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One Farm System in Honduras: 
A Case Study in 
Farm Systems Research 
Robert D. Hart 

Agricultural scientists have recently r~cognized 
that farmers in tropical environments often plant crops 
in such a way that interaction occurs between crop spe­
cies. These mUlti-species crop systems are presently 
being studied by many national and international research 
institutions. '~~e success of these programs has demon­
strated the potential of doing research with units larger 
than the individual crop. 

One of the reasons crop systems research programs 
have been successful may be that the research is directed 
towards a unit that is consistent with a unit managed by 
farmers and the technology generated by the research 
programs can be directly ildo,Jted by filrmers. This is not 
the case with crop-specific reseilych results. The farmer 
has to integrate the crop-specific technology into his 
crop system before' IW can adopt i.t. 

If consistency h~~ween the unit managed by farmers 
and the unit studied in agricultural research pr~~rams is 
important to the succ0ssful adoption of new technology, 
the study of whole (arms(the largest unit managed hy a 
farmer) would seem to offer qreat potential. How0.ver, 
farms are con~lex a~riculturol systems. Irteraction may 
occur not only between crops and between animals, but 
also between crop systems and animal systems. At present, 
farm systems r8scarch is still in a conceptual and meth­
odolog~' developmellt st'llJe. 

The farm system case study summarized in this paper 
was p2.rt of a crop systems research project: conducted at 
Yojoa, Honduras between 1976 and 1979. Since farm sys­
tems form the environment In which crop systems function, 
one of the objectives of the study was to describe the 
structure and [unction of a dominant farm system in the 
Yojoa area and to use this information as a guirleline for 
the crop systems research. Another important 00jective 
was to evaluate the concepts and methodology used. Al­
though this paper includes a summary of the data collect­
ed, this information is presented primarily to illustrate 
the concepts and methods used in the study. 
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Methods 

Yojoa, Honduras is a small village with approximate­
ly 200 farm families. The average farm size is eight 
hectares, but the most frequent farm size is between 
three and five hectares. The Yojoa area is approximately 
100 meters above sea level with 1500 nun annu.:,l rainfall 
distri~uted in a bimodal pattern and with rail.~all peaks 
in June and September. Very little rainfall G:~urs be­
tween Februarv and May. Crops are usually pla.lt.'d in 
June and November. Maize, rice, and beans are the most 
important crops in the area. 

In February 1976, a survey was conducted with the 
primary objective of identifying and describing the most 
important crop systems in the area. General socio­
economic data were also collected. The results of the 
survey were used to describe a representative farm, and a 
local extension agent was asked to identify five farmers 
meeting these criteria. The farmers were interviewed and 
Mr. Aureliano Alva~ado was chosen for the case study. 

A questionnaire (outlined in Table 1) was designed 
on the basis 0 F a qualitative farm system model (Fig. 1). 
In the model, a farm system w~s conceptualized as a sys­
tem with a socia-economic subsystem (the house and all 
social and economic compcnents) and one or more agroeco­
systems (a crop system and the soils, weeds, insects, and 
diseases that interact with it). 

The farm system was assumed to have inputs and out­
puts of money, materials, energy, and information. Malley 
(shown as a dotted line) always flows in an opposite 
direction to materials and energy. For example, if a 
farmer buys fertilizer, materials flow in and money 
(what the farmer pays) flows out. If the fa~mer sells 
maize, materials flow out and money (what the farmer 
receives) flows in. The model also includes the possibi~ 
ity of money buying money, as when a farmer pays interest 
for credit. 

Materials, energy, and information also flow between 
the socia-economic subsystem and the agroecosystems and 
betwe8n the agroecosystems. Money was not included as a 
flow between the subsystems of the farm system sincp. 
economic transactions were assumed to occur only on the 
farm level and not within the SUbsystems of the farm. 

Beginning on May 31, 1976, each week for cne year 
Mr. Alvarado was interviewed and the questionnaire was 
filled out. At the end of 52 weeks, the weekly inter­
views were terminated and the data analyzed. The qual­
itative model (Fig. 1) was modified to include the agro­
ecosystems and the flows of money, material, energy, and 
information identified during the study; the one-year 
total~ for these flows were c~lculated; and a quantita­
tive model (diagram) was drawn. Each flow was inspected 
to see if it was static (low weekly variability) or 
dynamic (hig~ weekly variability). Dynamic flows were 



Table 1. An outline of the questionnuire used in a 
farm systems case study at Yojoa, Honduras. 
1976-1977. 

.. 
I. Farm System Input - Output 

A. Output of money 

1. crop-reluted expenses 

2. animal-related expenses 

3. househ~ld expenses 

4. others (debts, gifts, trips, etc.) 

B. Input of money 

1. crops sold 

2. animals and animal products sold 

3. off-farm family labor 

4. others (credit, gifts, etc.) 

C. Money in savings 

II. Between Subsystem Flows 

A. Human consumption 

B. Animal consumption 

C. Crop production 

l. inputs 

2. outputs 

3. quantities in storage 

D. Animal production 

1. inputs 

2. outputs 

3. quantities in storage 
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Fig. 1. ·A generalized qualitative model of a farm system with socio-economic 
and agroecosystem subsystems and inputs, outputs, and between-subsystem 
flows of money, materials, energy, and information. 
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inspected graphically. 
The quantitative model and the dynamic flows were 

used to define a general farm management strategy used by 
Mr. Alvarado. Fifteen other farmers living at Yojoa were 
interviewed to dpt2rmine if the farm system that had been 
analyzed was representative. Guidelines for the crop 
systems research in the Yojoa area were then developed. 

Results 

The quantitative model shown in Figure 2 shows a 
general overview of the farm system analyzed. Some in­
puts, such as food IIOt produced on the farm and household 
articles, have been combined in order to reduce the com­
plexity of the model. 

Most of the farm system input and output flows were 
associated with the flow of money. A total of $1,830 
(U. S. dollars) was earned by selling maize, rice, eggs, 
family labor, and by renting oxen and an ox cart. Total 
farm monL; input for the year, including $75 in credit, 
was $1,905. Total money output for the year was $1,648. 
Iiousehoid articles (especially clothing) and food were a 
major expense (45 percent). Agricultural production­
related inputs, including agricultural chemicals ($117 
for fertilizer, $11 for herbicide, and $2 for insecti­
cide), an ox cart ($200), and labor ($278) accounted for 
55 percent of the money output. 

The total iDputs Hnd outputs to the various farm 
agroecosystems arc also summarized in Figure 2. The 
total labor (man-days), oxen energy (exen-days), agricul­
tural chemicals, seed, and crop pr2~~ction are in units/ 
agroGcosystem (as opposed to units/ha). In a few cases, 
such as labor inputs to the pasture plus oxen, chicken, 
and tree agroecosystcms, data were not collected. This 
0!orsiyht was a result of not including these flows in 
the oriyinal qualitative model. 

The farm system was characterized by strong inter­
action between th2 agroecosystems. In many cases the 
output from cne agroecosystcm was an input to another. 
For example, the pasture plus oxen system produced 181 
oxen-days (00) of energy. Of this total, 90 00 (50 per­
cent) were used in the maize-maize seguen~e agroccosyste~ 
25 00 (14 prTcent) were used in the rice-bean rotation 
agroecosystem, and 66 00 (36 percent) were sold (oxen 
rented for plowing and hauling). The maize and rice con­
sumed by the chickens were produced by the rice-bean and 
maize-maize agroecosystcms. 

It is difficult to analyze the agroecosfstems in 
purely economic terms s~'lce mQny of the inputs arc out­
puts from other agroecos'stems and thoir real values 
(opportunity costs) are not shown. For example, if the 
maize and rice inputs to the chickens were worth the same 
per kilogram as the maize and rice sold in the market 
place and if the opportunity cost of the labor input is 



Fig. 2. A quantitative model of a farm system at Vojoa. Honduras with inputs, 
outputs, and between-subsystem flows shown as yearly totals. (Symbols 
after Odum, 1971.) 
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assumed to be zero (since children usually took care of 
the chickens), the inputs and outputs to the chicken sys­
tem would be $8 and $10, respectively. However, if the 
maize and rice fed to the chickens were not of edible or 
marketable quality, as was oftelt the case, the value of 
the inputs would be less. Also, the value of having 
chickens available to sell if an unexpected economic need 
occurs (risk aversion) is even more dif[icL:lt to quantify. 

Although the labor input to the pasture plus oxen 
agroecosystem was not quantified, the fact that young 
children of the family took care of the animals suggests 
that the opportunity cost of this labor was relatively 
low. The 12 kg/year of salt given to the oxen was worth 
only $1.50. Assuming a price of $1.33/0D, the 181 00 of 
output from the system was worth $240/ha. The maize­
maize and rice-bean agroecosystems produced net returns 
of $287/ha and SllS/ha, respectively (subtracting market 
value oE the inputs from the market value of the outputs). 
One of the reasons for the lower return from the rice­
bean system was that beans were only planted on 10 per­
cent of the area planted in rice, while in the maize­
maize system both maize crops were planted on 100 percent 
of the three hectares used for the agroecosystem. 

While the quantitative model shown in Figure 2 gives 
an overview of the farm system, it does not show the 
dynamic chronological fluctuations of the farm system. 
Many flows had bimodal fluctuations. An inspection of 
the weekly data showed that money, labor, maize, and 
pr.ecipitation were probably the flows that most determin­
ed the general chr.onological fluctuations in the farm 
system. 

Input, storage, and output of money for the fCirm 
system is shown in Figure 3. Two peak periods of money 
input to the farm system (gross income) occurred in 
October and in March. During the October peak there was 
a corresponding high output of money (farm expenses), but 
the output was less than the input, and farm savings 
increased. During the March peak, there was even less 
output, and savings increased even more. At the end of 
the study cash savings were much higher than at the 
beginning. 

The bimodal money input fluctuations were due to the 
harvest and sale oE maize and rice in Sepcember and 
October ([irst cropping period of the yeir) and the har­
vest of maize in March (second cropping ~eriod). The two 
cropping periods arc undoubtedly a reflection of the 
rainfall pattern in the area (Fig. 4). The money input 
j.1 March may have been higher than usual for that time of 
year because of the better.-than-aver~ge maize production 
that occurred as a result oE unusually high rainfall 
during Januar.y and February. The usual practice at Yojoa 
is to plant less maize and usc less fertilizer during the 
second croppine] period than during the first, since there 
is a high risk of drought during the second period. The 
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Fig. 3. Weekly input. output. and saving of money in a farm 
system at Yojoa, Honduras over a one-year period. 
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Fiq. 4. Monthly precipitation at Vojoa, Honduras between June 
1976 and ~ay 1977. 
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year before the study began many fal-mers at Yojoa, illClud­
ing Mr. Alvarado, lost th~ r second maize crop. This may 
aCC0~nt for the difference in money in savings between 
the beyinning and the end of the study. 

The storage of large quantities of maize was an 
important aspect of the farmer's management strategy. 
When maize was harv0sted, approximately 50 percent was 
sold immediately and 50 percent was stored in the house. 
The farmer used his stored maize as a bank account, sell­
ing small quantities to meet household expenses (13 sales 
of les~ than 50 kg) and laru~ quantities to meet larger 
farm managemont expenses (9 sales of 200 kg or more) . 
Some of the stored maize was also eaten every day (3 kg/ 
day; 0.4 kg/day/person) and some was used as seed. 

The fluctuations in stored maize over the one-year 
peri~d can be observed in Figure 5. The rate at which 
the stored maize decreased was a reflection of economic 
and nutritional needs. The late of decrease may also 
have been a reflection of the farmer's perception of the 
potential yield of his maize in the field. If environ­
mental conditions were such that he could expect good 
yields (a high input to his storage area), the farmer 
would probably sell larger quantities and at a faster 
rate than if he expected low yields. 

Figure 6 is a sUllUllUry of the dynamic fluctuation in 
labor input and output and on-farm labor use. In general, 
more labor was hired during the first cropping period 
than during the second period because of the high amounts 
of labor needed to weed rice. Approximately equal 
amounts of labor were hired for rice and maize c~ltiva­
tion even though only two hectares were planted in rice 
and six hectares (3 hectares planted twice) were planted 
in maize. September, October, December, January, and 
April were the months with the lowest labor demand. As 
would be expected, labor need was the highest during the 
planting and harvesting periods. 

Guidelines for Crop Systems Research 

Before an attempt was made to use the results of the 
farm system study as a guideline for the crop systems 
research at Yojoa, the general farm management strategy 
used by Mr. Alvarado was compared to that of his neigh­
bors. Because of the importance of maize in the farm 
system studied, Mr. Alvarado's strate~y of storing large 
quantities of maize and planting, eating, and selling 
the maize in small quantities to meet household costs 
and in larger quantities to meet [arm costs was used as 
an indicator of his farm m~nagement strategy. In a ran­
dom sample of 15 farmers chosen from a group of approx­
imately 40 farmers attendin,:! a field day, 60 percent had 
a strategy identical to Mr. Alvarado's. The other 40 
percent differed only in quantity of maize sold to meet 
farm costs. This group only sold maize in large 
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Weekly quantities of maize maintained in storage in the 
socio-economic subsystem of the farm system. 

MAIZE STORED IN HOUSE 

I 
13 26 39 

WEEKS 

. J . J A . S ·0 . N ·0 J F . M . A 

MONTHS 

52 

. M' 



70 

Fig. 6. Weekly labor input to the farm system and family labor 
on and off the fa rm. 
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quantities to meet farm costs, and did not sell small 
quantities of maize to meet household costs. In no case 
was the price of m.:lize in the market place stated as a 
reason for selling maize, even though during the year of 
the study, the price of maize fluctuated by more than 
100 percent. 

The following is a list of some of the general con­
clusions and guidelines resulting from the study: 

1) Maize is an agronomic, economi~ and socially 
important con~onent of Yoioa farm systems .:lnd any changes 
suggested should not require the substitution of another 
crop for maize or a reduction in maizo yield. 

2) Maize, rice, and bean yields are highly variable 
and an effort should be made to design crop systems which 
could reduce the risk associated with existing crop ~ys­
tems. 

3) Beans arc not ecologically adapted to the Yojoa 
environment and other legumes should be tested to see if 
they could be substituted for common beans. 

4) Weed control in rice is very labor demanding and 
herbicides should to tested as a way of decreasing labor 
need. 

5) The existing crop systems usc lORS labor in 
August, December, and April an~ alternatlve crop systems 
should be designed to take advantage of this labor sur­
plus. 

G) Few vegetables arc produced or consumed in the 
area and ~rop systems with vegetable components or the 
design of household gardens should be considered. 

7) No industrial or high-value cash crops are grown 
in the area and their potential should be studied. 

Tho on-farm research o[ the crop systems project 
concentrated on finding alternatives to the maize-maize 
and rice-beans crop systems analyzed in the farm system 
study ~nd to a mai~e and squash intercropped system that 
is COIT,mon at Yojoa bllt was not part of the farm system 
study. After three years of research on spatial arrange­
ments, varieties, and fertilizer modifications, the best 
alternatives generated were a) cowpea relayed between 
two maize crops planted in sequence; b) rice and maize 
intercropped followed by cowpea; and c) maize intcr­
cropped with pipian (a cucurbitaceae with high market 
value) plante(! twice in one year. The data collected in 
the [arm system study wel~e used to conlpare the potential 
of these alternatives with tho system the farmers are 
presently llsincj. 'l'hes(~ alternLltives and the experiments 
conducted at Yojoa from 1976 to 1979 are described in 
CAT~E mimoograph publications (1979Ll, 1979b, and 1979c). 

ConceptuLll and /-1ethodoloqical Implications 

An important objective of the farm system study con­
ducted at Yojoa was to evaluate the C)eneral farm system 
concepts (FiC). 1) and the qualitative-to-quantitative 

http:alternati.ve
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model methodology. Given the total time dedicated to 
carrying out the study (one hour/week for 52 weeks), the 
quantity and quality of the dat~ were very satisfactory. 

As a data quality check, the money an~ maize tha~ 
the farmer stored in his house was measured using two 
different estimates. Every week, the farmer was asked 
for pis estimate of money in savings and of stored ffiaize. 
These data were also estimated by adding inputs and sub­
tracting outputs. At the end of the study the two esti­
mates of money in savings differed by less than $150 (13 
percent of the total money turnover). The maize estima~s 
differed by 1300 kg (12 percent of the total maize turn­
over) . 

The questionnaire for this study was designed on the 
basis of a generalized qualitative farm system model and 
some preconceived ideas on the importance of certain com­
ponents of the farm system. The study could have been 
improved by using a qualitative model of the specific 
farm system under study. rather than the generalized 
model, as a basis for the questionnaire. A farm-specific 
model could be formulated after a few preliminary visits 
to the farm. 

After a rumber of farm system studies of this type 
have been done in a specific area, it should be possible 
to identify and separate s~Rtic and dynamic flows. Esti­
mates of the static flows could be m~de less frequently 
and this could reduce the interview time. 

While furm systems arc indeed complex, th~ concep­
tualization of a farm system as a set of subsystems with 
inputs, outputs, and between-subsystem flows that was 
used in this study was a valuable simplification tG(,l. 
The formulation of qualitative and quantitative static 
models and the inspection of important dynamic flows was 
a successful methodology, and the usefulness of the data 
collected in this study demonstrates the potential of 
farm systems research. 
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6 
A Cropping Systems Research 
Methodology for Agricultural 
Development Projects 
Hubert G. Zandstra 

"Rural areas have labor, lan~ and at leasl some 
capital which, if mobilized, could reduce poverty and 
improve the quality of life. This implies fuller devel­
opment of existing resources, including the construction 
of infrastructure such as roads and irrigation works, the 
introduction of new production technology, and the crea­
tion of new types of institutions and organizations" 
(World Bank, 1975). 

Since the publication of this outstanding policy 
paper, the World Bank has encouraged rural development by 
helping to finance numerous area-based development pro­
jects. Th2 sa~c policy paper highlights the difficulty 
with which agricultural research results re3r.h poor 
farmers and cites the COIlUTIon failure of researchers to 
treat small-scale fdrming as a system of cultivation 
that demands a comprehensive on-farm approach for tech­
nological improvements. An important reason for this is 
that traditionally research goals were gE·nerally formu­
lated within disciplines. As the questicn is raised, 
however, of how the results of discipline-oriented re­
search should affect food production and the efficiency 
of the farm entcrprjse, the relationship between research 
goals and the final recipient of technology, the farmer, 
becomes much less clearly defined. 

The rate of technology change is increasing. New 
~gricu]tural chemicals, new varieties and crop types with 
different tolerances f'Jr adverse conditions and a wide 
varie~y of vegetative perjods, and new crop establishment 
and m,lnagement alternatives are being developed in un­
preceaented quantities. The combination of these tech­
nological components into viable agricultural production 
methods is becoming increasingly difficult. For example, 
the replacement of a ISO-day rice variety with one that 
matures in 105 deys has tramatic effects on the produc­
tion s)stem of ~ farmer (M3gbanua et a]., 1976). Ad­
justments have to be made to nearly eve':y farm operation. 

As the simple replacing of one tectnological com­
ponent with another has proven unsatisf .c~ory, more of 
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our agricultural research needs to be devoted to a care­
ful synthesis of the new tech~ology components so that 
crop production methods are efficiently adapted to the 
farm environment. The goal of agricultural research is, 
after all, to formulate improved production recommenda­
tions that are acceptable to farmers. To be acceptable, 
new production methods must satisfy a great number of 
requirements such as a good economic performance, a 
reasonable fit to farmers' resources, stability of per­
~ormance over time, and a minimum of future research re­
quired for their maintenance. 
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My paper is about production technology and some of 
the methodological aspects associated with its 0eneration. 
It presents a way in which the results of crop production 
research can be made more relevant to poor farmers, and 
pleads (or the consideration of this or similar approaches 
in the planning and execution of agricultural development 
projects. 

Technology-Environment Interactions 

Crop production can be considered to be the result 
of two multidimensional vectors, the environment (E) and 
management (M), so that 

y ~ 6IM,E) (1) 
Depending on the performance criteria, for example 

net gains, marginal returns to production factors, or 
returns to the farm enterprise, thlS relation can be 
trans formed so that Y becomes a function of ,II, [, and 
costs. In LUl"mula ting a recommenda tion, optimi za tion 
processes a~e used to choose the input level of M. Obvi­
ously, the most appropriate input level wiJl depend on 
the type of environment because of interactions between 
,If and [ in Equation 1. A simple example is that phos­
nhorus fertilizer requirements for rice production are 
low on soils that are high in available phosphorus. A 
more consequential caS0 is that double cropping rainfed 
lowland rice in regions with more than 200 mm rain for 
six months may be poslible in heavy textured soils but 
not in light textured soils. 

Rec~mmended production methods must therefore be 
condilioned by the environment for which they are recom­
mended. In effect, ignoring the technology-environment 
int~ractions increases costs of production and lowers 
returns derived from the recommendation. This in turn 
strongly increases the risks associated with the adoption 
of this technology. Without f~~e tuning new production 
methuds to fit the physical and socio-economic environ­
ment of the farmer, probability of farmers' adoption will 
be severely reduced and the benefits derived from invest­
ment in agricultural research and extension will only be 
a fraction of their potential. 

A l~ck of a well-defined methodology for farmer­
level multiple cropping research has hampered the 
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realization of effective on-farm research during the last 
decade. But a substantial number of researchers have 
recently contributed to the formulation of ,eeded method­
ology (Laird, 1968; Houser, 1970; Cady, 1974; Baker and 
Norman, 1975; Zand!';tra et al., 1975; Harwood, 1976). 
Many of these approaches have been applied in rural devel­
opment projects such as t~~ Puebla project and the 
Colombian rural development projects (Zandstra et al., 
1979). The study of rice-hased cropping systems at IRRI 
led to the formation of an Asian cropping Systems Working 
Group, which has incorporated the results of these ex­
periences in a cropping systems research methodology 
(croppi.ng Systems Working Group, 1975, 1976). 

The cropping systems research methodology had to 
satisfy several rec;uiremcllts. First, the type of re­
search had to be related to the production environment 
addressed. In this way a close fit of technology to 
physical and socio-economic limitations and opportunities 
could be achieved. sufficient understanding of the envi­
ronment would aid in extrapolation of results. 

Second, farmers should participate in the design an~ 
testing of new mUltiple cropping technology. This would 
ensure early feedback from farmers about input, manage­
ment, equipment, or market related constraints to the 
adoption of potential production alternatives. 

Third, the research had to be multidisciplinary. 
The team had to combine capabilities in soil and crop 
sciences, crop protection, and agricultural economics. 

