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PREFACE
 

This doctunent has I een printed and distributed by the Northeast 
Rainfed Agricul tl ra. Development Information and Coordination 
System (NFRL\DICSii: the NEThD Project. Thie purpose of' N-EPtADICS 
is to establish, at Lhe Northeast Regional Office of Agriculture, 
a sysgem to mana, P'oject -generated data and infcrrmation in 
orier to support h tenting, Lransfer: and dissermination of 
technologies, MASIO0cSg e anwd p:rotches appropriate for 
integrated atg' rul itr iosh and development in Northeast 
Thai lana. 

Technics]. workinq ape'rs are or-odiced with tihe ob.Jective of 
,'onmfluicn ting i ,Ie t -, atd rinfor , t i o to the relevant 
resear cadici in receive comentsdc\:,I'o)d n[ ag.encir. order to 
and feed-bAck cn.i t.- hell, to ensu' that thc le'ssons learned 
within NESAD are i ..vailable to M intorested individuals and 
ergarizations.
 

Working p&pern :Yoe LA.dced on a wmrhe --)f topics ani are grouped 
into three series rci c,:dir Lo heir stubject matte.: 

Technol ogv Dec menta Ke[n SorI ies 

Documentation of Lecnc.ogi es cons ilered appropriate for 
raiiifed tri'..1 d-,ri.:-.' in "ortiieast(lv e:opment Thailqnd 

Mf"-thod olo'v1 Dc-scit ion Series 

Descriptios and methods of use of proven methodologies and 
t-ecIique , thl in, analysis and evaluation of 
research rnd t n. atvities for rainfed agriculture. 

Prob] em Deriru iar -

Situ tion i u o S'e protlIems, constraints and 
opportunritiep. cu ren-r Mcing rainfed agricultiue and farm 
fairil."i! n e;s' la,d. 

All prcpcr; in Lhse -erie ar'e sLed in the Append!N of this 
report and area v oable o requlest fNom the Project Director. 
Ile piper-s a'e utfdiat ed it appi -puiate intervals and NERAD invites 
comments aid ctiscucs-ion fcm readers on any topic covered in the 
reports, 



PROCLEMS AND OPP'ORThNITIES FOR FARMING SYSTEM BASED ANNUAL-CROP 
DEVELOPMENT TN NORTHE-\ST qTH-AILAND 

IN HODUCTION 

This paper de.als with the symbiotic relationships between 
annual crops and otrler components of the farm system. Symbiosis 
is defined by cologists as "the association of dissimilar 
organisms to their mutu, l advantage". To the layamn it means a 
way of getting somr.tl jg for nMthQg but for- the purposes here it 
is best described as "any beneficial interaction between tnual 
crops and other ccirp-oinents of the farm system that improve the 
p ?rformance of the s cm as a whole", Symbiosis relies on system 
interactions, in WKi: cas.e interactions between annual crops and 

other comiponents ' - .ed fnm agro-ecosystem in Northeast 
Thailand. 

The ty-pical fa' i agroecosystem of the Northeast is a small, 
predominantly crop-based, mined-Larm. Off-farm mployment is 
often a very impou1tqt component of the system and will sometimes 

generate move ircme than the farm itself. For on-farm 
activities, 80 -e ent of agricultural income comes from 

cropping acLivitien-iAh the remainder accruing from the sale of 
livestock, fish, the pr'c tio6:Cf silk and charcoal and the sale 
of forest pr'odc'r.', etc. The major annual crops are rice for 

subsistence and ,:l- in the i:tddy land and cassava or kenaf on 
the upland. .inet -five percent of te region has no irrigation 

and the cr op piodu(:tior enviro ment is characterized by extremely 
por soils and rainf.al1 with extremely high annual variability. 
Anul crop prdjuc on strategies and other components of the 
farm system have co-myh\ (ed in response to local agro-ecological 
conditions aul f r:-a'Mil, requirements. Staggered planting 
dates, cultural rAncticeq and the crops chosen are the most 
common frmc V.at' es for dealing with this tnpcoductive and 
highly vi iabie enVLOhlnent Craig and Pisone, 1985). 

