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FOREWORD

FARMERS in Asia generally have two alternatives for increasing food pro-
duction. They can either increase crop yields or increase the number of
crops grown each year. Cropping systems research is concerned with each
of these alternatives, but places special emphasis on efforts to increase
cropping intensities.

The development of high vielding, pest-resistant rice varieties with a
short growth dination and the improvement of direct seeding techniques
for rice have created a marked potential for increasing cropping intensities
in rainfed areas. Both advances make possible the growing of two crops in
some rainfed areas where only one crop used to be grown. In some areas
with supplemental irrigation, a third crop mayv be feasible.

Abkout half the world’s rice is grown in arcas of unirrigated rainfed
conditions. The potential for increased food production through increased
cropping intensitv in such arcas is large.

A network of scientists {rom cooperating countries have developed an
international approach to cropping svstems research, This research is
designed to help tarmers more effectively utilize their biophysical and
socioeconomic resources to intensify cropping and to produce more food.

IRRT organized the symposium on cropping systems research and devel-
opment for the Asian nce farmer o provide key scientists and specialists
<u opportunity to exchange ideas, research results, and concepts on rice-
t 3sed cropping systems. The scientists met to review, discuss, and develop
stiategies for planping and implementing cropping systems rescarch pro-
grams to help the small rice farmers of Asia increase their farm income and
to improve the quality of farm life.

Twenty-five technical papers were presented during the five sessions
of the symposium held at IRRI headquarters in the Philippines. The papers
covered the general subjects of environmental description and design of
cropping patterns, testing of cropping patterns. component technology
(weed and insect pest management and varietal requirements), and cropping
systems zpproach to food production.

These published proceedings include the papers presented and the dis-
cussions at the symposium. They document the concern for and attention
to orienting rice-based cropping systems toward the rice farmer in Asia,

NYLE C. BRADY
Director General, IRRI, Philippines




WELCOME ADDRESS

N.C. Brady

Distinguished guests, symposium participants and observers, and ladies
and gentlemen:

It is my pleasure to welcome you to the International Rice Research
Institute (IRR1) and to officially open this symposium on Cropping Systems
Research and Development for the Asian Rice Farmer. On behalf of my
collcagues on the IRRI staff I extend to you an official welcome and a
word of sincere appreciation for your joining us today. We appreciate
your time and efforts to prepare and present papers and to participate in
discussions during this conference.

This . s significant occasion for IRRL It is the first major symposium on
rice-based cropping systems to be sponsored by the Institute. Also, it is the
first function to be held in this auditorium of the Institute’s new Laboratory
and Training-Conference Center. This building is the first major addition to
IRRI's facilities since the original buildings were dedicated in 1962.

It is appropriate that these two events be associated, since the decision
in 1973 tor IRRI to expand its activities to include a significant program
on rice-based cropping systems coincided with a decision to seck funds for
additional research and training facilities. This symposium today, along
with the facility in which it is being held, is indeed a dream come true.

The International Rice Rescarch Institute from its beginning has con-
centrated its rescarch efforts on the development of improved rice varicties
and associated technologies. Along with cooperators in national research
programs, IRRI scientists have helped to develop the rice varieties and
associated technologies which would yield at least twofold more than
the traditional varieties and practices. The term “‘green revolution” was
coined to describe the high vielding potential of the new rices, which
many thought could solve the major food production problems in rice-
cating countries.




History has shown that it was too much to ask of these new varieties.
In spite of their vield potential as demonstrated in the experimenters’
plots, and in spite of associated improved technologies, they have had only
rodest effects on national rice-production levels. Worldwide rice produc-
tion has barely been able to match population increases. Adverse weather
has caused severe rice shortages, increased rice prices, and, in some
countries, starvation, especially among the poor.

That discrepancy between assumed crop potential and actual plant
performance appears to be due to a complex of factors. In some situations,
the social and economic policies have not encouraged the use of the new
rices and associated technology which could make them profitable. Lack of
credit, fertilizers, pesticides, and dependable water supplies, or the high
cost of inputs relative to the price of rice, have discouraged the adoption of
the new rices.

In other situations, the environment does not faster maximum perfor-
mance of the new rices. For millions of hectares, floodwaters annually
reach levels which are too deep for short-statured rice of the IR8 type.
Few of the new varielies are adapted to upland conditions where about
109, of the world’s rice is grown. Most of the high vielding rices are not
suited to conditions of low temperatures common in areas of high elevation,
or to saline conditions which characterize coastal saltwater areas and
inland regions of saline and alkali soils.

A third factor which may limit food production levels in rice-growing
countries is the cropping systems in which the rice is grown. In the later
1960’s, Dr. Richard Bradfield and scientists in national food production
programs called attention to the potential for total food production in the
tropics. Their work suggested that rice farmers in the tropics were not
utilizing to capacity their available soil, water, and climatic resources.
The total prcduction of rice and other crops on Dr. Bradfield’s plots was
four to ten times greater than that produced by farmers in the vicinity.

IRRI’s research and training programs have been modified during the
past few years to place additiunal emphezis on cach of those three major
factors. In cooperation 1vith scientists {rom other countries, IRRI is
endeavoring to identify .he constraints on the yields and piroduction of
rice—whether the conitraints be biological, physical, economic, or
sorial—and to seck ways to overcome them. A neiwork of cooperating
scientists are addressing those problems.

IRRI’s Genetic Evaluation and Utilization (GEU) program is being
expan:'ed to place in the hands of cooperators in national rescarch organiza-
tions rice genetic resources with resistance or tolerance to the major factors
constraining yields. A greatly expanded rice germ plasm bank, an enlarged
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crossing program, and the International Rice Testing Program are working
to develop rices that will yield well under the numerous adverse conditions
under which rice is grown.

You are here this week for discussions of a third area of expansion in
IRRI’s programs. In cooperation with scientists from national programs,
IRRT has also expanded its research and training concerned with rice-based
cropping systems. Those efforts are designed to help the world’s rice
farmers make more effective use of their available human and natural
resources.

In 1972, the Institute decided to expand its efforts on cropping systems,
ard financial support was obtained in 1973. Seven senior scientists joined
the staff to assist in the effort. Also, the research objectives of departments
concerned only with rice were modified to take into consideration the
obiectives of the rice-based cropping systems program.

Because cropping systems are dictated largely by local environments,
IRRI’s expanded research and training efforts have been strongly oriented
toward field applications. The traditional procedure of doing preliminary
research work in the laboratory, greenhousc, and experimental fields prior
to taking results to the farmers has been changed. Although some work is
done at the IRRI experiment station and in the Institute’s greenhouses and
laboratories, most of IRRI’s rice-based cropping systems research is
conducted on farmers’ fields. The farmer. his family, and his labor supply
become components of the research process. Furthermore, the new
knowledge is expected to be applicable to farm conditions.

Cropping systems research requires an interdisciplinary effort scldom
achieved by scientists working on only one crop. It also requires the careful
selection of field research sites that must be representative of sizable,
important, agroclimatic zones, so that the results can be applied over
rcasonably wide geographical arcas.

Many scientists participating in this symposium today helped to develop
the basic strategy for on international, rice-based. cropping systems
program with which IRRI is associated. They are currently planning and
implementing innovative rice-based cropping systems. They are involved
in research to characterize the soil and climatic environments where rice-
based cropping systems are located, as well as in efforts to educate and
train others in improved ciupping systems.

The cropping systems concepts and techniques which this group of
cooperating scientists has developed are innovative and urnique. This
symposium will provide an opportunity to further develop those concepts
to refine the techniques. Also, through the published proceedings of this
symposium, the participating scientists will share their knowledge and
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discussions with thousands of scientists throughout the world who are
interested in cropping systems generally and in rice-based systems in
particular,

We at IRRI are grateful to you for your attendance and participation.
We appreciate the efforts of the organizing committee headed by Drs.
Zandstra, Carangal and Vega, who arranged the four-day program. We are
especially indebted to the Ministry of Economic Development of the
German Federal Republic for generous financial support of this symposium,
and to the International Development Research Centre (IDRC) of Canada
and to the Government of Japan for their support of the Institute’s overall
cropping systems research and training program.

Lastly, we wish you success in making your presentations and in the
productive discussions that they will stimulate.

6 1976 CROPPING SYSTEMS SYMPOSIUM




WELCOME ADDRESS

W. Treitz

Dr. Brady,
Ladies and gentlemen :

I consider it a great honor and privilege to address the participants and
organizers of this symposium on behalf of the Government of the Federal
Republic of Germany and especially of the Federal Ministry of Economic
Cooperation.

Furthermore, 1 have been asked by the Ambassador of the Federal
Republic of Germany, Mr. Wolfgang Eger, to say that to his regret he is
not able to attend this symposium. He conveys his best wishes for a
successful execution of it.

Ladies and gentlemen, it is not by chance that the German Government
is sponsoring this symposium. In a world where more than 400 million
people ave suffering from malnutrition and undernourishment and where
population is growing at a very fast rate, the rapid increase of agricultural
production is one of the main problems humanity is facing today. It is for
this reason that my government is giving the agricultural sector highest
priority in its assistance program. This includes a great number of bilateral
technical assistance projects, and financial aid for agricultural investments
and for the supply of production means such as fertilizers, seed and plant
protection material. This assistance program is supplemented by substantial
contributions to a large number of international organizations such as the
European Community, UNDP, World Bank, FAO. The German Government
pays special attention that an appropriate share of the development
program of these institutions will be conveyed to the agricultural sector.

We all do know that the basis fer agricultural development is research.
Contrary to tha* in industrialized countries, agricultural research for the




tropical, subtropical and semiarid areas is still ai a beginning, especially
if the focus is on food crops. Only during the last years through the Con-
sultative Group on International Agricultural Research (CGIAR} has a
systematic approach to that problem been found. This group, consisting of
a number of donor countrics, development agencies and private founda-
tions, finances a number of international research centers, of which IRRI is
one. Through these international research centers, the most important food
crops are studied and developed. The results of this work, especially from
the so-called older centers like IRRI and CIMMYT, are well known to us.

My government, being a member of the CGIAR from its very beginning,
has increased its financial contributions during the last years at a very fast
rate, namely, from 2.8 million USS in 1974 to 4.0 million USS in 1975 and
4.8 million USS in 1976. For 1977, an amount of 5.6 million USS$ will be
available. Most of these funds are direct budget contributions to research
centers maintained by the CGIAR, including CIMMYT, CIAT, CIP,
ICRISAT, IITA, ILCA, ILRAD, IRRI, and ICARDA.,

However, it is the intention of the German Government to assist CGIAR
not only by financial means but also through scientific cooperation I do
hope that through this symposium, research links can be established
between German research ins:iiutes on one hand and IRRI as well as other
research centers in tropical countries on the other hand.

1 wish that the organizers of and all participants in this symposium n.ay
establish fruitful scientific links, and that the results of this symposium
wiil lead directly or indirectly to an improvement of the living conditions
of a great number of underprivileged people in this world.

Thank you.
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CROPPING SYSTEMS
RESEARCH FOR THE
ASIAN RICE FARMER

H.G. Zandstra

Cropping systems research is not a widely understood concept. It is
generally recognized to cover a broad subject matter area, making an
interdisciplinary approach necessary. But there is less agreement about
the charactzristics that set jt apart from agronomic research and from
resource management. The ditference between cropping systems research
and farming systeras research aiso merits clarification. Before we consider
the research process involved, further definition of the cropping systems
research concept appears in order.

In general, cropping systems research seeks to increase the benefits
derived by cvop production from available physical resources (such as
rainfall, solar radiation, available irrigation, or certain soil typesj that are
not readily changed. It differs from resource management, which concerns
itself with the increase in quantity and quality of resources available for
production or other processes. It also differs from agronomic rescarch
which seeks to optimize input levels of such variable crop production
factors as fertilizers and insecticides. Whereas agrenomic research increases
the resource-use efficiency of a given crop, cropping systems research in
its quest for more efficient utilization of physical resources, considers
the cropping pattern! as a variable.

Strictly speaking, therefore, the objective of cropping systems research
is to increase the efficiency of use of a given quality and quantity of
physical resources in crop production. The physical resources considered
important to crop production are land, water, and solar radiation. The

VT spatial and temporal combination of cultsvars inany one plot Gener iy time is imited to one year, and a plot
15 defined as a contiguous area of plant planted 1in o homagencous manner dunng the defined period.

H.G. Zandstra. Head, Cropping Svstems Program, Department of Multiple Cropping. The International
Rice Research Institute (IRRI), Lo Barus, Laguna, Philippines.
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1. Schematic presentation of small family farm.

efficiency of their use is generally measured by the quantity of crop
produced per unit of resource in a unit of time. Crop production may be
expressed in produce weight, protein weight, calories, or monetary units.

Most farms, particularly small ones in developing countries, combine
several production activities. In fact, the farm can best be considered a
combination of production and consumption activities (Fig. 1). Farming
systems research addresses itself to each of the farm's enterprises, and to
the interrclationships among these enterprises and between the farm and
its environment. It employs information about the farm’s various produc-
tion and consumption systems and about the farm environment (physical-
institutionel, social, and economic) to increase the efficiency with which
the farm utilizes its resources. Cropping systemis research, on the other
hand, is confined to the farm’s crop-production enterprises. It takes into
account relationships among the various crop-production activities,
between the crop-production enterprise and other production or consump-
tion activities on the farm, or both, and between other environmental
factors (physical, institutional, social, and economic) and the farm’s crop-
production enterprise. Strictly speaking, cropping systems rescarch isolates
the crop-production cnterprise. It does not address itself to changes in
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resource allocations between the farm’s production and consumption
activities and, therefore, considers existing resource interrelationships
between these activities and the crop-production enterprise as given.

The differences among the roles of cropping svstems research, agronomy,
farming systems research, and resource management are, undoubtedly and
fortunately, not strictly observed by scientists. An agronomist may pursue
his research to the point of suggesting changes in seeding dates or planting
arrangements that chapge a cropping pattern. The cropping systems
researcher will cften strive for redistribution of resources within the farm
or, having identified production potentials, may actively pursue improve-
ments in the physical resource base of the farm through irrigation; by so
doing, he moves into farming systems «r resource management. More
frequently, cropping systems research suggests crop varieties and specific
management practices, in order to evaluate their relative performance in
different environiments. At that point, advantageous modifications in the
component technology (Harwood, 1975) may turn the process into an
agronomic-research activity.

CROPPING SYSTEMS

The productive base of a cropping svstem is plant growth, which is influ-
enced by environment and management. Environmental conditions are
factors that influence plant growth but are not subject to modification by
management.® Plant growth and crop yield (Y) can then be considered to
be the result of two multidimensic:al vectors, the environment (E) and
management (M), so that

Y= (M E (1)3

For the cropping systems researcher, management includes the type and
arrangement of crops in time and space (the cropping pattern) and their
management. It covers the choice of variety, and the methods of crop
establishment, fertilization, pest management (weeds, insects, diseascs),
and harvest (component technology) for all crops in the pattern. The
environment is composed of such land- and climate-related variables as
available rainfall and irrigation, textural profile of the soil, phreatic level,
soil toxicities, the topographic position of the ficld, use or nonuse of
bunding, day length, solar radiation, and temperature, and of the avail-
ability of such resources as power, labor, and cash (Beck and Bennema,

#Nuote that thisis a default relation” The set of environmental variables considered 1 a result of the researc hers” decision
about the extent to which he controls environment by manapement.
This treatment was inspired by the treatment of <3Elan development {Y) used by Eeller et al. (1973).
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1972; Harwood, 1974). The distribution of many farm resources, such as
land qualities, water, and access to information, credit, and markets, is
not homogeneous among farms within a region, and generally reflects
transactional relations existing in the region.