Fourth, the methodology had to provide a clear iden­
tification of the different tasks to be executed at the 
site. Hence, the responsibility of the different disci­
plineF among the research team members had to be recog­
nized for each task. 

The basic components of IRRI's cropping systems 
program are shown in Figure 1 and are described below. 

Selection of Sites 

The test sites should be carefully selected. They 
should represent major agroclimatic zones, fO that 
resul ts have a qood chance of being applit::al·le to other 
areas with the same environment. 

An important criterion for site selection is the 
estimated potential for crop intensification. The est­
mate is based on knowledge about the relationship between 
the environment and the crop intensification potential of 
several ~groclimatic zones. Undoubtedly, the extent to 
which the potential for crop intensification c~n be esti­
mated depends on how well this relationship is understood 
and how wel~ the environment is defined. In effect, the 
estimate involves the same prOC8SS as that described for 
cropping systems design, but it uses limited information 
about the environment. Continual interpretation of 
cropping systems research results obtaIned from differen~ 
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Fig. 1. Components of IRRI's cropping systems program. 
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well-described (see next section of this paper) environ­
ments will provide the source material for a more precise 
classification of cropping systems potentials. 

Site Description 

The first activity of the cropping sysLems research­
er is to describe the existing cropping systems in a 
selected area. The researcher needs to identify the 
different production complexes of the region and to re­
late them to physical and economic differences in the 
environment. An example of environment classification 
based on environmental complexes (the production complex 
was dominantly rice-fallow) is that used in the IRRI-BPI 
(Burear of Plant Industry, Philippines) site at Iloilo. 
There, soil texture and landscape position were used to 
classify the environment. 

A useful framework within which to relate these 
factors to cropping systems potentials follows (Zandstra, 
1976) . 

First, environmental factors include physical re­
sources (climate- and land-related), economic resources 
(availability of land, labor, cash, power, equipment, and 
materials) and socio-economic conditions (product prices, 
input costs, marketing costs, and customs reflecting pre­
ferences for certai~ foods or management practices) . 

Second, the cropping systems researcher specifies 
the factors he or she wants to operate on and those to 
consider invariant. The first set will be included in 
the management vector (subject to optimization), and the 
second set will be part of the environment vector of 
Equation 1. 

Third, in environmental classification, readily 
modifiable physical factors should be excluded: nitrogen 
and phosphorus fertility; easily corrected microelement 
deficiencies; and the normal incidence of pests. The 
relation of Y=(M,E) is thus reduced to one in which 
standard crop-management practices in M are assumed to 
correct for variations in the readily modifiable factors 
in t. Those factors remaining in E are cropping patt.ern 
determinants and should be used for environmental classi­
fication. 

Fourth, a union of sites that have similar cropping 
pattern determinants is defined as an environmental com­
plex nr land type; a union of sites in which the relative 
performance of cropping patterns is substantially the 
same is define as a production complex (Zandstra, 1976). 
A production complex Is measured by cropping pattern per­
form~nce and lS, as such, an ecological unit. If the 
performance of cropping patterr.3 is substantially dif-
ferent for any subset of site' \hin an environmental 
complex, one or more importar ~minants must have 
been over looked in the descr ii';· ,ind speci f j ca tion of 
that complex. This provides, "ility to test the 
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adequacy of the environmental deb~,·'ption method employed. 
Substantial progress has been ~ade in the identifi­

cation of physical cropping pattern determinants (FAC, 
1971; IRRI, 1974), but their measurement and the measure­
ment of associated pattern performance have been saIl .y 
lacking. In addition, the analysis and interpretation of 
research results have more often than not been related to 
the site and not to the environmental characteristics of 
the site. 

The description and classification of the environ­
ment requires a contribution from land and soil classi­
fication specialists at an early stage of site research. 
The quality of the land, climate, and soil classification 
will determine the usefulness of the research results 
obtained beyond the direct project area. 

Beyond the description of land type, site description 
includes a short baseline survey that describes crops, 
cropping patterns, and cropping systems and their assoc­
iation to land types. It also provides a summary of 
major farm types in the area, their holdings, labuL nnd 
power resources, access to credit and agricultural chem­
icals, and their technological history. The baseline 
survey also evaluates wage rate variation throughout the 
year and the production methoc.s and their results for a 
few major crops in the area. 

Cropping Systems Design 

In terms of Equation 1, cropping systems design is 
the specification of the management vestor M. The Asian 
Cropping Systems Working Group (1976) defined it as a 
synthetic activity that employs the physical and socio­
economic site characteristics obtained at the descriptive 
stage, together with knowlec1e of the effect of those 
characteristics on the performance of cropping patterns, 
in order to identify intensified patterns that are well 
adapted tu the site. 

The design activity (Fig. 2) is focused on a certain 
land type. A limited assembly of practices from the 
available component technology can be employed in design. 
The technology includes cultivars; tillage practices; 
planting methods; plant population considerations; knowl­
edge of optimal spatinl relations between intercrops; 
r.rop interactions; effects of crop combinations and crop­
ptng sequence on weeds, insects,and Jiseases; water man­
agement methods; and pest control methods (by hand, 
pesticides, crop resis~ance, or escape). The technology 
also includes accumulated knowledge about the performance 
of cultivars and about the managemen~ practices listed 
above, under the conditions specified in the environment 
vector. Among those conditions are amount arid distribu­
tion of rainfall and irrigatLon; landscape hydrology; 
drought, saturated solI, lligh precipitation and humidity 
during the crop establishment and harvest periods; 
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Fig. 2. Schematic presentation of the design of alternative 
cropping systems for a selected environment. 
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temperature and day length variations; extreme soil con­
ditions; and predictable flooding. 
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The process of cropping systems design (Fig. 2) by 
necessity employs certain performance criteria. Those 
criteria should include estimates of cropping pattern 
performance, the available resources, and a pattern's 
resource requirements. A difficulty arises in de~~rmin­
ing the resources available to the cropping pattern. The 
resources are most ~asily determined by substitution; 
slack resources of the farming system are added to the 
resources used by the cropping pattern that is to be 
changed. 

The formulation of the research program for a site 
coincides with the design of cropping patterns for that 
site and should be completed at least one month in ad­
vance of the first seeding date at the site. Normally, 
the yearly research program is discussed at a workshop in 
which all researchers at the site participate. Site 
res2archers should be given prime responsibility for the 
presentalion of previous research results, and should be 
encouraged to contribute their insights on the existing 
farming systems, the potential for increased production, 
and farmers' reactiolls to alternatives. The workshop 
should draw ~n the support of senior cropping systems 
scientists Qnd subject matter specialists in some or all 
of the areas of economics, entomology, weed science, 
water management, plant patholo~y, soil fertility, an~ 
plant breeding. This worksho~ may take about three days 
and although the research program for the site is design­
ed before the cropping season starts, it may be useful to 
re-evaluate the research program after each crop and make 
the necessary modifications. 

Four steps arc suggested for tne design of the crop­
ping patterns to be tested at the site. 

First, doc ide upon the land types to be studied at 
the site and describe each of these as precisely as pos­
sible. The team need not conduct research on all land 
types in their area of operation; generally by using two 
to four of the most important (colTUllon) land typc:s, the 
team can cover the vast majority of productinn systems 
at the site. 

Second, identify variables that constrain crop pro­
duction, such as fertility problems, minor element defi­
ciencies or toxicities, or the cOlTUllon occurrence of crop 
pests. 

Third, decide upon the cropping patterns to be 
st~ldied for each land type. 'I'hese patterns should be 
carefully designed in accordance with the physical and 
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socio-economic conditions prevailing at the site. The 
farmer's croppinCj history, climate, product value, Clnd 
potential market arc all important factors to be consid­
erecl.l For earh lClnd type the reseClrch team should limit 
itself to three or four cropping patterns. These pClt­
terlls may be the same for different lanel types. Tn fact, 
it is desirable that the performance of one or more pat­
terns can be compal-ed betwel-'n land types. 

Fourth, eLlch croppillLj (J.:l t !:crn neecls to be LlssiCjl1ed 
.:l mClnagement technology. Figure 3 is LIn eXLlmple of the 
comp.1exity of a croppincJ pLltl.:.!"n Llncl the informLltion 1.-e­
qld red wi th respect to component technolo~JY. l\s the re­
seLlJ"ch team COl ~dcr5 eli frerL'nt altC!rJ1L1tives, it must 
evalua to the! expected r(>spon~;e Llncl the cost involved for 
each altornative. l\fter the design oE the cropping pat­
terll, d simple cost-~nel-return analysis must be conducted. 
1'h050 filctors should not be tuken 1 ightly, as .i t has been 
est.imated Lhut to decide upon vurieties, pest lIIal1aCjement, 
[erti!izer -1ditions, and methods for tillage, planting, 
weed contro~, ancl hdrvest, in acldit.ion to the timinq of 
all operutions, mon.· than 30 decisions need to be made 
for a two-crop cropping pattern. 

'rhe i npu t ] c\'e.1 s for componen t t.echno.locJY assigned 
to the croppinCj pLlLtern should be such that they will 
increase net returns above those obtuined from existing 
pattc'rns and sti J 1 providc.' returns to purchased inputs 
and J abor the] t ilre abLJve those norma] J y obta inetl in the 
region.:! 

Durin') the.: first year, t.he component technology 
chosen for the ':roPl'ing pattel-ns wi 11 depend primarily 
on information from the environmental dcscription and 
prev iOlls l:cseQrclr a l the site clnd in simi] ar si tes. In 
t.imo mou' information Oil component technology wi.ll become 
~vQilQblo from research CIt the site anJ will increasingly 
form tl.L· lidSis for decision rnakinq about: the component 
lechnllloqy ll'V('ls to be' lls('d for the cl-ol'pinq patterns. 
J-:;':~lInple sl'c'ci f iC,ll i()lls fOI- wt·'!c1 control compone:nt tech­
noloClY for il sit,' il/(' p!"o.·sC-'ntccl in Table' 1. 

1 Sf'C' inf,-,nlldtioll rr'·'jllin·t! to clc~;iqll and '_csl for econom­
ic c:r i tvr i .I, 1''''Jr'l(),l t () Hie, ','11'; ill (":"I'I)il~l ~(/~I"I1I~ W.·'tI:illn 
( ! I. ( ., I t \ 1.:' I \ ... ! 1 IJ'~ \ 
')' I \ I I , ., • 

. , J.drq,,-s'·dl,· ,·r.·dil 1'1"I.)(II',lm:, for cn.ll' pr'lducti.on Ciln 
SII1)sldlll.i,l!ly n·d\lc,· th,' C(lS! ()f production capita1 in a 
I'eq iOll .111<1 tIl<' r,·! \lrn!·; fdnllC'rs (!l'milllc1 from j'urchasL·d i n­
Illlt:S. l\1 t.hn\l'.lh tlw ,·;·:l!·nL uf su(:11 cllilnqf's arc.· hare! to 
pr"diet, ..... h,·I',· :';\Ich ,·r(·dit prr)CjrcllllS .II'" fO)"('sc'('n, rctu]~ns 

to l'\lrchils,'c! input:.; m,lY !.J(. SUITI"\,hil', lwIn\, thuse obt.ain!'cI 
in lilt· PI-('S(·IIt. prod 11ct i UP :;ysL,% i 11 t h,! absence of a 
crt·dit proqrdm. They sh<llilcl, huwc'vc'r, illways be alJovC' 
tll(' )'(',]1 cllsl of CI·,ot! it. 



Fig. 3. To assign component technology to a pattern requires a careful selection from many 
alternatives. DSR = dry seeded rice, TPR = transplated rice, UC = upland crops. 
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Table 1. Recommended weed control practices for cropping patterns, Pan9asinar 1977-78. 

Crop 

Corn (before rice) 

Dry-seeded rice 

Wet-seeded rice 

Transplanted rice 

Upland crop 

Field not plowed 

Field plowed 

* 

Weed control methods 

Hilling-up, 2 passes 

Butachlor follol-Ied by one hand­
weeding 

We 11 puddl ed seedbed. I f there 
is standing water - no weeding; 
otherwise, spot weeding 

We 11 puddl ed s2edbp.d. I f there 
is standinq water - no weeding; 
otherwise,' spot we~ding . 

Paraquat to be applied if 50% 
plant cover at time of crop 
establishment; otherwise, no 
weed control 

Munqbeans and cowpeas - no 
weeding 

Sorghum - interrow cultivation 

HAE - weeks after emergence 

tRefer to manual weedin9 or spotweeding as needeo. 

Rate 
(kg a. i. / ha ) 

2.0 

0.75 

Time of application 

3 WAE* or just after fertilizer 
topdressin!] 

Immediately if soil is moist, or 
if soil is dry, after germinJting 
rain followed by "as needed"t 

As needed 

As needed 

Prior to furrowing 

To 4 WAE 
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Cropping Systems Testing 

Cropping p~tterns ~nd their management are tested in 
farmers' fields to verify the assumptions made in the 
cropping systems rese~rch process, particularly those at 
the design stage. The assumptions are: 

1) The proposed cropping system is biologically 
suited to an important physical environmental complex of 
the site. Yields of crops in the pattern should there­
fore be adequate, and biolo(Jical instability should not 
occur. 

2) The cropping pattern's requirements for economic 
resources, such as cash, labor, and power can be met. 

3) 'rhe Itlanagernent components l)f the specified 
patterns are econornic~lly optirr~l. 

4) 'rhe croppinq pal"terns .,aU!':;,: the selected 
economic performance criteria. 

The first step in the testing process is to define 
satisfactory performance criteria (Fig. 4). To be useful 
in the context of site related research, these should not 
require complex computations. Nonetheless, the perform­
ance criteria must be conditionnd by the factor costs 
prevalent at the site and the present knowledge of farm­
ers' decision making. Because of farmers' control over 
on-farm reSOL'TCCS (land, farmer's time, family labor 
including exchange labor, watel-, and farm implements), 
the rlet returns to these resources form a useful first 
estimate of the overall benefit derived from a cropping 
system by the farm enterprjq~. Further performance 
evaluation can be based on returns to cash and labor 
compared to their cost in the region; cash requirement 
comparecl to its availability; the required level of in­
debtedness compared to actual cash income of the farm; 
and d,sk as a function of yield variations (preferably 
the subjective estimates of farmers) and levels of cash 
input (7.~nclstra el: al., 1975).3 

'I'he testing procC!ss rcqui res more time and research 
personnel than the other activities ~0scribecl in the 

3 IlL'cent work on opportunity cosl nud,)etinq methods 
(!'rict' and !lal'ker, 1977) hilS ]ed to <I re]ativf'ly simple 
method for hoJncllinq seasoll.!l v<ll-i,-II:.ions in ],lbar waqe 
r.]I:t.:!;~. In-dr~l'th Slutlil's ill whole f,lrlll budqct.inq tcch­
niquf's .1rc' IJ ... ill'J used to find ".,,1 1·s in \oJhich WC' Ciln con­
diti()n simple parti.ll bud(JC'tinq techniquc.·s, 01- their 
intc.'I'l'r,>l;lti.oll, tu fOll'rn lypes \oJil:h diffrrenl rcsollrce 
c'l1dr)Wlllr,'nts. 
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Fig. 4. Te5ting of crop~inq patterns. 
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cropping syntems research process (Fig.,l). The monitor­
ing of patterns and the data collection system must be 
both manageable and sufficiently rigorous to allow re­
liable estimat~s of cropping pattern performance, its 
resource r8quirnments, and the farmers' reactions to it. 

Expc-'t,{menta-i'. V~ igll 

The trials compare patterns that differ in crop 
types, the number of crops, their establishment method, 
and time as well as their management. This makes it 
impossible to test patterns using replicated small plot 
experimental designs, as the objective is to evaluate 
cropping patterns on the basis of their performance in 
the land types for which they were designed; the land 
types ber-ome the experimental area and fields within the 
land types become the plots. The experimental design 
used is a completely randomized design in which repli­
cates are assumed to sample the variation of field con­
ditions existing within the land type. 

These trials often involve new crops and a change in 
time of operation from that used in the existing patterns 
in the area. For this reason, the trials should be man­
aged by farmers to evaluate the farmers' capability to 
manage the cropping pattern. This gives opportunities 
for the identification of conflicts between the opera­
tions required for the pattern and the farmers' resource 
base or the climate or land qualities. Cropping patterns 
are tested in large (1,000 sq. m.) plots to allow measure­
ment of labor and time required for the operations used 
in execution of the patterns. This in turn allows pre­
cise cost-and-return analysis for the patterns. 

For the denign of cropping pattern trials, the 
following general guidelines are suggested: 

1) The research team should select two or three 
land types on which to focus its research. 

2) For each land type the team should select three 
cropping patterns to be evaluated. For some patterns on 
some land types, these patterns may be the same. 

3) Each cropping pattern should be replicated in at 
least five fields in total and in at least four fields 
per land type. 

The above research design should be modified as the 
team acquires more experience at the site. During the 
fjrst year the number of patterns to be studied may be 
higher than three per land type. During the second year 
the number of patterns can be reduced and the number of 
replications can be increased to at least five in bltal 
and at least four per land type. During the third year 
the team should hap. focused in on the most promising 
cropping patterns. This will allow them to increase 
further the number of replications per pattern to at 
least six in total and at least four per land type (Table 
2). It is recommended that the research team manage from 
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Table 

Land 
type 

2 

3 

Total 

2 

3 

Total 

2 

3 

Total 

* 

2. 

4 

4 

8 

6 

6 

o 

Year to year variation in the design of cropping pattern trials 
reflecting trend towards reduced number of patterns and increased 
number of replications.* 

2 

5 

5 

5 

5 

10 

6 

6 

12 

3 

4 

4 

4 

12 

4 

4 

4 

12 

4 

4 

4 

12 

Pattern 
4 5 

Year 

5 4 

4 

5 8 

Year 2 

6 

6 o 

Year 3 

6 

6 o 

6 7 

5 

4 

4 

5 8 

o o 

o o 

8 

0 

5 

Total 

18 

17 

16 

51 

15 

15 

5 14 

10 

4 

4 

8 

44 

14 

10 

14 

38 

The numbers in the tables arq the replications (fields) of a pattern 
in a land type. For example, in Year 1 pattern 6 is replicated 5 
times in land type 1. 
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The performances of ex~erimenta1 cropping patterns 
are compared to those of farmers' existing patterns, as 
the latter provide the research team with a measure of 
the cost and productivity of production fac~ors in the 
area. Methods have been developed for the collection of 
climate, plot, crop, and operational records for experi­
mental and farmers' cropping patterns. These records 
include time required for the operations and equipment or 
materials used. Where appropriate, specific variables 
such as depth of water or moisture condition of the soil 
CRn be monitored. 

The testing phase allows evaluation of the research 
team's ability to design improved crnpping patterns on 
the basis of the environmental classification employed. 
It allows an evaluation of the efficiency of the cropping 
pattern determinants as stratifying variables for design 
and future recommendations. In this manner the test 
results can lead to modifications in site description. 
In addition, the testing of cropping patterns on the farm 
provides important clues to tecllo10gica1 constraints to 
increased production. These might include lengthy turn­
around times between crops, a lack of techniques for up­
land crop establishment in previously puddled rice fie1d~ 
weed control in dry seeded rice, fertilization of zero­
tillage-planted upland crops growing on residual m~isture, 
anrt ratooning rice varieties and management of the ratoon 
crop (IRRI, 1976; Zandstra and Price, 1977). 

Although the major activity at a cropping systems 
site is the testing of improved cropping patterns, the 
site team must also ensure that the management specified 
for each of the crops in the patterns is optimal. 

As the team discusses the compcnent technology to be 
assigned to cropping patterns, it will also identify sub­
jects on which there is a lack of information that needs 
to be studied at the site. This may be a need for fur­
ther environmental description, such as better definition 
or the duration of irrigation, t~e time and frequency of 
rains, labor wage rates during harvest time, or the 
farmer's ability to identify insect pests. It often in­
volves the need for better component technology such as 
varietal screening, insect, weed or disease control, 
fertilization, tillage methods, or the date of establish­
ment of different crops. Duri~g the first year it is 
often useful to do time-of-p1anting trials for the im­
portant crops a~ the site over their potential range of 
planting dates. These trials should be monitored for the 
occurrence of insects and diseases. An early definition 
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of response to mujor plant nutrients is also required. 
Component technology research is cOllditioned to the 

cropping pattern selected. It normally .tddresses only 
one crop of the pattern sequence and one ur two variables, 
such uS variety trials, tillage methods and subsequent 
levels of weed control, or method and rate of nitrogen 
application. Componel\t technology trials arc generally 
munaged by the croppIng systems researchers rather than 
the farmers. 

The reseurch team must be careful to study only 
those management components that have u major impact on 
the economic performunce o~ the cropping patte=n. Gen­
erally, the reseurch focuses on the responses to inputs 
~nd leaves uxplunation of un~erlying mechanisms to the 
other physicul and biological researchers. 

For the initidl experiments, three general sources 
of information should be used to identify factors and 
treatmerlt levels to be tested: baseline surveys, ct p,~i('~i 
knowledge of crop requirements, and previous conventional 
field experiments conducted 1n the site area or in sim­
ilur environments elsewhere. The latter may have been 
conducted in unticipation of a cropping pattern research 
progrum to follow or through the routine activities of 
orgunizutions conducting multilocution trials. It is 
ulso advisable to identify the two manugement co~ponents 
thut deJllClnd the most cash and the two components that 
require tlle most lub0:-. Next, estimate the effect on 
yield oi changes in each of these components, and eval­
u3te thp ~otential input savings or yield increases that 
could be derived from rese~rch on these faccors. 

Most component technnlogy research should be closely 
associated with the cropping puttern tests and should be 
design2d to test the present management assigned to the 
puttern. To ensure closu association with the cropping 
pattern trials, much of this esearch should be conducted 
in the same fields in which the patterns are tested 
(hence, the turm superimposed) . 

At present it is recommended thac the designs for 
the superimposed trials sCltisfy certain objectives. They 
should: 0valuutc the return farmers derive from pur­
chased materiul inputs used for weed control, fertiliza­
tion, und pest und diseuse control; evaluate the return 
the cropping pattern component technology obtuins from 
these inputs; determine whether possibilities exist for 
modificution of the management components assigned to the 
cropping pa~tcrn for weed control, insect and disease 
control, and fertilization that lead to increased yield; 
and determine whether these yield increases are 
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sufficient to pay for the adcitional costs of the mod­
ified management components. To achieve these objectives, 
superimposed trials must include the following component 
technology levels: a simulation of farmers' management 
level; farmers' management level without any purchas.d 
material inputs; the level of component technology assig~ 
ed to the cropping pattern; and a level of component tec~ 
no logy that will produce higher yields than the cropping 
pattern or that will produce similar yields at substan­
tially lower input levels. 

