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PREFACE

This document has leen printed and distributed by the Northeast
Rainfed Agricultural Development Information and Coordination
Svstem (NERADICS) v the NERAD Project. The purpose of NERADICS
is to establish, at the Northeast Regional Office of Asriculture,
a sys.cem  to manage Droject-generated data and infermation in
order to sunport  the testing, transfer and lscemination of
technologies, ne-thodolegies and  approaches  appropriate  for
intedrated agricul tural  roseaveh and development  in Northeast
Thailana.

Technical workinz papers are produced with  the objective of
commuicating  project—denecated  information to the relevant
researca  and development agencies in order to  receive coanents
anc  Teed-back amd  to help to ensure that the lessons  learned
within NERAD are made available to all interested individuals and
organizations.

Working papers are produced on a number »f topics and are grouped
into three series acrerding Lo their subject matte.:

Technology Docuwentation Series

Documentation of technolozies considered appropriate for

rainfed azri-duwal de=v2lomment in Mortheast Thailand

Methodologe De iption ¢

Descriptions and methods of use of proven methodologies and
techniques ot the plaaning, analysis and  eveluation of
resaarch and cdtensicn activities for rainfed azriculture.

Problem Detinition Seri

Situation  papers  on e problems, constraints  and
opprortunities currventiy facing rainfed agriculture and farm
famil’ze in Novthoast Thalland.

All papcrs  in these series are listed in the Appendix  of  this
report and are avallable on request from the Project Director.
The papers arve wpdatod al apprepriate intervals andd NERAD invites
comnents  and discuzsion frem readers on any topic covered in the
reparts,




PROBLEMS AND OPPORTUNITIES FOR FARMING SYSTEM BASED ANNUAL-CROP
DEVELOPMENT IN MORTHEAST THATLAND

INTRODUCTION

Thiz paper deals with the symbiotic relationships between
annual crops and other components of the farm system. Svmbiosis
is defined by ecologists as  "the association of dissimilar
organisms  to their mutusl advantage”. To the layman it means a
wvay of getting something for nothing but for the puwrposes here it
is  best described as "any beneficial interaction between annual
crops and other conponents of the farm svstem that improve the
performance of the =ystem as a whole", Syvmblosis relies on system
interactions, in this case interactions between annual crops and
other coumponents of ol infad farm agro-ecosystem in Northeast
Thailand.

The tipical farm agroecosistem of the Northeast iz a small,
predominantly  crop-based, mixed-tarm, Off-farm emplovment is
often a very impoctact component of the system and will sometimes
generate rmore income than the [larm  itself. For on-farm
activities, &0 per went of agricultural income comes from
cropping activities with the remainder accruing from the sale of
livestock, tish, the preduction of silk and charcoal and the sale
of forest products, =tce. The major anmuual crops are rice for
subsistence and sale in the paddy land and cassava or kenaf on
the upland. Ninet: ~Tive percent of the region has no irrigation
and the crop production environment is characterized by extremely
poor seils and  rainfall with extremely high annual variability,
Arnmial  crop  production strategies and other components of the
farm system have co-evelved in response to  local agro-ecological
conditions aw! fuon-vanily requirements. Staggered planting
dates, cultural vractices and  the crops chosen are the most
common  farmer -trategios for dealing with this wnproductive and
highly variabie enviconment (Crai¢ and Pisone, 1995).

Az chown in Table 1, beth the major ammal crops are ideally
suited components  of the agroecosystem, In rice, fer instance,
vhoto-sensitive varieties are used enabling planting dates to be
adjusted depending on if and when there iz sufficient water for
transplanting, the fields e bunded to maintain standing  water
to enhance nutlient availability, farmers keep a number of yvears
rice suppiy in  their barns to carry them over vyears of low
production and ther use minimal purchased inputs to reduce risk
in drovght  or flood vears when they may lose the entire crop.
Caszava, the other main amwwal crop, also requires minimal
cultural attention and cash inputs, Lt is tolerant to drought,
thrives cn infertile soils and harvesting can be adjusted to suit
cash needs or family labor availability.