The cconomic performance of the cropping systems depends, of course,
on additional factors such as the cost of capital and material inputs, and
product prices. In the economic evaluation of cropping systems, those
factors should be incorporated into the vector for the environment—if
the researcher does not plan to change them—or they can be incorporated
into the management vector if the researcher does plan to change them.
The latter casc applies, for example, to studies of institutional constraints
on increased crop production, which consider the desirability of changes
in input costs, product prices, or credit availability. Those variables are,
in effect, moved into the realm of crop production management. Cropping
systems researchers more often than not predict the values of those factors,
and incorporate the values into the environment vector, treating them as
invariants. Resource management, farming systems, cropping systems, and
agronomy also tend to treat factors influencing crop production differently
(Table 1). That leads to a different specitication of the environment vector
Eand the management vector M in each type of research.

To evaluate the relation ¥ = f (M E), the cropping systems researcher
focuses on the interaction between E and M, and seeks to determine how
he should vary his cropping patterns M to optimize returns for different
production environments. From his understanding of the relation Y =f
(M, E), he sceks to predict the best management vector M from information
about the environment factor E. The cstimation of Y = £ (M, E) is the
primary activity of cropping systems rescarch and will be discussed in an

Tabte 1. Ditferences in the way various research activities treat factors influencing
crop producuon

Economic resources

Physical resources (power, cash, labor)

Research activity i e e
To thm thm crop To Within Within ¢rop Crop Manage-

farm  farm  production farm farm producuon ment
Resource management | e AN - = = =
Farming systems : s 5 A A A = A
Crapping systems - - = A N A
Institutional constraints - - A A = =
Agronomy : - = = A

A (remed as vanable B ueated as invaoant.
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introductory fashion in this paper, and in detail in the papers presented
in following sessions of this symposium.

Because Y = (M, E) refers tn a wide variety of crop production environ-
ments, the cropping systems researcher must eventually come up with a
statement about the effect of different management practices on cropping
systems performance for a given environment. His recommendaiion must
specify the management vector and the environment for which he
recommends it. To do so he evaluates:

Y = (M E) {2)

That function describes the relation of the management vector M to the
crop production vector Y for a specific environment E;. Operationally, the
transfer from equation 1 to equation 2 changes the environmental vector
from a vector of variables to one of fixed constraints. Interaction terms in
E and M of equation 1 become, therefore, terms in M only, for equation 2.

By evaluating equation 2 for selected performance criteria (¥ may
represent vearly returns per hectare to land and family labor, or yearly
protein vield per millimeter of rain). the researcher can identify management
vectors that result in high performance and recommend them for the
cropping systems. Similarly, by measuring the farmers’ M and E, the
researcher can specify the existing cropping systems as a crop production
process that is used to derive benefits in a given environment. The produc-
tion process is described in terms of cropping patterns and their manage-
ment M, and the environment is described in terms of physical and
economic rescurces and conditions. Or these bases, a cropping system
can be delined as the cropping patterns and their management used to
derive venefits from a given resource base under specific environmental
conditions.? The term cropping system can be applied to the farm (Fig. 1)
or 1o a region.

THE CROPPING SYSTEMS RESEARCH PROCESS

Site selection. To increase benefits derived from the physical resources
available to the cropping system, the researcher identifies and tests alter-
native cropping patterns and management practices. Considerable emphasis
is given to crop intensification as a mcans of utilizing slack resources
encountered in existing cropping systems.

In his choice of the management vector (cropping system), the researcher
must address himself to a specific environment, because cropping systems

1A single cropping pattern and its management can be looked upon as & subsystem, but the interrefations with other
subsystems within the cropping system must also be taken into account.

CROPPING SYSTEMS RESEARCH FOR ASIAN FARMERS 15
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2. Components of IRRI’s Cropping Systems Program.

are site specific. In terms of equation 1, the vector M which results in an
optimal Y depends on the value of E. The first step in the general cropping
systems rescarch process (Fig. 2) as specified by the Cropping Systems
Working Group (1975) is, therefore, the selection of sites that have potential
for increased cropping intensity. Dr. V.R. Carangal, the next speaker in
this symposium, will describe in detail the criteria used for site selection.

One of these criteria is the estimated potential for crop int-ansification.
The estimate is based on knowledge about the relation between the environ-
ment and the crop intensification potential of several agroclimatic regions.
Undoubtedly, the extent to which the potential for crop intensification
can be estimated depends on how well the relation Y = f (M, E) is under-
stood and how well the environment has been defined. In effect, the
estimate involves the same process as that described for cropping systems
design, but it uses limited information about the environment.

For a reliable estimate of the crop intensification potential of different
agroclimatic regions, results of cropping systems research at IRRI and
elsewhere are applied to environmental classifications (climate and land).
Examples are the recently published agroclimatic maps of Java (Oldeman,

16 1976 CROPPING SYSTEMS SYMPOSIUM
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1975), Bangladesh (Manalo, 1976), and the Philippines. Continuous inter-
pretation of cropping systems research results obtained from different,
well-described (see next section of this paper) environments will provide
the source material for a more precise classification of cropping systems
potentals.

Site description. The first activity of the cropping systems researcher
is todescribe the existing cropping systemsinaselected arca. The researcher
needs to identify the different production complexes of the region and to
relate them to physical and economic differences in the enviroment. An
example of environment classification based on production complexes is
that used in Lampung, Indonesia, wherc irrigation regimes and settlement
periods were used to stratify the environment. Another example based
on environmental complexes (the production complex was dominantly
rice-fallow) is that used in the IRRI-BPI (Burcau of Plant Industry, Philip-
pines) site at loilo. Theie, soil texture and topographic position were used
to classify the environment. The use of environmental stratification in the
testing of cropping patterns will be discussed by Dr. K.A. Gomez during
this symposium.

The cropping svstems in the different production complexes represent
the vectors M selected by farmers to fit the different environments E;.
Unless the relationships between the actual cropping systems and the
environment are thoroughly understood, it will be difficult to judge the
impact of alternative cropping patterns. There has been considerable
debate about how accurate a farmer is in trying to choose the optimum M
for his environment E;. Assuming optimum M, researchers have no alterna-
tive but 10 change E; (structural intervention) or to resort to management
techniques (additional components of M) that have not been evaluated by
farmers, thus removing the information-processing constraint. Identifica-
tion of the structural and informational {component 1echnology) constraints
can be of great help in the design of improved cropping systems.

The estimate of the crop-intensification potential of a region also depends
on the extent to which the environment vector E; can be specified. Once E;
is specified, the most appropriate cropping systems can be identified using
the relation Y = f (M, F). If an adequate description of the environment
and the current cropping systems of a region is available, cropping systems
rescarchers can limit to a consirable degree the number of cropping patterns
to be ficld tested.

To improve on this design capability so that more confident predictions
can be made, not only of the cropping patterns best suited to a specific
environmental complex, but also of the performance of those and other
paiterns in that complex, cropping systems rescarchers must become more

CROPPING SYSTEMS RESEARCH FOR ASIAN FARMERS 17



adept at measuring the environmental vectors. A4 recent workshop on
Environmental Factors in Cropping Systems has provided a framework
within which to relate these factors to crepping systems potential (Zandstra,
1976b):

1. Environmental factors include physical resources (climate- and land-
related), economic resources (availability of land, labor, cash, power,
cquipment, and materials) and socioeconomic conditions, product prices,
input costs, marketing costs, and customs reflecting preference for certain
foods or management practices.

2. The cropping systems researcher specifies the factors he wants to
opcerate on, and those he wants 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.

3. 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
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 E. Those factors remaining in E are cropping-pattern determinants
and should be used for environmental classification.

4. A union of sites that have similar cropping pattern determinants is
defined as an environmental complex; a nnion of sites in which the relative
performance of cropping patterns is substantially the same is defined as a
production complex (Zandstra, 1976a). A production complex is measured
by cropping pattern performance and is, as such, an ecological unit. It may
contain more than one environmental complex because there are various
ways in which cropping pattern determinants can interact to produce a
particular cropping pattern performance. Rubel (1935) referred to this as
the replaceability of factors. If the performance of cropping patterns is
substantially different for any subset of sites within an environmental
complex, one or more important determinants must have been ovai.ooked
in the description and specification of that complex.

Substantial progress has been made in the identification of physical
cropping pattern determinants (FAQ, 1971; IRRI, 1974), but their measure-
ment and the measurement of associated pattern performance have been
sadly lacking.® In addition, the analysis and interpretation of rescarch
results has more often than not been related to the site and not to the
environmental characteristics of the site.

Shuring the Feurth Cropping Systems Working Group Mecting (IRKL 20 and 27 Scpt. 1976) more concrete methods
ot site desosiphion, coverimg physival-biological as well as socioecanomie aspects, were discussed.
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3. Schematic presentation of the design of alternative cropping systems for a selected environment.

Cropping systems design. In terms of equation 1, cropping systems
design is the specification of the management vector M. The Asian Cropping
Systems Working Group (1976) defined it as a syrthetic activity which
employs the physical aad socioeconomic site characteristics obtained at
the descriptive stage, tugether with knowledge of the effect of those
characteristics on the performance of cropping patterns, to identify inten-
sified patterns that are well adapted to the site.

The design activity (Fig. 3)is focused on a certain environmental complex.
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; knowledge
of optimal spatial relations between intercrops; crop interactions; effects
of crop combinations and cropping sequences on weeds, insects, and
diseases; water management methods; and pest control methods (by hand,
pesticides, crop resistance, or escape). The technology also includes
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accumulated knowledge about the performance of cultivars and about
the management practices listed above, under the conditions spe :ified in
the environmental vector. Among those conditions are drought, saturated
soil, high precipitation and humidity during the crop-establishment and
harvest periods, temperature and day-length variations, extreme soil
conditions, and predictable flooding.

Cropping systems program specialists have gained considerable experi-
ence in the management of various crop intensification techniques such
as intercropping, relay cropping, sequential cropping and ratoon cropping
(Herrera and Harwood, 1973; Baker and Norman, 1975). Intercrops and
relay crops have been found to use available light more cfficiently. By
choosing cultivars, planting times, and spatial arrangements, crops can be
ordered with heights and densities that extend the time of full leaf spread,
with maximum leaf area occurring for each component crop while high
solar energy is available to its canopy (Herrera and Harwood, 1973;
Sooksathan and Harwood, 1976). Nutricnt uptake and utilization have
proved more efficient in corn-rice and corn-soybean intercrops than in
those crops as monocultures (Suryatna and Harwood, 1976). In addition,
intercropping provides a mechanism to reduce the effects of insects and
discases (such as corn borer and downy mildew) on production (Suryatna
and Harwood, 1976). Canopy manipulation can also be used to reduce weed
populations (Litsinger and Moody, 1976). Intercropping can mitigate losses
from damage to one crop through compensatory vield of other crops in
the canopy. (For simulated canopy loss, see Liboon and Harwood, 1976;
for reduction of drought risks see description of the corn/sorghum intercrop
used in El Salvador by Cutie, 1975.) The cffects combine so that most well-
designed intercrops have overall production that is 30 to 609 higher than
that of sole crops (Herrera and Harwood. 1973; Syarifuddin et al., 1974).
Yearly labor requirements of intercropped patterns are higher than those
of monoculture, but the labor demand is better distributed throughout
the year (Norman, 1970).

Intensification of cropping systems for rainled or irrigated paddy rice
primarily involves the addition of crops to the sequence. Where monthly
rainfall is high (> 200 mm) for 4 to 5 months, the rice crop can generally
be followed by an upland crop or intercrop. When 6 to 8 months of high
rainfall are expected, a double-cropping pattern with paddy rice can be
established. That pattern often requires the use of early maturing varieties
and dry seeding of the first crop. In addition to a double rice crop, drought-
tolerant upland crops can follow rice to utilize available soil moisture and
low rainfall during the tail end of the rainy season (Harwood and Price,
1976; Herrera et al., 1976). The dis ussion above does not take into account

20 1976 CROPPING SYSTEMS SYMPOSIUM




important effects of soil texture and topographic position, which sub-
stantially modify the cropping pattern potential in paddy rice systems.
The topographic position of a paddy determines whether farmers can
accumulate water from other paddies for a rice crop; whether they can
drain the paddy when needed, for good establishment of a direct-seeded
crop (wet or drv); or whether they can shift to upland crops while rainfall
has not completely subsided. Light-textured soils have shown much less
potential for double-rice cropping patterns, but they allow great flexibility
for the establishimicit of upland crops after rice (Palada, et al, 1976; IRRIL,
1976). The quality of cropping svstems design will improve as more infor-
mation becomes available on the performance of crops and management
techniques in different environments.

The process of cropping svstems design (Fig. 3) by necessity employs
certain criteria. Those criteria have been poorly defined, and the question
of whether or not the design phase should include estimates of cropping-
pattern performance has arisen (Asian Cropping Systems Working Group,
1976). It is at times felt that the available resources and a pattern’s resource
requirements should provide adequate design criteria. Simply stated, the
resources required by the patiern should be available. Such treatment
ignores the fact that cropping pattern performance is a continuous function
of available resources, and that an all-or-nothing argument rarely applies
when fitting a pattern to a specific environment. Another difficulty arisesin
determining the resources available to the cropping pattern. The resources
are most easily determined by substitution; slack resources of the farming
svstem are added to the resources used by the cropping pattern that is to
be changed. A more rigorous treatment (as a resource allocatiors problem)
requires linear programming or similar routines for optimizing the total
cropping system® or farming system. That demands knowledge of the
performance of all the component activities of the system as a function of
rescurce allocation, which goes far bevond an approximate estimate of
cropping pattern performance.

The usefulness of expected pattern-performance as a design criterion
depends, of course, on the accuracy with which performance can be
estimated prior to testing in farmers’ fields. The estimate is generally
obtained by extrapolating the measured performance of patterns or
component crops from similar environments. The expected performance
can then be compared with that of the cropping pattern it is intended to
replace, or with more general performance criteria based on studies of
farmers’ decision-making (Zandstra et al., 1975).

*In which case the substitution principle is applied to the cropping system. considering resource allocation to other
production or consumption activities on the farm, or both, as fixed.
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Table 2. Grain yvields per millimeter of rain at Batangas and Los Banos for six
upland rice-based cropping patterns. Rainfall varied from 1826 to 2262 mm/crop
year.

Batangas
Los Banos
Cropping panern 1974° 1975°

Rice-corn 1. 3 (17) 1
Rice—-sorghum-sorghum (ratoon) 21 (11) . 1
Rice-mung beans 0.8 (15) . 1
Rice-soybean 1.0( 3) 1
Rice-peanut 1.0( 3) 1
Rice 0.6 (10) 1

1Lcw management and critical drought dunng rice crop. "High management. ‘Numbers in
parentheses represent number of patterns tested.