As shown in T1,ie i, bc th tae major anuual cr-ops are ideally 
suited compaonlnL, of the agroecosystea. In rice, for instance, 
photo-sensitive ,i,:,ties are used enabling planting dates to be 

adjusted dependi;g cn if and Wchen dhere is sufficient water for 
rctr:splanting, thc fields n,!, 

1)n.-ded to maintain standing ater 

to ,*.nAnce nutrient availabi ity, farmers keep a number of years 
rice sipply in their- barns to carry them over years of low 
production and thiy use minimal purchased inputs to reduce risk 
in drrght or flow! years when they may lose the entire crop. 
Cassava, the other nmin amual crop, also requires minimal 
cultural attentionand cash inputs, it is tolerant to drought, 
thrives on infertile soils and harvesting can be adjusted to suit 
cash needs or family labor availability. 
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Table I. 	 Suitability of the two major rnuai crops to the crop 

production environment in Northeast Thailand. 

PADDY RiCE PREVAILING CONDITION CASSAVA 

Capable of growing AWB 	 Efficient extrac­
tor of nutients
under reduced, watc1 	 so MS 
in infertile soi lslugged conditions 

to droughtvar- VARIABLE TolerantPhotosensitive 
jeties can be Kept RAINFA.L by virtue of its 

ability to regulatein the seed-bed until 
leaf area indexsufficient rainfall. 
according to waterfor transplanting, 

availabili ty
 

or c",.oinputsCan be grown under LACK OF Low 


low input levels CAPITAL required
 

Very little labor 	 OFF-FARM Two planting times 

ACTIVITY and fIL]exible harvestrequired between 
- according to familyI>ORTA.N" 

labor availability
planting and 
harvesting 

FARI Labor peakW don't.RPoduces straw for MIXED 

livestock and fish, Dfl-BARTANT conflict with other 

farm enterprisescrabs, etc. are 
and harvest can becollected From the 
adjusted to familypaddy 
cash requirements 

to being ideally suited components of 	 theIn additicn 
the crops are also intirite]y linked with other 

agroecosystem, 
improvemcnts to

farm system enterprises (Figure 1 ) and thcs 
that ly be eitherannual crops Cal ia~e a variet~y of effects 

beneficial or detrimentc to other componunts of the fam system. 

this jaxpor that the inter:.ttioli between
It is the coniention of 

. 
annual crops and other comiponents in the Farm system arid the way 

to be
the farmer manipulates them in ine2 with his 	objectives has 

be avoi'.ed and if
tuderstood if iLaidesirable effects trc, to 

be capitalized upon.
beneficial 	 or 'symbiotic' effects are to 

2 

http:avoi'.ed


Figure 1. Major interactions if annual crops with other 

components of the f'ar , system. 
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FAR.I STPlATEG[ES FOR SOLVING ANNUAL CROP PROBLEIS 

The study and analysis of traditional farming systems is
needed to identify the farmer, strategies L-ing followed in the 
management of importrnL farm system i:iteractions. Many tools for 
identifying farmer sLt.ategies a,!.c been used and refined ADby .NER]
including agro-eco y-tems analysis, rapid rural appraisal and 
other tecLfiques that- are already quite widely used in Thailand 
(Gy-T1-antasiri, et. al.., 1980; Trebuil, 1982; A-nonwous, 1982;
Jintawet, et al., 1§8:; Conway, 1986; Alton et al., 1987). 

.any examples of farmer practices that are in harmony with
important fa:'n system interactions exist for Northeast Thailand. 
Indeed, the irtijimatr, relationship of the farmer, his farm and the 
natural environment. is probably the main sustaining force in the 
agroecosys ten. 

