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Traditional agricultural research has con­
centrated primarily on improving prodllcth'­
ity (average net return to investments of land,
lahor, capital, and mana!!~ll1ent) with rela­
tively littlc emphasis on stability (variability
3bout mean productivity ovn time and space)
andsllstaillability (long-term prod·uctivity). In
less developcd countries (LOC's), tcchnolo­
gics developed using this approach havc oftcn
bcen morc appropriate to largcr, bcttcr Cll­

dowed farmers and those agricultural firms
producing for export and less relevant to
smaller farmers that can least affordinstahil­
ity and declincs in long-tcrm productivity.
Dissatisfaction with the rcsults of traditional
research stratcgies to solve problems of small
farmers in LDC's has led tn the dcvclopmcnt
of more holistic rescarch methodologies.
Such approaches, popularly known as farm­
ing systems research (FSR), have evolved to
strengthen linkages betwecn farmcrs and re­
searchers and to emphasizc research under
actual farm conditions.

As agriculture evolves from mOllocroppcd
traditional practices to (\ouble- and triple­
cropped farming systcms. interactions be­
come more complex. Thcse intensified sys­
tems often include time-lags giving rise to the
possibility of unforeseen systemic effects
which may not exhibit thclllscives during the
initial flush of increased productivity, but may
later reduce the potential productivity of thc
entire system. Conventional rescarch ap­
proaches have, in general. failed to address
thcse longcr term considerations. FSR en­
compasses these concerns, as it advocates a
wider systems approach, but as currently
practiced, particularly at the International

Lal/d Ecul/llllliCJ. Vo!. 60. No.2. May 19S~

0023-76Jc)'Rt'(l02·0~11.~ $1.5(l()
(C1]lJ/'i·\ hy the Board Ilf Rq:l'nt~

of the University of Wi~consinSystl'lIl

Agricultural Research Centers (IARC's), it
concentrates on short-tcrm issues and usually
does not consider q!1estions of long-term sus­
tainability as well as productivity. Unlcss a
systemic approach capablc of longer term
concerns-ts adopted in the research and tech­
nology development stage, unforeseen ef·
fccts may manifcst thcmsclves aftcr large­
scale farmer adoption leading to widcsprcad
and scrious damage.

The purpose of this paper is to demon­
strate that rcsearch tools that concentrate on
productivity and ignore stability and sustain<l­
bility do not serve the nceds of small farmcrs.
Ficld rcsults from Northern Thailand arc
used to documcnt the necessity to consider
long-term as well as short-term economic and
environmental impacts.

FAUJ\IING SYSTEMS !{ESEARCII

Thcrc arc almost as many dcfinitiolls of

fSH. as there are advocatcs (Shaner, Philips.
and Schmchl 19H2). Recognizing this fact, tilt
Technical Advisory Committee (1'AC) of tIll
Com;ultative Group on International i\gri
cultural Research (CGIAR) attemptedtl
definc FSR as part of thcir review of FSR a'
the IARC's (CGIAR-TAC lY7H). TIH
CGIAR-TAC review team viewed FSR as rc­
search (including training) which:

1. is conductcd with H recognition of and fo­
cus toward the interdepcndcncies (lnd in­
terrelationships that exist among clemcnt~

of the farm system and between these ele­
ments and the farm environment; and
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Zandstra et al. (I <J7<J) has mathematically
reprcsentcd til is proccss by dcveloping a
functional relationship whcrc livestock
growth and crop yicld (Y) can bc considci'cd
to be the result of management (fH) and ellvi­
ronment (1-.'), so that

describes the relationship of ,\I to Y for 1:;, a
specific environlllent. Operationally the
transfcr from equation [1 J to cquation [2J
changes E from a vcctor of variables to one
that imposcs constraints (some of which may
only be vagucly understood). Intcractions
that wcre in terms of E and 1\1 in cquation [1J
are only in terms of M in equation [2] (Zand­
stra et al. 1981).