There is a great nced to incorporate present knowledge of farmers’
decision-making into manageable design criteria. These criteria should
probably include returns to cash, labor, and land compared to their cost in
the region; cash requirement compared to its availability; the required
level of indebtedness compared to actual cash income of the farm; and
risk as a function of yield variations (preferably the subjective estimates
of farmers) and levels of cash input. Another criterion to consider is the
return to the factor most critically limiting to crop intensification: available
water. The efficiency of the use of rainfall by cropping patterns, tested
in farmers’ ficlds under upland and rainfed bunded situations, varied
widely; but that of the most efficient patterns reached 3 or 4 kg/mm rain
(Tables 2, 3). They are similar to those obtained by Rastogi (1974) and by
Krantz and Kampen (1974); the indexes may provide a point of comparison

Table 3. Grain yields and net returns per millimeter of rain of 11 cropping patterns
in a rainfed, bunded rice-growing area, Hoilo 1975’
Tota! yield Returns®
Croppmq pattmn Tested (kg grain/mm) {USS/mm)

Rlce

Rice- corn

Rice --sorghum
Rice~-com; peamns
Rice -com/mung beans
Rice. mung beans
Rice - cowpeads
Rice - soybeans
Rice - soybeans
Rice -rice

Rice -rice pulse

—_

012
0.15
0.16
0.50
0.09
012
0.10
0.07
0.34
032
0.29

OO ONIIW®O
oNiL UMWY

PRORNNWW

- W
) ~—
PPl
o -

Rmnmll dunnq crop season ranged from 1 882 t0 2,114 mm among locations. PReturns over
variable costs, including family and exchange labor, but excluding cost of land.
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for the efficiency of cropping systems with different rainfall regimes.
Equally important design criteria relate to biological stability. They include
maintenance of soil fertility and the prevention of erosion, of buildup of
pests, and of reduction in subsoil water availability.

A final question is raiscd about the relation between design criteria and
criteria used to evaluate the performance of cropping patterns in ficld
tests. If ex-ante performance estimates are to be used for cropping pattern
de:ign, should design criteria be different from the criteria applied to the
ex-post analyses of cropping patterns tested in the field? The issues raised
require further definition to arrive at a clearer framework for the cropping
systems research process discussed in this paper.

Cropping systems testing. While cropping patterns and their manage-
ment are being tested in farmers’ ficlds, the assumptions made in the
cropping systems research process. particularly those at the design stage,
are to be verified. The assuinptions are:

1. The proposed svstem is biologically suited to an important physical
environmental complex of the site. Yields of crops in the pattern should
therefore be adequate, and biological instability should not occur.

2. The system's requirement for economic resources, such as cash,
labor, and power can be met.

3. The management of the specified pattern is optimal.

4. The system satisfies cconomic performance criteria such as net
returns to farm resources’ ard returns to cash inputs.

The testing process (Fig. 4) requires more time and research personnel
than the other activities described in the cropping systems research process
(Fig. 2). The monitoring of patterns and the data collection system must
be both manageable and sufficiently rigorous to allow reliable estimates of
the cropping pattern’s performance, its resource requirements, and the
farmers’ reactions to it. Identified management bottlenecks should be
attacked preferably at the research station, but may at times require on-site
studies.

A major activity of cropping pattern testing is the fine tuning of the
component technology. It is rare that the management identified at the
designstage is adequate. For this reason, on-site research compares different
varieties, planting methods, fertilizer regimes, and insect- and weed-
management methods. A pattern’s agronomic performance, its input
requirements and its optimal component technology allow an economic
evaluation of its suitability according to the performance criteria estab-
lished for that purpose.
7t feel that, because of tarmers” contral osver on-tarm resources (land, farmer's time. family laber incuding exchange

labor, water. hght. and farm implementsy, the net retuens to these resources provide o useful estimate of the overall
benefit denved from o cropping svstem by the farm enterprise
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4. Testing of cropping patterns.
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Attractive alternative
patterns

The specific details of cropping systems testing are treated in the third
session of this symposium, and 1 will confine myself to a short discussion
of one aspect of the testing methodology : the nature of on-farm cropping
pattern testing. By on-farm testing I mean testing on farmers’ fields of
patterns that are managed by farmers (Harwood, 1975).

It can be argrned that there are efficient research methods for testing
the first and third assumptions listed above, at research stations or under
research management in farmers’ fields. After an initial investment in
measurement and surveys, the ¢, me and labor requirements of most opera-



tions can be estimated with sufficient accuracy to allow testing of the
seco.d and fourth assumptions. Why, then, insist on farmers’ management
and large plots (700-1000 sq m) for cropping pattern testing ? The reasons,
gathered from IRRI's cropping systems program, arc the following:

1. Many management problems do not manifest themselves in small
plots, because the researcher who has complete control over timing of
operations often makes subtle madifications in pattern management to
avoid problems. The site of research-managed trials is rarely selected at
random within a defined environmental complex, and is often determined
with the experiment in mind.

2. Resource conflicts between the proposed cropping system and
existing systems are difficult to measure in research-managed trials,
because labor and power inputs are supplied by the researcher.

3. Farmers’ modifications of cropping patterns and their management,
particularly the timing of operations, are telltale indications of resource
conflicts. Farmers’ observations, although not easily interpreted, provide
variable insights into the potential and the limitations of cropping systems
tested under their management.

4. By using superimposed treatments that do not interfere with the
farmers’ operations. the component technology specified for a pattern can
be more realistically evaluated under farmers’ management in research-
managed trials.

Those reasons all peint to a need to expose the researcher to the farmers’
reality and to arrive at an interactive method for identifying new cropping
systems. Undoubtedly that requires a careful structuring of the test situa-
tion to which the farmer is exposed. Fariners’ observations must be inter-
preted with caution, and the interpretations must be fed back to the
farmers for verification.

I consider that the structuring of the relationship betiween cropping
systems rescarchers and the farmer merits study by the Cropping Systems
Working Greup. An additional subject for further discussion and rescarch
is the performance criteria for cropping patterns. As stated before, this
issue affects both the design and testing of cropping patterns.

Appiied rescarch and preproduction testing. Applied rescarch
zvaluates alternative cropping patterns at many sites that are representative
of the environmental complexes for which the patierns were designed.
The specification of the environmental complex is important. Applied-
research testing not only must provide extension or production agencics
with alternative cropping systems with clearly specified management; it
must also clearly delincate the situations to which those cropping systems
are adapted. The domains of adaptation of recommended cropping systems
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must therefore be specified in terms that can be used to differentiate the
action of production programs for differcent environments. That requires
that the domain be mapped or associated with existing geographical
boundaries, or be described in site-differentiating terms, such as soil
texture or drainage characteristicy, that can be handled by extension agents
on the basis of simple observation,

A combination of methods for stratifying recommendations for alter-
native cropping systems is usually required in order tofit the recommenda-
tion to the varying environments encountered. The fine adjustment of
a recommendation to the environment is directly reflected in the increased
benefits derived from the recommendation and the reduced risks associated
with itsadoption (Table 4). In cropping systems research, the recommenda-
tions are prone to vary even more widely than those {cr P-fertilization
illustrated in Table 4, and the increased bunefits and reduced risks obtained
from an appropriate stratification of cropping systems recommendations
will undoubtedly be more substantial.

It is not easy to achieve location specificity for recommended cropping
systems, becavseapplied rescarch is situated at a crossroadss of institutional
activity. Apoplied research draws on rescarch institutions as the source
(or sanction) of new technology ; it transmitsits own results to organizations
responsible for the formulation of production programs. Because of this
institutional complexity, I contend, a thorough regionalization of research

and extension is the most efficient way to achieve location specificity for
cropping systems recommendations. Development research, applied
research, and extension activities should be formulated area by area. Each
arca must be described in terms of environment, resources, socioeconomic

Table 4. Estimated phosphorus requirements and net gains and risks associated
with four P-recommendation strategies based on geographical divisions of Eastern
Cundinamarca (Colombia)’

P.O. (kg/ha)

Strategy N - Expected Risk®
Recaommended Required” gain (USS/ha)  (USs/ha)

Five townships
combined 20 20 8.30 7.90

Two groups of
townships 0.41 15 6.20

Three groups of

townships 0,19,41 18 15.30 7.20
Separate town- 0,14,18,

ships 2041 20 15.70 5.90

*From Zandstra, 1974. PAssuming all corn farmers applied recommended rate. “Expected loss
of those who applied the recommended rate.
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condition, and existing cropping patterns. Research and extension can then
be addressed to a specific region along the lines very much like those
described for the cropping systems vesearch process (Fiy,. 2). Once classificd
as to environment, a site can utilize results from studies of similar environ-
ments. It can also be useful to biological rescarchers developing new
component technology, and to researchers working with such agricultural
development processes as the adoption of new technology, constraints to
increased production, and institutional analysis.

Preproduction testing follews applied research. It focuses on training
of extension personnel and on discovering the availability of credit, seed,
and agricultural chemicals. In general, it identifies and prepares the
institutions and personnel required for implementation of recommended
practices on a wide scale. Preproduction testing also evaluates the per-
formance of a recommended practice on a large scale.

One difficulty with production programs that seek to change farmery’
cropping systems lies in the great variety of crops involved. Each crop
has its own specific management package, its own credit and input require-
ments, and its own critical location ina cropping sequence 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. The final session of this symposium treats the
organizational and institutional aspects of that important methodology of
agricultural development.

CONCLUSION

Cropping systems research can substantially increase food production and
income for Asian rice farmers. The cropping systems research process
developed by the Asian Cropping Systems Working Group provides a
useful framework for an attack on the complex interactions between
cropping systems performance and environment. In that framework,
research deals progressively (or at times simultancously) with site selection,
site description, cropping systems design, component technology genera-
tion, cropping systems testing, and preproduction testing, leading finally
to the formulation of production programs.

A number of major rescarch arcas, however, continue to call for
strengthening. Today we need:

1. An adequate description of the environment in terms of the deter-
minants of cropping system performance.

2. A methodology to analyze and interpret the biological performance
of cropping patterns as a function of the physical environment.
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3. The development of cropping systems performance criteria.

4. Continuing evaluation of component technology under different
environmental conditions, with particular emphasis on creating a wide
array of varietal alternatives, crop establishment methods, and insect-
and weed-management techniques.

5. A clear understanding of each test situation ty both researchers and
farmers, to allow an efficient combination of the farmers’ experiences and
the researchers’ expertise.

6. A critical evaluation of the institutions that are needed to assure the
success of production programs based on cropping systems research.
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DISCUSSION

HoQuE: Because of the site dependency of cropping pattern adaptation, IRRI’s cropping
systems program has been very active in the development of cropping systems research
sites in the Philippines and throughout the network. Do you think that IRRI still needs to
continue to refine basic concepts, principles, and methodologies for the advancement of the
science of cropping systems, and that it nceds to place its emphasis on the development of
component technology ? This appears to be an important and suitable role for IRRI’s program
because of its high capability, resources, and excellent facilities.

Zandstra: Your question addresses itself to many importart aspects of IRRI's cropping
systems program and its present focus. The major information requirements for a further
increase in the capacity of cropping systems rescarchers to contribute to increased food
production lie probably in a better understanding of the relation between environmental
factors and the performance of cropping patterns. This has led to the present emphasis of
IRRI's program on the establishment of couperative research sites under different environ-
mental conditions. The time has now come to specify measurement and testing methodologies
that will allow the organizations cooperating in the Asian Cropping Svstems Network to
puol their observations. In this way, crop intensification potential can become understood
as a function of the environment. and results Stained can be extrapolated to sites with
similar conditions. in this effort we are indeed continuing to invest a lot of our time and
personnel in the area of component technology research (the identification of management
techniques and their performance in different envivonments). The reason for this is that
the array of component technelogy available to a cropping systems researcher very much
determines how well he will be able to utilize the environmental resources available to him.
Crop intersification successes invariably can be traced back to the recent advent of com-
ponent technology that has enabled this intensification. Important ¢examples of such
components are short-duration varieties, crop-establishment techniques, relay and inter-
cropping techniques, discase-resistant varieties, and crop species previously not common
to a region.

SOMNUK : In your dresentation you emphasize the importance of determining physical or
biological feasibility in cropping systems design. Do vou not consider that economic condi-
tions such as demand and market relations eventually determine the suitability of intensified
cropping systems for a region? It so. why do you consider biological suitability ~f such
importance ?

In addition, the biological pertormance ot a cropping system does not take into account
the cconomic and political objectives of acountry which mav address themselves to regional
disparities in income and land and labor utilization or to income distribution within a region.
Don’t you think that cropping system researchers of ditferent countries should formulate
their work according to the situation that prevails in their country with respect to these
factors?

Zandstra: 1am cevtainly concerned with you that cropping systems researchers should
consider the resource base and politico-cconomic objectives and conditions of their country
in the design of cropping patterns. In my schematic presentation of cropping systems design
(Fig. 3). these aspects ol the site environment are considered to arrive at the economic
feasibility and the economic viability of alternative cropping systems for a region.

In effect, site description in socioeconomic as wellas biological sense, and the subsequent
tormulatian of cropping systems design and testing in terms of the conditions encountered
give local relevance to cropping svstems research,

Understanding biological feasibility (as a tunction of the physical environment) independ-
eat of sacioeconomic considerations offers the potential for extrapolation of this knowledge
tosites with similar physical environmental conditions. These sites may have vastly different
resource bases or economic environments but can still refer to a set of biolegically adapted
cropping systems to select those that suit their sociocconomic conditions, In effect, the
accumulated knowledge about the agronomic pertornunce of cropping systems, as influenced
by the environment, can serve as a resource for cropping systems research in any country
in which these phvsical envivonments accur.
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THE ASIAN CROPPING
SYSTEMS NETWORK

V.R. Carangal

Rice is the most important staple crop in Asia. About 90%, of the worid's
rice is produced in Asia where ! of all farms are less than 1 ha and ] are
less than 2 ha. The crop is produced mostly on small farms. A very small
percentage of the rice land is irrigated. Of the irrigated areas, a still smaller
portion receives year-round water. That portion grows three rice crops a
vear or five rice crops in two years. In some areas, vegetable and upland
crops are planted after one or two crops of rice, but such areas constitute
a very small fraction of the irrigated rice land. The rainfed rice areas
constitute 70%; of Asia’s total. They grow only one rice crop. Some areas
are planted to another crop of rice or upland crops, but those are only a
small fraction of the total.

The main goal of the Asian Cropping Systems Network is to cdevelop
cropping systems technology that will increase cropping intensity in Asian
rice farms and make more efficient use of resources that are available or
can be made available to the farmer. Priority is given to arcas with potential
for increased production during a crop season and for two crops or two
to three crops a year. Those arcas are the rainfed lowland rice and partially
irrigated rice areas (irrigated only during the rainy scason). There the
potential is tremendous, as shown in programs of the International Rice
Research Institute {IRRI) and of various countries. Although major efforts
are concentrated in those areas, irrigated and rainfed upland rice arcas are
also given attention, particularly in countries where priorities are given
for development of the rice lands.