3 
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# '' oRNADhas identified a flumber of-strategies usedb fames 
order. t o improave

"~"~' fe tilt cop/livestock ,interactions ,in 

e Rot Et,,sbil-rsltl (Craig, 1985p). . r ensiAmphroppng
ton~L;ma'maepul 	 hCh latlze
tivilitx
aip ' grw a 	 of 

maintaining the yield of thefllowi g rice cirppcthrough 'the 
: ,' :;vcattled manure applied to'and pai for by the water-niel I. Other . 

farmers carefullnai dr their aniaial aiuree which voatilizes "< 

offPmi.c -of the N, bt necssryoavoid te sl p 
">reuction associated with'the e-pplication of fresh manure,~ The"' 'w 

'to a few "~dried manure is then gi'nerally" applied intensively 
fields each year in order to support intensive cropping systems . 

for that year in those fields, Manure application is rotated 
around the whole farm overrtna number of years to spread' the ' 

f
effect, 'n 

RainfAll Variabilit) 

Obviously, there are many farmer fstrategies for 
manipilaing the crop/climate interaction that is soI imprteant 
for * rainfed agriculturec. dThe i., theOenaf-rice system common 
paddy land in the, central part of utheregionessentiallyr ais 

* ,risk-reducing strategy employed 	 by 'farmers under conditions, of 
variable rainfall, In dry years w~hen 	 rice .-planting~ is' 'delayed or 

can. leave the kenaf in thesometimes not even possible, farmers 
field to increase yield and thus obtain some' compensation fori the 

loss of. the rice. Conversely, in wet years' fkenaf yields, are 
Slower> due to early harvesting but thisis balanced by icreased 
rice production. 

Pest' control strategies for rice commonly employ ed ,by 
farmers are essentially a manipulation of. the annual crop/ farm­
family subsistence interaction. Padd crabs, 'small inects, 
birds and other 'pDtential .rice pests are important .ur~es of 

*.food for Northeastern farm families' and gathering thesle Products~ 
from the ,rice 'fields obviously has important implications f or 
plant* protection. Pesticides are' generally not ';used on rice 
because of their adverse AffectL on thie 'natural fish' popuLlations 
in the paiddy "fields that are ,a major 'source of sul-istence 
protein in the region. 

Variable Market Prices 

The on-farm/off-farm interaction is often manipulated to 

the marketing of,,silk in Nuang Suang District of Ro' 'Et ' 
'~example, 

) is closely integrated with the high 	 level ofoff-farm employment 
in that area.' Silk is produced in the villages by the remaining 
work force, often elderly females and is,marketed by the seasonal" 
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4222 

off-fr& labar' force <4h6.osell it at a preiuiiirprice in Bangkol' 2 
When'traveihg o work there- "~2 > ''' 4~ 

FARMING SYSTE2I1BASED. RESEARCH SOLUTIONS TO ANNUAL--CROP IMPROVD'ENT 

~ 242 :;~~4 It' would' be2 untrue to state that all, the technolge en 
""developed.2i~ ~"~ by;'NERAD(Pisone; 1987) were designed inlinie with ,a
specific famer~ strategy. :However,; now -that an understanding 'of
 

< 	 the more important 'farmer staeishs engie, ti'os 
i2,>ble to exp~lain why soaeof ,the technologie are successful, and 
being ~'adopted b-y farmers while others<, although ,technically~ and -

4 

' 
economically sound, tire not popular with the'~ farmers. In 
addition,, the uniderstanding gai'ned' has" imipor'tant implications for 

'.>24)'' future FSRE work in' terms of helping to identify relevant res-
42 

earch topics associated with key farming system interactions as 2
defined by farmer strategies. ,' , 

~ '"' The rem ider of this paper will therefore describe some. of 
the NERAD-de~eloped 'cropping system techniologies 'in "terms' of '' 

their symbiotic with' im~portant farm system'association' 


interactions and' their implications for' fu~ture '~.resear'ch 22 

priorities.. 