Table 1. Suitabilizy of the two major annual crops to the crop
production environment in Northeast Thailand.

PADDY RICE PREVAILING CONDITION CASSAVA
Capable of growing POR Efficient extrac-—
under reduced, wator- SOLLS tor of mutrients
logged conditions in infertile soils
Photosensitive var- VARIABLL Tolerant. to drought
jeties can bLe kept RAINFALL by virtue of 1i%s

in the seed-bed until ability to rcgulate
sufficient rainfall leaf area index

for transplanting according to water

availability

Can be drown under LACK OF Low or =eo inputs
low input levels CAPITAL reguired

Very little labor OFF-FARM Two planting times
required between ACTIVITY and flexible harvest
planting and ITMPORTANT according to family
harvesting labor availability
Produces straw for MIXED FARM Labor peaks dor’t
livestock and fish, IMPORTANT conflict with other
crabs, etz. ave farm enterprises
collected from the and harvest can be
paddy adjusted to family

cash requirements

In addition Lo heing ideally suited components of the
agroecosystem, thes: crops are also intimately linked with other
farm system enterprises (Figure 1) and thes  improvements  to
gnnual crops can iave e variety of effects that may be either
benelicial or detrimental tc other components of the farm system.
Tt is the contenticn of this pnp@r that the interactions  between
annual  crops and other components in the farm svstem and the way
the farmer manipulates them in anw with his objectives has to be
wderstood  if wudesirable effects are to be avoided and if
bene®icial or ‘'symbiotic’ effects are Lo be capitalized upon.
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Figure 1. Major interactions of annual crops with other
compcnents of the Yar: system.
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FARMER. STRATEGILES FOR SOLVING ANNUAL CROP PROBLEMS

The study and analysis of traditional farming systems is
needed to identify the farmer strategies being followed in  the
managemenl of important farm system interactions. Many tools for
identifving farmer strategies na.c heen used and refined by NERAD
including agro-ecosystems analysis, rapid rural appraisal and
other techniques that are already quite widely used in Thailand
(Gypmantasiri, el al., 1980; Trebuil, 1982; Anonymous, 1982;
Jintawet, et al., 1983; Conway, 1986; Alton et al., 1987).

Many  examples of farmer practices that are in harmony with
important farm svstem interactions exist for Northeast Thailand.
Indeed, the intimate relationship of the farmer, his farm and the
natural environment is probably the main sustaining force in the
agroecosystem,









Figure 2. The effect of oxidized and redvced soil conditions on
rice grewth for <wo soil series.
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2, Manipulation of the annual-crop/soil-nmutrient interaction.

Both of the wijor annual crops grown in the Northeast are
traditionally cultivated year after year with little or no
fertilizer application. Both are extremely efficient at removing
nutrients from infertile soils; submerged rice due to its ability
to dgrow urder reduced, water-logged conditions and cassava by
virtue of its physiological response to nutrient stress whereby
it maintains leaf nitraogen levels and thus  photosinthetic
activity at the expense of leaf area index (Coclk, 1983). Very
little crop residues from either crop are returned to the soil;
cassava due to  ilzx high harvest index (Cock, 1983) and rice
because st of  the straw is removed as cattle feed by the
Iivestock/crop interaction. The result is that traditional
annual  crop produslion in the Northeast has been eroding the
farm-system  resource-base, This 1is clearly illustrated by
comparing the scil fertility levels of the NERAD project sites in
terms  of the length of time wnder continuous annual cropping
since each site wns opened from primary forest (Figure 3).

Because of the limited availability of animal manure, the
limitad preduction potential for compost and the high cost of
chemical  fertilirer, attention within NERAD has turned to green
manuring as the only feasible, low-cost means of manipulating the
annual-crop/soil-nutrient interaction to give significant soil



Figure 3. Soil fert.lity levels in the NERAD Project sites,
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improvement on a large scale. Results of the trials rresented in
Table 2 and Figure 4 show yield increases due to green manure in
the range of only 5 to 20 percent. Farmer interest is very high,
hovever, with significent adoption already occurring in Sri Saket
and Roi Et wherc soil fertility levels have declined furthest.