Cropping systems are dependent on their physical and sociocconomic
environments. They are highly environment specific. To develop the
technology for Asia, research has to be done in different environments
in the region. In collaboration with national programs, a network of

V.R. Carafigal. Cropping Systems Network Coordinator, Department of Multiple Cropping, The Inter-
national Rice Research Institute (IRRI), Los Banos, Laguna, Philippines.




experimental sites is being established in major rice-growing areas that
represent major agroclimatic zones. Technology developed in each site
will be extrapolated to other areas with similar ecological conditions.

The objectives of the network are:

1. to provide a mechanism for joint program planning and review by
the national programs of the region and IRRI;

2. to provide a series of data points on the Asian agroclimatic grid for
determining the cropping systems potential in major zones of the region;

3. 1o develop cropping systems technology for the major rice-growing
regions of Asia;

4. to enable IRRI to extend relevant methodology and technology to
national programs; and

5. to provide a mechanism for long-term upgrading of national efforts.

SELECTION OF SITES

Test sites should be carefully selected, with at least one in each major
rice-growing country. When viewed together, the selected sites should
present the spectrum of physical and social environments of rice-growing
areas in Asia. A test site should (1) represent a major agroclimatic zone;
(2) be rainfed or partially irrigated with low cropping intensity but with
potential for increasing intensity; (3) represent priority development areas
of the host country; (4) have competent scientific leadership, not only to
implement the cooperative research but also to plan with research leaders
from other cooperating countries the overall research strategy of the entire
program; (5) have scientists who can carry out cropping systems research;
and (6) have national institutional support.

In addition, the site should have convenicnt physical infrastructure,
communications facilities, utilities research provisions, markets, and
transportation network.

Thirteen sites have already been selected. Six became operational in
1975 (Fig. 1); the rest will begin functioning in 1976. More sites will be
identified in 1976 and 1977.

Operational sites. Indonesia. IRRI operates two outreach sites in
Indonesia in collaboration with the Central Research Institute for Agricul-
ture (CRIA). The base-line survey started in August 1975 and field experi-
ments in October 1975, The two sites are described below.

1. Central Lampung in Bandarjaya and in Gunung Sugih has four wet
months (consecutive months with 200 mm or more rainfall/month) and
two dry months(consecutive mionths with less than 100 mm rainfall/month).
There is gradual transition from dry to wet and from wet to dry. Soil is

32 1976 CROPPING SYSTEMS SYMPOSIUM



1. Cropping systems network of experimental sites (operational and proposed).

red-yellow podzolic, which is relatively low in pH, poor in NPK, and
rather light-texturad. Research concentrates in (a) partially irrigated rice
with 5 to 6 months of irrigation, (b) old-settlement upland rice areas, and
(c) newly settled upland rice areas.

2. Indramayu, West Java, has four wet months and five dry months
with gradual transition from dry to wet and from wet to dry. Soils are
alluvial. The terrain is level, with an clevation of from 20 m above seca
level to 20 m below sea level. Most rice areas are irrigated. However,
water during the dry season is not enough to irrigate rice in many areas.
We are studying cropping systems in three irrigated rice areas: (a) those
with 10 months of irrigation, (b) those with 7 months of irrigation, and
(c) those with 5 months of irrigation.

Philippines. Three sites in the Philippines are run in collaboration with
the Bureau of Plant Industry (BP1). IRRI directly manages the three sites
with personnel contributed by the BPI. Experiments at the Batangas site
started in 1973. IRRI's farmer-participation resecarch approach was devel-
oped in the site. The two other sites became operational in March 1975.
The three sites are:

1. Cale, Tanauan, Batangas. The site grows upland rice. It has five wet
months and five dry months. The rainfall pattern has rapid transition
from dry to wet and gradual transition from wet to dry. Cropping intensity
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is high. Soil is well-drained clay loam. The research in this site is expected
to be terminated carly next year.

2. Otonand Tigbauan, loilo. The test areas are located in seven villages.
The rainfall pattern has five wet months and five dry months, with rapid
transition from dry to wet and gradual transition from wet to dry. Soil
ranges from light, silty loam to heavy clay, with intermediate types.
The areas represent rainfed and partially irrigaled rice areas with potential
for double rice-cropping, or for a single crop of rice followed by an upland
crop.

3. Manaoag, Pangasinan. Test arcas are in wwo barrios. The rainfall pattern
has four wet months and six dry months, with one month of greater than
500 mm rainfall. There is gradual transition from dry to wet and rapid
transition from wet to dry. One test barrio has a nearly level plateau with
a high water table; another has a nearly level plain with a low water table.
Soil varies from loamy sand to sandy loam. The areas represent rainfed
lowland and partiallv irrigated rice arcas with potential for double and
triple cropping.

Bangludesh. In Bangladesh the program is run in collaboration with the
Bangladesh Rice Rescarch Institute (BRRI). The research program has two
phases: the application phase and the developmental phase. In the first,
available technologies are tested in farmers’ fields in the BRRI pilot area
(13,986 ha). The developmental phase involves systematic research at
BRRI research stations on varietal selection, component technologies, and
development of potential cropping patterns for both rainfed and irrigated
rice areas. Although most research projects are done in the BRRI station,
some were recently carried on in farmers’ fields to study the present crop-
ping svstems in rainfed rice areas preparatory to the introduction of new
patterns. Sites are to be operational in 1976-77.

Thailund. Work at four sites in Thailand will be in collaboration with
the Department of Agriculture, Kasetsart University, and the Division of
Agricultural Economics. The base-line survey in two sites was recently
completed. Field experiments began in January 1976 at In Buri, and in
May 1976 at the two other sites. The four sites are described below.

1. In Buri, Singhburi, in the Central Plain, where rice is a major crop,
has only two wet months and six dry months, with a total annual rainfall
of abcut 1,200 mm. Supplementary water can be supplied to scecondary

crops because the area has access to an irrig wh system. Soils are medium

to heavy clay. The site represents a lowland rice area with partial irrigation.

2. Bangpae, Rajburi, represents the Greater Mae Khong development
project arca which covers six provinces. The annual rainfall is about
1,400 mm. There are about three wet and four dry months. The area re-
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presents rainfed and partially irsigated rice areas.

3. Pi Mai, Nakhon Ratchasima, in the northeast region of Thailand, has
bimodal rainfall with two wet and six dry months. There is gradual transi-
tion from dry to wet and rapid transition from wet to dryv. The total annual
rainfall is about 1,200 mm. The soil ranges from light to heavy clay. Low
humic grev soils, gray podzolic, and alluvial soils predominate. Soil
fertility is lovr in most cases. Studies will concentrate on rainfed rice areas,
and will focus on increasing the etficiency of water use through the more
frequent inclusion of upland crops in the cropping pattern, and through
the concentration of water in those parts of the landscape most suitable

for rice cultivation.

4. Ubon Ratchathani is also in the northeast region of Thailand where
rice productivity is low. It is a rainfed lowland rice area with a bimodal
rainfall like P1 Mai's. It has three consecutive wet and six dry mon.s,
with rapid transition from dry to wet and gradual transition from wet to
drv. The soils are similar to those in Pi Mai but differ in proportion and

fertility.

Sri Lanka. Three sites proposed in Sri Lanka are to be operated in col-
laboration with the Department of Agriculture. Two sites have been
selected and the base-line surveyv is alrcady complete, Field experiments
will start in September 1976. The third site in Anaradhapura district has
not vet been identified. The two identified sites are described below.

1. Alanbara, Katupota, has a bimodal rainfall distribution, with two wet
months in April and May and another two wet months in October and
November. There is gradual transition from dry to wet and from wet todry.
Total annual rainfall (1931-1961) has been 2,100 mm. The soils are imper-
fectlv drained to moderately well drained, with moderately deep profiles.
Surface horizons range from dark-brown or brown sands to sandy loam.
The pH is 6 to 6.5. Elevation is about 100 m. Studies will focus on rainfed
lowland rice areas.

2. Walagambahuwa. Thirappana, Anuradhapura, has a bimodal rain-
fall distribution, with three wet months in October, November, and
December and four dry months. There is rapid transition from dry to wet
and from wet to dry. The soils are low humic grey, hard when dry and
sticky when wet. The site is partially irrigated, with a small tank used to
irrigate rice during the wet season. Rice farmers practice shifting cultivation
in addition to rice cultivation.

Other sites under consideration. There are other countries that would
like to join the cropping systems network. The Malaysian Agricultural
Research and Development Institute is interested in establishing six sites
in several irrigation schemes and rainfed rice areas. That institute sent
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seven researchers to IRRI for IRRI's one-month training of site coordinators
and supervisors. Three researcherz are now at IRRI undergoing training
in economic analysis. The sites may be operational in 1977.

The Office of Rural Development in South Korea has indicated interest
in collaborating with the retwork. The office is thinking of cropping
systems research in the north, southwest, and southern parts of South
Korea. The network will thus have sites in temperate rice-growing regions.

Burma is interested in establishing cropping systems research in irrigated,
partially irrigated, and rainfed rice areas, particularly in major irrigation
schemes. Three scientists are being sent for six months’ training at IRRI
in September, 1976. They will Ltart cropping systems research after
completion of their training.

IRRI is also interested in collaborating with India, Nepal and Vietnam.
It is hoped that arrangements can be made in the near future.

CROPPING SYSTEMS WORKING GROUP

Several countries are involved in the Asian Cropping Systems Network.
For a more cffective implementation of collaborative research in the
network, a working group has been created to (a) develop general research
plans, (b) review and evaluate research data from the test sites, (c) discuss
research approaches and methodologies. and (d) help IRRI in developing
its research program. The relationship between IRRI and the working
group is indicated in Figure 2.

The members of the working group are the program leaders from
collaborating countries and IRRI, the network coordinator, and selected
scientists from outside the region. Each of the following countries has one
representative in the working group: Bangladesh, Burma, India, Indone-
sia, Malaysia, Nepal, the Philippines, South Korea, Sri Lanka, and Thailand.
The group meets twice a year. The meeting place rotates among the col-
laborating countries to give the members an opportunity to observe and
learn from each other’s work not only in collaborative research but also
in the national cropping systems research program. Meetings have already
been held at IRRI and in Indonesia and Thailand. The fourth meeting is
scheduled at IRRI before and after this symposium. Discussion in previous
meetings  concentrated on  research methodologies,  varietal testing,
efficient collaboration in the network, and review of the general research
program in each participating country. A conceptual framework for
cropping systems research and development, evolved by the working
group, is being adopted by most national programs (Fig. 3). Future emphasis
will be placed on the discussion of research results, the incorporation of
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2. Relationship of IRRI with the Asian Cropping Systems Working
Group.

these results into a general framework. the standardization of methods and
measurements, and the extrapolation of results to other sites in the network.

COMPOSITION OF THE RESEARCH TEAM

Each site's team should have a professional staff of at least five: a co-
ordinator (preferably an agronomist), two agronomists, an economist, and
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a crop-protection specialist. It also must have field assistants. The number
of research staff members will vary from site to site, depending on the
volume of work. The Philippine test sites have three to four agronomists,
onc of whom is the coordinator; ene crop protection specialist; and one
economist. The Indoncsian site has two or three agronomists and one
economist. The number of field assistants varies from5to 11, Team: members
should live in their project area to ensure the efficient implementation of
the rescarch projects. It may be that the extension worker covering the
selected village is not a regular member of the team; however, he hould
be involved in the base-line survey and selection of farmer-cooperators,
and he should be informed of research developments in the project.
Likewise, extension chiefs up to the provincial level should be involved
in selecting the experimental site and should be informed of the progress
of rescarch. Research findings can thus be easily fed into the ongoing
production programs.

RECOMMENDED RESEARCH SCHEME AT EACH SITE

Base-line survey. To obtain a complete description of a site, a base-line
survey is usually conducted. All available data on weather, topograpny,
irrigation, soil type, and relevant infrastructure should be obtained. The
existing patterns, cultural practices, constraints on production, use of
agricultural inputs, available farm resources, farm types, farmer character-
istics, credit facilities, off-farm income, livestock, markets, and related
characteristics should be surveyed. All such information is necessary for
planning research priorities and for selecting farmer-cooperators.

Design and testing. The design of an improved cropping pattern
considers the physical and socioeconomic description of the target site and
the component technology for the crops available in the country research
program and other programs. The improved cropping patterns are then
tested in farmer's fields, under farmer management, in selected villages
within the target site. The selected farmer-cooperators should have
difterent management skills. They become members of the research team.
They are made to nnderstand that the trials are for research, not for
demonstration.

The research team discusses in detail with all farmer-cooperators the
cropping patterns and other experiments that will be superimposed on
cach pattern. Each farmer will provide one replication of a system and an
areaof about 800 to 1,000 sq m for each pattern. He may grow two patterns.

In most cases, the project provides seeds, fertilizer, and pesticides as
incentives for planting the pattern specified for the initial ‘trials. The
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Table 1. Cropping patterns tested in lloilo rainfed lowland
outreach site, 1976.

corn - rce cowped rnce  mung beans
nece --rce nce nee- Cowpea
corn ~rice- sorghum nce- peanut

rice --rice -mung beans nce sweet potato
nce ~-rnce - cowpea nce sorghum
rce --soybeans nce muskmelon

rice--corn
farmers provide the land, labor, and needed data. In some experiments,
the project will guarantee the price of the produce if markets are not
immediately available for a crop that has production potential and a ready
export market, but the farmers should provide the labor and alt other
inputs.

The cropping patterns being tested in the Philippines and in Indonesia
(Table 1, 2; Fig. 4, 5. 6) include upland crops of corn, sorghuim, soybeans,
peanuts, rice beans, mung beans, muskmelons, and cassava. The network
is concentrating on those food crops, but other countries may work on
others which fit their systems.

The network is studying the following cropping patterns:

Lowland rice area: rice-rice-rice, rice-rice-upland crop, upland crop-rice-
upland crop, rice-rice, rice-upland crop, upland crop-rice

Upland rice area: rice-upland crop, rice-upland crop-upland crop,
rice-upland crop (intercrop), rice-upland crop intercrop-upland crops
(intercrop or monocrop)

Costs and returns of improved cropping patterns should be analvzed to
determine the profitability ot the patterns. The farmer-cooperator keeps a
record of all operations in the experimental area with the help of the field
assistant (village assistant).

Farm records should be kept at the outreach sites to monitor all farm
operations, land utilization, income and expenses, crop inputs, anid labor

Table 2. Cropping patterns tested in Indramayu, indonesia, 1975—76.

Cropping patterns where irrigation water is available

10 mo 7 mo 5 mo or less

rice-rice rnce-rice-cowpeas rce - cowpeas
rice—rice~-soybeans rice-rice-mung beans rice —~rice--cowpeas
nae—rice~rice rice--rice-soyheans rice --rice-soybeans
rice—rice-mung beans rice ~rice--munga beans

rice—rice-cowpeas
rice-rice-cucumber
rice—rice—corn

nce—rice~-tomatoes
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utilization. Usually about 1010 20%; of the economic cooperators involved
in recordkeeping are also agronomic cooperators involved in cropping
pattern testing.