I. Manipulation of soil-water/soil-nutrienit interactions.
 

2NERAD 
 research has demonstrated significant improvements, in<,,

rice growth:(Figure 2) by using soil submergence to produce 
reduced' conditions wich~enac nurin '2iablti
 
equations: 

2+ 2+ 
I/ Fe(OH) + 3H Fe + 3H 0." 2'' 

"4222 * 2 

2/ Fe (HPO) Fe + 3H PO
 
22 
 4 3 	 2 4 

This 	'property is traditionally exploited by farmers' w~io '' 

construct earth-lined weirs across small waterways. to
 
divert water. into*their. paddies to keep 'them submerged. NERAD has I

been addressing this opportunity. by the "construction of permnanent '2
 

diversion weirs on the seasonally-dry creeks 'that criss-cross ,

much of'the Northeast and whichduring periodn of rain, 'drain
 
away uip to 70 per'cent of the water that would ri otherwise be '
 

.bamboo 

available to the rice. The objective'of these wiers is to 2re­f~.place the farmers temporary wears with permanent structures that
 
don't wash out each year and hich also allow for improved, water 

control.
 



Figure2. 	The effect of oxidized and reduced soil conditions on 
rice grcwth for :wo soil series. 
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2. klaniYlat,,,in of' the anui]-cf-ojj!soi]-nutrient interaction. 

Both of the itjor annual crops grown in the Northeast are
 
traditionally cult ivated year after year with little no
or 

fertilizer application. Both ,re extremely efficient at removing

nutrients from infertile soils; submerged rice due to its ability 
to "row uorder rediced, water-lo ged conditions and cassava by
virtue of its phys-iological rosponse to nutrient stress whereby 
it maintains leaf nitt ogen levels and thus photosynthetic 
activi at the expense of leaf area index (Cock, 1983). Very 
little crop residues from either crop are returned to the soil; 
cUsasava due to it. high harvest index (Cock, 1983) and rice 
because .- ,st of che straw is removed as cattle feed by the 
livestoc!,/crop in teracLion. The resdit is that traditional 
annual crop productioI in the Northeast h1as been eroding the 
farm-.syst.-m r'esour-co-base, 'flis is clearly illustrated b, 
comparinig the soil ferltility levels of the NERAD project sites in 
terms of th, length of time under continuous annual cropping
since each site was opened from pri~mar-. forest (Figure 3). 

Because- of t!e i iA ted availability of animal iranure, the 
limited prodtiction potential for compost and the high cost of 
chemical fert ii:'er, attontion within N-TD has turned to green
manuring as the only feasible, low-cost means of manipulating the 
annual-crop/soil-nutrient interact.ion to give significant soil 
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Figure 3. Soil feility levels in the NIMAD Project sites, 
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improvement 	on a large scale. 
Results of the 	trials presented in

Table 2 and Figure 4 show yield increases due to green manmure in 
the range of only 5 to 20 percent. Farmer interest is very high,
however, with significant adoption already occurring in Sri Saket 
and Roi Et where soil fertility levels have declined furthest.
 

Table 2. 	 "l]1e effort, of green ma:ure on rice yields in Kg. per
rnai for the :ERAD cropping system trials, 1983-1986. 

ISITE YE-R 	G..MA:7'UF No. TI'IA. (i"N. MAN F.J-LOW- FALLOW-
CROP REPS 'TPE -RICE RICE FRM CHK 

LkE 1983 CMV,P'\ 5 ON-FARM 681 569 539 
TAE 1981 COWPI-YA 10 ON-FARM 526 -199 455
 
TAKET 1984 CCW'PEA 5 ON-FiM',1 575 -16-1 421
 
TAE/TKEF 1986 CO;PF.A/SES 18 MILT/LX 543 408 N/A

ROI HT 1986 VARIOUS 10 ON-EARN 461 435 N/A
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The effect of green manure on rice, NFRAD cropping
Figure 4. 

system trials, 1983 to 1986.
 