Various treatment designs can be used for super­
imposed trials, depending on the factors considered to be 
of i~portance. These trials evaluate the performance of 
the component technology across the land type and are 
therefore normally not replicated within a field. Each 
trial is established in five to eight cropping pattern 
fields. 

These trials are entirely managed by the cropping 
systems research team. They evaluate in detail specific 
management components to be assigned to cropping patterns. 
They cover a wider range of management alternatives than 
the superimposed trials. Thus, an increas~d number of 
variables and levels are included in the treatments. 
Researcher-managed trials seck Lo understand more pre­
cisely the type of response,. to input levels and evaluate 
high risk treatmencs about which too little information 
is available to be included in croppin0 patterns managed 
by farmers. The results of researcher-managed trials are 
analyzed with an emphasis on treatment differences and 
require considerable precision. 7hese results determine 
future changes in cropping pattern management levp-ls and 
the management components to be studied in the super­
imposed trials. 

The experimental designs for I'~searcher-managed 

trials will not be discussed in detail. They follow tile 
considerations of small plot experimental design on 
research stations. Because of limited field size, treat­
ment numbers should normally be kept between six and 
twelve. The number of replications should be three or 
more, except where multilocation testing is involved, in 
which case within-field replications should be reduced 
to two, as long as the toti:!l number of replications is 
four or more. 

Researcher-managed trials can be conduct2d at re­
search stations if the enviLonment (climate, soils) at 
the station is the same as that of the land type studied 
at the site, or if the purpose is strictly to compare 
treatment differences and no strong interaction with the 
environment is expected. In such cases, the site re­
search team requiring the information s~ould encourage 
researchers on the stations to conduct such experiments. 
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Whether conducted at a research station or at the 
site, these trials should use the same tillage methods 
and implements and the same component technology (for 
fixed management) a~ that used for the corresponding crop 
in the cropping trials. For factors that are varied, the 
tre~tment levels must include those used in cropping 
trials and the high level treatment of the superimposed 
trials. 

Limits to seeding dates that apply to that crop in 
the cropping pattern must be applied to the component 
technology trials. This is important, as it will allow 
linking of the component technology research results to 
those of the cropping pattern trials. Where field x 
treatment interactions are considered important, the 
number of fields should be at least four and within-field 
replication can be reduced to a minimum. 

Applied Research and Preproduction Testing 

Applied research evaluates alternative cropping pat­
terns at many sites that are representative of the envi­
ronmental complexes for which the patterns werE designed. 
The specification of the environmental complex is impor­
tant. Applied research testing not only must provide 
extension or production a]encies with alternative cr~p­
ping systems with clearly specified management, it m~st 
also clearly delineate the situatioDs to which those 
cropping systems are adapted. The domains of adaptation 
of reconunended cropping systems must therefore be spec­
ified in terms that can be used to differentiate the 
action of production programs for different environments. 
That requires that the domain be mapped or associated 
with existing geographical boundaries or be descriLed in 
site-diffe~entiating terms, such as soil te~ture or 
drainage characteristics, that can be handled by exten­
sion workers on the basis of simple observation. 

Preproduction testing follows applied research. It 
focuses on training of extension workers and on discover­
ing the availability of credit, seed, and agricultural 
chemicals. In general, it identifies and prepares the 
institutions and p8rsonnel required for implementation of 
reconunended practices on a wide scale. Preproduction 
testing also evaluates the performance of a reconunended 
practice on a large scale. 

One difficulty with production programs that seek to 
c~ange farmers' cropping systems lies in the great var­
iety of crops involved. Each crop has its own specific 
management package, its own credit and input require­
ments, and its own critical location in a cropping se­
quence and in a specific environment. That is a lot of 
information to carry through a delivery system, and the 
production program methods to be used will undoubtedly 
require critical assessment (Gomez, 1977). 
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At this time, the site =elated research method is 
being applied by nearly 40 research teams throughout Souili 
and Southeast Asia (Carangal, 1977) (Fig. 5). Many of 
those teams receive advice and bdckup from regional or 
central research station and university-ba3ed senior 
staff in national programs. As the on-site research 
proceeds, the capabilitiEs required for t'.le research 
model bec~~e clear for all levels. 

At the SUr 

The research team at the site is the instrument of 
cro~ping systems research. It is the contact point be­
tween the research structure and the on-farm reality it 
must address. The site team must therefore be able to 
j,dentify different environmental complexes based on land 
types, textural differen~es, irrigation, drainage char­
acteristics, and slope of the fields. 

The team must be trained in farm survey methods to 
determine the farm resource base and to identify the 
existing management practices and their relation to im­
portant environmental factors at the site. It must re­
late tc the farmers ~nd be trained in the interpretation 
of farmers' comments. In addition, the site team must be 
able to plan and execute experimencs, analyze them, and 
interpret results. The site team also has to be involved 
in the decisions made about the focus of its research. 
For these reasons, it needs to participate in the defin­
ition of research priorities for the site and in the 
planning of the experiments and surveys. It must be en­
couraged to become a strong multidisciplinary unit that 
formulates hypotheses about the type of production tech­
nology required for the land types in the site--hypo­
theses that are continually tested against daily observa­
tions. The site-team should be a dependable source of 
information about farm-level produ ·tion techniques and 
the performance of technical innov"tions in the area 
covered by the site. It is particularly important that 
the site team consult with local extension and irrigation 
personnel, who can provide guidance in the selection of 
cooperating farmers and provide details about the tech­
nological history of the site that are valuable to crop­
ping systems researchers. Extension organizations should 
also be exposed to research plans and on-farm trials at 
an early st.age. 

The Cropping Systems Training Program at IRRI 
carries groups of graduates from various disciplines 
lhrough the physical, biological, and socio-economic 
aspects of site description, design, testing and com­
ponent technology research, preproduction testing, and 
production program formulation. The training employs 

http:differenr.es
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examples and methods used at existing research sites and 
exposes trainees to several sites. 

To operate the on-farm research at the site with the 
bachelor of science and the occasional master of science 
level staff, the team needs to be continually supported 
and encouraged. Our experience is that the teams derive 
strong motivation from the realization that they are 
addressing the real, everyday problems of farmers and 
that their solutions are immediately affecting the farmer­
recipiant group with whom they can identify. In addition 
to thlS motivation, the teams need to maintain cOlltact 
with research institutions and recent research. They 
also need guidelines for environmental descriptions, re­
search design, farm surveys, and experimental designs. 

This require~ a group of specialists at the research 
centers with experience in site-related research, in 
addition to the ndvanced training needed to advise re­
search teams at the sites. These groups can often be 
composed of researchers working at existing regional or 
national experiment stations. Multidisciplinary team 
discussions at these stations can be cncoulaged and then 
such groups can work with a number of site te~ .. s offering 
support in research design, analyses, and interpretation. 
In addition to providing methodological and motivational 
backups to teams, the support group provide~ contacts 
with experts for consultations on specific problems, such 
as the identification of rare pe~ts, minor element defi­
ciencies, or disease problems. 

Up to this point, cropping systems research has been 
discussed in terms of operations research designed to 
incorporate available knowledge, processes, and materials 
(biological, physical, human, and institutional) into 
crop production methods suitable for identified environ­
ments ~ith clearly defined farm resource availabilities 
and instit.utinnal support structures. Because of the 
opGrational nature of site-related research, the project 
depends completely on technology available to it. This 
comes from national level experiment station and univer­
sity research on one hand, and from the farmers in the 
region on the other hand. At the national level, there 
is a need for con tillued backup by commodi ty- amI disci­
pline-oriented researchers to resolve bottlenecks to 
increased production identified at the farm level (Fig. 
4). In addition, the national institutes need to con­
tinue the development of on-farm research methods that 
will improve on-site operations in environmental clas­
si~ication, in research on soil and crop management and 
plant protection methods, and in the economic evaluation 
0: production alter~dtives. To achieve this, commodity­
and discipline-oriented researchers should visit on-farm 
research si~~J und invite opinions about research needs 
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and priorities. 
Results of research on rice-based cropping systems 

in the Philippines and other Asian countries have identi­
fied a shortage of information on: 

1) Use of crop intensification techniques. 
2) Crop est.ablishment methods, particularly for 

upland crops after lowland rice. 
3: Tillage methods, including the use of altern­

ative tillage implements. 
4) Interactions between land types and performance 

of cropping ~atterns. 
j} ~2thods required to more effectively incorporate 

farmers into the on-farm research process. 
6) Weed control techniques. 
7) Effective methods to evaluate insect and disease 

uccur~ences and to condition insecticide recommendations 
to these. 

8) Methods for identifying biologically stable 
cropping patterns. 

9) Baseline survey methods to identify farmers' 
production techniques. 

10) Methods to evaluate the performance of cropping 
patterns. 

11) Methods for jUdging the institutional inter­
vention required for the introdu~tion of new multiple 
cropping technology. 

12) Adequate description of the climate to aLlow 
c~op scheduling. 

Institutional Constraints to Cropping Systems Research 

A new production technique is often constrained by 
lnstitutional characteristics, because they were not 
designed to handle it. In the same way, the change from 
strictly discipline- and commodity-oriented on-station 
research to iGterdisciplinary multiple cropping-oriented 
r£search on farmers' fields is constrained by the exist-
8dce of research institutions and traditions that were 
not designed to cope with tDe requirements for multiple 
cropDing research. 

The strong multidisciplinary nature of the site 
research teams requires the participation of agronomists, 
soil scientists, economists, and plant protection spe­
cialists. A similar, or still broade4 multidisciplinary 
requirement exists for advisory support at the regional 
or national level. 

In most countries, the capabilities in soil and land 
research, soil fertility and crop improvffinent, farm man­
agement economics, climatic analysis, and irrigation and 
water management are found in different institutions or 
agencies within the department of agriculture. This has 
made the structuring of the national programs based on 
mUltiple cropping research in the farm environment a 
difficult task. It requires that institutlons responsible 
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for the generation of new production technologies--not a 
variety or fertilization rate, but a completely specified 
and carefully testQu sp.guence of crop and management 
activities--acquire capabiliti~s in disciplines not 
normally represented among their stdff. In ~ddition, it 
requires considerable training and management planning 
to provide the operational and methodological support for 
mUltidisciplinary on-farm research. Alternatively, exist­
ing institutions can combine their activities to form 
site-related research teams for which the staff of several 
institutions provides the expertise required. Such a 
mouel places heavy dumands on site coordinators and 
corapJicates the administrative ~lrllcture. It has, how­
ever, the potential for s~rong dl -iplinary backup and 
important feedbctck from on-farm rc 'earch to policy makers. 

Recent programs in cropping s;3tems research in the 
Philippines 4 have tendeJ to follow the latter model, but 
arc primarily part of special projects rather than a 
general approach to the generation of agri.::ul tural tec:l­
nology by line agencies. 

COflclusions 

There has been a rapid increase in the availability 
of improved--oftell short durati.on--crop varieties, early 
crop es tabUshmen t techniques, pes t manage:men tal ter­
natives, farm machinery, and supplemental irrigation. To 
be useful to farmers, these new technological components 
need to be carefully comoined to fit the prevailing pro­
duction environme~t. This requires a holistic approach 
to agricultural research that is oriented toward the 
combination of crop enterprises encountered on, or suit­
able for, the different land types in rice growing 
region3. 

In formulating such an approach, it is best to avoid 
research methods that require complex computational and 
information processing techniques that must be applied by 
highly qualified, ce~trally located researchers. Co­
operation with representatives from national research 
organizations in South and Southeast Asia (Cropping Sys­
tems Working Group, 1975) led to the [Qrmulation of a 
site-related cropping systems research methodology that 
focuses on the description and classification of the env~ 
ronment, on the design of improved cropping systems and 
their on-farm testing, and on methods for the formulation 
of production programs. Sl.lall mul tidisciplinary teams 
are now applying this methodology in more than 40 re­
search sites in South and Southeast Asia. 

4 Such as in the land settlement projects in Agusan, 
Bukidnon, and Capiz and in the PCARR coordinated Bicol 
Agricultural Research Complex programs. 
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A remaining challenge is that of adjusting the 
institutional structure to the requirements for site 
related on-farm research. It needs to be addressed with 
renewed vigor if ~gricultural researchers arc to fulfill 
their obligation to the farmer. 
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Motivati ng Small Farmers 
to Accept Change* 
Peter E. Hildebrand 

This title suggests that small far~ers do not accept 
change at rated which are considsred adequate. Adequate 
could be defined in any of several ways, but it is not 
necessary to define it for our purposes. That these 
farmers are not changing their technology as rapidly as 
larger, commercial farmers is evident and will not ~e 
discussed either. Rather, presented here is an inter­
pretation of the reason small farmers in developing 
countries do not accept changes in their current technol­
ogy at rates which scientists, extensionists, politicians, 
academicians, bureaucrat~ or ot~ers deem adequate. In 
addition, changes are proposed w:'ich can significantly 
modify this rate of acceptance. Admittedly, some of the 
suggested changes may well mee~ with the same resistance 
small farmers exhibit when presented with new ideas that 
would drastically modify their way of thinking and work­
ing. 

First, it is necessary to define some terms which 
must be used but which are vague or carry several con­
notations. The term "small farmer" will mean all farm­
ers, regardless of the size of their holdings, who are 
not primarily commercial farmers, and most of whom in 
developing co~ntries still use predomi~ately traditional 
technolr~y. Since we are concerned in this conference 
with technology, this is a much more utilitarian defin­
ition than one limited to size. Appropriate, as used in 
"appropriate technology," is necessary and desirable to 
use, but it is not used in the accepted or most commonly 
understood context. Appropriate technology will mean 
that technology (or changl1) whjch: 1) can be put into 
practice immediately and under farmers' present agro­
socioeconomic conditions and 2) is acceptable to target 
farmers. The fi=st crite~ion is a necessary though not 

* Rep:::-inted from AgtUCl~U:WUtt AdmiIlMbLa..tioH, Vol. 8, 1981, 
by permission of Applied Science Publishers Ltd. 
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sufficient condition to be "appropriate"; the second 
reflects the difference between a third person's inter­
pretation of farmers' agro-socioeconomic conditions and 
the farmers' own interpretation of the same things. In 
other words, it reflects the farmers' thinking and not 
macro or imposed micro considerations as interpreted by 
outsiders. "Agro-socioeconomic conditions" are all those 
agro-clim? tic, economic, Locial, cultural, or infrastruc­
tural factors or cons~raints which condition whether a 
farmer needs, desires, or can adopt any given change. 

This discussion commences from the premise original­
ly proposed by Schultz, and is widely, though not uni­
versally, accepted: small farmers are efficient in the 
utilization and allocation of available resources among 
known technologies if they have been farming under stable 
conditions for some time. As we are, by design and pur­
pose in this conference, concerned with farmers who are 
not 8hanginy their production methods, this premise 
should include most of those farmers. This implies that 
small farmers will and do accept change when the avail­
able resource base changes or new and appropriate tech­
nology becomes known. Otherwise, they could not be 
efficiently adjusted to alt~~natives they now have. But 
it is important to understand that this efficient adjust­
ment is in terms of the farmers' own understanding and 
interpretation of their situations, and it is not neces­
sarily efficient according to the perceptions of well 
meaning but incompletely informed third persons. Since 
it is not third persons in a free society who make choice 
of technology and resource allocation decisions, it is 
evident that farmers' actions need not reflect third 
person solutions unless they are based on a neally perfect 
conception of the farmers' situations. 

A second characteristic of small farmers gradually 
being recognized is the high degree of location specific­
ity of their agro-socioeconomic conditions. In conunercial 
agriculture, the tractor and a strong capital base are 
effective homogenizers of what is otherwise a complex 
milieu. To persons who are trained or accustomed to 
being able to ~roduce widely acceptable tractor-based 
technologies, this character.istic represents a strong 
barrier which hinders their effectiveness in producing 
usable and acceptable results for small farmers. But it 
is also a characteristic that must be considered ex­
plicitly in any technology dev210ping system if it is to 
produce technolcgies whi8h small farmers will be motivat­
ed to accept. 

If small F~rmers are not changing thei~ production 
methods because they are not being offered appropriate 
technology when so many people are working to produce it 
for them, what is the problem? If it is agreed that 
small farmer.s are efficient in the allocation of their 
resources to known and appropriate tr.aditional technol­
ogies, it means they have been motivate~ in the past to 
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accept change. Hence, the problem is not one of motiva­
tion, as such. Rather it is one of offering "changes" 
which are not appropriate as perceived by the farmers 
themselves. It makes no difference to a farmer how a 
third person views any specific technology. If he him­
self does not feel it to be appropriate, he is not going 
to be motivated to ar pt it. 

In turn, the problem stems from several different 
areas. First, most top level technology "generators," 
who are agriculturally trained and "product" oriented, 
work on experiment stations or in other highly controlled 
conditions where they consider only a limited number of 
variables. Second, most of the "transfer mechanism" gen­
erators, who are trained in the social sciences and are 
"cause" but not product oriented, struggle with the vast 
quantity of variables which condition acceptance or re­
jection of technology at the farm level. Finally, there 
are the "goal" oriented agricultural economists in the 
middle complaining that the agricultural scientists do 
not consider enough of the variables of their work, but 
ignoring the pleas of the social scientists who claim 
that including just the quantifiable variables is not 
sufficient either.2 It is little wonrler that the poor 
extension or "change" agent has little to offer small 
farmers even though he may be supported by an elaborate 
experiment station and extension network manned by high 
level technicians. It is even less amazing that small 
farmers are not motivated to accep~ many changes that 
come out of such a system. 

ICTA Technology Development System 

New technology development systems oriented toward 
small farmers are being written about and discussed, and 
a few are in operation. One which has shown promise and 
is in use within a functioning nRti.onal institution is 
that at ICTA (Institute of Agricultural Sciences and 
Technology) in Guatemala. This system has been develop­
ing over the last five years and is still changing as 
needed modifications are visualized. It is not perfect, 
nut it has b8en found to have some valuable character­
ibtics and is being used as a model in some other coun­
tries. Its most critical characteristics ~re briefly 
sketched b<::!low. 

2 This picture is complicated further because agronomists 
work pri~arily with soils and plants which they are con­
vinced 3re the most important components of agricultural 
production; SG~iologists and anthropologists work with 
farmers who (or them are obviously the most important 
compor-ent; and "(;onomists work with desks and computers 
studying means of achieving specified (and frequently un­
realistic) goals. 
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A work zone is defined, insofar as possible, on the 
basis of an area in which the majority of small farmers 
follow a similar traditional agricultural system; or in 
other cases, it may be the confines of a land reform p~o­
jest where most of the (artificially created) fan;\s are 
qui te similar. A team composed of social scientists and 
the agricultural technicians assigned to the zone surveys 
the area to determine what the farmers do, IlOw they do it, 
and why they do it that way (that is, defin~ the agro­
socioeconomic conditions of the area). This teRm jointly 
analyzes the results of the survey and makes recommenda­
tions concerning the technology to be developed. Technol­
ogy validation and generation is carried out both on ex­
periment stations (about 20 percent of the work) and on 
the small farmers' own farms (about 80 percent). This 
work is divided into three general levels. The commodity 
programs (those identified with 3 commodity such as maize, 
beans, swine, etc.) conduct highly controlled trials on 
the stations and a few farms in the area. A technology 
testing team (the technicians assigned to the zone) con­
ducts technical trials under the supervision of the com­
modity programs on a much larger number of farms and acts 
as a means of extending the exposure of the materials and 
practices throughout the zone. The most promising tech­
nologies are then submitted to agrocconomic trials to 
help the team evaluate them further. 

Ideally, the trials and evaluations through this 
stage are based on the technicians' understanding of tlie 
farmers' needs and criteria as obtained from the survey 
and from farm records which are initiated immediately 
following the survey. But, even though the technicians 
live in the a~ea and work on the farmers' own land, they 
cannot make the final decisions as to the "appropriate­
ness" of the technology even after ~assing it through 
this exhaustive system. Therefore, the most promising 
technologies are passed on to farmers for their own eval­
uation. Here the farmers pay for inputs and furnish 
labor, and the product is theirs. ICTA technicians obtain 
what information they can from these farmers' tests, but 
the farmers do t~e evaluation. The year following these 
t0sts by the farmers, ICTA makes a follow-up survey of 
the same farmers to determine whether they have adopted 
the technology, to what degree, and if not, why. If a 
sufficient number of the collaborators from the year be­
fore have adopted it of their own accord over a sjgnif­
cant part of their own land, it is considered "acceptabl~' 
and is then turned over to the extension service as 
"appropriate technology" for those farmers who use that 
same traditional agricultural system. 3 

3 In Guatemala, the extension service is separate from 
the technology generating institute. Ideally, these two 
functions shouJd form a continuum within a single entity. 
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One of the strengths of this technology generdting 
system is th0 use of multidisciplinary teams to make the 
agro-socioeconomic studies of each new zone of work and 
to aid in the evaluation and interpretation of results. 
For the survey, usually five social scientists (among 
them can be anthropologists, sociologists, economists, or 
agricultural economists) are paired with ~gricultural 
scientists (among whom may be found both plant and animal 
technicians jn ento~ology, breeding, pathology, physiol­
ogy, etc.). Besides changing interviewing partners every 
day to reduce interviewer bias and increase cross-disci­
plinary interchange, the group meets each night to dis­
cuss the day's findings, make preliminary interpretations, 
and ffiodify the questionnaire if necessary. In order to 
be able to understand and interpret the small farmers' 
agro-socioeconomic conditions, it is necessary to con­
sider all the factors which have an influence on what 
they do and can do. Hence it requires a multidisciplin­
ary team each contributing his or her own specialty but 
all subordinating to the common objective: to understand 
what the farmers are doing, why they are doing it that 
way (how they have adjusted historically to their agro­
socioeconomic conditions), and what is required in any 
new technology (proposed change) if it is to be accepted 
on a large scale. 

The integrated multidisciplinary concept continues 
beyond the survey. The agricultural technicians on the 
team help the techllician from socio-economics who is 
assigned to the team in the collection of farm record 
data and who, in turn, helps in the field trial work. 
Because this team lives and works in the zone and because 
the work i3 almost exclusively on farms, the technicians 
have a great deal of contact ~ith the farmers in the area 
and continue to learn about their conditions both because 
of dialogue with them and because they are planting under 
f~rm conditions. Hence, they are able to obtain a very 
good understanding of the ~gro-socioeconomic conditions 
of the farmers in the area. 