Component technology. Research on component technology is an
integral part of a cropping syvstems research program. Studies of tillage
practices, fertility, crop establishment, weed management, disease and
insect control, adapted varieties, and water management are important.
They are usually conducted in experiment stations under carefully control-
led conditions. However, they may also be conducted at the test sites,
managed by either the farmer or the research workers.

Under farmer management, experiments are superimposed on the
cropping pattern trials or conducted in separate fields. In such a scheme,
the farmer conducts the total farm operation except the application of the
: treatment being studied. When the experiment is superimposed on the

pattern, care is taken that it does not interfere too much with farmer
management. An experiment usually occupies § to | of the cropping
pattern trial’s arca. It may be replicated in each farmer’s field or across
farms. A more complicated experiment with several treatments is usually
placed under the management of the research worker. He can rent the land,

ASITAN CROPPING SYSTEMS NETWORK 41




or he can use it and turn over al' the produce to the farmer after getting
the data he needs.

For varietal cvaluation, the network provides a mechanism with which
to introduce promising varicties developed by national breeding programs
and the University of the Philippines at Los Banos (UPLB). The International
Devclopment and Research Centre is funding UPLB screening of varieties
and lines of food crops {corn, sorghum, soybeans, mung beans, cowpeas,
eggplant, tomatoes, and sweet potatoes). IRRI is screening for -intensive
cropping such other crops as rice, peanuts, and cowpeas. The outstanding
entries are tested at the various network sites. In some countries, evaluation
is also done at the experiment station nearest the site. The testing program
is not a uniform trial. Other elite entries from the national breeding pro-
grams arc included in the trial. Evaluation is carried out whenever the
crops fit the patterns.

TRAINING

One major activity of the IRRI cropping systems program is training of
research and extension workers involved in cropping systems who are
directly involved in collaborative projects in the network and national
research programs. Since trained technical manpower in the network is
limited, we are working with the national program leaders in carefully
selecting the trainees in order to rapidly upgrade scientists in the col-
laborating countries.

IRRI offers several types of training. One provides research experience
to young scientists through degree or nondegree programs. Under arrange-
ments with the UPLB College of Agriculture, degree candidates complete
their course work at the College and conduct their thesis research at IRR'
Twenty scholars are pursuing graduate studies leading to the MS or the
PhD degree this year (Table 3). Two have already finished their PhD work
and are back in their own countries.

A special nondegree training program for site coordinators and super-
visors is conducted to acquaint them with research methodologies used at
the outreach sites, and the operation and organization of the sites. Another
special training program is conducted to upgrade the economic research
staffs of collaborating countries. A onc-month training in economic analysis
of cropping systems has just ended. Twenty-four persons participated in
the site coordinator and supervisor training (Table 4) and eight in training
in economic analysis (Table 5). To support the network, we plan to continue
special training as the need ariscs.

Another type of training is designed to improve the competence of
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Tabte 3. Students (no.) pursuing advanced degree training
in 1976 at IRRI under the direction of cropping systems
senior staff members.

Country ) PhD®

Bangladesh
Burma —
Indonesia 3
Thaiiand 1
Philippines 1
United States -
Total 5

*Four are coming in October, one each from Bangladesh, Burma,
Thailand, and Indones:a. ®Two (one from Thaitand and one from
Indonesia) have finished the PhD. Mr. Tirso Paris from the
Philippnes grepared his PhD dissertation at IRRI but will get
his degree from Michigan State University.

extension and research workers. It allows the participants to learn the
principles of cropping systems, and to acquire skills and practical experi-
ence in production technology and applied research. This type of training,
scheduled once a year, lasts about six months. Since 1974, we have trained
40 extension and research workers; 34 more started training on 20
September 1976 (Table 6).

SHARING OF RESEARCH INFORMATION

The network provides a forum for exchange of ideas and research informa-
tion amony scientists working on cropping systems in the region and in
other parts of the world. It sponsored a workshop in March 1975, a seminar
for research administrators in 1976, and three meetings of the Asian
Cropping Systems working group. Our present symposium on Cropping
Systems Research and Development for the Asian Rice Farmer is running
from 21 to 24 September 1976, and the fourth meeting of the cropping

Table 4. Site coordinators and supervisors (no.) trained
for one month at {RRI, 197€.

Country Jan.—Feb July-Aug.
Malaysia
Indonesta
Thailand
Sri Lanka
Philippines

Total
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Table 5. Trainees (no.) in one-month training program in
economic analysis of cropping systems at IRRI, 16 Aug.-
17 Sept., 1976.

Country Number

Thailand

Malaysia

indonesia
Total

Table 6. Trainees (no.) in the six-month course on cropping
system at IRRI.
Country 1974 1975 1976° Total
Bangladesh —
Burma —
India
Indonesia
Japan
Malaysia
Israe)
Philippines
South Korea
Sri Lanka
Thailand
Total 1
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*To be trained 20 September, 197611 March, 1977.

systems working group on 20, 24, and 25 September 1976. We plan to
ltave more meetings in the future to efficiently pool information from the
different sites and from national research programs.

IRRI is also coordinating the distribution of the cropping systems
research papers to scientists in the region and in other parts of the world.
The program encourages scientists in the network to write up their data.
The papers are submitted to IRRI for reproduction and distribution in the
network.

TIE-UP WITH NATIONAL RESEARCH PROGRAMS

The collaborative project is part of the national research program. In some
countries, it may be the beginning of a cropping systems research program,
while in others it strengthens and intensities the national research programs.
Its role will therefore vary from one country to another. To establish direct
linkage between collaborative research and national programs, the program
leaders are in most cases selected to be members of the Asian Cropping
Systems working group.
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The three outreach sites in the Philippines are considered regional
research stations for rice-based cropping systems research. The work at
the sites is done in collaboration with the Bureau of Plant Industry (BPI),
the research agency of the Department of Agriculture of the Philippines.
To link this with the national system, the IRRI program leader and a
representative from the BPI are included as members of the Multiple
Cropping National Management Committee, a coordinating committee
composed of representatives of different government agencies involved in
multiple cropping work, not only with rice but alse with corn and coconuts.
IRRI staft are involved in the design of cropping patterns for the national
pilot production program which is being implemented in one province and
18 municipalities. That program is being described in this symposium by
Dr. Arturo Gomez. IRRI is also involved in an applied research component
of the national program that is implemented in cooperation with the
Philippine Council for Agriculture and Resources Research, the Bureau of
Agricultural Extension, and agricultural sctools.

The two outreach sites in Indonesia are operated in collaboration with
the Central Research Institute for Agriculture (CRIA), the research agency
for food crops of the Ministry of Agriculture. The coordinator of the
multiple cropping program of CRIA is also the project leader of the col-
laborative work. The project emphasizes the rice-based cropping systems
research prugram. Through the collaborative project, research in cropping
systems is intensified, with emphasis on rainfed and partially irrigated
rice areas. The project includes (a) training of extension workers, not only
at the two research sites but also at the IRRI station, and (b} a mechanism
for establishing applied research in key locations like the two testing sites.

In Bangladesh, IRRI is cooperating with the Bangladesh Rice Research
Institute (BRRI). The Division of Rice Cropping Systems was created by
BRRI in November 1974 to carry out research on rice-based cropping
systems. Collaboration in Thailand is with the Department of Agriculture,
the Division of Agricultural Economics, and Kasetsart University, all main
research agencies of the government. The project is jointly undertaken by
many divisions in the Department of Agriculture and other agencies, with
a coordinator from the Rice Division. In Sri Lanka, cooperation is with the
Department of Agriculture; it marks the beginning of cropping systems
research in that country. The national coordinator is the head of the Maha
Hluppallama Experiment Station, the nationa! center for cropping systems
research. In Malaysia, Burma, and South Korea, arrangements are being
inade with the major research organization of each country.

Obviously, the tie-up with national programs will vary from country to
country. It will depend on the existing research programs, the organiza-
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tional setup of each cooperating agency, and the national production
programs. The Asian Cropping Systems Network will not set up inde-
pendent programs; it works with existing organizations.

DISCUSSION

VILLAREAL: InFig. 3, the arrows seem to show that the national programs do not contribute
any ideas, methodologies, problems, or technologies to the cropping systems program.
Please comment,

Caranigal : National programs have contributed through the working group members.
The members are, in most cases, the program leaders for cropping systems in their respective
countries.

46 1976 CROPPING SYSTEMS SYMPOSIUM



Physiod ‘
- asoecCis of
cropong oafem |
oesoN ;




INTRODUCTION

R.R. Harwoaod

The general methodologies for cropping systems research, as currently
carried out in several Asian countries, were clearly outlined in an earlier
paper by Dr. H.G. Zandstra. The approach is centered upon the concept of
cropping systems design. The design capability entails the assembling of
component technologies within an environmental matrix of physical,
socioeconomic, and biological determinants, to produce a cropping system
that gives the farmer optimum productivity. It extends the methods used
by Dr. R. Bradfield in the late 1960's as he designed systems to maximize
productivity of land and water resources.

Cropping systems poten.ial depends on site environment. The potential
changes with changes in location, and with changes called gradients in the
determinant variables. Many variables, such as rainfall, temperature and
soil type, have been defined in various systems of classification. Those
classifications, for the most part, define ecological zones. An ecological
zone is one across which arelatively uniform potential for vegetative growth
is found. Cropping systems, however, include the capability of man to
manage crops within his socioeconomic environment. We need, then,
descriptions of “production complexes” or agroclimatic zones across
which cropping potential remains uniform.

It is appropriate that this session on description of environmental
variables receive major attention in the first cropping systems symposium.
During the next few years considerable attention must be given to this
aspect of systems design. It is essential that broad descriptions be made
as soon as possible, with future cropping systems research then being
related to those environmental gradients.

DESCRIPTIVE CRITERIA

Systems design ultimately involves the matching of existing conditions
for crop growth and management with requirements of potential crop

R.R, Hurwood. Rodale Press. Inc., 33 Fast Minor St. Emmaus, Pa. 18049, USA.



combinations. It is important, when considering the many environmental
variables, to identify and describe only those which affect crop growth and
management. Also, the descriptive categories must correspond to those
used to describe crop growth and management requirements.

The three categories of determinant variables are the physical, the
socioeconomic and the biological. Variables within each category may, in
turn, be of three types. There are, first of all, variables having very gradual
gradients; they may be mapped over large arcas. Cropping systems
potential, as limited by those determinants, can then be determined for
the areas having uniform classification. Rainfall exhibits such a gradient.
Second, the determinants with sharp gradients which are difficult to map,
such as field drainage or paddy bund position, must be classified.

The second classification is associated with the cropping systems
alternatives at the research level rather than related to the geographical
area. Technology is thus designed to apply to a given segment of the
determinant’s gradient. The technology fits wherever that segment of the
gradient is present. The description of such variables must be in terms and
units that a farmer or extension worker can relate to and identify in the
field. The rice-bund-type class is an example.

Still a third classification may be used to indicate socioeconomic environ-
ment. It may classify the economic status of the farmer or his production
resource levels. The parameters described may not be “‘determinants’

in the sense that they limit crop potential as does rainfall, but they indicate
farmer economic status and economic capabilities. Farm growth stage (Fig. 1)
is such a class. The categories may be directly related in this case to farm
economic potential. Such descriptive classifications will become extremely
useful as the range of farm economic levels is broadened with the expansion
of site locations in the region.

CROP GROWTH AND MAMNAGEMENT REQUIREMENTS

A final aspect of systems design involves the identification of crop growth
and management requirements. General guidelines are available for crop
requirements for water, temperature, and drainage. While this symposium
does not deal specifically with the topic, those requirements must be
identified in terms that correspond to the environmental classification.
Crop-management requirements must likewise be defined. Maximum and
minimum rainfall levels for various crop-management operations, such as
secdbed preparation, planting, cultivating, and harvesting, must be
determined. At present little thought is given to such requirements.
Sorghum production schemes throughout Southeast Asia have failed
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because harvest operations have been planned during periods with
expected rainfall above 25 mm per week. The requirement for dry weather
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at harvest is as critical a determinant for sorghum production in Asia as
is the lack of field flooding. Another example, of flooding requirements for
rice, is shown in Figure 2. The planting of direct-seeded rice only in paddies
that have a high probability of flooding soon after planting would greatly
increase the likelihood for success! Such guidelines seem elementary, but
how often do we overlook them.

Those parameters which vary over time, such as rainfall and flooding,
can be broadly defined on a monthly basis to give very general crop
requirements. Specific needs must be determined on a 5 or 7 day basis.
Crop requirements and environmental descriptions should coincide in type
and level of classification.

Finally, a word should be said about precision of classification. The
determination of crop requirements and the classification of environmental
parameters will always be imprecise. Design will be on the basis of pro-
babilities. Considerable latitude must be allowed as a margin for safet¢
where critical determinants are involved.

I must conclude that systems design will never be a completely mc }14+
cal or automatic process. Our hope is to refine the process to the poig 4. . -
experienced agricultural development workers can expect to estimate &y
ping systems potential with an accuracy that calls for only minor adjustme::t
of the systems during adaptive testing. We have come a long way in our
understanding of the design process, but considerable further effort is
needed during the next few years of research involvement.
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SOIL-RELATED DETERMINANTS
OF CROPPING PATTERNS

H.W. Scharpenseel

Charles E. Kellog, the internationally known US soil scientist, produced
the aphorism, “The most important thing is not the soil itself, but the
people living on it"" (Manshard, 1968). His statement is subject to two
interpretations: (1) Considering basic values, mankind is more valuable
than mere capital goods like “’soil.”” Nobody will argue that claim. (2) To
achieve the transformation potential of an agrobiotop, the professional
caliber of the farmer matters even more than the value and natural fertility
of the soil. The latter proposition was probably what Kellog had in mind.
It is a bold statement, conceived {rom a long life’s experience. It emphasizes
the inherent interdependence between soil-related determinants and
training. This Institute has recognized that interdependence, and has
made it part of her vocation.

The basic facts of agricultural structure and cropping patterns mirror
this relation between soil and management potential. In most countries
of the world, two basic models exist: modern agriculture (culture moderne)
and traditional agriculture (culture ancienne). Modern agriculture, with or
without irrigation, is mostly an exporting vcosystem, with replenishment
of the nutrients and humic substances that have been lost from their
respective pools. Traditional agriculture usually presents itself as a self-
consumptive, self-sustaining, recycling ecosystem, a closed reservoir with
a temporary man-made leak. It has numerous features, but only three
principal mechanisms: (a) shifting cultivation with movement of fields and
villages; (b) land rotation: seminomadic structures are abandoned, fields
are rotated and there is bush burning, but the villages are sedentary; and
(c) crop rotation with frequent fallow years. Transitional is amended
traditional agriculture, based on land rotation with a combination of field

H.W. Scharpenseel. Professor, Ordinariat fur Bodenkunde der Universitat Hamburg, 2057 Reinbek,
SchloBstralle 5. West Germany.



cropping and reforestation, sometimes even with a mixed cropping system;
it represents an agrotechnological level comparable, perhaps, with that of
rice farming. Systems of amended traditional agriculture are more or less
exportative, with the nutrients withdrawn being partially replaced by
fertilizers or by Rhizobium-N derived from legume intercropping.

