as a ‘package’ as part of a cam-
paign, but in the context of assisting farmers to solve
various production problems as they arise. Thus
DAFO staft will necd a range of technical know-
ledge they can czil on for problem-solving, rather
than simply to instruct farmers in a technical
package.

Diverse production environments

Rainfed paddy 1s a highly diverse environment.
Within a single village, there may be 2— different
soil types which need not only different nutrient
applications, but even require farmers to adjust the
ways they manage the soil tillage, transplant sced-
ling, and other operations. The rain-fed environment
means that recommendations with precise times for
split fertiliser application often cannot be followed if
no rain falls at the time. Even worse, the threat of
flood and drought can make the application of
expensive inputs a risky venture.
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This sort of diversity means researchers need to
think clearly about what is the real meaning of any
on-farm trial. An on-farm plot located 500 m away
could easily have given a quite different result.
When a technology package is released, it is pre-
sented as a precise set of procedures. These recom-
mendations are not then precise, but in fact an
‘average’ of many differ~nt results from a number of
on-farm sites. I{ this is the case, shou.d farmers,
‘aced with the particular conditions of their fieids, be
expected to follow this ‘average’ technology
package precisely?

Instead of résearchers trying to home in on the
‘best’ technology, what is aceded is a range of tech-
nologies as options. Extension can then provide
these to farmers as ‘starting points” for farmers to try
and expect them to adapt these to their particular
conditions.

‘Mechanisms’ for Linkage Between
Research/Extension/Farmers
The sort of mechanisms for linkage between
research and extension and farmers can now be dis-
cussed with the two areas of complex issues in mind.



Research results — Farmers
Loop 1a: Research — Extension

This first part of the information loop, transferring
research results to extension, is perhaps the expected
or the most ‘traditional” part of the loop. At present,
the mechanisms for this are not yet clear in Laos.
Given the ‘complex issues’ described above, the
mechanisms for this need (o be considered carefully
and not assumed.

(i) Formal release of research results

Once research has a mature technology ready for
application, this should be notified to extension. The
process for ratifying and releasing new technologies
1s not yet clear in Laos.

Once results of research have been ratified for
general release, they need to go through a further
process to put them into a form where they can be
used by extension. There needs to be discussion
between research and cxtension about (a) the way
results could be used and then (b) how they should
be presented.

There has been one attempt at this during the past
year, when staff {from PEP and Lao IRRI jointly pro-
duced a pamphlet on the general technology package
for rice production. Extension was able 1o raise diffi-
culties farmers might face. They would have to
follow certain  procedures  recommended, and
researchers were able to advisc when certain
common farmer practices were just not functional.
The resulting pamphlet focused on how to use the
recommendations, rather than a description of the
recommendations, and was in terms more readily
accessible to farmers.

Proposed linkage mechanism:
Form a joint committee from rescarch and exten-
sion to ralify confirmed rescarch results for release;
Form teams as required to prepare results of
research in an accessible form for extension.

(ii) Informal release of research results

There is a great deal of research results which do
not lend themselves to an extension campaign, 10 be
spread throughout the country. Examples of such
results are: NPK omission trials, or the responsive-
ness of released varietics to N, ete.

These results provide extremely useful back-
ground information, which extension staft could use
Lo explain observations in the field, or to gain incre-
mental improvements in production in a particular
environment. Yet, at present, these sort of results do
not reach extension at all, except perhaps as tlech-
nical papers, in English.
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Proposed linkage mechanism:

Establish a newsletter aimed at the DAFO staff
and Village Extension Workers (VEW). This would
be published by extension, but with access 1o
researchers, and would include news of current
research; experiences for the field etc. Such a mech-
anism would be dynamic and stimulate thinking at
all levels.

Loop 1b: Extension — Farmers

Given the two complex issues for extension, exten-
sion cannot simply be the delivery of technology
packages. The diversity of the production environ-
ment precludes this (except with a few gencrally
applicable technologies), and the need to enable
farmers to be able to analyse their own situation and
make decisions, demands something more dynamic.

The model for ‘extension methodology’ intro-
duced by PEP firstly allows extension to respond to
farmers’ identification of their particular problems.
Secondly, any new technology is introduced for trial
by farmers, rather than being promoled.

In a very practical way, this allows farmers (o
select the best option for their own conditions. After
‘selected farmers’ in the villages in Soukhouma used
two different rice varieties on a trial basis, other
farmers selected the variety they thought would suite
their own conditions. In some villages, TDK 1 was
preferred over PN 1, and visa versa. but in cach vil-
lage both varieties gained acceptance by at least
some farmers (Table 2).