The System's Weakness 

But there is still weakness in the system. In the 
orig.Lnal organi~ation of ·CTA, the commodJty programs 
were given the primary responsibility for increasing the 
production of their commod.i. ties. Though this concept 
predated the use of the mUltidisciplinary teams, it h3s 
persisted. As a result, even though multidisciplinary 
teams with a good understanding of the local conditions 
exist in each of the zones, they do not yet exert suf­
ficient influence on the projects they carry out. Rathe~ 
they function in support of the commodity programs. Con­
sequently, project orientation is not primarily in the 
hands of the personnel who best know each zone but in the 
hands 0f the commodity programs that have national 
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responsibility and cannot be expected to have an intimate 
knowledge of each location. 

The National Agricultural Res8arch Program (PNIA) in 
Honduras, which is patterning its reorganization partly 
after the ICTA model, has seen the weakness just described 
and is organiziny so that the multidis~iplinary team3 in 
each region have the primary responsibility for orienting 
technology development. This modification should also be 
made at ICTA. This type of reorganization need not affect 
the strength of the con~odity programs which must have 
top level scienlists to be able to respond to the need of 
wi~ely different conditions throughout the country. But 
it will have to affect toe concept of who supports whom 
within the Institute. Instead of conceiving that the 
technology testing teams, soil management, and socioeco­
nomics support the commodity programs, it should be that 
soil management, socioeconomics, and the commodity pro' 
grams support the resident multidisciplinary teams in 
each zone. 

Organizing along these lines will obviously infrir.ge 
on the concept of specialization which is traditional in 
agricultural research organizations. The p~incipal re­
qui,ement wjll be the need to upgrade the training of the 
people who make up the multidisciplinary teams. At 
present in IC11., the technology testing teams in each 
zone include only university graduate or lower level per­
sonnel and none with graduate degrees (except for the 
Regional Directors who are in charge of several zones and 
whose function is largely planning and administration). 
Honduras, on the other hand, is placing some of its top 
researchers at the regional team level. If the commodity 
programs where the top people are now placed in ICTA are 
to respect the orientation coming from the zOllal teams, 
it will be necessary not only to upgrade the level of 
training of these teams, but also to change the connota­
tion which multidisciplinary work carries in many parts 
of the world, i. e., work done by under trained general­
ists who have no strength in any discipline. As opposed 
to this non-disciplinary concept, a multidisciplinary 
team should be composed of people who are strong in their 
own field and who have enough confidence in their own 
work and enough respect for other fields that they do not 
feel the n ed to defend themselves from others and are 
not afraid to make contributions in fields other than 
their own. 4 

Persons with this type of training and inclination 
are very scarce and will need to be produced in lar~e 
numbers. The first ir.tent along this line of which l.Je 
author is aware was the Cornell/CIMMYT program, supported 

4 See the appendix for some additional comments on multi­
disciplinary team efforts. 
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by The Rockefeller Foundation, that produced most of the 
group now working in PNIA in Honduras. Other programs of 
similar nature will have to be initiated, but in the 
meantime, great advances can be made even with the type 
of personnel now being used at ICTA in the multidisci­
plinary teams. 

Summary 

In summary, it should be repeated that the resist­
an~e of small farmers to accepting chdnge is not one of 
motivation but rather one of not having technology avail­
able which is appropriate from these farmers' own points 
of view. Because of the location specificity of the 
agro-socioeconomic conditions of small farmeLs and be­
cause they are not subject to the homogenizing influence 
of tractors and capital, it is a much greater challenge 
to develop technology which they will be motivated to 
accept th~n it is to develop technolo~y for commercial 
farmers. The most efficient way is by means of strong 
multidisciplinary teams who live and work in each area 
and who orient the technology development work undertaken 
for the small farmers in their zone. This implies a 
drastic change in the traditional role of many scientists 
now working on technology development and probably will 
meet with no small amount of resistance on their part. 
It may well be th~t in another, future conference on 
small farm technology, one of the papers will be titled, 
"Motivating Scientists and Technicians to Accept Change." 

Appendix 

Comments About Multidisciplinary Team Efforts 

Individual and some collective action is being taken 
to bridge the differences generated by traditional sci­
entific training in order to facilitate multidisciplinary 
efforts. Examples with which the author has had recent 
contact follow. Christine Gladwin is an agricultural 
economist who uses a methodology much more akin to 
anthropology than economjcs; Richard Harwood, an agron­
omist, found it necessary to combine his field with eco­
nomics and sociology in order to bring acceptable rice 
technology to parts of Asia; Robert Werge is an anthro­
pologist who is working in the field of agronomy to help 
the International Potato Center develop technology for 
this crop; and Daniel Galt, an agricultural economist, is 
actively engaged in crop trials in Hondu=as. Examples of 
their work are listed in the references. 

All of the above researchers have two things in 
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common that are critical to the development of an effi­
cient and functioning multidisciplinary team. They are 
well trained in their own fields, but they also have a 
working understanding of and are not afraid to make con­
tributions in one or mOLe other fields. This is a neces­
sary characteristic of persons working on multidisciplin­
ary teams. B~t alone, it is not sufficient. It is also 
required that the eam members not feel the need to 
defend themselve1:. and their field from intrusion by 
others. 

Another feature of a successful multidisciplinary 
team is that all members view the final product as a 
joint effort 1n which all participate and for which all 
are equally responsible. That means each of them must be 
satisfied with the product, given the goals of the team, 
and be willing and able to defend it. 

Returning to the aeneration of improved technology 
for small traditional farmers, the team members must all 
be product oriented, not just the agronomists. 5 Also, 
all the team members must be willing to consider a wide 
range of variables and constraints and not leave these 
worri~s only to the anthropologists or sociologists. 
Third, all members must be willing to spend some desk 
time considering alternatives and their consequences on 
the clients' goals and not leave this part of the task 
just to the economists. The agronomists should be cap­
able and willing to criticize the economic or social 
aspects of the work, and the social scientists should be 
willing and able to criticize the agronomic aspects. In 
turn, these c~iticisms should be used to improve the 
product so that all can be satisfied with the final 
result. 

Failures of multidisciplinary efforts frequently 
have resulted becduse the teams were organized more as 
committees that met occasionally to coordinate efforts 
but in which the crop work was left to the agronomists, 
the survey to the anthropologists, and the desk work to 
the economists. In these cases, there is not a single 
identified product but rather several products or reports 
purported to be concerned about the same problem. Per­
haps the most critical characteristic required to achieve 
success of a multidisciplinary team is identification 
with a single product j I) which all participate. The 
product can be complex and involve a number of facets, 
but it should result from the joint effort of the whole 
team and not contain strictly identifiable parts attrib­
utablp. to individual team members. 

In ICTA, the agrcnomjst3 (who outnumber the social 
scientists by about thirty to one) are concerned about 

5 Product, as used here, refers primarily to the technol­
ogy produced and not the commodity itself. 



108 

there being too much influence by the socio-economic 
group in the work at the farm level. This is manifest in 
a certain resistance by the agronomists to identify too 
cl.osely with the farmers (even with those on whose land 
they conduct trials). It also surfaces with respect to 
evaluation of technology. The agronomist is much more 
comfortable if a final evaluation follows the farm trial 
phase of the work where it is the technician who makes 
the evaluation. The technician then decides if a technol­
ogy is "good." If the farmer evaluates this "good" tech­
nology and does not accept it, then the technician con­
siders it a problem for the extension service, of poor 
infrastructure, af low prices, or of lack of initiative 
on the part of the farmer himself, but it is not a prob­
lem for the agronomist who has produced what he considers 
to be a tlgood" product. In this situation, evaluation by 
the farmer is equated with influence by socio-economists 
who would tend to take into consideration more variables 
including the present weaknesses in infrastructure, the 
price level, the farmers' capabjlities, etc., in the 
development of a technology so that the product of the 
team's efforts could be used immediately without the need 
to await development of other facets of the sector. In 
other words, in ICTA we have not yet completely identified 
the kind of product we are to produce. 

Even though we are a long way down the road, more 
needs to be done at ICTA to make the multidisciplinary 
teams and the efforts of the entire Institute more 
efficient. The top management of the Institute (all of 
whom are biological scientists) agree that socio-economics 
mllst contribute directly to the generation of agricultural 
~echnology, a concept with which we fully concur. On the 
other hand, because of their own traditional training, 
they also tend to be apprehensive about too much influence 
from socio-economics and therefore are sometimes hesitant 
to provide the kind of support which could enhance the 
efficiency of the multidisciplinary teams much more 
rapidly. Hence, another criti~al characteristic of a 
successful multidisciplinary team effort is the conviction 
of management and its understanding, dedication, and 
support of the concept. Support at this level is required 
in order to counteract the traditional resistance ini­
tially found at the field level. 

A final necessary component for creating successful 
mUltidisciplinary teams is a long run stability of the 
government and/or its policies, so that management and 
staff of national institutes whu C~~ expected to develop 
technology for small traditional farmers, and for which 
multidisciplinary teams are required, have time to work 
out the details so they can function effectively. 
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Indonesian Cropping 
Systems Program 
Jerry L. Mcintosh 

Objectives 

In a developing country it is difficult for farmers 
to gradually adopt new technology as it is made available 
by research scientists. This is why production programs 
are so common in these countries even for the introduc­
tion of single component technology like new varieties, 
insecticides, and fertilizer recommendations. The intro­
duction of new cropping patterns may take much longer and 
be infinitely more complex. This is espe~ially true in 
irrigated areas where farmers cannot easily modify their 
cropping patterns without conflicting with their neigh­
bors. For example, in fully ~ ~igated areas we are sure 
from our cropping systems research that farmers could 
grow two crops of IR 36 rice and a soybean crop in one 
year. To do this, the first rice crop muat be trans­
planted as soon as the water arrives or direct seeded 
before the arrival of the irrigation wcter. However, if 
one farmer plants early or uses an early maturing variety 
of rice while his neighbors follow their traditional 
practices, his rice will almost certainly be destroyed by 
rats or birds. Later, if he tries to plant soybeans 
after two crops of an early maturing variety of rice, his 
crop would likely be destroyed by flooding. His neigh­
bors would still be growing their second crop of lowland 
rice. In this situation, even research is difficult to 
conduct. Consequently, insufficient research and dif­
ficulties in implementation impede cropping intensifica­
tion. 

Other examples of un~er use of lands are numerous. 
In Indonesia, the vast areas of tidal swamps and upland 
rainfed lands in Sumatra and Kalimantan have considerable 
potential for crop production. Presently, however, they 
are mos tly covered by forests of Impvra.ta cy.Ul1cVUca. In 
some places, new settlements have been started through 
the transmigration programs. Considerable research is 
needed to develop appropriate cropping patterns that are 
agronomically and economically sound for these areas. 
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The research must be integrated to include all componpnts 
of the production system and at the same time provide for 
extension and marketing problems that arise with imple­
mentation. 

The land use In Indonesia may be intensified and the 
area of production extended. The easy research problems 
for crop cor~odities and related fields have received 
considerable attention. Now our research must be direct­
ed to solving the problems that farmers face in their 
fields and integrated to include the scope of secondary 
problems that arise. 

The overall objectives of the cropping systems re­
search program may be su~narized as follows: 

The first is to increase food production by ipcreas­
ing total cropped area and productivity per hectare. 
This includes developing viable cropping systems for new 
lands, using more intensively present croplanu, including 
interplanting food crops in estate crops such as rubber, 
oil palm, coconut, sugar, etc., and amendillg and main­
taining soil fertility. 

The second is to increase employment opportunity by 
increasi~~ the opportunity for labor. This is accom­
plished by spreading out the time for planting and har­
vest, expanding the total area in production, and con­
comitantly increasing agribusiness. 

The third objective is to improve the small farmers' 
bargaining position by increasing the frequency of har­
vests and minimizing the need to borrow (which may in­
clude items other than money). 

The final objective is to facilitate institutional 
interaction and implementation of ,-esearch findings. 

Selection of Target Area 

The objectives of cropping systems research cannot 
be met if the research is not implemented. The research 
must fit within the framework of the government and meet 
policy and developmental needs. If this is not the case, 
implementation will be difficult. Consequently, target 
areas for research must be carefully selected. C~iteria 
have been developed as guidelines for selectin~ target 
areas for cropping systems research. The order ot 
priority will depend upon the extent of government 
participation in food production activities. The crite­
ria are: 

1) Critical areas in terms of food shortages and 
governmental designation. 

2) Large areas having similar soils and climate. 
3) Feasibility of intensifying cropping patterns 

based on prior evidence. 
4) Availability of markets and infrastructure. 
These criteria ~re simple ~nd straightforward. 

There are many sources of jr:urmation that may be useful 
to administrators and L"'~entists in making decisions to 
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concentrate a research program within a selected target 
area. The availability of information varies from region 
to region within Indonesia and from country to country. 
The outline contained in Appendix 1 has been helpful in 
gathering and making use of available information in 
Indonesia. This outline is not intended to replace in­
stitutional land usc planning activities but to help 
cropping systems agronomists make use of information that 
is usually readily available. 

Cropping Systems Research and Development in Selected 
Target Areas 

The objectives of cropping systems research may 
appear overly idealistic and unattainable. However, the 
Indonesian cropping systems program has gradually evolved 
a systematic plan of work for this kind of research in 
selected target areas. The interaction within the South 
anJ Southeast Asian Cropping Systems Network has been 
invaluable in this achievement. The systematic program 
outlined in Table 1 is based on experience rather than 
speculation within the Indonesian context. Other coun­
tries may not need to carry out all of the phases indica~ 
ed and some may need more. Figure 1 shows how the crop­
ping systems program fits into the CRIAI system in Bogor. 
The ?rogram consists of a coordinated working group of 
scientists from the various disciplines involved in the 
program. The core staff emanates from the multiple crop­
ping section of the Agronomy Division. 

Site Selection and Descrlption 

These activities are carried out as soon as possible 
after the target area has been selected. Most of the 
data can be collected from secondary sources. The survey 
and data collection teams should be interdisciplinary 
g~oups of scientists and extension workers. 

When selecting a site, the cropping systems scientist 
should keep in mind that he cannot tackle all the con­
ditions and problems that exist in a target area. A 
brief survey and collection of secondary data from the 
local government will usually provide sufficient infor­
mation to enable the research coordinator to decide which 
of the edaphological conditions he wishes to study. Fur­
ther analysis of the data will permit confirmation or 
rejection of a certain location as a possible research 
site. The research coordinator must first stress what he 
hopes to accomplish in th~ research. Then i logical 
sequence of steps can be taken ~o ensure that the right 
districts, sub-districts, villages, and farmers are 

1 CRIA is the acronym for the Central Research Institute 
for Aqriculture (Indonesia). 



Table 1. Cropping systems research and develJpment for selected target areas. 
CRIA, Bogor, Indonesia. July 197J. 

------~--------------------------- ----------------------
* Componen ts Phase I Phase L Phase III 

------_._-----------------------.---
Activity - Si:e selection and 

description 

I. Physical 

A. Soil taxonomy 

B. Rainfall distri­
bution 

c. Irr;~ation 

D. Other climatic 
data 

II. Economi c 

A. A::I',~o-economi c 
profile 

Biological feasibility 
and eva I ua t i on 

I. Sequential testing on 
small plots 

A. Varieties 

B. Fertil izer response 

C. Crop co",binations 

D. Othpr component 
technolOGY 

i I. Econol'1ic-farm recordi n9 

A. Income 

B. Labor 

C. Market price 

Des i on and tes t 19 of 
~pino patterns 

I. Partition of tarqet 
area 

A. Water availabi 11 ty 

B. Soil capability 

C. Market accessibi I ity 

II. Pattern desiqn 

A. Farmers I cesion _ 
monitor en I y 

B. Fanners' ~f,sjqn -
optim"m "'?l"t. 

C. Impr~ .. ed d~s i gn -
low input 

D. Improved design -
optimum mgmt. 

III. PrOblem focused surveys III. Testino--IDOO 11'2 plots* 

Phase IV 

Pre-production 
testing 

I. Researcher manao­
ed plots on 3-4' 
hectares 

A. Increase visi­
bilityand 
demons tra te 
potential 

II. Village level 

A. Identify bio­
logi~al and 
insti tutional 
large-scale 
production 

Phase V 

Implementation 

I. B IMAS -t type 
program for 
cropping 
patterns IIUt 

cOll111odit ies 

Methodolooy - Data collection and 
survey 

Secondary data and smail 
plots 

Agro-economic eva I ua t ion 
in fanners' fields 

Field level evaluation Production 
program 

Responsibil ity - Research and exten­
sion 

Research Research ~,ll rele.ant agencies All agencies 

Time frame - Initial Years I - Years I - 3 Years 3 - 5 

*In this and succeeding phases, all planning must te coordinated by the Prodncial Planni"g Agency (BAPPEDA). 

tproduction program for lowland rice. 

*Standardized data collection, data handling, data processing. and reporting. 



Fig. 1. CRIA functional framework. 
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chosen. Appendix 2 gives an example of how this may be 
done. 

Initially, secondary data can be collected to pro­
vide the physical and economic information needed for 
site selection. We may need more refined data for re­
search purpo,es but most of all for transfer of technol­
ogy to other places having similar agro-economic condi­
tions. Below are two lists--one of physical factors and 
one of economic factors (determinants). These factors 
may be broken down in more detail as needed, hut we have 
found there are ma~y problems associated with collecting 
more data than necessary. 

The physical factors are: 
1) Soil taxonomy. This classification to the fam­

ily level along with t~e usual analysis for soil fertil­
ity adequately describes the soil properties associated 
with plant growth, if the edaphological conditions ex­
plained carlier are taken into account. 

2) Rainfall distribution. Monthly rainfall data 
collected over many years are available for most loca­
tions. We need to colloct new data for the specific 
sites chosen. The long term data should be used not only 
for the average rainfall distribution but also analyzed 
for possible ch~nges in the patterns and probabilities 
for starting and endina of the raIny season. 

3) Irrigation. Length of time water is available 
and whe~ it starts anj ends. 

4) Other climatic data. Solar radiation and te~­

perature data should be collected if not readily avail­
able nearby. 

5) Location and elevation. 
The economic factor is: agro-economic profile. 

Details for this activity will be further described in 
Appendix 3. We prefer this lerm rather than baseline 
survey sic~ly because it describes more accurately what 
is needed. 

Biological Feasibility and Evaluation 

These activities should be started 3S soon as pos­
sible after selection of the target area and research 
sites and continued as long as needed. Most of the agro­
nomic studies can be conducted in small plots (3 x 5 sg. 
m) by the site coordinator and his assistants. Usually 
the team in each site consists of a team leader (agron­
omist), an assistant coordinator, and six field assist­
ants. The assistant coordinator should be selected on 
the basis of need for a particular eXFertise in the site. 
If this is not possible, back-up expertise can be made 
available from the headquarters. The field assistants 
should be evenly divided according tIl biologic and eco­
nomic research activities. 

These small plot studies should be made at the time 
of the year and in the sequence (sequential testing) they 
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would fit into the cropping patterns to be tested. 
Many times adapted plant varieties ~re not available 

for new target areas. The cropping systems program 
should not become a breedin~ program, but some testing of 
new and introduced plant materials is appropriate. 

In addition, fertilizer response curves for the 
macro nutrient elements are needed to determine the agro­
nomic and economic thresholds. These should be uniformly 
carried out so that soil and climatic factors across the 
country (or region) ma:' he better llnderstood in relation 
to crop production. 

Different intercrop combinations that are relevant 
must be evaluated just as for variety trials. Detailed 
studies concerning light, competition for nutrients, 
spacing, and economics may be more efficiently studied by 
scient.ists in the experiment stations. 

Other component technology, such as guides for pest 
and disease management, must be developed. 

Monitoring of the farmer cooperators and surrounding 
farm families must be started as early ~s possible. The 
data collecti:m must be specific, the analyses quick, and 
the information used in design and testing of cropping 
patterns. 

For research purposes we need to know the amount and 
distribution of the farmers' income and the extent to 
which government intervention is needed for implementation 
of research results. Also, the distribution of labor and 
the amount required for different patterns must be deter­
mined. Last, the selling and buying prices at the farm­
ers' market level is needed on a weekly basis. 

Rather than try to collect all the data in one large 
survey, it is better to focus on specific issues that may 
need study. 

Design a!:d Testing of Cropping Patterns 

Crop~ing systems research can be complicated and 
confusing. Scientists must simplify the research approach 
as much as possible. This can be done by avoiding com­
plex statistical designs that require sophisticated 
methods of data analysis. Examples of the methodology 
show how this can be done while takinq into account 
ecological and socioeconomic factors that affect cropping 
patterns farmers use. 

Even though a target area may fall wjthin a single 
agro-climatic zone and edaphological class, there may be 
some variations which determine cropping patterns. 

For lOWland rice, the water availability or the 
length of time the soil can be flooded determines when 
and how many crops can be planted in one year. The clas­
sifications such as technical, semi-technical, and simple 
irrigation mean very little to cropping systems research. 
One target area in Indonesia is located in Indramayu, West 
Java. The area is characterized by relatively level 
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topo~raphy, alluvial clay soils, three to four wet months 
with rainf.:;.ll greLlLer than 200 mm, and a long dry season. 
There ace problems with water control-~flooding during 
the ~a:ny season and only partial irrigation during the 
dry sellson. The area was partitioned.into four catego­
rius b~sed on present cO •. iitions that are mostly depend­
ent un water. These condltions would necessitate mod­
ifications or completely different cropping patterns. 
The bases for partition of the area into categories were: 

Category I. Area with 10 months of irrigation water 
from October 1 to August 1 the following year. 

Category II. Area with seven months of irrigation 
water from October 15 to May 15. 

Category III. Area with five months of irrigation 
water from December 15 to May 15. 

Category IV. RLlinfed lowland (added later). 
Soil capability was considered in selecting another 

target area that was an old transmigration scheme in 
Central Lampung. The area had been given a high priority 
for development by the goveLnment. The soil in the area 
was clussified under tIlL: old system as red-yellow pod­
zolic and similar to the soil of about 45 million hec­
tares or approximLltely one-fourth of the land area of 
IndonesiLl. Furthermore, the rainfall which exceeds 200 
nw for six months and falls below 100 mm for only three 
months is sufficient for year-round crop production, pro­
vided crops like cass~va and cowpea are grown during the 
driest period. Unfortunately, the soil is low in inher­
ent fertility 2nd that contained in the organic component 
is soon lost after cultivation. Fertilizer inputs have 
not been Llvailable. As LI result, this large agro-cli­
matic zone is underdeveloped for agriculture. It is 
estlmated there LIre about 20 million hectares suitable 
for a0rlculture but presently not used. Traditionally, 
farmers hLlve used shifting cultivation and an extensive 
type of ayriculture to circumvent the soil fertility 
problem. The transmigration schemes, however, are com­
mitted to a stationary agriculture. Farmers in older 
trLlnsmigration settlements have had difficulties in pro­
ducing enough food to sustain thelr families. Our job 
is to develop cropping pLltterns and soil management 
practices that will enable the farmer to produce food 
for his family and have some surplus to sell. The orig­
inLll basis for partition of the area into categories WLIS 
LIS follows: 

Cd tC(jory I. 
Category II. 
Category III. 

secondary forests. 