17 FALLOY-RICE 
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izi .:; essary because soils in Lhc, Nci LLa.stGreen van iring 
are extremely infertile (table 3). Unfortunately, this gives rise 

to the problem that it is often impossible to establish satisfac­

tory stands of green nviure crops without the use of fertilizer, 

Table 3. Soil fp.rLility scores tou the soils of South East Asia 

(a fter Rk,.&]and, 198-1). 

AREA RELATIVE SCORE
 

+1.76
1. India, Godavwc'i-Kris.rn. 
2. West :,alay';Ia, Kedah-Perli. +1.48 

+1.273. Bangledesh, GUngea;. 

4, I nugledeal, marginal. zone. 
 +0.57
 

+0.54
5, ianyledesh. 
G. Pangledesh, Bra~muputra. +0.43
 

7, Thailand, Langkok plain. 
 +0.26
 
-0.11
8. Thailand, a;Duthern region. 

9. Tha and, upper central. -0.30 

10. Sri Lanla, wet. and intermediate zone. -0.33 

11. Thailand, inter-monLane area. -0.93 

12. West Malaysia, east coast. -0.99 

13. Sri Lan a, dry zone. -1.58 

14. NORTHEAST 'I'!tAILAND -3.26 
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which would general iy he unacc( ptabl e to farmers. Once again, . 
clue to so]x in" this problem cin be obtainedc from an Wool~ 
standitg f i tdit.i I ia-.1 fa-rmer stratecgies. In this case, it. rmL 
be pons-ible .o aht l in a i;PFant:try grn imanure crop Iy 
platiti; 1t in t.-. afields tio! receive lihe '-tLLi.e matu',
that year h th, i'a-ier pr'arti of toat t thg }th ,-utihtr --manure 

at4licat ion , ,i:-u --:d l-t-'\ iun I> .. By I, aL ti an,., I t may be 
possi e to porT:,r iL, \ - ISMti nl t o -'nt i -' st' til td so l. 
fertility Qi qovn-.Aia ft n an:imal c.'-u',-, bc .- practicethe of' 
n-e-en rat ur itni 

Altarnat. no it ir !,, il, -, oibitt :Ldiu(Itttt' greeni 
c w i iIi, c-a.ef, l eeit ofnAritt UO, (opt I fe't 1 I> tte .- tg 

candicate materials . '' u- -, .lnitH.itiri \ER-\D 
by LhA.n i ickd Deco aptn L with ebjec-ti ve of 

iit i-c ,:ta, in 1986 
Ik-atn,:tit, .- nt 

passing on t I,i - 't! i .at'iet-tlest huIs identifi d Lo the 
Fanming: Sy. ti-ms k-o.:Lach jnsLii t tof- 0rt-it-ni test, ittg (Table -1). 

Table 4. Ros-l ts of NERD green inanie screeing trials. Nong 

Kaew, CI Et, 1986. 

GREEN Y.>IELD 1l~g/i % .NCREXSE 
CROP 1OVER 
.AT ML G.M. CROP RICE CONROL 

CO-PF7 .1:52 ' -179 10 
liE) CO LPE: I:-3 .16 3 
!?M1 BEAN 372. i 182 11AC. 
SWOI )i-l\N 2208 .149 3 

F".-LLOW (lCIVI'I ) 4:35 ­

XL-I's oJti- f-,ir', triala ttlso denti ti,_d a variety oif Seshantia 
rstraitya I obta. tntd fr-ot the "Litern.i.onal Rice Research 