Table 2. Farmers' sclection of rice variety according to
site conditions (Soukhouma, March 1997).

Adoption of

Village improved Sced requirements
technologies (kg)
No. Arca TDKI PNI1 total
farmers  (ha)
None Yang 36 120 54 658 712
Done Kong 35 185 697 417 1114
That 96 30.0 863 885 1748
Samkha 62 335 1033 967 2000
Don Wy 66 18.5 69 1039 1108
Iione Phachao 70 32.0 145 1732 1877
“otal 365 144.5 2861 5698 8559
Total as % of 43% 244%
village

These four steps follow a natural process of
working and are not ‘contrived’ to try to be “partici-
patory’. Yet, at the same time, farmers are involved
in decision-making at each step, which engages them
in the process of looking for solutions to their own
ficld, rather than just following instructions. In the



long term, this will work toward developing tarmers’
capacity for, and encourage the habit of, problem
identification and experimentation.

Extension Feed-back— Research

(i) Confirmation trials

Extension statf should be able to conduct confir-
mation trials of research results under farmers” con-
ditions to determine any limits to their applicability.
Such trials would prevent releasc of technologies
which break down under certain conditions. These
trials would not be replicated or require data collec-
tion, but only require observation and comment by
DAFO staff with checks by researchers.

Proposed linkuge mechanism:
Establish procedures for contirmation trials.

(ii) Normal feed-bacik

General reports do presently move back from the
DAFO to PAFO and then to the Ministry of Agricul-
turc and Forestry (MAL). There is no specilic
process for :his and no sense of purpose that such
general impressions should affect research direction
at present.

Reports should be requested to include: perform-
ance of introduced rice variety under various condi-
tions of drought etc.; their unacceptability to locai
millers cte. The development of this change in att’-
tude and procedures will be a slow process untit
extension becomes more general, and loct  siaft
begin to gain a senie that results from rescarch can
be applied in their work.

Proposed linkage mechanism:

o stablish a policy that " AFC and FAFC should
comument on performance of introduced technologies
and identify areas problem arcar where research
could assist.

(iii) F =

As part of PEP's extension metnodology . farmer
represencatives from villages within 2 cluster meet to
exchange results and experiences on production of
the season. These meetings provide research staff
with an opportunity o directly hear feed-back of
farmers use of inioduced technologie:, and o co'-
lect issues which they could direct research for in the
future.

%Within the . 20 pilot arcas, staff 07 . nc e . /zam
station have attended farmer exchange meeti 1gs over
the past 2 years. as observers, bui not yet with the
intention to usc this as a feed-back opportunity ftor
research.

erexc e mee
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Proposed linkage mechanism:

Assign research staff to attend farmer exchange
meetings and to report on key issues raised 1o Nation
Agriculture and Forestry Institute (NAFRI).

(iv) Emergency feed-back

There will be occasions when serious problems
occur which need immediate attention from research.
Examples of this will be with discase or pest out-
breaks. Research staft should visit problem areas to
determine the conditions which have led to the out-
break. Understanding of tiiese conditions can then be
used within a research program.

Proposed linkage mechanism:
Initiate a form for reporting outbreaks of pest and
disease or other problems.

Joint and Shared Activitics
On-farm trials

DAYO statl’ have become involved in the rescarch
network to conduct on-tarm trials. These staff have
greatly benefited from the training and the experi-
ence. However, this occurred during a period when
there was still little regular extension work being
done by DAFO staff. It is clear from work in the
PE® pilot Districts, that il the A" is to provide
extension to all villages of a District, the technical
staff will not have the time for the detailed work of
on-larm “rials.

owever, on-farm rials will still require a co-
operative effort between researchers and A &
staff. The interaction required should begin with
cuearchers discussing the purpose of any trial with

ArC staff. The  WF  staff with their detailed
knowledge of the arca should then assist to identify
an appropriate site for the trial and introduce
the researcher to prospective farmer co-operator:.
Following this, the rescarcher in responsible for
conducting and monitoring the trial and any data
collection.

Proposed linkage mechanism:

Establish a new protocol of responsibilities for co-
operation between researchers and a4 7O statt for
or- arm trials.

k. ' Rese.

Research activities must be directed to the -ceds
ol farmers. Thus, as well as providiag feed-back
information, ¢xwension should be directly volved in
setting the priorities for rescarch.

Over the past year. ' "«P has been invited as repre-
seniatives for extension, Lo attend planning mectings
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