Ar0a with five months of irrigation. 
Land opened from old TmpVtCLta. fields. 

Newly opened TmpVtI.i.ta. fields or 

The research in Central Lampung in the upland areas 
is almost completed. Most of the research is now being 
conducted in new transmigration areas on newly opened 
land fi:0m e":' ther forested ur TmJ)VtCl-ta covered lands. 
Much of the land is rolling to hilly and should not be 
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used for food crop production unless soil conservation 
p~actices are used. Based on these conditions and our 
past experience, we now rropose to use the following 
criteria for partitioning of the target area: 

Category I. Relatively level land on hilltops. 
Category II. Sloping land that must be terraced. 
Category III. Land from forests. 
Market accessibility must also be considered as a 

dominating factor influencing cropping patterns suitable 
for an area. In remote areas far from roads and markets, 
food crops are grown mostly for subsistence. This is 
especially true for crops like cassava which are diffi­
cult to store and transport. On the other hand, near 
starch factories and good roads, cassava would likely be 
the most valuable crop. 

For pattern design and te~ting, we will simply intro­
duce the reasoning that we have used to design cropping 
patterns for testing in our selected target areas. Ob­
viously, the priorities for different countries will de­
pend upon the social and economic conditions that pre­
vail. Furthermore, we assume sufficient res8arch in the 
various disciplines (component technology I exists to 
allow the cropping systems personnel to choose from amonq 
a reasonably Inrge solection of crops, techniques, and 
management practices to meet the needs an~ objectives of 
the research in the target areas. 

In selecting crors to be grown there are some crops 
that are not suitable for inclusion in a cropping pat­
tern to be tested in an area, even though the crop might 
be suited agronomically. For example, in Indonesia sor­
ghum grows well during the dry season when planted after 
lowland rice. It is difficult to market at the present 
ti~e, however, and farmers will not eat it if they can 
get rice or corn. 

Agronomic adaptation is obviously one important 
consideration in selecting crops to be grown. The most 
determining factor is rainfall and its distribution. In 
Indonesia, food crops almost always receive the highest 
priority. Of these, rice is the most highly valued crop, 
and, consequently, it is planted if the rainy season is 
long and sure enough. Corn would follow in terms of 
value and length of the rainy season. Sweet potatoes 
would be grown as a main food crop under conditions sim­
ilar to corn in srecial areas where agriculture has 
not developed. Cassava would be the most stable crop in 
the drier regions or at certain times of the year. 
Legumes, the kind depending upon the availabillty of 
water, would be grown as catch crops. Some would be 
retained for food and seed but most would be sold. 

Additional selection considerations are the market 
and its potential. Most farmers grow crops primarily for 
food [or their families. Consequently, if they have 
enough food (riccI, they will not be likely to grow 
another crop unless the marketing prospects are good. 
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This is true even for rice in Indonesia as a result of 
government policy to keep rice prices low. There is a 
concomitant effect on the prices of all food crops: crops 
which can be exported, such as cassava and corn, and 
those which can be processed, like suybean, mungbean, and 
peanut, offer a wider cange of market potential. 

To arrange cropping sequences, we took several facts 
into account. The average farm size in Indonesia is less 
than one hectare. In the outer islands, the holdings 
tend to be larger. Formerly, transmigrants received two 
hectares of land. They usually had enough labor to plant 
one-half hectare to food crops per year. The rest lay 
idle or grew up in Im).l('/tat,{ cUi' (Jld~ (C(L Under these condi­
tions there are certain things that the farmer intuitive­
ly considers. In a like manner, we must be able to 
interject ourselves into his situation in order to design 
effective and applicable cropping patterns. We have used 
the following guidelines in designing new cropping pat­
terns for an area: 

First, maximize stability in production. The con­
cept is especially important in newly opened upland areas 
where the farmer must be self-sufficient. Under these 
circumstances, the farmer many times uses comple:: mixed 
cropping combinations with crop species ranging from 
early maturing legumes to cassava. For example, if there 
~s some doubt about the amount of rainfall for rice, then 
perhaps early maturing corn should be interplanted with 
drought-tolerant cassava. After harvest of corn, the 
cassava may be interplanted with mungbean or co~pea to 
provide a more stable pattern. 

Second, minimize labor. The area that a farmer 
cultivates depends mostly upon the amount of land he has 
or upon the amount of labor or power he has for land 
preparation. Usually a farmer with only hand labor can 
prep~re about 0.5 hectare of land for planting at the 
beginning of the rainy season. Throughout the cropping 
season, weed control may become a constraint. Minimum 
tillage, relay planting, and continuous crop cover en­
able farmers to plant and manage a larger area for crops 
with the same amount of labor as for cropping patterns 
using monoculture and sequential plantings. 

Third, distribute labor. The labor distrib~tion 
inherent in multiple cropping systems is a useful at­
~ribute. Stri~ tillage and planting of intercrop com­
binations at intervals of two to four weeks enable a 
farmer to distribute his labor for land preparation for a 
given piece of land over a longer period of time. The 
harvesting time will also be spread out. Even under 
partially irrigated conditions where direct seeding of 
r.ice on moist aerobic soil is practiced, many times 
farmers interplant with corn. However, if this practice 
greatly increases the labor requirement, it may not be 
r-ractical if the farmer has to hire labor. 
• Fourth, distribute capital inputs. Credit is 
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difficult to obtain by a farmer. Without government 
assistance, the farmer has difficulty in buying seeds, 
fertilizer, and in~ecticides. This is one of the primary 
reasons farmers grow many kinds of crops in traditional 
cropping combinations in upland agriculture in remote 
areas. They plant what they have available. Again, 
multiple cropping techniques sjmilar to the farmers' may 
be used to accrue the benefits of the farmers' systems. 
But, the systems may have to be simplified to minimize 
tIle randomness and diversity th~t prevent the farmer from 
planting in rows, using specific fertilizers for higher 
valued crops, and planting another crop soon after the 
previous crop has Leen harvested. 

Fifth, distribute harvest income. Frequent harvests 
mean the farmer has money mure often and, consequently, 
is morp likely ':0 spe~d it for things he really needs. 
It minimizes the need fQr bor~owing money for inputs. 
Agai~ the stability inherent in multiple cropping tech­
niques is useful in t~is respect. There is a fine line, 
however, between frequency of tarv~st and marketing effi­
ciency. If the harvest is too small, the farmer may not 
be able to afford to saIl the producL. 

Research in the experiment stations contributes to 
the pool of knowledge necessa,-y to improve agricultural 
production. Various components of cropping patterns can 
be studied to understand principles of crop production 
and interaction among plants. The latter may be described 
as multiple cropping research to contrast it with tradi­
tional research in the various crop commodities. The 
accumulative reservoir of information may be called com­
ponent technology for cropping systems. 

In developed countries where farmers may be well 
educated and economically strong, the accumulated compon­
ent technology may be sufficient to meet the needs of the 
farmer. No further steps by researchers are needed. The 
farmer is able to adapt the technology to ~eet his spe­
cific needs. In developing countries, however, where 
farmers may be undereducated and financially weak, gover~ 
ments have initiated production programs to implement the 
new technology. These are package programs which include 
technology, credit, and availability of inputs. At first 
these programs, such as Masagana 99 in ~he Philippines 
and BI~~S in Indonesia, wer~ for individual crop com­
modities. Recently, provisions have been made to include 
cropping systems programs. 

Before these programs for crop commodities and crop­
ping systems reach the stage llf implementation, they 
should be preceded by researcll that approximates condi­
tions at the farmers' levels of management. Production 
programs are expensive and must be tailored to fit the 
conditions that actually exist, if they are to be effec­
tive in increasing production. The first step entalls 
research in the farmers' fie.Lds under the management of 
researchers to get some idea of crop performance and 



121 

rroduction potential. If this looks promising, further 
testing over ~ larger area is justified. 

The final evaluation of cropping patterns should be 
made through multi-locational trials conducted over the 
target area under farmers' conditions and management, but 
with and without removal of certain constraints such as 
credit, seed, fertilizer, pesticides, and markets. Con­
sequently, as an intermediate step between the farmer's 
pattern and a~ imposed "improved pattern" we can study 
the farmer's response to the removal of a set of con­
straints. Rather than imposing a cropping pattern upon 
the farmer, we determine the kind he will use if the 
agronomic inputs, credit, and markets are provided. This 
assumes the farmer is not limited in technical know-how 
(human technology). On tne othe: hand, if the farmer 
does not respond to the removal of the constraints but 
continues to use his present cropping pattern and mis­
uses the agronomic inputs, we may conclude that he would 
not be able to successfully participate in a production 
program without a greater infusion of technical assist­
ance by extension or, perhaps, simplified technology. 

ThrC0 different cropping patterns were designed and 
tested within each category for Indramayu and Lampung 
beginning in 1975. Each trial was replicated three times 
but by differenl farmers. The cropping patterns for each 
category were not necessarily the same but were selected 
on the basis of the same criterion. The criteria for 
selection and the rationale for each criterion are as 
follows: 

Criterion A--Farmer's present cropping pattern. 
Rationa10--To establish a baseline check for comparison. 

Criterion B--Farmer's choice of cropping pattern if 
inputs and market constraints were removed. Rationale-­
To evaluate the farmer's level of technical competence 
and managerial skill and perhaps uncover hidden socio­
economic constraints. 

Criterion C--Our introduced cropping pattern with 
inputs and market constraints removed and technical 
assistance provided. Rationale--To determine production 
and economic potential and our ability to remove con­
straints. 

A site coordinator, an agronomist, and an economist 
were stationed in each target area. A field assistant 
was put in charge of the work in each category and given 
the additional responsibility of collecting all input­
output data. A system for collecting daily farm records 
for all farm huying and selling activities was implement­
ed in cooperation with 36 farmers in eaLn target area to 
get a larger base for socioeconomic evaluation. 

The use of these criteria for design of cropping 
patterns has been very helpful. It allowed us to be 
objective and kept us from confusing cropping patterns 
with cropping sequences. We do IJt get bogged down in 
evaluating small differences in results from using 
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different species of legumes or varieties of rice in crop 
sequences. These refinements are necessary but are the 
kinds of research that are never finished. We have, how­
ever, been made aware of the severe economic stresses 
faced by most Indonesian farmers. They simply do not 
have much money they can use for inputs. If they do, 
they are afraid to use it. This is particularly true for 
farmer;:; who have seldom worked with the Extension Service. 
We feel we must develop low input patterns for new adopt­
ers. If the new technology is good and shows evidence of 
being profitable, they will soon learn how to use more 
inputs. We now use the following criteria for design of 
cropping patterns. 

Criterion A--Far~er's present cropping pattern 
(monitor only). Rationale--To establish a baseline 
check for comparison. 

Criterion B--Farmer's cropping pattern with inputs 
and optimum management. Rationale--To evaluate the 
farmer's pattern without input and managerial constraints. 

Critprion C--Our introduced pattern with low inputs. 
Rationale--To induce the farmer to gradually try the new 
technology. 

Criterion D--Our introduced cropping pattern with 
input and market constraints removed and technical assis~ 
ance provided. Rationale--To determine production and 
economic potent~al. 

Preproduction Testing and Implementation 

Cropping system research is problem oriented. Tar­
get areas are selected for in-depth research. For each 
target area the activities include identification and 
quantification of problems or possibilities, eval~ation 
'Jf new technology in the field, preproduction testing 
(pre-BUlAS testing), and transfer of technology to new 
target areas. 

At each step the Extension Service is involved. 
Usually the research phase lasts for three years and the 
involvement of the Extension Service and other provincial 
services increase each year. In this way, the interface 
between CRIA and Extension is increased and the involve­
ment of the Provincial Planning Agency (BAPPEDA) facil­
itated. CRIA's targeted input ends with the implementa­
tion phase but, of course, the routine support continues. 
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Agricultural scientists with less pragmatic inclina­
tion and more research orientation might disregard the 
development needs and put more emph~sis on personal or 
scientific interests. Furthermore, the objective of the 
research might be more devoted to in-depth study of small 
differences or ~nomalies within an otherwise homogenous 
target area. Fascination with details which do not pre­
clude uniformity of reco~nendations and cultural practices 
should not become objectives in themselves. They should 
not be furgotten but kept within perspective. 

Indonesian agricultural scientists must provide the 
technology and ideas for future agricultural development 
activities. They must do research before they are re­
quested to provide answers. The stimulus for agricultur­
al development should come from researchers rather than 
the stimulus for research coming from development. In 
this way, agricultural scientists will be able to serve 
the country better, bring credit to themselves, and gain 
support for their rese~rch organization. 

Inventory of Resources 

In addition to the traditional food crops research 
activities and cropping systems research in target areas, 
we need to develop a systematic way of arriving at prior­
ities for adaptive agricultural research for all disci­
plines within CRIA. The subsequent research would pre­
cede development projects and even provide the initiative 
for such projects. The first thing needed is an inventory 
of natural resources and of the present agricultural 
situation. The final st~ge in this approach is usually 
the development of a "land use capability map." Such 
maps have been developed for Indonesia. They are useful. 
But for research, the logical sequence of information 
that is needed for development of such maps may be more 
valuable to the scientist than the final land use cap­
ability map. A series of maps presented in a sequence 
from the edaphological classification of land, through 
tile physical determinants, and finally to the individual 
food crops, would be more useful. It would help us see 
where we are and what research might have more relevance 
in all disciplines. 

In edaphological classification of land, we attempt 
to delineate distinct land areas that diffcr based on the 
chemical and physical characteristics of the soil and 
water environment, without reference to climate and other 
overlapping factors such as slope or land form. 

Some of the most important environmental factors 
which determine the suitability of land Eor crop produc-
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tion are SOl~S, rainfall, elevation, and slope. The 
effects of environmental factors on land use capability 
vary depending upon the edaphological character of the 
land. These environmental factors may be looked upon as 
modifiers when used in combination with the edaphological 
map. 

On a soils map, the soils delineated should be those 
whose characteristics necessitate different land manage­
ment practices. For example, differences in inherent 
nutrient status would not be reason for differentiating 
between two soils unless one soil required unusual amounts 
of fertilizer for corrective treatment. 

For th~ rainfall map, the classification described 
by Oldeman and the International Rice Research Institute 
(IRRI) Work Group are sufficient on a national scale. At 
the working level (district) bar graphs for rainfall 
distribution are more useful. 

A biological classification in which altitudes be­
tween 500 M and 1,000 M are delineated would be suffi­
cient for a national elevation map. These would corr.e­
spond to the elevation above which cold tolerant rice 
varieties are needed (> 500 M) and the altitude above 
which wheat grows well (> 1,000 M). At altitudes higher 
than 1,500 M (another elevation may be more valid) the 
use of the land for food crops production is limited. 

On a slope map, an average slope above which agricul­
tural activity is limited is difficult to define. A 
slope of 15 percent has been considered the cut-off point 
for food crops production. Obviously, many times land 
with more than 15 percent slope has been used for crop 
production without any extreme problems with erosion. On 
Java and Bali where terracing is widely practiced for 
lowland rice, much steeper slopes are modified for use 
and the slope factor becomes almost irrelevant. This is 
an example of farmers modifying or removing physical con­
straints to crop production. 

In development of land or research objectives within 
an area, the most significant data available are the 
present land use and information obtajned from farmers. 
What exists cannot be disr.egarded. On a national scale, 
the following land use classifications may be useful: 
upland food crops; lowland rice (including rice grown in 
swamps and tidal Clreas); mixed Impc.~ata r.ljttll(hic.a and brush 
land; forest (primary and secondary); and perennial 
estate crops. 

The land use information delineated can be valuable 
in two ways. First, it is useful to relate land use (by 
distinctly different crops or vegetation which have 
different ecological needs) to a physical setting that can 
be characterized. Further breakdown by crops or species 
of plants provides the "standards" for evaluating land 
capability. The] give some bases for modification of 
present land use or extrapolatior. of a particular kind of 
land use into new areas having similar agro-climatic 
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conditions. Secondly, production figures for different 
food crop commodities from different areas of the country 
provide a basis of comparison. If production in areas 
with similar agro-climatic conditions differs greatly, we 
are provided with an ideal problem for applied and basic 
research projects that have relevance. We have rational 
bases for developing research priorities. 

Interpretation and Decision Making 

The combination of all the factors that affect crop 
production into one functional land use capability map 
(survey map) is difficult. It is not necessary to try. 
The Soils Research Institute has mad~ these kinds of maps. 
They are available and are useful for many purposes. For 
an overview, the inventory maps described (scale of 1 : 
2,500,000) are adequate. It may be useful to have more 
detailed maps of each major island group at a scale of 
1 : 1,000,000. 

Working maps, at a scale of 1 50,000 are needed 
for provinces or groups of provinces that may be treated 
as a unit. This would translate to 1 ~m of map for 
each one-half kilometer of land and would provide suf­
ficient detail for most agricultural purposes. Unfor­
tunately, data in this detail arc not available for much 
of Indonesia. However, enough data are available in 
Jetail to providn thorough agro-climatic descriptions of 
parts of many of the major agriCUltural areas. Further­
more, many surveys funded by the Directorate General of 
Transmigration and the Ministry of Public Works are 
detailed descriptitns of forested and grass covered 
lands not yet investigated by agricultural researchers. 
These reports have been prepared by some of the best con­
SUlting firms available anywhere. The data in these 
reports along with the research and experience of CRIA 
staff are valuable resources. In combination with the 
survey maps, enough data are available to provide the 
interpretation and extrapolation needed for establishing 
national r8search priorities. 

The usefulness of the large scale survey maps and 
working maps may be enhanced by considering just the 
relevant combinations. For example, a land use map of 
upland areas in combination with soil, rainfall, eleva­
tion, and slope maps, would be useful. 

If we can identify certain upland crops (or cropping 
patterns) or perennial crops presently growing in one 
location, we might expect to find (or plan to grow) the 
crop in another location with similar agro··climatic con­
di tions. The upland crop areas are t,)C most complex. 

For the swampy and tidal areas, more detail is 
needed than we have indicated in the survey maps for 
Indonesia. In many instances the delineation of factors 
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such as depth and nature of peat and acid sulphate are 
not clear. Extrapolation of results from one area to 
another is risky until we have more detailed information. 
However, our work has been made easier by farmers who 
have pioneered the development of some of these areas. 
~ve shou.1d '.;ork with the pioneers first and then push into 
the unsettled areas as we gain more information and ex­
perience. 

Otlw~ Data N['cded 

The classification and inventory of physical data 
arc essential for the development of research priorities. 
Unfortunately, many times the constraints to food produc­
tion in Indonesia are more related to socioeconomic than 
agronomic factors. Many times biological research scien­
tists have been content to emphasize (or point out) this 
proble~ but not go further and help find a solution. If 
an economic constraint exists or is suspected, the scien­
tist could make a significant contribtlti::m by documenting 
the problem and suggesting ways to solve it. Many times 
it is argued that crops like corn and sorghum are not 
grown more often because farmers cannot make money grow­
in'; them. If this is true, the sorghum agronomist would 
mak,-, a siqnificLlnt contribution by helping the economist 
document _he costs of production and giving some idea of 
a fair floor price. 

Furthern~re, the reservoir of germ plasm for differ­
ent crops tbroughout the world is extensive and varied. 
We need to charLlcterize more precisely the kind of plant 
materials needed for different cropping patterns in agro­
climatic regions throughout Indonesia. We can start by 
collecting this information from scientists in the regions. 
In this way we can begin to systematize the collection of 
germ plasm from abroad for immediate evaluation and for 
varietal improvement. 

APPENDIX 2 

SITE SELECTION IN TARGE':' AREA 

R. 1I. Bernsten 

cropping systems research activities are designed to 
accelerate agricultural development by increasing both 
yields and cropping intensity. The program is field 
oriented with almost all of the research conducted on 
farmers' fields. 

Four steps are involved in locating farmers' fields 
in which the field trials are to be implemented. First, 
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a target area is identified which is a relatively homog­
eoua agro-climatic area including several districts and 
several thousand hect~res. The croppinS systems research 
coordinator must decide which edaphological condition to 
study, such as rainfed, irrigated (full, S2ven to nine 
months, or five months), tidal, or slvampy. Second, one or 
several subdistricts ace selected from among these dis­
tricts tha t include a lal"C]c ilrea in the desired research 
environmont. Next, OIl(! or more villages charucteristic 
of each desired environment are selected. Finally, co­
oporuting furme~s are chosen in each village. The 
decision criteria for proceeding from target urea to 
furmers' fields arc discussed below. 

The selectioll 01 target areas for cropping systems 
field research is based on four criteria. First, target 
i.lreus are usuall.y r.egions jdentified by the government as 
priority agricultural dcvelbpment zones. Second, the 
area must be reprc:scntativC' of a lurc)e agro-cl imatic zone 
so t'1a t the resei1rch rcsul ts 'tli 11 have widesl)reud applic­
abilitv. Third, the envil~onment must be of a type in 
which the resC'arch staff bel Loves there exists improved 
C1c]ricultural U,chnoloCJY so thClt with slight modificutions 
it I,ill be possibl(~ to ir.clease yields and cropping inten­
sity. FinCilly, the target area must huve some marketing 
and in[ra5 tr.uc tural dO'iL'Japmon t or be in the process of 
developjng these [C1cilities. 

Subdistrict Selection 

jn selecting the subdistricts, the primary consid­
era t ion is to iden ti fy an Cll"ea which has a large /lumber 
of hectares of the desired lund use t~pe. The research 
staff visits eilch district cxtonsion offico and collects 
secondary d,lt.:l for each subc1istrict .:lbout the number of 
hectures of rainfed, techn i c.:lI j n~ig.:ltion, semi-techni.cal 
irriqCltion, simple irriqCltion, annual crop upland, Olnd 
perenn.i<ll crop llpluncl. Based on those data, the sub­
district l.;itl1 t:he larqest .:lre.:l of t:lO desired lund usc 
type is selected. 

Village Solection 

'l'he selection of the vilL1Cjes involves se\·eral con­
siderations. The rese.:lrch staff visits each of the 
chosen sllbdistl"icts and collects from the ('xtension 
office the seconc1ary d.:lta listed i:1 Table 2. 

Once tlw secondary duta ar(' collectcd, a matri:·: is 
prepared for eilch subdistrict with the villac)o forming 
the rows C1nd the dnlu forming the columns, as shown in 
Table J. 

After transforming the villaqe secondary d.:lta to the 
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Table 2. Data required for systematic selection of 
village sites. 