Table 2. The effect of green menure on rice vields in ke. per
rai for the NERAD cropping sye tem trials, 1983-1986.

SITE YEAR G.MAURE  No. TRIAL  GRN.MAN  FallOW-  FALLOW-
CROY REPS TYPE  -RICE RICE FRM CHK
TAE 1983 COWD'EA 5 ON~FARM 681 569 239
TAE 1984 COWPEA 10 ON-FARM 526 199 435
TAKET 1984 COWDEA 9 ON-FARM 575 164 421
TAE/TARET 1986 COWPFA/SES 18 MLT/LOC 543 408 N/A
ROI ET 1980 VARTOUS 10 ON-FARM 461 435 N/A

-



Figure 4. The effect of green manure on rice, NERAD cropping
system trials, 1983 to 1986.

a0C
1 £ ou-ace
— {55 FaLLow-wCE
3 '._l
& 895 (] FauMER Chi
(=] {
£ !
= |
o 138
= s
L i 3
=R L
o ~La ¥
| r
‘ Kv
- et b
N i T
" w o
b4 o b=
- Iy —
] &
A 4 z

Green man.ring is nocossary because soils in the NeiLcast
are extremely infertile (Table 3). Unfortunately, this gives rise
to the problem that it is often impossible to establish satisfac-—
tory stands of green manure crops without the use of fertilizer,

Table 3. S5il fertility scores lor the soils of South East Asia
(after Ragland, 19344).

AREA RELATIVE SCORE
1, India, Godavari-Krishna. +1.,76
2. West Malavsia, kedah-Perlis, +1.48
3. Pangledesh, Grndes. +1.27
4, Bangledesh, marginal zone. +0.57
5. Bangledesh, +0.54
G. tangledesh, Rramaputra, +0.43
T Thailand, lLanckok plain. +0.26
8. Thailand, southern region. ~0.,11
9, Thai iand, upper central. -0.30
10. Sri Lanka, wet and intermediate zone. -0.33
11. Thailand, inter-montane area. -0.33
12, Wesl Malaysia, cast coast -0.99
13, Sri Lanka, dry zone. -1,58
14, NORTHEAST THAILAND ~3.26




which would deneraliy be unacceptable to farmers. Once adain,
clue to solving this problem can be cbtained from an wndder-
standing of traditional farmer strategies. In Lhis case, it may
be possible o sbhtidn a satisfactory  greon manure  crop by
planting it in the sume fields that receive the eattle  manure
that vear wnder the farmer practice of rotating the animal-manure
applications, di=cussed  previcusly., By this means, it may he
poseilile  toe permancntly  sustain or even  increase  the  soll
fertility lpproveoment  from  anime) panure by the  prastice  of
green manuring,

Alternatively, it mo be posziblo o obtadn adeguate green
mAnure  crops  wilthout fertiliving by the careful  screening  of
candidate materials, This work was initiated within NFRAD in 1986
by the  Department  of faind Development with  the objective of
passing on  the promising varicties thus  identified to  the
Farming Systems Resedarch Institnbe for on-farm testing (Table 1),

Table 1. Results of NERAD green manure screeniag trials.  Nong
Kaew, Rol Et, 1936,

GREEN MaLDW YIELD {Kz/Rai} % 1NCREASE
CROP OVER
MATERTAL G.M. CROP RICE CONTROL

COWPEA 4352 179 10
RED COWPEA 1336 146 3
PTACK BFAN 3728 182 11
SWORD BEAN 2208 449 3

FALLOW {CHEZR) - 435 ! -

NERAD's on=farn trials also identified a varicty of Sesbania
wa) obtained  {rom the International Rice  Rescarch
Institule  that appoarcd to have considerable promise as o pre-
vice green marure crop for the Northeast due to 1ts abiliny  to
nodulate and grow vell under acid, saline and waler-logged  con-
ditions and becaize of 1ts apparent lack of serions pests in the
vegetative  stade.  Trials to date indicats that sesbania is a
better green manure crop under wel conditions but that cowpea and
blackevram Lend oo perform bettor under oy conditions,
Unfortunately, at the time of planting there s no way of
predicting the futare clinatic conditions and hence choice of the
nost appropriave green manure crop is often difficult. A possible
means of overcoming this problen, mizht be the use of a seshania,
cewpen and blackgram mixed crop to test its potential  for off-
setting Lhe uncertainty from climatic factors,
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RICE FIELD {h/Ra

3, Manipulation of crop/crop interactions.