This approach, whilc cmcfully identifying
and combining new technological compo­
ncnts to fit thc prevailing production cnviron­
mcnt. fails to recognize that the int roduction
of these ncw components may have adverse

Managemcnt (At) for I:SR includes thc ar­
rangcmcn t of crops (I ivestock) in time aIIII
spacc and tllL'ir associated product ion prac­
tices. Environment (/~) is composed of stich
lanu- anu climate-rclated variables as rainfall
availability or irrigati;-O, thc soil's textural
profilc, grounuwater levcls, and toxicitics;
day Icngth, solar radiation, and temperaturc;
and cost and availability of such rcsources as
powcr, labor, cash, and markets, as well as
the customs associated with thcir usc (Har­
wood] 974). Environmcntal variables consid­
ercd by a FSR rcsearcher are a result of a dc­
cision about the extent to which managcment
is to control cnvironmcnt. To evaluatc the rc­
lation Y =! (1\1, E), researchers focus on the
intcraction between I~' and AI ami seek to de­
terminc how to vary farming systems to get
the best rcturns from diffcrent production en­
vironments. Bccause Y=! (1\1, E) covcrs a
widc rangc of production cnvironments,
eventlwlly researchcrs musl formulate a
statcmcnt about the effects of diffcrent man­
agement practices on the performance of
farming systcms in a given cnvironment.
Thus,

[21

[II

203

Y=f(M IE;)

Y= f(M, E)
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. 2. is aimed at cnhancing tlJe c['fjcacv of far 111­t -ing systems through the better f~cusil1g of
k; agricultural rescarch so as to facilitatc the
tl generation and testing of improvcd tech-i nology~

l' TAC's delinitioll or FSI~ emphasizes Il'le­
\'ance to the objcctivcs of thc CG lAR (i.e .. to

I., rescarch bcnctitting the majority of farmers
. in low-incomc countries and on cOl11l1loditics

reprcsenting important sourccs of food for
~ thc dcveloping countries).
( Whcn actually vicwcd in the licili. I·SH.i programs at thc JARC's arc an attcmpt to dc­
, ,"clop agricultural production tcchnology lhat
~ is more relevant to the needs of small farmers.
1 FSR approachcs have bccn encouraged by
~ IARe staff bccausc convcntional expcrimcnt
~. ~tation type rescarch has too often fostercd
~ technologies that were not consistent with the

1
,circumstances of small farmers. In contrast,

FSR identifies thc farming family as the ccn-'
, tral unit in the research proccss by dircctly in­
, \olving them in the descriptive and testing

!'; stagcs (Gilbert, Norman. and \Vinch I<JRlI).
S Despite thc rccognized cxistence of (om­
~ ~ex systems interactions in FSR, there is a
~ :najor methodological question of how im­
~ PJrtant systcms analysis is to FSR in its ap­
~ Flied research context. Bascd on his cxtcnsivc
~i" study of ongoing FSR programs, Shaner

lcliniti()I~~of ~ 0983). states that FSR has madc little usc of
lner, Plllhps. < malytlcal tools of systcms analysis and. con­
~ this fact, the " :~( 5i:quently, applied or on-farm rcscarch might
(TAC) ofth.~ ~. ~ a bctter tcrm for thc present arproach.
ational Agn- . ~. B)~r1cc, lIa rri ngton, and \Vi nke 1m a nn
lttemptcd to ':1 0932) support·this statemcnt whcn they refer
ew of FSR at ;'iI' ro prescnt FSR typc research as oll-!arm re-

llJ7X). The ~ ~~J'ch with a'jelrmillg systems l'c'r,\pc'ctll'('
led FSR asre- . Ii. ~OFRJFSP). fVlethodological problcms in­
:h: :k ':r:ase geometrically as FSR programs bc-