All three systems can induce loss of soil fertility by using too narrow a
ratio of field to fallow vyears (especially in the humid tropics). by over-
grazing (mostly in semiarid and subhumid areas), or by prolonged periods
of bare soil exposure and neglect of sheet or gully erosion. Dreaded con-
sequences of such management failures are sinking of the ground water
level, induration of near-surtace soft plinthite, induced or derived savan-
nah, and desertification.

That is how the basic agricultural systems and cropping patterns
influence soil formation and degradation. The topic of my paper, however,
touches primarily on the rcerse: the effect of soil-related determinants
on cropping patterns. The origin of life itself might be related to weathered
rock material of clay particle size, precursor of soil. Degens et al. (1970)
drew attention to the possible racemic structure of kaolinite, stating that
the left-turning racemic forms we find in physiological materials might
reflect the origin of primordial organic molecules in catalytic contact
with templates of the left-turning type of clay.

Further, clay and clay stone are absolutely the decisive matrix for
protection of organic matter against the biotic and photochemical forces
of mineralization. Hunt (1968) estimates that about 95%; of the 4 x 10" ¢
of organic substance that exist in worldwide sediments is attached to
clay or clay stone.

Knowing the importance of soil classifications (Soil Survey Staff, US
Department of Agriculture, 1975; US National Academy of Sciences,
1972), we have to admit that a soil’s systematic position in order, suborder,
great soil group, and subgroup has less infiuence on its transformation
potential in supporting cropping patterns than the factors sorption capacity,
nutrient reserve, matrix potential characteristic of soil moistur-., soil
structure (tilth), or soil reaction. Generally, any soil whose texture and
chemistry are not too extreme is suited for crop production unless it is too
shallow to allow appropriate rooting, too dry to adequately support plant
growth and eventually has salt or alkaline problems, or too wet for upland
field crops because of high ground or perched water tables (leaving an
alternative usefulness for paddy or pasture culture).

Soil factors that especially impede rice culture, as discussed by Pon-
namperuma and Castro (1972), are iron deficiency in neutral and alkaline
soils, manganese and aluminum toxicity in acid soils of aerobic character,
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contrary iron toxicity in acid sulfate soils, phosphorus fixation nd
deficiency of latosols and acid sulfate soils, zinc deficiency, and toxic
reduction products.

Hope exists that dry soils can become highly productive with the use of
flooding-ditch-, sprinkler-, center-pivot-, or dripping-irrigation, provided
that they arcrather s2ndy or loessic, or that their geomorphological position
allows good drainage, or that their winter rainfail will leach out salt
accumulated during the summer irrigation period (Ollat et al., 1969a,b;
Splinter, 1976). Irrigation on demand, for instance, by sprinkler, and
maintenance of a soil moisture level close to 809 of field capacity promise
about 1 t of dry matter in return for each 100 mm of irrigation water
{Kopp, 1975).

In discussing the influence of soil moisture, interference between soil-
and climate-related determinants of cropping is inevitable. Even at the
very basic level there exist soil- and climate-related differences in the
photosynthetic mechanism. In temperate environments we find mainly
the ““normal” Calvin type C-3 mechanism (Craig, 1953). Under the hot-
climate conditions especially associated with corn, sorghum, sugarcane,
and grasses (Lerman, 1972; Vogel, 1976), the Hatch and Slack C-4 type
mechanism prevails. Under semiarid to arid conditions, particularly with
opuntia, cactus and other succulents, the mixed CAM-mechanism occurs.
We know little up to now about how an unadapted environment, climatic
and edaphic, might affect the photosynthetic mechanism of plant species,
or how far growth failures might sometimes even be associated with soil-
and climate-related influences on the photosynthetic pathway. With rice,
we tried growing varicties from the Philippines (Kn-1h-361-1-18-6, HR 559Y)
and Hungary (Zavaosanszkij 238) under Hambourg conditions with long-
day and artificial short-daylight climate. Analyses of the photosynthetic
mechanism of seeds, leaves, and roots indicated no dramatic deviation
from the Calvin type mechanism for the Hungarian as well as the Philippine
rice varietics.!

It seems unnecessary to enumerate to this audience the well-known
nutritional and climatic growth-factors related to soil. For rice culture,
the influence of soil nutrients on yields has been described by many
authors. The efficiency of N fertilizer, including rhizospheric N-fixation,
received special auention, for example, in the works of Yoshida and
Ancajas, 1970, 1971; Sanchez, 1972; De Datta et al., 1974; Khind and
Datta, 1975. Ponnamperuma and Castro (1972) elaborated the varietal
resistance to adversc soil conditions. The Atomic Energy Agency of the

e Wiallkemar of the Institute of Nuclear Physics, Kiel University, carried out the mass spectometric measurements.
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UN carried out joint studies in several East Asian countries on nitrogen
and phosphorous nutrition of rice, applying isotopic tracers such as 32P,
33P and SN (IAEA, 1970).

It would be more reasonable to project the soil-related determinants
of cropping patterns in the light of horizontal, vertical, and meridional
zonality of soil distribution. The zonality related to climate and that
related to vegetation in conjunction with bedrock facies and relief, exert a
dominant influence on locally possible cropping patterns.

Meridional zonality means particularly more oceanic or continental
climate influencing the so'l site. Oceanic climate favors processes like
carbonate leaching and clay infiltration, but it allows all cropping patterns,
including cover crops and mixed cultures. It also favors rice production.
Continental climate sites with cold winter and hot summer have more
pedogenetic stability due to short, ice-free leaching periods, but also
have a limited growth season, with cereals dominating the cropping
patterns.

Vertical zones including catenae are subject to erosion and colluvial
and alluvial redeposition (procusses that are accelerated by man’s wood-
clearing activities). They favor forest and fruit tree cultures in the shallow
soils of higher elevations; pasture in cleared maquis and bushy, hilly lands;
rice on terraces; and field crops, especially when irrigated, including rice,
in the plains and piecdmont areas.

Horizontal soil zones begin with the tundra soils. Those are characterized
by frost marks, solifluction, and cryoturbation. They are shallow soils that
allow cropping, at best, for a short summer cereal culture. Rice culture is
unthinkable.

The following zones may also have been exposed temporarily to peri-
glacial conditions and are not free from traces like those of ice wedges,
especially from the influence of solifluction, soliplanation, and cryoclastics.

The podzols (Spodosols) are the final morphogenetic product of intense
leaching and chelate transport under cool and moist conditions. To a
minor scale, they also exist in tropical highlands; accompanied by pine,
fir, birch, and heath vegetation (taiga), they develop mostly on glacial and
other sands. Cropping patterns are needle-forest or acid-soil crop rotations,
such as rye, potatoes, oats, and lupinus. Rice is found only on some of
the 6 or 7 million ha of tropical lowland podzols.

Near the 50th parallel, we find brown earth (Inceptisols) under deciduous
forest. While the base-rich brown earth derived from calcareous parent
material begins the lessive process of clay infiltration directly after the
loss of free carbonates, thereby turning into Alfisols, the more acidic
rocks like those of the varistic greywacke, sandstone, and shale facies
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directly form acidic brown earth (Ochrept) with Alfixed clay. Both are
typical soils for most field crops because of good water permeation and
pore space. With the temperate Inceptisols begin the sparse fringes of
marginal rice growth.

Directly after loss of the free carbonates, clay migration and infiltration
proceed between pH 6.5 and 4.5. Soils with horizons of clay accumulation,
often with perched water tables upon this zone of clay enrichment, are
formed (Alfisols, Ultisols). Often they are relicts, such as in Argids, witness
to an ecarlier moist climate. Clay accumulation horizons of Alfisols and
Ultisols in the tropics can favor rice paddy construction due to the im-
pervious argillic horizon. Besides, they impede root growth, limit the
space for rooting, make soils very moist during the wet season, and make
it dry and compact during drought. Most of the Mediterranean soils and
the Cinnamon soils of the Balkans are also under this regime. However,
soils of only slight acidity and clay disproportionation, many of them on
loess or in older alluvial deposits, can be among the highly productive soils.
Those with perched water tables are often difficult to drain. Pipes in the
clay horizon are ineffective. Subsoiling becomes the method of choice.
Although high nutrie".t reserves and favorable soil structure conditions
benefit paddy rice culture as well as terrestrial cropping systems, subsoil
compaction, for instance, by an argillic horizon of Alfisols or Ultisols,
can turn out to promote paddy stabilization.

Adjacent to the Alfisol belt we find the mostly loessic steppe soils (grey,
wooded soils; prairie soils; brunizems; chernozems,; Chestnut soils; and
Mollisols), which are superior sites for field crops and are stable as long as
evapotranspiration and precipitation are in balance, and as long as free
carbonates stay in place. Many of them, however, are already afflicted
with lessivage. Top yields are impeded by lack of moisture; irrigation
often causes ascent of salts and alkali, as was the case in the Russian southern
steppe because of eustatic changes in the Caspian Sea level. Alkali soil
problems are often associated with steppe environment. Rice culture is
possible but rare.

Serozems and burozems (Psamments, Ustolls), transitional to desert soils,
require supplemental irrigation. If salt and alkali problems can be con-
trolled, fruit orchards, berries, sugarbeets, vegetables, and other crops
whose value exceeds the cost of irrigation can be grown with excellent
returns Rice irrigation is possible but uncommon. Without irrigation,
scanty pasture plants and nomadism prevail as the managrment pattern.

Beyond the desert belt, a continuity from thorn shrub savanna via
grass savanna, bush savanna and park landscape towards monsoon and
rain forest is paralleled by decreasing areas of nomadism and pasture;
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acreage of field crops, mostly following a land rotation pattern, increases.
Modern mechanized and fertilized plantations, mostly in selected sites,
reflect the true yield potential. Nye and Greenland (1960) have assessed
the plant production potential in natural habitat. Increasing occurrence of
Latosols and ironpans in the subsoil of Alfisols, Ultisols, and Oxisols
indicates impoverishment of the soils by long-time leaching, kaolinization,
and gibbsite formation. In the inner tropics, the most appropriate and
stabilizing land use pattern is based on shrubs and trees of economic value.
Field crops like rice, sugarcane, sorghum, grain legumes, and pineapples
need skilled management.

Not mentioned so far are intrazonal and azonal soils, such as the dark
clay soils, the Vertisols, mostly of the savanna belt, that give special
promise as plantation soils for cotton, sugarcane, sorghum, rice, etc.,
because of their high montmorillonite concentration and nutrient reserve;
and the alluvial soils which, despite their limited area, support crops that
meet the nutritional needs of most people, especially in the arid and humid
tropics. Because of their plains topography, thev are ideal for irrigation if
the problem of soil salinity can be controlled. Large alluvial plains are
dominantly under rice paddv culture, mostly bv monsoon flooding, less
frequently by true irrigation. Clay content and management impediments
often increase with distance from the river beds, and are more frequent in
estuaries and deltas than on the flood plains. Volcanic ash soils (Andepts)
are mostly slightly acidic, but usually are excellent for field crops because
of their constant nutrient supply and favorable physical makeup. Like the
Latosols {Oxisols and Ultisols), Vertisols, and alluvial soils, the soils with
volcanic ash are heavily used for upland as well as for lowland rice culture.

Acid sulfate soils with yellow jarosite develop mainly under litoral
mangrove areas; rice is among the few crops that can tolerate their extreme
acidity. Soil-related determinants that often exert a negative influence on
cropping patterns are most of tl:e pedolites, fossil remnants of chemical or
diagenetic soil induration processes. Classic representatives are fragipan,
bog iron and meadow marl, expecially in temperate climates; caliche,
calcic, and gypsic (petrocalcic and petrogypsic) horizons in the semiarid
lands; and plinthite and laterite in the humid tropics.

In rice culture, the dependence on moisture or even water in the profile
(azonal man-made gleys) makes the physical aspects of soil, soil hydrostatic
and hydrodynamic principles and, in consequence, oxygen availability
predominant among the soil-related determinants of cropping patterns. In
a workshop on environmental factors in cropping systems held in April
1976, at IRRI (Mooirmann et al., 1976), differentiations were made between
pluvial, phreatic and aquatic rice land, and also between natural aquic
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and man-made anthraquic flooding conditions. Because puddling eliminates
soil structure and pore distribution, and creates a traffic pan, the desired
enrichment of rice crop rotation by upland cultures has to be thoroughly
evaluated in the light of opposing principles that favor paddy over upland
crops, or vice versa,

SUMMARY

The effect of ecological and land-use systems on soil conservation and
degradation is briefly surveyed. The effects of scil-related determinants,
partly interwoven with climate-related factors, on cropping patterns,
especially rice culture, are interpreted. An evaluation of determinants in
the light of meridional, vertical, and horizontal soil zonality concludes
the tour d’horizon, as it best can be‘called considering the broad scope of
the topic and the limited time for discussion.
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CLIMATIC DETERMINANTS
IN RELATION TO
CROPPING PAT TERNS

L.R. Oldeman and D. Suardi

“Man has been able to develop skills to deal with his environment, but
he has not been able to master climate and has remained under the threat of
drought. With limited water and with the increase in population and the
nced for more and better food production, water has become the most
precious natural resource in most regions of the world” (Saouma, 1975).
Throughout history, agricultural communities have selected environments
that are associated with specific crop requirements. Vink (1963) points out
that the oldest agricultural communities in Europe are in areas with less
deposits that have high natural fertility.

Because of its unique ability to grow under submerged conditions, rice
has been cultivated for thousands of years on frequently flooded river
deltas with young and often rich alluvial soils. Core areas of certain crops
give information on specific environmental factors. The core area of rice
is characterized by a long rainy season and monthly mean temperatures
above 25°C. Although yields in such areas are moderate, there is little risk
of failure, since the environment meets the specific growth requirements
of the crop.

However, increasing demands for food create demands for increased
yields per unit area. Rescarch programs seek to optimize the combination
of production factors for maximum yields. The combination of high light
intensity, ample water supply, and highly fertile soils, for example, results
in high production. However, that combination is seldom met in nature.
Irrigation systems were developed to meet the water requirements. In
irrigated areas, production has increased significantly; but areas with
controlled irrigation are limited.

L.R. Oldemun, Crop Ecologist; D. Suards, Crop Physiologist, Department of Physiology, Central Research
Institute for Agriculture (CRIA), Jalan Merdeka 99, Bogor, Indonesia.




Instead of adjusting the environment to the needs of the crop, it is also
possible to adjust the crop to the environment. Cropping systems research
in rainfed agriculture aims to indicate the best possible year-round cropping
pattern in a specific, existing environment. It is the task of agroclimato-
logical research to describe the existing environment so that its relation to
crop requirements can be seen. Since plant growth is a function not only
of available water, available nutrients, atmospheric gases, temperature,
and light, but of a mechanical support (Northcote, 1964), any environ-
mental study should include a description of soil as well as of climate.
Without information on the terrain, soil profile characteristics, and so on,
an agroclimatic classification is incomplete. However, some conditions
justify a separate discussion of the climatic system: (1) the soil system varies
only in place, while climate varies not only in place but also in time, and
(2) cropping pattern research implies a combination of agricultural practices
throughout the year or major portions of the vear.