Data 

Distance from main 
road (km) 

Area in each 13nd use 
claSS (ha) 

Relative area in each 
slope class (%) 

Relative area in each 
f'oil texture (');) 

Area planted to each 
crop, by monlh (~) 

Population, by economic 
activity (number) 

Rainfall by month for 
past 10 years (mm) 

SIMAS participants 
(number) 

Months during which 
irrigation water is 
avaj.lable (% of area 
with less than 5, 6-7, 
8-9, and 10 months or 
more of irrigation: 

Draft animal popula­
tion (number) 

Tractor population 
(number) 

Purpose 

To guarantee that the village is 
eusily accessible. 

To permit the selection of 
vil!ages with a large hectarage 
in the desired land use class. 

To avoid villages with atypical 
topography. 

To avoid villages with atypical 
soils. 

To id~nt!fy current production 
level. 

To determine importance of agri­
cultural employment. 

To determine number of months 
with 100 mm or more of rain and 
probability of less than 100 mm 
at beginning and end of cropping 
season. 

To determine the availability of 
credit and level of technology 
in the village. 

To identify areas with the 
respective irrigation regimes. 

To determine the 2vailability of 
draft power. 

To determine the availability of 
mechanical power. 



Table 3. Cropping systems village selection data matrix. 

District 

Subdistrict 

i;~~r.~~-- Y.P~_ SloneJ_~L~ Soil eq "C"rc"p"'p.:.:in"'Q!.....\.(.::.'!)'--_____ _ No. Villdoe Distancl'! 
.. (kn) 

Seni- Rain- Peren- Pol- tail'l-

(l) rm' <:~ %- ~~¥ ~+-Bf TaT aT n-~T ffif ffit tm ffir ¥m frO) tm tm ffir 
--------------

1. 

2. 
3. 

15. 

!'1ean 

No. Village 

1. 

2. 

J. 

15. 

Hean 

Yields (kg) 
"'~le 

~!!bB....L ~~~ 7.:,1 Adult 

(20) (21) (22) (23) (N) (25) (26) (27) 

llR ,. lowland Rice 

CV '"' Cassava 

ULR ' Upland Rice 

se = Soybean 

Famer 

(2R) (29) (30) 

C = Corn 

P'IT • Peanuts 

Power 
Hectares per: 
~!11r.1al Tractor 

(31) (m 

*These are two government production programs, e.Q. t BIHAS is for lowlal'\d rice. 
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"~ata matrix," the mean value for each characteristic is 
calculated. T~ese mean values taken together may be in­
terpreted as a description of the "typical or representa­
tive village." To identify the village which is most 
representative of the population of villages, first the 
mean value for each characteristic is subtracted from the 
respective values associated with each village. This 
difference is the deviation from the mean for each char­
acteristic. Next [or each characteristic, the village 
with the smallest deviation from the mean is assigned the 
value of one, the village with the second smallest devia­
tion is assigned the value two, etc., until all villages 
have been ranked in terms of deviation from the mean. 
Fina]ly, after ordering all villages for all character­
istics, each row (representing one village) is summed. 
This gives a single index value [or each village. The 
viUa(Je wi th the smallest index va] lie will be most rep­
resentative of the population of villages. Unless this 
village has some ch~racteristic that precludes the estab­
lishment of a site thore, it is selected as the r2search 
site. 

1\ simple illustration of this procedure is shown in 
Tables 4, S, and 6. In Table 4, a set of fabricated duta 
is presented. Dased on the mean values for each char­
acteristic, the absolute deviations are shown in Table 5. 
Each village is then assigned a value of one to five for 
each characteristic to indicate its order of magnitude 
among the popUlation of villages, as shown in Table 6. 
We sec that village No. 4 has the lowest numeral value, 
so it is most representative of the five villages in 
terms of the 16 characteristics considered. 

In this illustration, all characteristics are given 
equa] \voight, Le., each contributes one-sixteenth to 
the "sum" index. Yet. if the researcher believes that 
cort,lin charilctcristics should have a gr(!ater impact on 
village selection, it is posdib]e to increas0 the rel­
ative cOlltribution of such characteristics on the "sum 
index" by multiplying those items by any desired value. 
Par example, by mUltiplying the rank-order value of 
characteristic one (distance), by [j"e, it's wei'lht :n 
the final "sum index" would increase from one-sixteenth 
to five-twentieths. 



Table 4. Characteristics of potential cropping systems village sites. 

--------------------------------.--------~ 

~Io . Vi 11 ~qe Dlstance Land Use (Ho) Soi 1 (') t::.9£P; nn _ (".:L Yield (t/ha) Famer SIt-tA5 Power 
( ,m) i!"~,-,,-aJ~d~ ~a_i!'!~,r_~Q£i~d t§"-sJ:1I -5..'-"1 I,L~ C_CJ_ ITb.-~T:_ cv- popuh- r~nb""s(~) (hal 

tion( ) ~nima1) 

(1) (2 ; (] ) (ol) (5 ) (E) (7) (8) (9) (10, (11 ) \ )2) ( 13) (l4) '~5 ) (16) 
~-----.---- .------------------------~-" 

1. ~ari tengae 600 5,008 7no 55 }O 15 60 ]0 )0 ].0 O. 7 6.7 75 45 10 

2. Panea RijanG 10 J,OOO 1,800 6D~ 00 20 30 70 20 15 2.8 0.5 5. -1 63 3] 15 

3. Brant; 15 ii ,O~~ 2,OQO 1.0'JO 90 8n 15 4.1 1.3 10.6 ~1 68 6 

~. :.ria tan9 P.,1 u 3,OJO '.'J() 2.000 75 ) 3 12 £8 25 3 .~ 0.3 8.4 62 60 21 

.. Dua °utue 4 600 900 6,f,00 35 10 75 20 ].5 1.0 9.0 74 50 

HeC!n 8.4 3 ,2~0 1,200 2.0EO 71 14.6 14.~ 70.': 19 11.4 3.36 O.BE 8.0 72.2 51.2 12.2 

Table 5. Absolute deviation from the mean of each characteristic. 

Vill'!~e No. C h 0 rae t e r i 5 tic 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) {12} (13 ) (14) (15 ) (16) 

2.4 2,640 3,200 1,360 16 15.4 0.6 10.6 11 1.4 0.36 0.16 1.3 2.8 6.2 2.2 

1.6 760 800 1,460 21 5.4 15.6 0.6 3.6 0.56 0.36 2.6 9.2 18.2 2.8 

6.6 4,760 200 1,060 19 9.6 9.4 9.4 4 6.4 0.74 0.44 2.6 8.8 16.8 6.2 

4 1.4 240 1,700 60 1.6 2.4 2.6 6 4.4 0.04 0.06 0.4 4.2 8.8 8.8 

4.4 2.640 900 3,940 14 9.6 4.4 4.4 14 8.6 0.14 0.14 1.0 1.8 1.2 3.2 

i-' 
w 
i-' 



Table 6. Rank-orde~ of village characteristics for all villages in Kecamatan. 

C h a r a c t C' r i s tic 
Village No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Sum Index 

1 3 3 5 3 3 4 1 5 4 1 3 3 3 2 2 1 46 

2 2 2 2 4 5 2 5 1 1 2 4 4 4 5 5 2 50 

3 5 4 1 2 4 3 4 4 2 4 5 5 4 4 4 4 59 

4 1 1 4 1 1 1 2 2 3 3 1 1 1 3 3 5 33 

5 4 3 3 5 2 3 3 3 5 5 2 2 2 1 1 3 47 



APPENDIX 3 

lIGRO-ECONOMIC PROFILE OF THE SELECTED 
CROPPING SYSTEMS SITE 

R. H. Bernsten 

Introduction 
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In order to design cropping patterns appropriate for 
new target area research sites, a preimple~entation data 
collection effort is required. First, the data collected 
should comprehensively describe the selected village, in­
cluding the physical, institutional, social, and economic 
environment. Second, the report should be not only de­
scriptive but also designed to identify constraints to 
higher yields for specific crops, ~nput intensification, 
crop intensification, and technologies which are char­
acteristic of the alternative cropping systems strategies 
that aie being considered for target area testing. Third, 
the agro-economic profile must be completed in a minimun 
of time, not e~ceeding two to three days per site. 
Fourth, the final report must be short, so it can be com­
pleted in a maximum of two weeks after returning from the 
field. Fifth, the data collection and report must follow 
a general framework that may be used at each new cropping 
systems site. This is necessary to reduce the time re­
quired for data collection and report preparation. In 
addition, the use of a general model will permit compar­
ison of new sites to ongoing research areas. This will 
enable the researcher to evaluate the transr'¥-r~lity of 
technologies found to be successful at old sl~es to the 
new sites. 

The General Research Data Model 

Data for developing the agro-economic profile should 
be collected from the source capable of giving the most 
ar.curate answer in a minimum of time. The required sec­
olldary data are usually available from such sources as 
the village office, Extension Service, Bureau of Central 
Statistics, Irrigation Office, the bank extending BIMAS 
credit, and input dealers. When the required data are 
not available from these sources, a key informa~t may be 
relied upo~. Possible key informants include extension 
officers, village officials, village water officers, and 
a group of approximately 10 farmers assembled for the 
purpose of providing the information sought. This com­
prehensive set of data required for cropping systems 
design is listed in Table 7 by subject categori~s. 
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Table 7. Agro-economic profile data requirements by 
subject category. 

~ubject Category 

Physical Environment 

Ra infall * 
Soil* 
Topography* 
Land use by type* 

Experimental Base 

Variety trial 
Fertilizer trial 
Pest surveillance 
Demonstration plots 

Crop Situation 

Hectares in each crop* 
Planting and harvest­

ing dates* 
Yields* 
Current cropping 

pattern 
Historical cropping 

pattern 

Institutional 

Land ownership 
Tenure 
Landless lo.bor 
Support Services 
Credit 
Input sales 
Input availability 

and timeliness 
Irrigation system 

Subject Category 

Labor 

Employment profile 
Population 
Off-farm employment 
Migration of agricultural 

labor 

Farm Practices 

Wages 
Power 
Input use 
Yield constraints 
Varieties 
Planting decision rule 
Input levels 
Constraints to 

intensification 

Prices 

Inputs 
Output-.s (crops) 
subsidies 

Community 

Transportation 
Markets 

* These items should have already been collected before 
choosing the village. 
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Farming Systems 
Research at ICRISAT* 
B. A. Krantz 

Farming systems research (FSR) involves a holistic 
approach to interdisciplinary systems research. Since 
this could include the synthesis of an unmanageably wide 
range af disciplinary activities, the FSR scientists 
first must survey and analyze the pr9sent setting, the 
naturai and human resources, and the available research 
information in relation to future potentials and then 
must develop a sound approach in priority areas. 

At ICRISAT we are concerned with the development of 
farming systeJns which would help to increase and stabil­
ize agricultural production through the better use of the 
natural and human resources in the seasonally dry, semi­
a~id tropics (SAT). The objective of this paper is to 
discuss the setting and the present situation in the SAT 
as a framework for the conceptualization of the major 
problems involved, and the approaches and methodologies 
to be used In investigating alternative farming systems 
for the small farw~r of the SAT. Some of the results 
obtained will also be presented for illustrative pur­
poses. 

The Settinr: 

The SAT where precipitation exceeds the potential 
evapotranspiration for about 2 to 4.5 months per year 
(Troll, 1966) represents a diversity of soils, climates, 
and people. The area, which is home to about six hun­
dred million people, is characterized by soils low in 
organic matter (0.5-0.8 percent) and fertil~ty, and by 
undependable rainfall. Under these conditions, rainfed 
agriculture has failed to provide even the minimum food 
requirement for the rapidly increasing populations of 

*ICRISAT is the acronym for the International Crops 
Research Institute for the Semi-Arid Tropics located in 
Hyderabad, India. 
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many developing countries in the SAT. Although the 
reasons for this are many, the primary constralnt to 
agricultural developme~t in the seasonally dry tropics is 
the lack of suitable tr~hnology for soil and water manage­
ment and viable crop p-octuction systems. 

In most regions of the SAT, the average annual rain­
fall would appear to be sufficient for one, or in many 
cases two, good crops per year. IIowever, the rainfall 
patterns are erratic and undependable with frequent rain­
less periocts even witllin the rniny season. The coeffi­
cien~of variation of the monthly rainfall for June, July, 
August, September, and October are 57, 45, 52, 59, and 94 
percent, respectively. 

Alfisols and vertisols are the two soil orders found 
in greatest abundance in the semi-arid tropical zone. 
Although Alfisols and Vertisols may occur in close 
association, their management requirements are distinctly 
different. The most striking example of this fact is the 
farmers' practice of cropping Alfisols only during the 
rainy season and cropping deep Vertisols only during the 
post-rainy season. The management requirements are re­
lated to differences in type and amount of clay, workabi~ 
ity, moisture-holding capacity, and other associated 
characteristics. 

The Alfisuls (Ustalfs) discussed in this paper are 
fine, kaolinitic, isohyperthermic members of the family 
of Udic Rhodustalfs. The plant-available moisture stora~ 
in the root zone of these soils is usually less than 100 
mm. The slopes of these soils range from 0.5 tc 3 per­
cent and erosion may be serious, particularly under con­
ditions of inadequate crop cover. The soils are moderat~ 
ly weathered, with a base saturation of about 80 percent, 
which is dominated by calcium. The soils are low in 
organic matter, nitrogen, phosphorus, and often zinc. 
The potassium level is usually adequate and pH ranges 
from 5.8 to 6.7. 

The Vertisols (Usterts) referred to in these in­
vestigations are fine calcareous, montmorillinitic iso­
hyperthermic members of the family of Typic Chromusterts. 
The Vertisols are high in n~ntmori.llinitic clay (50 to 
64 percent) and undergo pronounced shrinkage during dry­
ing, resulting in large cracks that close only during 
prolonged rewetting. These soils become hard when dry 
and sticky when wet. The slopes range from 0.5 to 3 per­
cent and cTn~ion is a serious problem, particularly under 
rainy season cultivated f3llow. The soils are high in 
bases, including calcium, magnesium, and potdssium, and 
the pI! ranges from 7.5 to 8.6 percent. unjer semi-arid 
tropical conditions, the soils are low in organic matter 
and are usually deficient in nitrog~", phosphorus, and 
sometimes zinc. 

Because of the uncertainties and ever-present risk 
of droughts, farmers in the SAT have been reluctant to 
adopt the use of high yielding varieties, fertilizers, 
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and other inputs characteristic of the Green Revolution 
in some areas. During the past 30 years, the populotion 
of many countries in the SAT has doubled; farmers have 
therefore attempted to double agricultural production. 
Since there has been no appreciable increase in per­
hectare yields during this period, the r.esult has been an 
increase in the areas devoted to crops. This increase is 
especially high in the SAT. Recent surveys in 84 dis­
tricts of the SAT of India showed that 57.2 percent of 
the total areas of these districts were cultivated com­
Ilarnd to only 44.6 percent for the country as a whole 
(An0n., 1970). In the Sholapur and Bijapur districL~ of 
India, which arc composed mainly of Vertisols, the pro­
portion of the geographical area presently cropped is 81 
to 84 percent, respectively (Ryan, 1976). Thus, steeper 
and more erodible lands arc being cropped and over-grazed 
and forest areas are being denuded causing permanent 
damage to vast areas. 

People in the SAT depend primarily on agriculture 
for employment. Present production and income levels in 
most of these seasonally dry, rainfed areas do not ful­
fjll the basic human needs. This situation is caused by 
low ~nd unstable agricultural production due primarily 
to the lack of proper technology to manage the erratic 
and undependable rainfall. The people of the SAT have 
found through long and bitter experience that nature it­
self is so unpredictable that their system of farming is 
a hazardous way of life. In this setting and in line 
with the ICRISAT objective, the major goal of FSR is "to 
contribute to raising the economic status and quality of 
life for the people of the semi-arid tropics by develop­
ing farming systems which increase and stabilize agricul­
tural produrtion" (Krantz and Kampen, 1973). 

Past approaches to alleviation of production prob­
lems in the SAT were: 

1) Breeding of high yielding varieties. 
2) Agronomic and fertilization studies en high 

yielding varieties. 
3) Fallowing of deep Vertisols during the rainy 

season in an attempt to accumulate a moisture reserve in 
the soil profile. 

4) Soil conservation by contour bunding. 
5) Emergency programs to meet droughts and food 

crises. 
6) Development of large irrigation projects. 
Since water is the most limiting factor in crop 

production in the SAT, these approaches did not increase 
or stabilize crop yields appreciably (Kampen and Asso­
ciates, 1974). This lack of increased per hectare yields 
in many developing countries has resulted in increased 
pressure on land, expansion of cultivated agriculture 
into marginal areas, overgrazing, deforestation, and 
severe soil erosion on vast areas of land. Thus, the 
land resource base is shrinkin~ and the productive 
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capacity diminishing; this in turn increases the need for 
more land. To break this vicious cycle, more stable 
forms of land use which preserve and maintain the produc­
tive capactiy are urgently needed (Kampen and Associates, 
1974) • 

As the FSR pro~ram at ICRISAT was being developed, 
some major problem areas which appeared to need immediate 
attention were: 

1. About 18 million hectares of deep Vertisols in 
Indiu and m~llions of hectares in Africa were being clean 
fallowci or being left to unproductive uses during the 
rainy ~n~son. The low productivity of post-rainy season 
crops qi(lWl~ on residual moisture seemed to indicate in­
effi.ci"nl utiliziltion of the wilter resources. The expo­
sure of the fallowed soil to the impact of intense rains 
has resultcJ in greatly increased soil erosion in spite 
of present soil concervation measures. 

2. In the Al(isol arcas of the Indian SAT, tank and 
well water was being used m~inly on high water-requiring 
C~'ops such as rice and sll'JJrcane. In the SAT where run­
off and ground w:·t:er is limited, very few research 
efforts had been mLdc to explore the question of how 
limited water resources could be used to "back up" rather 
lhan to replace rainfed agriculture. 

3. In most of the Vertisol areas of the Indian SAT 
and ~ll areas of African SAT, lhere are few programs of 
surface or ground w~ter storage during the long dry 
seasons even though water is so scarce that it often must 
be carried long distances for domestic use. 

The basic reasons for most of these problems appear­
ed to be a l~ck of relevant soil, water, and crop manage­
ment research. 'l'his research is essential for the devel­
opment of viable soil and water management and utiliza­
tion technology For the small (armers in the rainfed SAT. 
Obviousl'/. Lhe solutions to these complex problems are 
not simple anc! single component approaches cannot he 
e:<pected to work. Thus, it appeared clear that a holistic 
approilch to systems research on soil, water, and crop 
management was essential. 

!.!xpo_thescs anc! Concepts 

Some of the hypotheses or concepts which formed the 
basis (or FSR approaches and strategies at ICRISAT were: 

1. In the rainfed SAT, water is the most limiting 
factor to production and all systems must be geared to 
its optimum utilization. 

2. Soil erosion is a serious problem in the SAT. 
New soil and water conservation methods, which will also 
increase yields substantially, are urgently needed. 

3. In rainfed agriculture, where the only source of 
wilter is rainfall, the watershed (catchment) is the 
logical unit for investi~ating the optimum development 
and management o( the water and soil resource. 
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4. Runoff, erosion, infiltriltion, groundwilter re­
chilrge, drilinilge, ilnd other hydrologic factors do not 
express themselves in smilll-sized experimentill plots. 
These factors can best be studied in wiltershed units. 

5. The small subsistonce [ilrmers of the SAT arc 
dependent m.:linly upon ilnimal power and human labor. No 
rapid chilnge in access to mechanical power is envisilged 
nor docs th.:lt seem desirable. Therefore, FSR should 
optimize the usc of these energy resources in trying to 
develop viilble technologies. 

6. Improved eqllipment th.:lt is appropriate and low 
cost is essentiill for implementing more rfficient soil, 
wilter, and crop n ~n.:lgement practices. 

7. Milny production and h.:lrvest probloms encountered 
by filrmers will be re.:llized by scientists only if research 
is conducted on field-scale oper.:ltion.:ll units. 

8. Improved varieties, [ertiliz.:ltion, .:Ind crop 
milnagemellt practices better utilize the ilvaililble n.:lturill 
ilnd human resources ilnd ilre essential ingredients to help 
increase and st.:lbil ize production and illiprove the quali ty 
of life for the peoplc~ of the SAT. 

The research strategy was: to simultaneously in­
vestigate single production components in depth and illso 
to integrate these components in a holistic manner in 
systems research on iln operational scale (Fig. 1); and to 
investigate ilnd test hypotheses ilnd to develop .:Ippro.:lches 
and methodologies which would have wide .:Ipplication .:Ind 
could be used by n.:ltion.:ll programs to tailor the reseilrch 
findings to their specific conditions (Binswilnger et ill., 
] 976) • 

Requirements of Soil .:Ind Water Man.:lgement Systems 
in the SAT 

In planning improved soil and water manilgement sys­
tems, the ilbove mentioned char.:lcteristics of soil ilnd 
climilte, .:IS well ilS farm sizes, ilnd the hum.:ln, capital, 
and power resources must be considered. Viewing these 
characteristics, some of the specificiltions of an improv­
ed soil and water conserviltjon and man.:lgement system for 
rainfed cropping .:Ireas would be as follows: dvoid large 
concentrations of w.:lter and large stre.:lms, except in il 
protected grilssed w.:lterway; leacl the water slowly off the 
lilnd in sm.:lll streams uniformly spaced over the land 
(watershed) so ilS to reduce erosion, incre.:lse watcr-intuke 
opportcnity time, ancl llrovicle clrilinage during prolanged 
::-ainy I,er i_ods, especiaJ lyon deep Vert i_sols; provide year­
round protection agilinst erosion, even cluring the OCCil­
sionill storms of the hot dry season; nstablish grasses 
which arc highly productive and pillatilble so as to pro­
vide nutritious for.:lge [or milk or clraft animals and to 
protect against erosion of the drilinage way; in the drain­
age ways, usc il coniliin.:ltion of forage legumes and gr.:lsses 
to minimize nitrogen requirements .:Incl provide more 



Fig. 1. Organizational chart of the FSR program showing FS subprograms directly 
involved and the cooperation with the crop improvement, training. and 
economics programs at ICRISAT ~nd cooperative national programs in 
the SAT. 

THE FARMING SYSTEMS RESEARCH PROGRAM 
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Programs 
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and Tha il and 
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14--~ Research in 
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W Water S So il 
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nutritious forage; and provide a storage facility (tank) 
to collect and store surface runoff from high-intensity 
storms as backstopping for rainfed aqriculture. 