,r/mIle more holistic. These problems, rcin­
ionofandf~"I,5Jlced by the technical crop rcsearch
~ncies and in-t mandatcs of tltc IARC's and thc nced to illl­
lOng clement> ',1; ~mcnt FSR programs within the bounds of
'een these el~,;.{~. ~ted financial and human resources of na-

nent; and, "... ·.'."Ih'.i 'lenal progra~s, have tended to ~edu:~ the
"\ ' !;~e of varrables actually studlcd. I hus,

_____,::: iSRrescarchers usually focus on a fcw prior­
f Agricultural E:- >''}P. b problems which offcr potcntial for rapid
r'lign The aulb:r.~, '0· • I·' (B I II
h~irc~tcI\Si\'ez.nf"~!Q ;~eascs ~:1 ~rol ucllVlty ycr ce, ar-

'\,i~"angton,anu WlI1kelmann 1<JH2).
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with the assumpti0l1' that major improve­
ments can be brought about by changes in the
kev management decisions that inlluence
these proc~sses (\Valker et al. 1978). Thus.
agroecosystems analysis focdses 011 the inler­
actions between j\J and E rather than assume
ing it away with an assumption of a static E;.
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Soil Acidity

Soil acidity tends to occur relatively rapidly
when tropical soils with low cation exchange
capacities arc cultivated. The system is com­
plex but in well-aerated soils aluminum toxic­
ities often de\'elop by reaction with other soil
constituents. However. in systems where the
soils are periodically flood;d. reactions wilh
iron and manganese tend to decrease the
acidity and bril~g iron and manganese into so­
lution in their reduced forms. As the soils are
nooded. the process has its own feedback as

FSR programs at the IA RC's are designed
to adapt. evaluate, and assist in the dis~emi· !
nation of new technologies that will substan· l
tially increase ne+- inco~me of farmers. This ~
generally results in synthesizing sequences (If l
crops anel fertilizer practices to fit the local en· l
vironment and the needs of farmers (Zand- "1
stra et al. 1981). These types of studies are im- (
portant but, as presently practiced by FSR l~

researchers, they fail to ensure that the new 1
technologies will not result in 10ng-terl11l1ega· ~
tive effects on the environment or even the .~
social system. Considering the farmer and his ~
needs as part of an agroecosystem, such can·
cepts as risk, stability, resilience, and durabil- i,'
ity become more important than concentrate \
ing solely on short-term productivity J
problems. From a long-term point of particu. ~

lar interest are those properties of the system ~

that result from dynamic interactions among J
the compon.<;nts such that the system as a 1
whole may react differently from what would ~

be expected from a consideration of individ· i
ual components. In the following paragraphs 1
these points are illustrated lIsing dynamic re- ~
actions in soil that potentially may occur as a i
result of changes in cropping systems. ~

~
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impacts on the environment. In fact. Uern­
sten and Herdt (1981), explicitly state that
FSR omits identification of changes in the ag­
riculture environment stemming from man­
agement practices. By assuming E; is con­
stant, and ignoring the interactions hetween
E and AJ, FSR does not include a mechanism
to determine if production increases resulting
from new management practices are. in fact.
sustainable over time.

Concern with the interaction of mamlge­
ment (!'vI) and environment (E) and iIs impact
on long-term stability of environmental sys­
ten,ls led to the development of eC<,lsystems
analysis (Evans 1956). From the studyof nat­
ural ecosystems it was a relatively short step.
conceptually, to the study of agroecnsystems
(Spedding 1979). By definition an agroeco­
system is an ecological system partly modified
by man to produce food. fiber, or other agri­
cultural products. The transition frolll naiural
ecosystem to agroecosystem. however, in­
volves several ~ignificant changes. The system
is more clearly defined as man creates the
boundaries. Similarly. the number of natural
or biological components are reduced and im­
portant interactions are modified and regu­
lated by man. Yet, the inclusion of man in the
system, including his cultural and economic
activities, reintroduces considerahle com­
plexity, but of a different nature. It is this rich.
new complexity and the type of system prop­
erties these generate that makes analysis dif­
ficult (Conway 1981).