In Li taute Lltt, atpoared Laolave -onid.rAIe pr-onis as t pre­
r-ice green mciar-t, -l-p for the- Nort hea duenU to abi.y to 
rtodultLe atd grOc.,' re0-. Lutder acid, :alin and watLe -logged con­
di.i t ':ti in of-.' 't -,rI .lac o e I ]i,-t- -hla -i. ) a 1t t Sof the 
veet-Ltive stage. tI'iaao date indicate that s-e,-I nnia is a 
beitter 'reenr rrntni to -imp lnde- wAL -ondi. icos but tihat cowpea annd 
blac~grat tnd ' l)eftri':r ie ,l-t' at idie (IIy coniditiLOns, 
Unforrtu atel.y; - t: Ih tim of' ilantjrg It re i. y f 

predictng thel futilt-- clin.-tit-- conditlons and het ce choice of the 
mo!i t appropriai.- , t1111..,re i.siOf tett ,Iiff1icult. A p.-ossibleI-clit, m 
Meat.St of over.Culirti tis problem, Oi , be tHt use of a sesbania, 
cowper i ttuckg-aii :nixed ciop .r) test its potential for off­
setting the u7cet Ut ility trort cLi mtLc factors. 
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3, Maiiipulati on cf crop/crop iinteractions. 

Detrimental iMnoLraction s between component crops in se-juen­
tial cropping systcs, such as pest and disease build-up, 
alleloyathy, etc. gre now wt- I I eco1nized and doctimented 
(I'ventath, 1976; Litsinger aid Mood , 196) . It. has also been 
shonn that, i.h colrrect wangement, their negative impact on 
the sys La' can he. v=,i ltSlmilnrly, b.nef'icial interact ions can 
also he i:L ei d d, , h c: :01 in'efu they thetiulaticri, have 
potentia] For i pn,.inq th- p,' na r A die whole vsysen. 

BPe1tr ti-ct1 a in h, demostrated l1t in 1crease 

yields of Ine annu subs.i' t(:nL' r'ic, crop, the heart .'f the 

Northeast fa:ming ..-jm. \Vi, pe-n' ice crops have been tested 

by NE.-D over t,-c ptnt 4 yrs md h: ve giern somewhat variable 
results in terms of yild and ca: oI.irins. is shown in Figur 5, 

however, the yiel- of' the fo llwingi rice crop ar'e inci eased in 
almost every insw:'e by the incusio, of a first crop in the 
sys tem. 

Figure 5. 	 Residual fertility effects of a first crop on a follow­
ing rice crop, NERAD cropping system trials, 1985. 
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This effect o[ residual fertility often does not show up on 
the bettev bnffered, high-clay, rice soils of other regions of 
lailand. Farmeyn in the orLhea';t, however, are well aware of 

the effect and this- t y e:plain why they are ahways willing to 

IF 



~ 	 prerice,,croptil even if the, char,~f~cm~4~~ri~i~pae( { 
l' crop, failure rare "high. The±mp3liations'fr eac arp3ete 

tcurrent fertilizer recommend s based on component crops w' 
,loware inadeqwate., for cropping, systems or the -poorl, uffered, 

GE .C"" -andv ,soils 6f.the: ,orthetK,-Tdals- 'neeg Ko be. conduct'edI " 
~'j~to 6stiblishl recommendations that iizie the performance of~the, "~ 

'onirethan 	 inodiyiduallysystem rather eachc,omponent 

4!an.,ulatio n of cro/fis interactions. 	 .!
 

Research results'from both on-farm and e-xperimental- station 

'trialsswithin NerAD have shown impressive rice yield increases 
due to the stocking of fish inl..the rice Paddy (Figies 6 and 7) 
Unfortunately, the nature of the interaction between' fish and' 
rice i~sstill not properly under stood and cannot, thfoe, be 

entire fish/of the n c.e.. .......... to the performancehave 	 'to the
manipulated 	 optimi.se been advanced explainsystem, Various hypotheses 

effect.. . improved disease control, weeds,
including: pest and 	 fe 

the r ;ice
soil nutrient effects, the'jphsical effect of fish on 


.. plant and its root zone, 'improved water management, and' improved 

cultural care' of the rice, 'but the' effects of each h~ave not -yet 

. Joint reserch between the' Department of . .beeiquantifid 
Fisheries (rx)F) and the Department of 'Agriculture (DOA). 'was> 
initiated in 1986 in~order to determine the true, nature "of" the' 
rice/fish ini'eracl~ion responsible for the 'increas-d rice yields. 