During an International Rice Research Institute (IRRI) workshop in
November 1973, the first step to characterize agroclimatic zones was taken.
The main objective was to identify macro soiljclimatc zones that together
present a first approximation of a representative spectrum of the rice-
growing physical environment of Southeast Asia {IRRI, 1974). Because of
the limited availability of climatic information other than rainfall data
(the great local and seasonal variability of rainfall compared to other
climatic factors, and the major importance of available water for crop
production), a classification was set up. At its highest level, its classes
are determined by quantity and duration of monthly precipitation. That
approximation was presented during a FAO/UNDP consultation on the use
of improved technology for food production in rainfed areas of tropical
Asia (Oldeman, 1975a). As a follow-up to the workshop, an agroclimatic
map of Java (Indonesia) was prepared (Oldeman, 1975b) and similar work
was attempted for the Philippines. This paper will review the principles
of the classification, critically discuss the criteria, and correlate the estab-
lished zones with existing production patterns.

CLIMATIC ENVIRONMENT OF SOUTHEAST ASIA
IN RELATION TO PLANT GROWTH

In the isothermal climates that prevail over most of Southeast Asia, air
temperature, on the average, decreases 4 to 5°C/1,000 m (Fig. 1). Therefore,
temperature variation can be inferred if the 500-m and 1,000-m contour
lines are included on agroclimatic maps. However, in areas with a non-
isothermal climate (generally at latitudes north of 17°), temperature may

62 1976 CROPPING SYSTEMS SYMPONIUM




temperature (°C )

Masmum tea= 3105 - 00064 Altm

Alttude { m)

1. Relation between elevation above sea level and air temperature
{calculated with data from Boerema, 1946).

become a limiting crop production factor and will require mapping. In these
regions rainfall and temperature, are clearly correlated, as will be seen later.
Solar radiation is a very important climatic determinant in crop pro-

duction. Numerous studies have established its positive correlation with
crop yields. Solar radiation is determined mainly by the type and duration
of cloud cover and is indirectly related to rainfall.

Relative humidity and wind speed in Southeast Asia generally do not
inhibit crop production, except when devastating cyclones occur. Cyclones
occur only outside a 7-degree belt north and south of the equator, mostly
during late summer and over tropical oceans. They commonly affect the
northern part of the Philippines, the southeastern part of Vietnam, and the
west coast of Burma. The probability of their occurrence should be indicated
on maps.

Evaporation is an important climatic determinant, particularly with
reference to the water requirements of the crop canopy. It is closely related
to solar radiation, particularly in the humid tropics where relative humidi-
ties are high and wind speed is low (Fig. 2). The seasonal variation is closely
related to that of solar radiation.

The importance of the aforementioned climatic determinants, in parti-
cular temperature and solar radiation, should not be underestimated;
observations of these parameters are essential in any cropping pattern
researcn performed at benchmark stations. However, these parameters do

CLIMATIC DETERMINANTS OF PATTERNS 63




- Evoporaton ( mm/day )
6

o 1 ! ! L
100 200 300 400 500 600

Rodwation { cal/sg cm daily )

2. Relation between solar radiation and open-pan evaporation.

not readily lend themselves to mapping because of paucity of observations,
brevity of records, and their relatively small seasonal variation. Never-
theless, they can be estimated within reasonable confidence limits.

The climatic determinant that shows the greatest variability with place
and time is rainfall. Rainfall may vary'from zero to more than 1,000 mm/
month and may prohibit crop production during certain parts of the year
unless irrigation or drainage facilities, or both, are available. In spite of
its variability throughout the year and its irregularity from year to year,
its seasonal distribution follows a well-understood pattern, which can be
summarized as follows:

The equatorial low-pressure belt causes trade winds, directed towards
the equator and deviating westerly because of the earth’s rotation. The solar
declination causes heating of the Eurasian continent during the northern
summer, resulting in a broad southwesterly stream of humid air across the
equatorial low-pressurc belt over Southeast Asia. The arrival of the south-
west monsoon north of the equator marks the onset of the rainy season.
Cooling of the Eurasian continent during the northern winter and simul-
taneous heating of the Australian landmass cause a northwesterly stream of
humid air over Eastern Asia, including Indonesia. The arrival of the north-
west monsoon marks the beginning of the rainy season in regions south
of the equator. The movement of the equatorial low pressure belt, following
the solar path but lagging in time, causes rainfall peaks during August
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3. Monthly raintall patterns at three Jocations in Southeast Asia.

and September at its northern limit and during January and February at
its southern limit. The simultaneous retreat of the equatorial low-pressure
belt and the rapid cooling of the Eurasian continent result in an abrupt
end of the rainy season north of the equator and a rather sharp onset of
the rainy season south of the equator. Near the equator two rainfall peaks,
around November and again around April, can be observed. Figure 3
illustrates these three typical rainfall profiles.

The monsoon rainfall can be disturbed by local phenomena. Orographic
lifting has the most pronounced effect on the rainfall distribution. Humid
air, blown inland, is cooled as it is pushed against mountains, causing
afternoon rains. Coastal areas are influenced by aaily temperature gradients
between the landmass and the sea, resulting in afternoon sea breezes and
evening rain showers. The condition reverses at night, resulting in clear,
sunny morning skies. These daily rainfall patterns are illustrated in Figure 4.

Although the seasonal rainfall patterns are understood, there are great
variations from year to year. One of the major weaknesses of climatic
classifications is that they are based on statistical zverages that may never
occur. Therefore, rainfall probability curves should be calculated. A
frequently used, practical, and realistic value for rainfall is the monthly
precipitation that is likely to occur 3 years out of 4. The value has been
calculated for 10 locations in Java, ranging from very wet to very dry
(Fig. 5).

If the mean monthly rainfall is plotted against the 759%, probability of
rainfall, a significant correlation can be observed: Y = 0.82 x —29
(r2 > 0.9). This implies that we can calculate the rainfall that may be
expected at least 3 years out of 4 if we know the mean monthly rainfall
(X). Another factor to consider is effective precipitation. The effectiveness
of rainfall depends not only on rainfall intensity but also on cultivation
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4. Effect of topographic location on the daily rainfall distribution (4-h
amounts expressed as a percentage of 24-h total rainfall in 1974).

practices, topography, and soil and crop characteristics. Rainfall intensity
varies with location and with season.

As discussed earlier, orographic lifting may result in heavy afternoon
precipitation. In Bogor {Indonesia), a city near Mount Salak, about 759,
of the total annual rainfall is recorded between 1200 and 2000 hours, and
less than 109, between 0400 and 1200 hours.

There is no unanimously accepted method of describing effective rainfall
in relation to daily intensity. According to Kung (1971) effective rainfall
in India is taken as the mean rainfall, excluding daily rainfall of less than
12 mm/day or in excess of 75 mm/day. In Burma, less than 12 mm/day is
considered ineffective, and orly 809% of the daily rainfall in excess of
12 mm/day is termed effective. In Thailand, 80% of November and 909,
of December-to-March rainfall are considered effective. In Japan, rainfall
is considered 80%, effective, but daily rainfall below 1.85 mm or above
30 mm is disregarded. In Vietnam, daily rainfall below 5 mm or above
50 mm is disregarded. Using these last criteria for two extreme locations
in Indonesia gives an effective rainfall that varies between 75%, and 969,
with most months having more than 85%,. Only during the wet season
may heavy downpour occur.
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Effectiveness should also be considered in relation to the crop grown.
For bunded rice, rainfall will be almost 1009, effective because runoff is
restricted. For an upland crop in its early stages, effective rainfall will be
much less because of runoff as well as low consumptive use. The Soil
Conservation Service of the USDA relates the average monthly effective
rainfall to the average monthly crop evapotranspiration (USDA, 1967).
If, for example, the mean monthly rainfall equals 100 mm, then 659% is
effective when the consumptive use is estimated at 100 mm/month; 829,
is effective when the consumptive use is 200 mm/month. The effectiveness
generally decreases as rainfall increases.

In summary, if the probability of monthly rainfall is set at 75% and
the effectiveness of rainfall per month is assumed to be 65 to 85% for
upland crops and 1009, for bunded rice, we can calculate the water from
rainfall that will be availablc to the plant in 3 years out of 4.

Bunded rice: Y = 082 x —29 (Eq. 1)
Upland crop (early stage): Y =0.54 x —29 (Eq. 2)
Upland crop (full ground cover): Y = 071 x —29 (Eq.3)
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(Y represents the effective monthly rainfall that may be expected in 3 years
out of 4, and X is the mean monthly rainfall, calculated for a period of at
least 25 years).

CROP WATER REQUIREMENTS

Although it is generally recognized that climate is one of the most important
factors that determine the consumptive use of water by the crop, it should
be realized that such use of water is also affected by crop characteristics
(leaf area, roughness of the leaf surface, location and abundance of stomata),
crop development stages, the rooting systems of the plants, and soil
characteristics. I addition, management practices affect consumptive use.
To relate the water requirement to climatic conditions, one writer has
defined the reference crop evapotranspirations as “‘the rate of evapo-
transpiration from an extended surface of 8- to 15-cm-tall green grass cover
of uniform height, actively growing, completely shading the ground,
and not short of water” (Doorenbos and Pruitt, 1975). Several methods
have been developed to calculate that reference crop evapotranspiration
(ET,).

The Blaney-Criddle approach, which is most widely used, is based on
measured observations of the mean temperature ¢ and percentage of day-
time hours p. The empirically established formula is ET, — p(0.46¢ +
8.13), where t is expressed in degrees centigrade. In the humid tropics,

where the seasonal temperature variations are small, the approach is not
recommeinded.

nours of sunshine or radiation, is recommended particularly for equatorial
zones, small islands, or high elevations. The method requires only gencral
levels of humidity and wind. In areas with a mean relative humidity of
70% or more and a moderate wind speed (2-5 m/sec), the empirically
established formula is ET, = ~0.3 4 0.81 W X R,, in which Wis a
weighting factor for the effect of radiation on ET, at different temperatures
and altitudes, and R, the measured solar radiation in millimeters per day
(I mm/day is equivalent to 59 cal/sq cm per day).

The modified Penman approach takes into account energy as well as
aerodynamics. It requires measurements of temperature, humidity, wind
speed, and solar radiation. It is particularly recommended for regions with
high wind specd and for more arid regions.

The open-pan evaporation method has the advantage of simple calcu-
lations. Its accuracy depends on the location of the open pan and the
precision of the measurements. The pan coefficient K, for the class-A pan
surrounded by a green crop equals 0.8 in areas with high mean relative
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Table 1. Mean air temperature t, solar radiation A; and crop reference evapo-
transpiration for three locations in Java in 1974, (Source: CRIA, 1976)

Pusakanegara Muara Margahayu

RS ETD Rs ETo t Rs ETo
(cal/ (mm/ (cal/ (mm/ (°C) (cal/ (mim/
sqm day) sqm day) sq m day)

per day) per day) per day)

January 25.3 350 . 240 . 190
February 26.0 400 . . 250 . 19.7 235
March 26.3 425 . . 325 . 20.2 345
April 27.0 450 . . 360 . 199 285
May 27.0 350 . 325 . 19.6 255
June 26.9 403 . 340 . 193 330
July 26.7 400 . . 335 . 194 265
August 263 475 . . 325 . 194 270
September 268 450 . . 340 . 20.2 275
October 7.2 375 . . 325 . 20.2 160
November 27.3 375 . . 300 . 19.7 160
December 269 425 . . 300 . 204 205

T N T N
LbOCWOOHENOOO N

humidity and low-to-moderate wind speed. The formula reads ET, =
K, X E.«ne. It is often stated that no protective screen should be mounted
over the pan. However, Campbell and Phene (1976) strongly support
mounting of a screen over the open pan. They found a near | : | relationship
between screened-pan evaporation and potential evapotranspiration

computed from established equations.

The aforementioned methods, described in detail by Doorenbos and
Pruitt (1975). were used to calculate the ET, for benchmark stations in
Java. Table | shows ET,, for three locations: Pusakanegara, in the coastal
plain, with a pronounced dry season; inland Muara, at 250 m above sea
level, with no pronounced dry season; Margahayu at 1,200 m above sea
level on the southern slope of a mountain, with heavy cloud cover. In
graph form (Fig. 6), the data show that evapotranspiration is closely
correlated with solar radiation, but that the relationship between tempera-
ture and ET, is confusing.

The reference crop evapotranspiration should be related to the actual
cvapotranspiration of the desired crop. To bring that about, coefficients
have to be selected. They depend on crop characteristics and development
stages. The wide variations among crop coefficients are due to differences
among plant species in resistance to transpiration (location of stomata,
waxy leaves, and so on), crop height, crop roughness, and so on. The
percentage of ground cover and the leafarea also influence crop coefficients.
Finally, the soil surface itself and the moisture at the soil surface that can
evaporate will affect the crop coefficients to be used.
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6. Relation between evapotranspiration and mean air temperature, and
between cvapotranspiration and solar radiation.

At the initial stage, when the soil surface is not covered or is sparsely
covered by the crop, actual evapotranspiration depends mainly on the
moisture characteristics of the soil surface. Under dry conditions, crop
evapotranspiration (ET..) is around 0.3 times ET,; under submerged
conditions (bunded rice) ET ..-is around 1 to 1.15 times ET,. With increas-
ing ground cover, the crop coefficient increases to values of 0.95 (for

pear:uts) or 1.05 (for corn). At the late-season stage, indicated by dis-
coloration or dropping of the leaves, the evaporative demand of the crop
is reduced. The crop coefficient drops to 0.45 (for soybeans), or 0.55
(for peanuts), but will stay around 0.9 for sweet corn. The crop coefficient
drops only slightly for bunded rice. By multiplying the calculated value for
ET, and the crop coefficient for a specific crop, one can roughly estimate
the crop’s water requirement. For bunded rice, the water requirement is
between 2 and 5 mm/day, depending on the ET,. For upland crops, water
requirements are low in the early stages in both dry and wet seasons, and
are between 2 and 4 mm/day during mid-season. At the end of the growing
season, they may drop again to about 1 mm/day.

The total water requirement in the humid tropics for bunded rice varies
from 75 to 150 mm/month; for most upland crops, 50 to 100 mm/month.
Kung (1971) reports total water consumption for a number of crops:

380-88C mm, or 2.9-6.3 mm/day, or 85-185 mm/month.
Soybeans ... 300-350 mm, or 2.5-3.5 mm/day, or 75-100 mm/month.

350-400 mm, or 2.9-3.5 mm/day, or 85-100 mm/month.
Peanuts . ... 400-500 mm, or 2.7-3.5 mm/day, or 80-100 mm/month.
So far, only climatic and crop variables have been accounted for. It
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should now be stated that almost all of the water consumed by a crop
canopy is taken up by plant roots. The soil moisture regime throughout
the soil profile is therefore of utmost importance. While bunded rice thrives
best in water-saturated soil, most upland crops require a well-aerated soil.