Agroecosystems tend to occur in a hierar­
chical arrangement of subsystems where sep­
arate crop and livestock enterprises all inter­
act with one another in a complex manner
(See Figure 1). Those dynamic interactions
bring about properties which arc only appar­
ent at a higher level system, namely. the farm.
Both interactions within any level of the hier­
archy and interactions between factors at dif­
ferent levels in the hierarchy give rise to sys­
tem properties and must therefore be
considered in relation to the performance of
the entire system (Craig et al. 1981). The be­
havior of the system is primarily con trolled by
a small number of positive and negative feed­
back loops. Agroecosystem analysis focuses
on identifying these critical feedback loops

! •
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6.43

60

4.73
6.16

Land Economics

30

4.59

Yields (f\1ctric Tons/ha.)

Level of Nitrol:,cn Fertilizer
(kg. Niha)

()

4.55
4.63

TABLE-}

RF.SI'O:,,/SES TO NITRO<iEN FElUlLIZERS

Variety

Traditional
HYV

Source: Rerkasem and Gypmantasiri I'
strates this point (Table 1). \Vith this type IJf
response there seemed to be ample jUstific:a-!..
tion for a rapid adoption of new HYV's. Ex­
tension personnel and other crop specialists \

J
encouraged farmers to adopt these new farm- r
ing practices although there was little inror- J.

mation conccrning intcractions between ,
these new management practices, including i
heavy doses of chemical fertilizer, and t
farmers' cultivation practices on other crops. !

Long-term data from a set of closely moni- ~

tared intensively cultivated fields indicate :I
that under multiple-cropped conditions these i
increases in productivity are not sustainable f
(Figure 2). After increasing yields from 4 t
tons/ha. in 1969 to 6.4 tons/ha. in 1971, yields t
steadily declined so that by 1977 they were IJ

again at 1969 levels. The coefficient of varia­
tion (eV) for the yield data, which has in· 1

creased from 15S~ in 1969 to 30% in 1978. i
dramatically demonstrates that rice produc- t

•tion with HYV's in these intcnsivcly cropped '1
fields is unstable. This is in spitc of consist-,
ently high levels of inputs (80-100 kg.
Nitrogen/ha.) for the past decade.

This instability appears to be related to ..
rapid changes in soil pH both within the year 'Ii
and across years. Cropping patterns have a
strong influence on the changes. From an f
original pH of about 6.5 in 1968, pH in a sam- 'J
pIe of intensively cropped fields dropped to 1

t
less 4.0 after three years of intensive multiple l

cropping. Since 1971, it has been necessary to t
use lime on intensively farmed areas in order ~

to keep the soil from becoming too acid but I
this has not brought yields back up, although
it may have prcvcnted further dcclines. In ad­
dition to problems with rice crops, falling !

t
I
I {.,

..~~ ~1\~\1f>u}fJ~'?k!l'{'" '!(., I\!, ",r;.'',~ ,
·,...,,:f;~~'.~,'+1.:t'fC··:;,p "':";'lr!:;4~···'~~V·",,·'l·.~.~I~k' '. .;
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ENVIRONl\lENTAL CHANGES

Data illustrating long-term environmental
changes resulting from adoption of intensified
farming practices are difficult to obtain and
document. This data problem has tended to
restrict long-term environmental studies par­
ticularly for small farms in LDCs. One case in
which a significant amount of long-term infor­
mation is available is the Chiang ivlai Valley
in Northern Thailand where the rvlultiple
Cropping Project (MCP) at Chiang rvlai Uni­
versity has been studying farming systems
since 1968 (Multiple Cropping Project 1976).
Research results from this vallev can be used
to demonstrate that environmental implica­
tions of changes in farming systems are im­
portant and must be given equal status with
attempts to increase productivity.