The WatersheG-Based System of Soil and Water Conservation 

Since water is the first limiting natural factor in 
crop production in the SAT, improving the management and 
conservation of water and soil for increased crop produc­
tion becomes the primary aim of farming systems research. 
In rainfed agriculture, the only water available is the 
rain that falls on a given area. Thus,' the watershed 
(catchment) is the natural focus of research on water 
mdnagement in relation to crop production systems, re­
source conservation, and utilization (Krantz, 1978 and 
1979) . 

Contour bunding, with adjustment to fit the field 
boundary bunds, is being routinely implemented in India 
on both Alfisols and vertisols. Substantial expenditun,s 
for bund construction continue year after year even 
though there is no known recent research which shows a 
positive effect on rainfed crop production. 

Contour bunding, j~ comparison with w~tershed-bas8d 
resource utilj~ation, employs distinctly different con­
cepts of water conservation and managemeot. In contour 
bunding, the excess water may flow in a concentrated 
manner, causing erosion between bunds. The runoff col­
lects at the bund and is then forced to flow across the 
slope and out of the watershed where it is finally dis­
posed of in roadside drains or gulleys. 

In cropped watersheds cultivated in gr.aded beds and 
furrows, excess water is allowed to flow thr~ugh small 
field furro~s to the grassed drainage ways and is then 
safely conducted to a tank and/or outlet. The velocity 
of flow of the water is controlled by the direction and 
slope of the bed-and-furrow system and runoff concentra­
tion in large over]~nd flow is avoided. Since the 150-cm 
bed-and-furrow system can remain in place as a "semi­
permanent" land feature, it can provide considerable pro­
tection against soil erosion on a year-round basis, even 
during the prolonged hot and dry noncrop sea30~, when 
occasional high intensity rains occur. Broadbed furrows 
were established in 1975 in Alfisols and in 1976 in 
vertisols. The beds have remained in place as a semi­
permanent feature since that time with primary tillage 
as shown in FiguL~ 2 and final bed reshaping (Fig. 3) 
being carried out each year. 

The slope used in any soil should minimize erosion 
during high intensity rain, increase infiltration, pro­
vide adequate crop drainage during prolonged rains (espe­
cially on deep Vertisols), and facilitate supplemental 
irrigation when needed. 



Fig. 2. Primary tillage immediately after harvest of tne second crop with a 
left and right hand plow and a chisel or sweep in center. (This plcw­
ing concentrates organic residues in the plant zone and reforms the bed 
leaving a rough cloddy surface which is very receptive to pre-monsoon 
showers.) 
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Fig. 3. Ridger-cum-bed former being used for reshaping beds on a moist Alfisol 
just before planting. The semi-permanent beds were established four 
years ago a~d have been maintained in the same place with minimum 
tillage. 
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Investigations on the Bed-and-Furrow System 

Systems involving graded (ISO cm) beds separated by 
furrows which drain into grassed waterways appear to ful­
fill the requirements of the soil and water conservation 
and management listed above. The improved surface drain­
age function of beds and furrows compared to flat culti­
vation has been shown by Chowdhury and Bhatia (1971) and 
Krantz and Kampen (1973). 

In Alfisols, thG 7S-cm beds wer0. found to be unstable 
and cross flow and erosion were sometimes encountered, 
especially in slight depressional areas. This problem 
was overcome by the use of a ISO-em bcd-and-furrow sys­
tem which was started in the 1975 season. The 7S-cm beds 
were also found to have very limited flexibility to 
accommodate the wide range of crops grown in the SAT. 
With the lSO-c(Tl beds it is possible to plant two, three, 
or four rows per bed at 7S-, 4S-, find 30-cm row spacings, 
respectively (Fig. 4). 

In the watershed units, [la't culti"ation was compar­
ed with bed and furrow systems in both Intercropped and 
sequential cropping during 1976 and ]977 (Table 1). In 
the deep vertisols, the average monetary value for each 
of the four crops was consistently better with beds and 
furrows as compared with the flat system. The mean qross 
monetary value of the grain for the bed-and-furrow system 
was Rs. 6S0/ha greater than in the flat system. Since 
the average cost of the bed-and-furrow system was Rs. 74 
less than that of the flat system, the net advantage of 
the beds and furrows over the flat system was Rs. 724. 
Thus, the net return was especially good with intercrop­
ping in the bed-and-furrow system on the deep Vertisol 
(Rs. 4,980 - 1,470 = 3,510). The gross monetary value 
trends were less consistent in the shallow to medium 
Vertisols than in the deep Vertisols and the increase of 
the bed over the flat system was not significant. 

The beds function as "mini-bunds" at a grude which 
is normally less than the maximum slope of the land. 
Thus, when runoff occurs, its velocity is reduced and 
infiltration opportunity time increased. The excess 
water is removed in a large number of very small flows. 
Thus, the permanent bed-and-furrow system provides water 
control for ill ,~itll soil and water conservation throughout 
the year. Preliminary data at ICRISAT indicate that the 
optimum slope for the bed-and-furrow system is 0.3 to 0.6 
percent in Alfisols and 0.4 to 0.8 percent in Vertisols. 
Some additional features of this system observed in 
operational-scale research on natural watersheds include 
the following: 

1. Only minor earth ~~ving (smoothing) is required. 
2. No land is taken out of production. 
3. The beds can remain in place as "semipermanent" 

features and thus no contour bunds or field bunds are 
necessary (Fig. 2 and 3). 



Fig. 4. Some possible row arrangements for various cropping 
patterns on narrow and broad beds. 

Narrow beds and furrows are adapted to 75 cm rows only 

Oroad beds and furrows are adapted to many row spacings 

~----- l50------~ 
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Table 1. Mean gross monetary values of rain in flat vs. semipermilnent 
bed-and-furrow system on Vertiso1 watersheds using improved 
technology in 1976 and 1977. 

Wa ter­
shed 
no. 

Land IntercroE 
manag. Year l'i-a-fze-- P..pea -TotaT 

Rs/ha Rs/ha Rs/ha 

_Se~tia1 cIQP_ 
Maize C~--fOfaT 
Rs/ha Rs/ha Rs/ha 

1,2,3A 
1,2,3A 
1·leans 

l3ed5 
Beds 

313, 413 Flat 
313, 413 Flat 
Means 
LSO (.05) 
C. V. ';'. 

713,C,0 Beds 
713,C,0 Beds 
Means 

6C, 60 Flat 
6C, 60 Flat 
Means 
LSO (.05) 
C. v. 0: 

~_._---peep VertLs_oJ3_ 
1976 2840 2080 4920 2730 950 
1977 2270 2770 5040 2880 2400 

1976 2530 1680 4210 
1977 2450 1810 4260 

2300 570 
?790 2200 

3680 
5280 

2870 
4980 

!l~ __ Shall_ow JO medium deep Vertisols 
1976 2020 1570 3590 
1977 2460 1630 4090 

1976 1960 1490 3450 
1977 2310 1880 4190 

1970 560 
2410 1550 

1570 560 
2290 1390 

2530 
3960 

2130 
3680 

Means* 
Both Both 
systems years 

4300 
5160 

3540 
4620 

3060 
4030 

2'/90 
3950 

4730 

4080 
280 
9.2 

3550 

3370 
N.S. 
15.6 

*The 1977-1978 costs of inputs, labor, bullock power,and depreciation of equipment 
for the-bed-and furrow and flat systems were Rs. 1663 and 1737, respectively. The 
Rs. 74 lower cost for the bed and furrow system was due to the smaller amount of 
time required for land preparation and cultivation in the semiperminent beds and 
furrows compared to the flat system. The average costs of the sequential crop and 
intercrop systems were Rs.1930 and 1470, respectively. The Rs.460 higher cost in 
the sequential crop system is due to the extra land preparation, seed, fertil izer, 
and planting cost of the second (sequential) crop. (The cost data were supplied 
by the ICRISAT Economics Prof]ram; Rs.8 = one U.S. dollar.) 
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4. Preliminary "shear vane" measureml1nts indicate 
that soil compaction of the wide bed (plant. zone) is less 
than under flat cultivation. 

5. The surface soil of beds dries WJre quickly be­
tween early monsoon showers than docs thl! surface soil on 
flat cultivated areas, thus facil.itating the planting on 
beds. 

6. The system can be used within the farmers' field 
boundaries in one of the Vertisol watersheds. 

7. Soils on the beds remain friable through the 
cropping season. On Vcr ti sols, f,r imary ti llage can beg in 
immediately after hClrvest (Fig. 2). The beds and furrows 
can be maintained with minimal tillage with animal po~er 
(Fig. 3). 

The Efficient Usc of Animal Power with Improved 
Implements 

The pros and cons of using animal power have been 
discussed by Johnston (1978) and Uzureau (1974). Re­
seClrch at ICRTSl\T indicates that it is possible to imple­
ment proper soil, wa ter, and crop managemen t systems using 
bullocks as the primary source of ~ower for cultural 
operations provided that the prop! : machinery is avail­
able. In the semiarid tropics farm sizes arc small and 
cClpitCll resources limited, and thus animal power is well 
suited to these small farms. 

l\t least 16 to 20 hectClres arc usually required to 
make the ownership ilnd operation of a tractor a viable 
proposition. Binswanger (1978) in his review of numerous 
tractor studies in South l\sia shows that on smaller farms 
tractors arc hired out to a much greater extent. Kline 
(et al., 1969) states that in northern Ghana, a holding 
of four to s~x hectares of crop land is necessary to 
justify CI farmer's owning il pair of oxen. In contrast, 
SubrahmClnYClm and Ryan (1975) state that in India, farmers 
having two or three Clcres own a pair of bullocks. In 
many countries of the Sl\T, tractors arc imported Clnd thus 
foreign exchanSle is reguired for purchase of the trClCl:Or 
and subse~uent fuel and spare pClrts. Bullocks or buf­
falos arc an indigenous source of power. Ramaswamy 
(1978) reports that in IndiCl there is more animal power 
(30,000 mloJ equivalent) than installecl electrical capacity 
(26,000 mloJ). 

In countries such as IndiCl where the usc of animal 
power has bean traditional for many centuries, it is well 
known and understood by most farmers. While there arc 
several hundrr'tl thousand tractors in India, most of these 
are concentrated in the northern irrigated areas. 
Subrahmanyam and Ryan (1975) using 1966 dClta show that 
in states such as lIaryana and Punjab only 69 Clnd 57 per­
cent of the agri~ultural power is derived from animals. 
In such semiarid states as l\ndhrCl Pradesh, Karnataka, 
and Madhya PrCldcsh, 86, 89, and 96 percent of the 
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agricultural power is derived from animals. Thus, the 
small farmers in SAT India practicing rainfed agriculture 
still rely almost exclusively on animal power. 

It is often stated that animals require a large 
amount of g~Qin and compete with humans for food. IIow­
ever, draft animals consume mainly fodder and grazing of 
grasslands which are often unsuited for cropping. Al­
though grain is usually fed during the field work season, 
it is often possible to feed cull grains thnt are un­
suitable for human consumption. 

At ICRISAT a mUltipurpose animan-drawn, wheeled tool 
carrier is used for all cultural operations on an 80 
hectare operational research area. Much of this land is 
double cropped. The wheeled tool carrier consists of a 
tool bar frame with two pneumatic tires and a beam for 
attaching the bullock yoke. A great variety of imple­
ments can be attached to the tool bar making it fully as 
versatile as a tractor. The size of the implements and 
depth of tillage can be adjusted to soil working con­
ditions and the draft available from a pair of bullocks. 

The wheeled tool Currier provides both horizontal 
and vertical precision. The horizontal precision means 
that implements will tract in a str~ight line without any 
effort being expended by the operator to guide or control 
it. Vertical precision refers to the control of depth at 
which an implement works which is equally important. For 
example, the depth at which a seed is placed is often 
critical to within one or two centimeters. If soil en­
gaging tools used for tillage go too deeply, they create 
unnecessary and excessive draft; if the depth is too 
shallow, the quality of work is poor. 

Where contour farming is practiced, such as in the 
graded bed-and-furrow system at ICRISAT, the use of a 
wheeled tool bar is essential to provide the stability 
required to keep cultivation implements in the precise 
line on the beds. In land preparation, preliminary re­
sults indicate that the efficiency of the wheeled tool 
carrier is several fold greater than that of the tradi­
tional implements. Thus with improved implr~ents and 
timely operation, fewer bullocks are required and less 
land is required to grow the forage and gr~in needed to 
feed the animals needed for draft power. 

An additional major advantage of the wheeled tool 
carrier is that it can also be used for transportation by 
placing a cart body on the chassis. In this way the 
farmer has added versatility and extended usage of the 
equipment at very little a~~itional cost. Where haulIng 
is a major enterprise, the chassis can be used as the 
front wheels of a four-wheeled unit. 

Operators prefer to use a wheeled tool carrier be­
cause of the reduction in drudgery. Also, more work will 
be accomplished in a day if the operator can ride because 
his fatigue is greatly reduced and the speed at which 
the animals walk is not affected by the walking speed of 
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the operiltor. 

Wilter Intilke and Runoff of Alfisols and Vertisols 

The saturilted hydraulic conductivity of the Vertiso~ 
is very low compared with the Alfisols. However, at the 
onset of the rainy seilson (when both soils are very dry) , 
the initial infiltration rilte is equally high (abJut 
75 mm/hr) on both soils. 

Thus, in spite of the low terminill hydraulic conduc­
tivity of the dGcp Vertisols, the willer intake capacity 
early in the monsoon season is high due to deep cracks 
ilnd the Jilrge wilter-retention capilcity. The high initial 
infiltration rate is further enhanced if the soil manilge­
ment is such that the surface soil is rough and cloddy 
ilnd is prepilred in a bed-and-furrow system on a graded 
contour. In contrilst, the initiilily high infiltration 
rilte of Alfisols is often greatly reduced during the edrly 
riliny season by surface sealing cilused by the impact of 
rilindrops on the bare soil. Thus, the runoff from crop­
ped Alfisols is usuilily much greilter than that from crop­
ped Vertisols (Tilblc 2). These datil arc in contrast to 
the generally accevted statement thilt Vertisols have 
groilter runoff than Alfisols (Vandersypen et al., 1972). 
The latter comment appeilrs to be bilsed on the compar£ltive 
hydrilulic conductivity of these soils under saturilted 
conditions. 

Under monsoon cropping in the bed-and-furrow system, 
the Verti"ol surfilce dries quickly milking it receptive to 
the next rilin. The whole profile is usually near satura­
tion only for short periods during the latter half of the 
seilson. [Jowever, during the rainy season in the flat 
cultivilteG fallow system, the Vertisol profile becomes 
saturilted by mid-season, and runoff and erosion are thus 
greiltly increased during the remainder of the season 
(Tilble 2). 

These runoff data hilve great prilctical significance 
for appropriate water management on these two soils. 
Since Alfisols have a low water retention capacity, crops 
will frequently experience moisture stress during breaks 
in the rainy seilson. These can be expected to occur more 
than once every two or three years in many areas of the 
SAT. If a wilter storage facility (tank) is provided in a 
small watershed, the early runoff from Alfisols can be 
collected, stored, ilnd used ilS a supplemental "lifesaving" 
irrigation until further rain comes. 

In contrast, the deep Vertisols which have il greater 
wilter storage cilpilcity and leSE runoff during the early 
rainy season rilrely require supplemental irrigation for 
the riliny season crop. During the rainy season in each 
of six years ilt ICRISAT, high yields have been obtained 
on Vertisols without supplementill irrigiltion. In all six 
years the planting was made in dry soil just prior to the 
onset of the rainy season. 
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Table 2. Rainfall and runoff on a cropped Alfisol and a 
cropped deep Vertisol watershed with L~d-and­
furrow system at 0.6 percent slope and a mon­
soon-fallowed watershed, 1976. 

Runoff 

Alf isol DeeE Vertisol t 

Date Rainfall * Cropped cropped Fallow 

(mm) (mm) (mm) (mm) 

23 June 23 1.8 0 0.5 

2 July 24 3.0 1.7 0.2 

21 89 25.0 16.9 49.4 

4 August 32 8.5 2.3 21.4 

19 105 77.5 27.0 95.4 

20 39 16.5 19.5 37.1 

21 10 0 4.2 8.5 

26 8 0.5 0.1 3.2 

4 September 20 2.3 0.4 11.1 

Ten small storms 149 5.3 0.9 11.4 

'rotal 499 140.4 73.0 238.2 

* Includes only rainfall from the 19 runoff-producing 
storms. The total rainfall for the monsoon season (June­
October) was 679 mm. 

t In 1976 the soil losses in the rainy season cropped and 
fallowed deep Vertisol watersheds were 0.8 and 9.2 ton/ha, 
respectively. 
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The Effect of Soil Management upon Runoff and Soil Loss 

Recent results show that runoff and soil loss can be 
greatly reduced by improved management in deep Vertisols. 
In 1976, the greatest runoff was caused by a storm on 
l\ugust 19th, when 105 nun of rain fell. In the fallowed 
Vertisol, 95 nun of this rain ran off indicating the vul­
nerability of fallowed (bare) deep Vertisols to runoff 
and erosion (Table 2). The soil erosion from this storm 
in fallowed Vertisol and cropped Vertisol watersheds was 
7.43 and 0.26 tons/ha, respectively. During 1974 to 1977, 
the average annual soil erosion in the traditional rainy 
season fallowed Vertisol and in the improved Vertisol 
watersheds was 5.1 and 0.6 tons/ha, respectively. The 
respective annual crop values were 980 and 5,090 Rs/ha. 
In addition to the soil loss observed at the outlet of 
the watershod, substantial erosion could be observed in 
the cultIvated fallow watersheds between contour bunds. 

In temperate semiarid regions with annual rainfall 
in the 200-nun ranCje, fallowing durinCj one or more years 
will often increase grain yields due to the large quan­
tities of stored moisture available to the crop (Pengra, 
1952). However, in the Sl\T high intensity rains greatly 
exceed the infiltration capacity of the soil ~nd total 
seasonal rainfall is frequently several fold the capacity 
of the root zone to store water. In deep Vertisols, 
cultivated fallowing is practiced during the rainy season 
with cropping only during the post-rainy season. In 
India about 18 million hectares of deep Vertisols are 
monsoon-fallowed and post-monsoon cropped (Malone, 1974). 
T~e reasons for not cropping during the rainy season are 
many, including such factors as poor drainage, difficul­
ties in tillage and weed control, and inadequate soil 
and crop technOlogy (Kampen and l\ssociates, 1974). HoW­
ever, the consequences of this traditional fallowing sys­
tem in deep Vertisols are serious with regard to soil 
erosion. Jacks et al. (1955) noted that a few minutes 
of high intensity rainfall on some bare soils are suf­
ficient to cause surface sealing and drastic reduction of 
infiltration. Ellison (1944) and Hudson (1973) pointed 
out the serious consequences of CUltivated fallow systems 
on soil erosion and the critical importance of vegetative 
cover during high intensity storms. 

Under the climatj.c conditions experienced at ICRISl\T 
during its first six years of operation, the practice of 
cultivated fallow during the monsoon has shown no ad­
vantage in terms of moisture conservation or post-rainy 
spason crop yields when compared with areas cropped 
during the rainy season. 

Contour or graded bunding (terracing) has been used 
successfully in western countries in farms with large 
fields. In the Sl\T, field sizes are small (0.2 to 0.9 
ha); bunds constructed on the contour usually would bi­
sect the farmers' small fields. The farmer objects to 
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this and the soil conservation technician is forced to 
"adjust" the contour bun~ to the field boundary. As a 
result, water is impounded and the bunds are often breach­
ed by nature or by man during intense rains (ChittG~anjan, 
1977) . 

Runoff C0llection and the Usc of Supplemental Water 

The results ot supplemental irrigation to crops on 
Alfisols during a 30-day drought during late August and 
early S~ptember of 1974 were quite spectacular. Yi ~ds 
of sorghum and maize were approximately doubled by the 
application of a 5 cm irrigation. At product prices 
prevailing at the time of harvest, gross rupee values of 
the average increase due to the applica~ion of a 5 cm 
supplemental irrigation at a critical time of growth in 
two watersheds were 3,120; 2,780; 1,085; and 650 Rs/ha 
for maize, sorghum, pearl millet, Clnd sunflower, respec­
tively. 

During the 1975 rainy season, rainfall was uniformly 
distributed and irrigation was not required. In the post­
rainy season, however, sorghum on deep Vertisols responde,l 
to supplemental irrigation CIt the grain filling stage. 
In one watershed a single 5 cm irrigation increased yields 
from 2,570 to 3,570 kg/ha. 

On Alfisols, tomatoes planted on beds in pearl 
millet s~ubble yielded 12.7 tons without irrigation. In 
spite of unusually heavy and late rains in October and 
early November, there was a marked response to supple­
mentul irrigation. The yields of areas receiving 0.0 cm, 
2.5 cm, and 5.0 cm (in two 2.5 cm applications) of sup­
plemental i~rigatton were 12.7, 17.2, and 22.2 metric 
ton/ha. The yields in a flat-planted watershed wers con­
siderably less due mainly to the difficulty of applying 
irrigation water. 

Transforming Labor into Ca21tal 

The FSR program at iCRISAT is investigating various 
means of improving the ratural resource base by using 
labor intensive technolcgy involving human labor and 
animal power with improv~d imrlpments. This activity 
includes small watershed ~~velopment involving graded 
contour tillage for soil and water conservation; water 
collection, storage, and use; drainage; and ultimately 
the reforestation of erode~ steep lands which are now 
being cultivated. Newland (1979) points out that these 
types of labor intensive projects "would have the effect 
of transforming abundant labor into valuable capital." 
This approach, she adds, which would enable more mUltiple 
cropping and increased productivity, would also provide 
more permanent employment for landless laborers and would 
help to reduce the disparity between the landless and the 
landed. 
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Summary 

The Semi-Arid Tropics (SAT) are characterized by 
undependable rainfall which creates high risk and is the 
major cause of persistently low and unstable crop yields. 
Population increases have caused expanded cropping into 
unsuitable lands, resulting in greatly increased runoff 
and soil erosion. Past approaches to improved soil and 
water conservation have not provided the basis for sub­
stantially increased food production. 

Alfisols and Vertisols arc the two most abulldant soil 
orders of the SAT. These soils, which may occur in adja­
cent areas, have distinctly different profile character­
istics due mainly to the type and amount of clay. An 
understanding of these differences is essential for the 
development of improved management systems. 

In spite of their lower saturated hydraulic conduc­
tivity, deep Vertisols, due to surface cracks, have a 
higher initial intake rate and less runoff in the early 
rainy season storms than do Alfasols. The greater early 
season runoff in the Alfisols provides greater opportun­
ity [or water collection and storage for supplemental 
irrigation during breaks in the monsoon. 