Detrimental interactions belween component crops in  sequen-
tial cropping svetams, such as pest and  disease build-up,
allelcpathy, ete.  are now well  recodnized and  documented
(Trenbath, 1976; lLitsinger and Moody, 1976). It has also been
shown  that, with correct management, their negative impact on
the svsten car be avoided,s Similarly, benelilcial interactions can
also be ldentified and, with careful manipulation, they have the
potential for improviong the perfomnance of the whole systen,

Peneticial  oateracticns can be denonstrated that  increase
vields of e anmuel subsistence rice crop, the heart of  the
Northeast farming <v:tem. Vavious pre-rice crops have beer tested
by NERAD over the past 4 vears and hove given somewhat variable
results in terms of vield and cash returns. As shown in Figure 3,
however, the vield: of he following rice erop are increased in
almost  every instance by the inclusion of a first crop in  the
systenm,

Figure 5. Residual fertility effects of a first crop on a follow-
ing rice crop, NERAD cropping system trials, 1985,

TIPST GROP-RIC

TALLOW=FICE

FIRST CRCPS

= White sesanme

= Black sesame

= Thai l(enai

= Cuban kenaf
Sweet corn

= White sesame

= Peanutl

= White sesame

= Mungbean

= Cowpea

= Cowpea

CHEOPHING STETEY

This effect of residual fertility often does not show up on
the better buffered, hign-clay, rice soils of other regions of
Thailand. Farmers iu the Northeast, however, are well aware of
the effcect and thisz way explain why they are always willing to

16
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f rice, NERAD trials,

1986,

The effect of fish on the yield

Figure 6.

Kkhon Kaen Rice Research Station,
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The effect of fish on the yield of rice, NERAD on-farm

trials, S

Figure 7,

i Suketr, 1986,
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Fesults from NFRAD’s on-farm research on fish in the paddy
are presented in Fisures 8, 9 and 10. These trials concentrated
onn the effect of {'isli on pest, disease and weed populations in
rice. Once asain, noe ~onclusive evidence was obtained but the
results  do  raise a mmumber of interesting hipotheses that will
require research szttention in the future.

Figure 8. The eftect of fish on rice insect pests, NERAD on-farm
trials, Sri Saket, 1986.
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The results show that the presence of fish can reduce the
incidence of some pest, disease and weed species by up to 50
percent, The likely effect of this reduction on yield is quest-
ionable foir some pests such as the brown planthopper because of
the low pest populations involved. However, in other cases such
es the stemborer and crown rot, the reduction in pest populations
wag sufficient to zignificantly effect yield. In these instances
the mechanism by which the fish reduce pest levels is difficult
to explain as there are no apparent stages in the life cycle of
the pest when it might be susceptible to direct predation by
fish,

13



Figure 8. The effect of fish on rice pathogens, NERAD on-farm
trials, Sri Ssket, 1986,
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Figure 10. The «ffect of {ish on rice weeds, NERAD on-farm trials,
Sri Salet, 1936,
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further research on the life cycles of the key peste and a
study of the possible indirect effects of the fish such as
changes in pest habitat, host plant attractivity, ete. are
needed. This willl ensure that research results are produced that
add to the understanding of the interactions that occur between
fish and rice so lhat in the future, the protential bencfits can
be manipulated to improve the performance of the system as a
whole.