Since the mid-1960's availability of irriga­
tion water made it feasible to multiple erop
large areas of the valley bottom land. Crop­
ping intensity in the valley has increased from
less than 120%,in 1968 to over 165% in 1980.
Using new high-yielding varieties (HYV's)
and chemical fertilizer, yields could be dou­
bled in some areas and increased by more
than half in almost all areas. Data from
farmers' fields in Chiang Mai Valley demon-

the reduced acidity limits the manganese and
iron in solution. The general result is that ~()ils

that are flooded are usually not particularly
acid but rapidly become acid in dry pcriClds.
Given this situation, soils subjected to
multiple-cropping systems in which one of the
crops is flooded paddy rice can be expected to
acidify in a stepwise fashion over time, the pH
increasing under rice and decreasing tinder
the nonflooded crop (Reuss, 1979).

The level of acidity at which the system sta­
bilizes is a function of soil properties, crop­
ping systems and management practices such
as fertilization. As the system acidifies, prob­
lems of manganese toxicity, lack of noclula­
tion on legumes, and so on can be expected.
Fertilization, particularly with nitrogen fertil­
izers such as ammonium sulphate, has been
demonstrated to intensify the process by in­
hibiting the ability of soil organisms to nitrify
the ammonium (Olson 1972). .
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FIGURE 2
RICE YIELD IN INTENSIVE CROPPING SysrE~IS, EACH POINT i\lEAN FRml 16 FIELDS
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combined with the us~ of higher levels of fer~

tilizer. it is quite likely that valley rice yields in
multiple-cropped fields are in the process of
following the same trend as the intensified
fields plotted in Figure 2.

To illustrate what these trends mean in
terms of income effects. Table 3 includes data
from a 1969 representative monocropped
field compared to a 1977 representative
double-cropped field. Rice yields and produc­
tion technologies represent an aggregate av­
erage drawn from a continuously monitored
sample of intensively cropped ficlds. Soybean
yields and production practices are drawn
from a subsample of these same fields. Yields
of these rice fields are indicated by points A
and B, respectively, on Figure 2 while pro­
duction costs for rice and so"beans are drawn
from 1969 and 1977 surve·ys of intensively
cropped areas in the Valley. In intensively
cropped fields, by 1977 farmers were forced

7.1
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n 7,l71711\%9

o
~
(,
~
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~
.~ !ields have also been apparent in othcr crops.
~\ In some areas of the valley, soybean yields
;, hare declined from 2 tons/ha. to yields of less
~. than a ton. Yields in some areas have become

~ poor that farmers have ceased to grow a
)1 ~cond crop following rice (Loneragan 1980,
~ Appendix I).
(: Translating these yield fluctuations into in­
" :lime hgures for the valley is complicated by
~~ tt1e fact that it is difficult to determine the to­
~. !JI area affected. In addition, once farmers
~ r~alize there is a problem they usually change,-
~ ~:~ir'dcrop rotation or leavedla~d flag1l7°2w7'3vabl-

~ywl e surveys were rna e 111 - Y
,~
;r ~{CP staff and again in the same villages in
ii 1977-78 by rvlCP staff for the \Vorld Bank.
& Data from these surveys, which included cropi ~tting, indicate that overall rice yields are in­
~ creasing, primarily due to cultivation of ncw
~. !Jnd, but that they are less stable (Table 2).
.~ With the increasing intensity in the valley,
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volved in highcr le\'l·l.m;\Iw!!cl11cnt for lower
returns pcr hour. As off-farm cmploymcnt
opportunities havc incrcascd signifkantly in
the vallcy ovcr thc past dccadc thc upportu­
nity cost for labor has riscn rapidly. Thus,
contrary to claims of crop scicntists and cx­
tcnsion agcnts, farmcrs havc not neccssarily
bccomc better off by multiplc cropping. Un­
fortunatcly, in somc of thc intcnsively
croppcd areas farmcrs arc now in a situation
where they cannot increasc yiclds further;
yet, if they rcducc fertilizcr and other inputs
yiclds will dcclinc rapidly.

TABLEJ
NEr l{uulu,s-llJ6lJ \'S. 1977 (Silla.)