The data obtained, (Table 5) are far from conclusi9e They.

do show, however,. that the yield impro6vements are due to, an 

* 	increase -in grain weight which was significantly different for­
and' 'without fish' and for different fish stocking' "plots ~with 

rates, Thme The'ut tend to dispr hi~teoIy tat increasedj 
yilsare due to the fish stimiulating tillering as there' are -no 

'' 

Tabe Th 	 yield' components of rice,5 efectoffish on tii 


NERJAD tilKhon Kae'n Rice Station, 1986:
 

CMiPONENIS NU IBER OF FISH RELEASED PER RAI 

YIE D 0 800 1000 1200 C.V.(%) 

IN71 7.63 7.29......(gmS ) 262 . .... 3 19.
TILLERS/HILL...100 7.40 8.10 2,4
 

PANICLES/HILL 6.52 6'.44 '6.46 719
-6.20 


GRAINS/PANICLE 3630 3801 3653' 3954 10.9 
12.1"0.77~ '0.77UNFILLED GRAINS (%X 0.76' - 0.72 

http:optimi.se
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Figure 6. 	 The effect of fi.s-h on the yield of rice, NE1IAD trials, 
Khon lNaen 'dice Research Station, 1986. 
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Figure 7. 	The eff~ct of fish on the yield of rice, NEFAD on-farm 
trial , S.i S:ke-, 2980, 
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Fesults from NTFRD's on-farm research on fish in the paddy 
are presented in i.-giures 8, 9 and 10. These trials concentrated 
on the effect of fish on i-est, disease and 1eed populations in 
rice. Once aLain, IC ,°(,nclisive evidence was obta~ined but the 
results do raise anuner of iiit.eresLing hypotheses that will 
re(juire researcth attc.nt.ion in the fui-ure. 

Figure 8. 	 'le ef ect cf fish on rice insect pests, NTLAD on-farm 
trials, $ri 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 foi some pests such as the brown planthopper because of 
the low pest populations involved. However, in other cases such 
as the steiaborer and crown rot, the reduction in pest populations 
was sufficient to rignificantly effect yield. In these instances 
the mechanism by which the fish reduce post levels is difficult 
to explain as there are no apparent stages in the life cycle of 
the rest when it might be susceptible to direct predation by 
fish.
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Figure 9. ']e effect of fish on rice pathogens, NERAD on-farm 
trials, Sri Saket, 1986. 
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Figurel0. 	The effect of fish on rice weeds, NERAD on-farm trials, 
Sri Sal-et, 1936. 
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Father research on the life cycles of the key pests and a 
study of the possible indirect effects of the fish such as 
changes in pest habitat, host plant attractivi ty, etc. are 
needed. This wi]l ensure that research results are prodlced tlht 
add to the understanding of the interactions that occur between 
fish and rice so that in the IutLure, the totential benefits can 
be manipulated to improve the performance of the system as a 
whole. 

CONLUlS S 

Farming systems, especially when they have evo.lved tuder 
highly stressed conditions, such as those found in Northeast 
Thailand, are etrele.y complex with many interactions occui ing 
among their componvnt enterprisea. Farmer.; recognize these inter­
actions and manipul ate them in order to optimise the performance 
of the entire farm :ystem. Synergistic, or mutually beneficial 
interactions betmwe annM il cops and other component-, of' the 
farm systetm can Qa idantified with tho:. help of an adequate under­
standing of Lhe faimer strategies currently being followed. 1%he 

pinrpose of anual a:top based FSRE approaches is to develop appro­
priate component cnp technologies based on an understanding of 
the important syneri;Jstic interactions occurring within the agro­
ecosystem. It is not the role of rSRE, howeer, to manipulate the 
individual ,omponeats of the farm. This is the job of the farmer, 
as he alone has 11v sunficiently-detailed knowledge of his farm 
agro-eccsvstem nece sary to ixo-ni.pulate its compone'nts in order to 
optimize the perfrtNarumce of the entire system in line with his 
individual goals ard cijectives. 
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APPENDIX 

orking Papc-rs are available on requestThe following NEWtAEI2S 
from the Project Director: 

NERANDICS Problem -,'jfinition Series 

on the 	 Perf-P1 Effecfts of Paddy-b[iind-planted Eucalyptus Trees 

Paddy Craig, IA. 	 and Wasunan, S.,orrmwice 	 of Field Crops. 
(English)1987. 