The requirement for supplemental "lifesaving" ir­
rigation during breaks in the monsoon is frequent on 
Alfisols and rare on deep Vertisols; crops on both soils 
benefit from supplemental ~ater in the dry season. 

By timely tillage of deep Vertisols during ~he dry 
season, "dry planting" of crops such as sorghum, ~igeon­
pea, and maize just before the monsoon rains has been 
successful in six years of research at ICRISAT. Dry 
planting on Alfisols with their low water retention ca­
pacity is risky. 

Based on 70 years of rainfall data at lIyderabad, the 
median length of growing season on the Alfisols and 
Vertisols was calculated at 17 and 26 weeks, respectively. 

Under the traditional system of farming of the 
Vertisols, three-fourths or more of the rain is lost by 
evaporation, runoff, and drainage beyond rooting depth. 
With improved technology these losses can be substantial­
ly reduced and crop production greatly increased and 
stabilized. 

Due co management problems and the lack of seedbed 
preparation technology, deep Vertisols are normally 
fallowed during the rainy season and cropped only during 
the post rainy season. Watersheds under rainy season 
fallow produced much lower crop yields and had about 
eight times as much erosion as did double-cropped water­
sheds. 

With the development of improved soil, water, and 
crop management systems and proper selection of crops, it 
is possible in most years to crop most deep Vertisols 
during both seasons. On Alfisols, intercropping tech­
niques al~/or the availability of supplemental water 
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facilitates qrowing two crops on at least part of the 
land. 

The watershed based farming systems, using graded 
150 cm bed-and-lurrow systems at 0.4 to 0.6 percent slopes 
with grassed waterways and small tanks, show potential 
for reduced soil erosion, more effective rainfall usc, 
improved SUI-face drclin':llle, possibilities for supplemental 
irrigation, reduced risk, and greatly increased crop 
yields on 1\lfisols and Vertisols. Land developm211t and 
~ll cultur~l practices for all systems can be done with 
bullock drawlI implements. 

1\11 ~lIimal drawn wheeled toolbar used in field-scale 
operational rescarch at TCRIS1\T has been found to have 
prccl;,ioll and versatility equal to that of a tractor iJut 
at a smal.l fraction of the cost. It can also be quickly 
converted to either a two or four wheeled cart for trans­
port: purpr,.;es. 

Improved anima] drLlwn implements have been found to 
be' sr.'verLil fold IlIOi"e efficient for tillLlgc operations 
than trilLlitio:lcll implf'nJents and thus fewer bullocks arc 
I~eqlli I-cd. Ri dinq a wheeled implement ["educes hum':111 
tlrude]ery and is more pl"estiqiolls than walking behind a 
wooden plow. The usc of improved i.mplements also en­
courages an integratioll of improved crop and livestock 
farming. 
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10 
Farming Systems Concepts 
Arising from the TAC* Review 
and from Personal Experience 
Donald L. Plucknett 

Objectives 

What are the objectives of farming systems research 
(FSR)? It was mentioned earlier that we want to raise 
farm income, wt.ich is one of the major objectives. Many 
of the talks tcday also have emphasized improved technol­
ogy at the facn level. This, too, is very important, and 
I do not think that we can dismiss it. But, there are 
other purposes for which we can use farming systems re­
search in a productive way for the benefit of the country. 
One is to learn what the farmers are doing. Partly this 
may be for problem identification and partly to give re­
search direction or programs direction for the future. 
There is also a great need Just to understand wh~t the 
farmer is doing. 

Ken McDermott likes to talk about farmer wisdom. I 
believe very much in this. We had a discussion rl.!:Jout how 
wise farmers really are, and whether in some areas they 
really are using the best practices, or at least good 
practices for that environment. I think you could m&ke 
a case that in a lot of areas they are using very good 
practices, and that until we gather and understand the 
knowledge they have, we really do not have the knowledye 
we need in that area. We must understand what they are 
doil1g and, if possible, why. 

I can give you an example or that. Two years ago 
Dick ll.Jrwood and I were in China looking at vegetable 
farming systems which are probably the most complex sys­
tems in the world. Dick and I stood and scratched our 
heads for many days trying to figure out what was really 
qoing on in those complex fields where so many crops were 
being used. It is interesting that in China, the major 

*TAC is the acronym for the Technical Advisory Committee 
of the Consultative Group on International Aoricultural 
Research. J 

157 



158 

inform.J.U.'ln that is being used as the basis for extension 
materials is not a product of "research" ).'('/1 .~(' at all. 
Most of it hus com8 from scnd.ing scientists and other 
people down t~ thp farm level (con~unes) to learn from 
the farmers, analyze what they are actually doing, record 
it, understand it as best they can, draw out (where it is 
possible) the theory and reusons to understand it, and 
then publish tho information in extension materials. 
ThesL! exte/lf;ion materials are very effective and well 
illustrated. 

Another cXQmple is the practice of pl.anting crops in 
the nd ddl e of the slope of the furrow rather than on top 
of the ridge or Lhe bottom of tho furrow. This was ob­
served in Egypt by a U. S. scientist who came home and 
analyzed the salt concentrations across the furrow and 
found that thIs was the point where there was the least' 
saUnity. lIe said this is what the California growers 
ancl other people should be' doing. They did, and it work­
ed here too, o[ course. That is aD old practice which 
calllc strai~lht oul of Lrallitional farming systems. 

T could mention yet another example from Ecuador 
tha t I found fascinu tillfJ. The Inclidns i r, the Andes use a 
serpentine irriqation syst(~m which employs bunds that run 
up und down hill. They arc spread ubout 15 feet apart, 
depcnclinq upon the slope. Water is run down the hill in 
a serpentine system, buck and forth between these bunds. 
The depth and ungJe of the furrows and the amount of 
grade of these purticular loops determine the water 
velocity. You can irrigate on hillsides that are tremen­
dously steep with very little soil erosion at all and 
grnw all sorts of crops this way. I have never seen it 
except in this area of Ecuador . 

.r contend that: there are many things tllat we ought 
to be finding out from trdditional farming systems, and 
that by i.Lself is (~Ilou(]h justification for farming sys­
tems research i.n sOllle Qreas. Of CGursc, we may want to 
CJO farther than that for most areas. Ive also want to 
11l1tlers tand Lhe fanner well enouCJh to work wi th him to 
i mpr '/e his system. 1'he farmer's participa tion is very 
impol. tan t, anJ necessary. 

When 1 was on the World Food and Nutrition Study of 
Farminq Systems, we were asked to come up with recom­
mendations on what should be clone in farming systems re­
search thClt w()l!ld IllQJ\(! a difference. Our con~ittee met 
~nd decided th~t we really need some work on methodology. 
Ruther Lhan Sily, "Ive are <Join'.! to work more on a wheat 
system," or wh.:Jl:cver, we need to do a bettor job of 
methoclolcHJY and 'lain ,1 !wttcr understanding. One of the 
thinCfs that: \\If.' decided was that if YOIl did some of this 
work to urd(~r s t.:Jlld Lhe na tura 1 resources and the socio­
economic environment, followed by some on-farm studies, 
you could ijl ready bcc]i n to identify some policy and other 
problems wjtitout any research at all uncl make a differ­
ence. These prnblemsneed to be hrought to the attention 
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of readers by saying, "Look, this is really hard on these 
people," or it could be something positive. I think you 
can find a lot uf problems and situations here without 
having to do research. Of course, some of it would be 
economic research. 

TAC Review 

The Technical Advisory Committee (TAC) of the Con­
sultative Group on International Agricultural Research 
asked three of us--John Dillon from Australia, Guy 
Vallaeys from France, and myself--to do a review in 
1977-78. This was what they called a "stripe analysis," 
1. e., to look at one topic across all the international 
center resea:ch programs which in this case was on farming 
systems research programs. The reason they wanted the 
stripe review was that many of the donors were raising 
such poi nts as: "We do not: really know what these FSR 
programs arc doing. We 10 not understand. We look at 
IRRI's2 program and it is doing one thing. We look at 
ICRISAT3 and it is doing something else. We go to IITA4 
and it does not even look like the same program as at 
IRRI and ICRISAT. Also, CIAT5 has dropped its program; 
at the same time national programs are starting. What is 
it we arc doing? We nre putting more and more money into 
FSR prosrrams, and what is it all about? 

Our rev.low tearr. looker: a t farming systems research 
across the centers and it was very rewarding and interest­
ing. We also looked at some national and some regional 
prog:ams. I h.:td .:t chance to review a little of the work 
at CATIEG, .:tnd we visited the Senegal program, which is 
na t lonal. 

One of the things that was ubvious to our team was 
that there was really no conceptual framework that was 

2 IRRI is the acronym [or the International Rice Research 
Institute (Philippines). 

3 ICRISAT is the acronym for the International Crops Re­
search Institute for the Semi-Arid Tropics (India). 

4 rITA is the acronym for the InternatiOllal Insti tute for 
Tropical Agriculture (Nigeria). 

5 CIAT is the acronym for the International Center for 
Tropical Agriculture (Colombia). 

6 CATIE is thu ~cronym for the Tropical Agricultural Re­
search and Training Center (Costa Rica). 
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elucidated and in print for farming systems research. 
There were concepts from IRRI, ICRISAT, and IITA that 
were good but each program looked so different. IITA had 
a heavy emphasis on soil taxonomy and land resources. 
ICRISAT was placing heavy emphasis on water and water 
modelling and rainfall patterns. IRRI was doing some­
thing different again. Much of this did not make sense 
to some people, but we decided that there really were 
good reasons why people were doing the things they were. 
In part it was because of the type of staff they had, but 
it was also due to the site in which they found them­
selves. 

We could make a strong case for IITA doing lann re­
source work in Africa, because that was one of the major 
problems it faced. Its staff had to know the land re­
sources in the humid aD.1 sub-humid tropics with which it 
was working, how to clasdify areas as targets of opportun­
ity for increased use which are now being used primarily 
for shifting cultivation or for short-bush fallow, what 
to do if sedentary agriculture was to be practiced there, 
etc. There was a need then to understand the land re­
source first of all. 

At ICRISAT you had to understand the water question, 
as Bert Krantz has said, because that was the overriding 
issue. When you went to IRRI, its prcgram took direction 
because it was working on rice-based systems. ICRISAT 
was not focused only around one crop, because it did not 
have as narrow a crop mandate. Rather, it worked with 
more crops. IITA hnd a geographical kind of focus, and a 
land type of focus, so it was working with a number of 
crops that few ever understood--tropical vegetables, 
fruits, and root crops. 

Three Categorief. of Research 

After a while, we began to notice some patterns and 
to begin to see some unifying thoughts, i. e., concepts 
of why people were doing this or that. For our own 
purposes, we finally split these down into three areas. 
We called them base data analysis, on-farm studies, and 
research station studies. As we began to look at these, 
it was guite clear why IRRI, ICRISAT, and IITA were not 
doLlg the same things. IITA was involved in land clas­
sification and capability work. That is a base data 
analysis type of activity under our classification. Bas8 
data analysis in general reCJllires and uses secondary data. 
On-farm studies and research station studies tend to re­
quire original data. ICRISAT's program in water res~urces 
also can be classified as base data analysis. 

Re.M!.Mcit StctUUIl St{(di('.~ 

NOW, if you take a look at the start of new farming 
systems programs, by and large they begin on the research 
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station. What do we work on? We work on hunches, bio­
logical and technological opportunities, intuition, 
guesses that sometimes turn out badly--anything. We 
start at the experiment station, but soon begin wondering 
why the farmers are not adopting some of our findings. 
This leads us to wonder and say, "What is it the farmers 
are reZllly doing? !low similar is our experimental work 
to the farmers' Zlctivities?" Eventually, we end up 
directly studying the farmers and the farmers' envi­
ronment. As Zl case in point IRRI's program started on 
the experiment station with Dr. Bradfield's work. Next, 
he Zlnd his colleagues decided that they needed to under­
stand the farmers better. Eventually, they had to learn 
more Zlbout the farmers' land and other resources and the 
climate. Then, they began working on the natural re­
sources (base datZl analysis). Now, you do not have to 
start anyone way to be effective in farming systems 
research; but you ought to start with a felt need so as 
to understand better what is going on and how to improve 
the farmers' systems. 

If, when doing on-fZlrm studies, we can use secondary 
datZl to help us identify the farms Zlnd for w~at purpose, 
it would be a big help. For example, we might identify 
some agro-climatic zones or ta~gets of opportunity. We 
heZlrd some talk about this today. If we could use this 
kind of information to help us focus our efforts a bit 
better, this would be good. Some studies and farming 
assistance programs might get along quite well with these 
two types of activities (on-farm studies and research 
station studies) and with only an occasional reliance 
on base data analysis. As a matter of fact, we might 
phase some of these activities where at some point we 
need certain types of skills. Then, one might hire 
consultants for base data analysis, as I think IRRI did 
in some cases, and proceed to on-farm studies. 

You can do various kinds of things in on-farm 
studies. One would be initial surveys to find out what 
the farmers Zlrc doing. This could be the reconnaissance 
work that Peter !lildebrZlnc1 was talking about this morning, 
or n sort of initial look at what is happening on the 
farm. Then, you might want to proceed to another type 
of Zlctivity on th(~ [ann--thZlt of on-farm trials. These 
on-farm t:ria.1s could be of various types, but might very 
likely be rescarclwr-mancHjec1 tri als or farmer-managed 
triZll,. 

Another type of on-fann tda] only beqan to be 
mentioned today, whicll is relZlted to a(~option quesl-ions. 
Por instance, how CZln we monitor adoption, rates of 
adoption, and so forth when we are just guing into an 
area and mllst rely principally on baseline data? 
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If from a methodology standpoint you look around the 
world to sec who has done a lot of work with on-farm 
stllclies, THRJ has done t.he lI1ost--both re9arding depth of 
eXjJ('l'iencc' i.lnd lI1ethoclo.lo f JY. l,oJe wore very impressed with 
IHiU 's on-LHIlI studies and Cl\'I'JE's on-farm work. I think 
tha t: it behooves us a.l.1 to try to learn as much as pos­
siblL' from tl!r'[;e pro'Jrallls and then to try to sec which 
methods lTd qh t. bc~ IIlOSt useful fOJ: national pro(J1:ams. 

One or thu conCL'rns 1 have .is that whon nation~.l 
pruqrams bo,! into work .in fanninCi syst·ems research they 
start on lilt' vxpc!riment station because thaI: is the plare 
whc're they iJn~ IIlOSt: comfortable. 1>1ost people know how to 
layout a l:epli.cLlt.ecl trjal. Most p(!oplc have ideas, qood 
or b,:td, that tlwy want to test, '.lI1d Lhey c,ln start easily 
on the stilt.i.rJn. I.t is whon you start on the farlll that i.t 
is ro.:111y cliff.i.cu.lt. It is hanl to do woll. 

The rc .i s ':1 rca 1 need to take a CIood look a t base 
dilt.:! <lllillysis. How Ciln we lise secondary clat':l better-­
I1llli.'h bt'tter--thiln we have .in the past? It j::; foolish [or 
LIS to qrind it.lonq i.n this an'a if we can save ourselves 
some, tillle by doinrJ a Iwt.ter job. Can we be more creative 
jn clcfin.inlj il~Jroc.limatic zones? 1 am q1.illl tn sec Jen Hu 
Chanlj l1('ro today because) .Ten lIu is one o[ th· few agro­
clirnatolcllJists I know who has trieu to take a look at 
the prodllcti.viLy o( d particul.ilr zonc' from an aljricultural 
stanclpoint:. His worl: nn productivity in the hUlTli.cl tropi.cs 
is olltslandinq. 

I-it' can be 1110n) crea ti vc in JllClking llse of secondary 
data ,11\(1 bi.l~;ic inforlll,lt Lon. I-Ie can uso soil classifica­
tion much lIlore crt~Lltiv('ly than we ever have before. Ive 
ill:e (join'J to noed to have pc.'ople who look at natural re­
~';ourcl.'S frotll the' stclndpoinl o( how these can serve systelTls-
OI"iL'nb.~d rc!·;cill"ch. rr base' data ilnalysis is qoocl, it 
should Ix.' used j n slIch il way tha t .i t can hcdp IlS to under­
stand wltat: j~; happC.!ninq on thc' farm so that bettel" use 
Ciln bc' made! of clilllilt-.ic, soil, clnd socio-economic clatLl. 

In ,vldiLion to natural resource informatioli, there 
,Ire ill 1 sorts o[ ilnt.hro]loloqLcal C{uc)stjons of why people 
Ix'hi! \1(' Lht., ...... 1 Y t.hc'), do. l\re the re an.'a s whe re r a rmer s 
mi-,ht. Iwh,llJC SOIllL'WIt'I!. alike so that you could bcqin to 
1 (}of: .] 1-. syst.cllls? 

I.dndf;t".I"'1 be!] i,'\'(!s that Wl! Cilll v('ry rarely cilrry thilt 
kind of d,ll" lOde!. Idso, he says once wo measure we mllst: 
I cst Lhe hYl'otlwsi s t1wt our "n',1 is hOIllOljcneOllS; there­
fort',\,-(' IIIUSt h,]vo ,I Ic·t of replications. This tells us i[ 
our ()ri.lj.i.nal definition of boulldari('s hilS been erroneolls. 

But, thc.'n~ has bc'cll SOllie' vr'r'l creiltivc work in th.i.s 
acc'Ct. 1"01" eXillllpl.t', AlliIn ~loort; from Australia has clone 
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some creative things with just using the soil profile 
data available in everyborly's filing cdbinets. He has 
learned how to usc this information to draw soil bound­
aries that arc helpful in narrowing our understanding of 
things. I think we get back to Don Winkelmann's idea of 
"non-perfectabilitarian" work. I think he is right on 
this. I'll' do not neod to be so accllrate that we define 
everythinq. l'ie call make some gross measurements that will 
still be helpful. That is why I have been pushing the idea 
of an ecoloqical approach to systems work, because we 
essentially arc trying to understand things in a dynamic 
way. r am an agronomist. I was taught to understand the 
field plot, but 1 have come to beli.uve the best thinq we 
could ever do [or systems work is to throwaway the field 
plot. If we could gel away from the plot, begin to make 
measurQments in the fiHmer' s field, and qet various disci­
plines to make those measurements--wheth,!r we arc the 
crop physiologist, the agronomist, the soils man, or the 
crop protection person--we would understand what is really 
goinq on in that dynamic way and we would be better off. 

There are ecological ways of measurinq these things 
and of measuring what qoes on in il dynamic environment. 
An ecologist can qo Inio a qrass]and and he can make 
measuremenLs that help him to understand what is qoinq on 
in that grassland. A fire can come through, an animal 
can graze, lots of different things can happen, and he 
still has iJ way o[ measurinq in CI g(~I10.raj way what is 
qoineJ on thero. No t so vd th the field plot. As soon as you 
have somethinq missinq, YflU lose sensitivit,· and accuracy 
in the procedures. J t seoms to me we have to break out 
of some of our disciplinary thinking in our methodologies. 
This is one of tlw points 1 ... ,anted to make here today. 
Ivhen it comes to research, I think we car. (10 a bet tor job 
of bilse data analysis. 1 Cjlle.3s I cannot. (jive any real 
sUCjqestions all this cxcept to say that I think we ollCjht 
to put somo of uur efforts toward it. 

1n ilddil:ion, on-f,lrm stuclies are tremendously impor­
tant. Very few p£~oplo know how to do these well. ~10st 

o[ tho people who do know how to do them arc in this 
l'OOn1. Slirely alit of this WI:' can corne up with sarno SUC)­

(jesLi.ons fCH na tion.:1l prOqrilHls so tha t they can clo them 
wo] 1, too. 

ReeJardil1CJ I:esuarch stilt:.ion studies where ... ,c look at 
sinqlu factors or lllllltiplu [actors in onc crop, we know 
how La do this very woll. Ilowcvor, when we beqin to mix 
two crop~;, W(' ,11"0 in unfamiLiar territory. \'ihen two 
crops .1l'(~ '.ll·o .... 'n tuqet.ller, YOll (j('t differc!nt harvest elates, 
YOll (let interactions, and the effect.s of one crop on 
another. 1 wOlJld recomllionci to you some.' of the work that 
is (luine) on at rCHlSNI' where l30b Ivi lly is doiWJ some out­
stancl i l1CJ int(~l·cl·opp.i.nlf work. Ill' has conducted some e1e­
qilnt oxpcrinwnts which ilre truly helJJful to us all when 
wC' beqin to mi;.: crops. Beyond lhilt, 1 do not think we 

know how to do rcscilrch staLion studies on systcms thcm-
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selves. Besides, I do not think in most cases that re­
search stations are going to be doing systems research 
anyway. Research stations are going to be doing compon­
ent work--whbt we have called in our ~eport component or 
sub-component research. So you are essentially beginning 
to break down factors for the purpose of disaggregating 
them. Then you pullout those factors you can handle so 
that you can look at them more closely. 

One other comment on our report and I will close. 
Some people have not fully understood what we were driv­
ing at in the report. One of the things we tried to do, 
and I think it bears mentioning, was to write a concep­
tual framework for farming systems research and the 
terminology that goes with it that could serve farming 
systems generally. We did not restrict ourselves to 
cropping systems. We tried to make it broad enough so 
that it could be used for animal systems, too, so that 
it would not have to be redone sometime. We tried to 
make the terminology as broad as possible. You can dis­
agree with it, rewrite it any way you want to, but we put. 
down in our report what we believe farming systems re­
search is in a way that would have broad, general use. 

Conclusion 

I throw out, in closing, one challenge to the agri­
cultural economists. During the winter season in Egypt 
about one-third of tile land area at all times is planted 
to berseem clover. In order for Egypt to meet its re­
quirements for cotton, another third of the land needs to 
be planted in cotton. Now what is happening? Because 
berseem brings more money than cotton, the berseem is 
grown longer in the spring--often stretching into summer-­
which is forbidden by law. It is actually against the 
law to grow berseem in summer because the cotton leaf­
worm builds up on berseem. Also, because fodder brings 
more money than cotton, the period of berseem is extended 
past the planting date of cotton. More farmers than not 
grow cotton. Some plant a crop of napier grass to take 
care of the rest of the summer, and they grow fodder 
right on through the year. Each year Egypt is falling 
progressively farther behind in its cotton crop because 
the fodder need is greater. My challenge to the econ­
omists: we really need some data on the opportunity 
costs of fodder. What are the real costs in these live­
stock economies, particularly in places like Egypt, 
Pakistan, and parts of India where irrigated lands are 
used for growing fodder thereby foregoing a cash crop? 
The impact must be terrific, and there needs to be a look 
at this as to both positive and negative aspects. It is 
not well understood, and it seems to me it should be. 
This is a farming systems problem. 
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