TAULE2

131()

Gross rdllrn
Yield (kg/ha) 1'[ icc $/kll. ($/ha)

Rice Soyh~an Ricci Soy<bean l I~icc Soybean

4000
4000

CHANGES IN AVERAGE RICE YIEl.DS I (il It-I 22
VILl.t\GES IN CIIIAN(, MAl V,\L1U

1969
1977

Year

Tr~lditiollal agricultural rcsearch activitics,
including thosc in Northcrn Thail<IIH.I, havc r
conccntrated on short-tcrm productivity I
gains. FSR. as currently practicc,d, utilizes a 'j

widcr range of information about farm-Icvel ~

production and consumption systems to idcll- ~
tif}' ways to incrcasc production but ;I1so tcnds
to concentratc on short-tcrm productivity
gains. Agricultural intcnsilication, such as ;
that occurring in thc Chiang l'vlai Valley, Cll- ~

tails incrcascd levcls of inputs which Icad to t
changcs in thc envirollmcnt, including chcmi- 1
cal and structural changcs in thc land rcsourcej
basc. Thcse chan!!cs arc dynamic and in trori· ~

cal arcas tend to occur rastcr 111:111 in lllorC i
tcmpcrate climates. In thc Chiang tvlai Vallcy J
the immcdiate nced is for agricultural scicn· *
tists to hcl p farmcrs dcvclop farming systems, t
including an appropriatc mix of subsistcncc t
crops, cash crops (Il'!!uminous and nonie- ~

guminous) aIIII livcstockactivities, that arc 1
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to apply much highcr fcrtilizcr Icvcls' in ordcr
to kcep yields from dcclining furthcr. From

.incomc calculations prcscntcd in Tahlc 3, it is
apparent that in current dollars retul ns to la­
bor and managcmcnt pcr ychr arc bcttcr with
two crops. However, when 1969 prices and
1969 costs arc used to calculate 1977 returns,
two crops do not provide highcr nct r'.'turns to
labor and management. \Vhcn annllal nct re­
turns arc divided by thc days of unpaid family
labor and managcment, thc return to family
labor and management falls frol11 $2.3H to
$1.19 per day. Thus. the two-crop systcm
rcsults in reduccd rcal wages for family labor
and managemcnt. If. on thc othcr hand, ricc
yiclds can1)e maintaincd at 0.5 tOllsiha., total
annual returns (in eurrcnt dollars) increasc to
$422/ha. and returns attributable to family la­
bor and managcmcnt (using 1969 prices) in­
crcase to $2.53 per day. The first examplc il­
lustrates that thc samplcd farmcrs in intensive
areas arc prcscntly working longer hours both
in ricc and sccond crop production ;lI1d arc in-
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lollI/SOIl.' Farlllil/g Sysrel1/s Research

sustainable oycr time. Since 1()~O, this ha';
been-the primary objective of Mel' research­
ers at Chiang ivlai University. In thc broader
sense the challenge is for agricultural scicn­
tists to anticipate thc direction of dynamic
changes in resourcc bascs ,lnd bc prcpared
:\'ith technologies to help farmcrs as these
changcs start to restrict output. This argues
that instead of playing dowll the word "sys­
tel11s" in FSR, research scicntists mllst elll­
phasize the dynamics of the inter,lCtiolls oc­
curring in the farm system. Both a system Ilr
monitoring dynamic changes <111<.1 a nH:thmlol­
~'gy that allows researcllCrs to prcdict the eli:
:~ctioll of those changes is Ilccess;lry bcfmc
J£ricultural researchers can extend ncw tech­
r:Olllgy packages with confidence. Agroeco­
~~Slcl11s analysis provides stich a tool and.
therefore, appears to provide a natural C0111­

rlel11ent to shorter-term FSR programs. espc­
~iJllv when 1011!!-term sustninabilitv is cin'n
~qll;l1 importance wi til short-term I;rod~ctiv­
:ty gains.
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