CONCLUSIONS

Farming systewms, especially when they have evolved wunder
highly stressed wcorditions, such as those found in  Northrast
Thailand, are extremely complex with many interactions occw ing
amon¢ their component enterprises. Farmers recognize these inter-
actions and maninulate them in order te optimise the performance
of the entire farm system. Synergistic, or mutually beneficial
inmeractions betwvezn annel crops and other components of  the
farm system can be identified with the help of an adequate under-
standing of the farmer strategies currently being folliowed. The
purpcse of annual crop based FSRE approaches is to develop appro-
priate component crop technologies based on an understanding of
the lmportnt symerdistic interactions occurring within the agro-
ecosystem, It is not the role of I'SRE, however, to manipulate the
individual components of the farm. This is the job of the farmer,
as he alone has the sulficiently-detailed knowledge of his farm
agro-eceosyslem necessary to manipulate its components in order to
optimize the performance of the entire system in line with his
individunl goals and cbjectives,
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APPENDIX

The following NERALICS Working Papers are available on request
from the Project Director:

NERADICS Problem Definition Series

Pl

P4

o
RA

Effects of Paddy-bund-planted Eucalyptus Trees on the Perf-
ormance of Paddy Field Crops. Craig, I.A. arcl Wasunan, S.,
1987. (English)

Cverview of Rainted Agriculture in Northeast Thailand.
Craig, 1.%. aned Pisone, U., 1987, (English)

The Upper Duddies in Northeast Thailand: The Current
Situation and Implications for Development. Craig, I.A., and
Baker, G.P., 198G, (Thai and English)

Current Pest Management Problems Facing Farmers in Northeast
Thailand: ey Research  and  Development  IPriorities.
Katanyalul, W., Amaritsut, W., Keerati-Kasikorn, M. and
Craig, I.A., 1987, (English}

Problems and Opportunities for Farming System RBased Amnual
Crop Developirent. in Northeast Thailand. Craig, I.A., 1887,
(English)

NERADICS Technolosy Documentation Series

TO

Tl

T4

Executive Summary:  NERAD Promising Technologies. Thamabood,
&, (Editor), ld#e0, (Thai)

Divect Sown FRice: a Cropping Svstems Technology {for the
Upper  Faddics in Northeast Thailand. Craig, I.A.,
whattambbuti, ., Sukapong, C. and Netpichit, W., 1986,

{Thei and English)

Cooperative Luying Groups in Thailand: Resnults of a Social
Fxperiment. Meyer, A.L. and Infanger, C.L., 1987, (English)

Modified Shallew Wells: a Farmer Developed Technology for
Northeast Thailand. Craisg, I.A., Phensupha, N. and Ragland,
J.L., 198G, (English)

Pre-rice Green Manuring: a Technology for Soil Improvement
Under Rainfed Conditions in Northeast Thailand. Craig, I.A.,
1987. (English)

Papava Fkingspot Virus: Cross Protection for an Important
Subsistence Crop in Northeast Thailand. Gonsalves, D. and
Prasartsii, V. {English)



NERADICS Methodoleogy Documentation Serieg

M1

M2

M3

M4

A Cropping Sstens Technology Developnent “rocess: the NERAD
Model., <C(raig, LAY, Sukapong, C. and Suratikul, S., 1986,
(Thai and Engligh)

Triasge: a Methodelogy tor Scresning Agricultural Technol-
ogies and i oritizing Researvch agl Extension Activ;ties,
Craig, T.A. and Stkapong, L, 1937, (Thai and Fuglich)

NERAD Project Adricultural bBevelopnent Information and Coopr-
dination Systen INERADICS): A Project Dezcription, Hopkins,

J., 1987, (English)
The  Rapid  Geaccspent Technique (RAT): & Procedure  for
dentifyving  “omer Froblems and Developnent Opportunitics.
Alten, C. and craig, I.A., 1987, {Thai and Fnglish)

ey Characteristics of the  NERAD Full-cycle, Integrated
Development Modeis, Songlin, R., 1987, {Thai)

The NERAD - :i.al Framework: g Project Design Summary for
Planning, donoring and Evaluation., NERAD, 1987. (English)

Crop Protectinn  apd ITPM for Rainfed Crepping  Svstems in
Nerthsas! The 'aad, Amaritsut, W, , Prasartsri, V. and Craig,
oA, 1937, (English)
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