P2 Cerview of' lainted Agriculture in Northeast 	 Thailand. 
(-Iglish)Craig, I.A. and Pisone, U., 1987. 

P3 The Upper PRddies in Nort healst Thailprnd: The Current 
Craig, I.,. , andSi tuatici-O dimplications for Development. 

(Tkai and English)PBa-tker, G.P., 198(,. 

tiagemcntProblems Facing Farmers in Northeast.P4 Cu:r"rent Pest 
1%o. Research and Development Priorities.Thailand: 

Amai itsut, Keerati-Kasikorn, M. andKatanyakul, W., W., 
(EDglish)Craig, I.A., 198(. 

P5 Problems and 0pport-niities for Farming System Based Arnmail 
1987.Crop Development in Northeast Thailuid. Craig, I.A., 

(English) 

X-L-% S Techno : [Pocirertntion Series 

NEAD Promising Teclnologies. Thaabood,TO E-ecutive Summ-iry: 
(Thai)Q. 	 (Fditor), .LoC 

Son Cropping Systems Techanology far theT1 Direct FJ,(e: r:, 
Thai land. Craig, I.A.,U)per 	 Paddi,',s in Northeast 

W.,attana.bhuti w. , Svkapong, C. and Netpichit, 1986. 
(Thai and English) 

Pesults 	 of a SocialT2 Cooperative Luy rig Groulps in Thailand: 
C.L., 1987. (English)Experiment..Xle, A.L. and Infanger, 

a Farmer Developed Technology for13 Modified Shalk.w Wells: 
Northeast T'niland. Craig, I.A., Phensupha, N. and Paigland, 

(English)
J.L., 1986. 


T4 Pie-rice Green Manuing: a 	 Technology for Soil Improvement 
NortLeast Thailand, Craig, I.A.,Under Rainfel, 0.rnditins in 

CEnglish)1987. 

T5 Paxya hingspot Virus: Cross Protection for an Important 
D. andSubsistence Crop in Northeast Thailand. G-nsalves, 

tEnglish)Prasartsr:i, V. 



.ERADICS Methodology .ocuntation series
 

41I A Cropping 
 SWstems Technology Development -'rocess: the NTA-Model. Craig IA., .% -,ong, C. and Suratikil, S., ].)86. 

(Thai and English) 
M2 Triage: a i,.!odology for' Screenrn Agricultural Technol­ogies ,and P inctiin Rrch lr,E-' tension Activ,ties.Craig, LA. and SAdp-ng, C., 1 (Thai and Ygli!ch) 
M3 ?,FlAD Poject .gricultrua!. pnent Information ard Coo­dination S m(,EDCS) : -\ Koje-t Description.J., 9OS , Aph;ins, 

ag]'ish) 
M4 l'he ,aj d .'---(mn, Techni que ¢t(hA) a Procedureidentifying forJ o.imerProblems md Boxopnot ()potrnitics.Alton, C. zanig, IA,, 1987. (Thai and FLg]ish) 
M5 Ney Charac::.ri tcs ofi :he Q-RAD F'll-c'ycle, IntegratedDevelodnin-t Si-onglin, R., 1987. (Thai) 
MI6 The NEWD i A.al ,ramehork: a Project Design Sunnnry for

P]anning, o rng arnd vasL (ion. NERAD, 1987. (English) 
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cr' WasO i, Wd,.-AMi sut•.\,, , Prasartsri , V. and Craig,1987. 
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