In bunded rice, the percolation rate should be included as part of the
total amount of water required. Percolation rates vary considerably (from
less than 1| mm/day up to more thau 10 mm/day). However, most rice soils
have a very low rate of percolation, either naturally (heavy clays) or
artificially induced (plowpan). NEDECO (1973) recommends the use of a
value of 1 mm/day for the alluvial soils in Java.

In upland crops, the water-holding capacity of the soil should be con-
sidered. That capacity depends, among other things, on the texture of the
soil profile, on the rooting depth of the crop, and on the soil-water depletion
levels tolerated by the crop. That last factor, in turn, depends on the crop-
development stage. For most upland food crops in medium-textured soils,
a value of 50 mm of available water may be assumed for an average rooting
depth of 75 cm.

CLASSIFICATION OF CLIMATIC DETERMINANTS

Climatic classifications should never be based on arbitrarily fixed thres-
holds; they should be natural and should describe units recognized by

other sciences (Papadakis, 1970). The major constraint to traditional
agriculture in the humid tropics is the amount of available water
for evapotranspiration by the crop canopy. In the absence of irrigation
systems, the climatic determinant that has the highest priority in a classifica-
tion system is precipitation. The main objective of cropping-pattern
research is to indicate year-round alternative cropping systems. Therefore,
precipitation classes should be based on year-round rainfall profiles.
Rainfall profiles in Southeast Asia are governed by the occurrence of the
monsoons with alternating dry and wet seasons. Rainfall classes should
describe the length of those seasons and the intensity of precipitation during
the seasons. The intensity should in turn be related to the crop water
requirements.

Cropping systems in Asia generally include bunded rice. As discussed
before, water requirements for bunded rice are different from those for
upland crops. Thus, two rainfall quantities should be selected.

Selection of monthly rainfall intensities. In detailed water-manage-
ment studies, mean monthly rainfall may not give necessary information
because it does not describe the rainfall distribution in a given month.
In general, the lower the monthly rainfall, the longer is the period of
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Table 2. Frequency of occurrence of dry periods of less than b consecutive days,
5-10 days, 11-15 days, 16—20 days, and more than 20 days in relation to monthly
rainfall at 10 locations in Indonesia, 1974 and 1975. (Source: CRIA, 1974, 1976)

QOccurrence Frequency (%) of total consecutive dry periods®

Rainfall in10 —_

{mm/mo) locations Less than 5-10 11-15 16-20 More than
(no.) 5 days days days days 20 days

More than 200 62 31 6 1 0
100-200 mm 8 58 26 8 0
50-100 mm 3 6 59 9
Less than 50 mm 0 0 4 73

2A dry day receives less than 5 mm rainfall.

consecutive dry days. In Table 2, the frequency of occurrence of a dry
period is related to the monthly rainfall. Data are for the years 1974 and
1975, at 10locations in Indonesia representing various rainfall profiles. In an
earlier section, the probability of a certain monthly effective rainfall was
expressed in relation to the mean monthly rainfall as observed for a period
of at least 25 years.

The crop water requirements for upland crops vary from 30 mm/month
in the initial stage to 120 mm/month when the crop is fully developed.
Assuming a water-holding capacity of 50 mm/75 c¢m rooting depth, the
average monthly rainfall should be 100 to 140 mm/month (derived from
equations 2 and 3).

For bunded rice the consumptive use is around 125 mm/month through-
out its growing season. Assuming a percolation loss of 30 mm/month,
the average monthly rainfall should be at least 200 mm (derived from
equation). If mean precipitation is lower than that required by upland
crops, the month is considered dry. The lower boundary is set at 100 mm
mean monthly precipitation. If the monthly rainfall is ..bove the amount
required for bunded rice, the month is considered wet. The upper bound-
ary is set at 200 mm mean monthly precipitation.

Selection of consecutive dry and wet periods. The first-level classifica-
tion of rainfall profiles is determined by the number of “consecutive”
dry months. If there are fewer than 2 dry months, there will be no restraint
upon continuous cropping. If there are 2 to 4 dry months, careful planning
of upland crops during the dry spell is required. With 5 to 6 consecutive
dry months, continuous cropping under rainfed conditions during the
period is hazardous. Only deep-rooting crops on soils with high water-
holding capacity may be possible.

The second level of classification, based on the number of “‘consecutive”’
wet months, gives an indication of suitability for growing bunded rice.
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7. Classification of agroclimatic zones.

If there are more than 9 “consecutive” wet months, bunded rice cultivation
is possible throughout the year. If there are 7 to 9 wet months, two crops
of rice can be cultivated. With 5 to 6 wet months, at least one crop of rice
is possible, and with careful planning two crops of rice can be grown.
A period of 3 or 4 wet months allows one crop of bunded rice at the most.
A rainfall profile with less than 3 “consecutive’” wet months is unsuitable
for rice growing under rainfed conditions.

Agroclimatic zones, The combination of four dry-period classes and
five wet-period classes is illustrated in Figure 7. It makes only 17 climatic
zones, because some combinations are impossible within a 12-month period.
Other zones call for only one possible combination (the dry period is
immediately followed by the wet period). The complete classification
follows.

1.1. less than 2 dry months and more than 9 wet months (Al)!

1.2. less than 2 dry months and 7-9 wet months (Bl)

1.3. less than 2 dry months and 5-6 wet months (Cl)

1.4. less than 2 dry months and 3-4 wet months (D1)

1.5. less than 2 dry months and less than 3 wet months (El)

tSymbals in parentheses are those used in the agroclimatic map of Java (Oldeman, 1975b).
Y F 8 P
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2.1. 2—4 dry months and more than 9 wet months (A2) (Only one com-

bination is possible: 2 dry and 10 wet.)

2.2. 2—-4 dry months and 7—9 wet months (B2)

2.3. 2—4 dry months and 5-6 wet months (C2)

2.4. 2-4 dry months and 3—4 wet months (D2)

2.5. 2—4 dry months and less than 3 wet months (E2)

3.1. not possible

3.2. 5-6 dry months and 7-9 wet months (B3} (Only one combination

is possible: 5 dry and 7 wet.)

3.3. 5-6 dry months and 5—6 wet months (C3)

3.4. 5-6 dry months and 3—4 wet months (D3)

3.5. 5-6 dry months and less than 3 wet months (E3)

4.1. not possible

4.2. not possible

4.3. more than 6 dry months and 5-6 wet months (C4) (Only one com-

bination is possible: 7 dry and 5 wet)

4.4. more than 6 dry months and 3-4 wet months (D4)

4.5. more than 6 dry months and less than 3 wet months (E4)

The definition of a wet period calls for a consecutive number of wet
months. Within such a period, 1 month may have only 100 to 200 mm of
rain. If there is an interval in the wet season that includes more than 1
month with rainfall between 100 and 200 mm, or any month with rainfall
less than 100 mm, or both, the longest wet period is considered primary
and is the only one counted. If there are two or more periods of equal
length, the one with the greatest total rainfall is counted.

In addition to this scheme, a zero (0) before the second digit denotes
rapid transition from wet to dry; a zero (0} after the second digit indicates
rapid transition from dry to wet. The criterion ‘‘rapid” means the occur-
rence of 1 month or less that separates monthly rainfall equal to or less
than 50 mm from monthly rainfall equal to or greater than 200 mm.

The number 6 at the end of a classification indicates that at least 1
month experienced a mean rainfall greater than 500 mm.

SIGNIFICANCE OF THE CLASSIFICATION SYSTEM

A classification implies the grouping of items in a logical and usable
framework. Grouping means that certain boundaries separating the items
have to be defined. The number of boundaries is an indication of the
complexity of the classification. With the classification presented, we have
attempted to keep the number of classes to a minimum because the principal
objective is a classification system that can be uscd by many persons and
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that at the same time can identify broad homogeneous climatic zones.

Significance in relation to actual rainfall observations. As rainfall
varies from year to year, the classified rainfall profile will not always
occur. In Table 3 the climatic class according to the mean rainfall profile is
compared with the actual rainfall profile for six locations in Java. The
data show that the occurrence of the classified rainfall profile varies from
24 to 849%,. However, the actual rainfall class is seldom more than one class
away from the classified profile. In Indramayu, a low 24% of the years of
observation is in class 3.4. However, only 4% of the years had fewer than
2 dry months, and only 10% recorded more than 4 wet months. This
means that 86% recorded 3 or more dry months and fewer than 5 wet
months, while the mean profile suggests 5 or 6 dry months and 3 or 4
wet months. :

Significance in relation to cropping patterns. To relate the climatic
zones to existing cropping patterns, four regions in Java were analyzed
in detail. Agricultural information was collected from the extension
service. Table 4 indicates the percentage of area harvested monthly for
bunded rice, corn, cassava, soybeans, and peanuts, as well as the total
yearly harvested area for these crops. The results are summarized as
follows:

The Bogor district has an almost continuous wet season, with a short
break, usually between June and August. A rice-harvest peak occurs in
May and June, but rice is harvested throughout the year. The upland
crops in the district are less important and occupy a relatively small area
except for cassava, which is grown on sloping, nonterraced land. Cassava
shows no harvest peaks. Corn is harvested in the wet season, while peanuts
are harvested throughout the year with a minor peak in October.

The Banyumas region is characterized by a short dry season and a long
wet scason (class 2.2). Two harvest peaks (around September and again
around April) indicate that most rice farmers get two harvests from the
same area. While the total rice area in the region is around 39,000 ha,
farmers harvest around 58,000 ha annually. The other upland crops
(except cassava) are less important. Corn is harvested at the peak of the
rainy season, while soybeans are harvested either at the end of the dry
scason (October) or at the end of the rainy season (May). Peanuts are
harvested at any time of the year from fewer than 2,000 ha.

The Sragen district is characterized by a 4-month dry season and a 5-
or 6-month wet season. The harvest peaks for rice are less pronounced.
Farmers generally grow two rice crops. The first crop uses the so-called
gogo-ranca system. Rice is sown at the end of the dry season s an upland
crop to take advantage of the November-December rains. That crop,

CLIMATIC DETERMINANTS OF PATTERNS 75




"al1s e 10§ sajyoid [[B JO % "(GZ6 | ‘UBWSP|O) BAB[ JO UONRDYISSEID DNEW!I01BY Syl Ut pasn SIOqWAS,

14 v ¢ T g1 T 0 9 6L ¢ 0 0 0 0 0 o 0 (e3) ¢ pS Buequway
r4 4 Z SL vz ¢ 0 vz LI 9 0 0 € t 0 o 0 (ca) ve 2] nAeweipu)
4 L € 0 9z 8z 0 € g 9z O 0 0 0 o o0 0 (D) €€ e olieopis
o £ € 0 S oL € £ oL 8 tz O 0 £ € € 0 (zo) €2 19 1meBN
0 o] 0 o 0 Lt 6 0 % LL 8¢ z o] 0 v FA R (za) ¢e €5 sewnducg
0 c 0 o 0 0 0 0 0 0 ¥ 9 0 0 0 9 v8 (v) 't 29 1obog
SY vy €v GE€ v€ €€ TE€ ST vT €¢ ¢I VT SU vL €L Tt L (uesw) { ou)

¢SSBI2 uoneassqo I

o{PaA18sqo) uonenyisse|d ajyoud yejuiey opjoxd JO SieBA
liejuley

‘eAB[ Ul SBUS g 403 sopjoud |jejulel [eNIDR BY3 pue sseo ajiposd jjejutes eyl usealeq diysuoneey °t o|qel

1976 CROPPING SYSTEMS SYMPOSIUM

0
~




Table 4. The area harvested yearly and area harvested monthly for bunded rice,
corn, cassava, soybeans, and peanuts in four districts in Java. (Data compiled
from records of the extension service.)

Harvested area (% of annual harvest) Mean
Month Rainfali
Rice Cassava Corn Soybeans Peanuts (mm)
Bogor (1.1)
January 5 10 23 8 9 4111
February 7 9 22 8 9 388
March 4 9 16 8 10 378
April 9 10 5 6 8 422
May 13 8 3 2 4 393
June 22 9 4 4 9 265
July 9 7 4 8 7 205
August 5 7 4 8 7 216
September 6 10 5 23 7 290
October 6 9 4 6 13 437
November 6 8 4 8 9 386
December 6 7 6 8 7 363
Annual harvest (ha)
85,900 12,115 1,650 50 2,670
Banyumas (2.2)
January 0 6 30 2 9 350
February 3 5 17 2 11 294
March 11 4 3 1 7 346 ‘
April 27 4 5 9 8 261 i ;
May 13 7 3 21 10 190 :
June 2 9 1 5 8 149
July 2 14 2 10 3 79
August 12 18 5 1 12 64
September 16 15 4 3 10 89
October 9 8 4 22 7 312
November 3 5 1 14 7 416
December 1 4 15 0 4 433
Annual harvest (ha)
57.850 10,815 4,260 3.460 1,780

continued next page
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table 4 continued

Harvested area (% of annual harvest) Mean
Month Rainfall
Rice Cassava Corn Soybeans Peanuts (mm)

Sragen (2.3)

January 4 2 46 0 10 334
February 20 3 10 0 11 283
March 10 3 0 0 1 322
April 13 3 0 0 2 246
May 17 4 0 3 30 144
June 15 10 1 9 30 82
July 7 41 1 6 3 42
August 5 27 2 3 1 24
September 1 4 4 12 2 46
October 1 2 3 56 1 135
November 1 1 2 1 0 211
December 0 1 30 3 3 232
Annual harvest (ha)
66,680 19,770 23.950 160 5,400
Tuban (3.4)
January 1 2 15 1 2 256
February 0 2 27 3 1 216
March 1 1 13 5 19 199
April 15 3 2 6 3 119
May 43 7 3 2 10 90
June 3 5 6 4 25 64
July 5 10 5 26 23 30
August 0 26 5 30 2 19
September 0 24 7 9 1 19
October 2 14 7 6 2 52
November 2 4 6 5 1 105
December 1 3 6 5 0 204
Annual harvest {ha)
45,405 14,960 60.990 7,060 15,675

which is harvested in February, is immediately followed by a second rice
crop that will be harvested in May or June. The second crop may fail to
produce high yields because rainfall during the growth months may be
very low. Therefore, the farmer who does not want to take a risk grows
only one rice crop (November-March). The upland crops show definite
peaks. Corn is sown at the end of the dry season and harvested in December
and January, while peanuts are generally harvested in May or June. One
typical cropping pattern found in the region is as follows: At the end of
September, upland rice, corn, and cassava are planted together. The
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upland rice is harvested around January or February, and the corn a
little earlier. Then farmers plant peanuts, to be harvested in June. Finally,
cassava is harvested in July.

The Tuban district is characterized by a long dry season (6 months)
followed by a short wet season varying from 3 to 4 months. A very pro-
nounced rice-harvest peak is observed between April and June; there is
little to no rice harvest during the rest of the year. The soybean and peanut
harvests are from June till August. Only corn is cultivated during the end
of the dry season; it is harvested about February.

In general, crop patterns are closely related to climatic patterns, especially
to rainfall profiles. Cropping patterns are more complicated in areas with 5
or 6 wet months and 3 or 4 dry months than in areas with continuous wet
climates and in those with very short rainy seasons. In Java, areas of the
first group are located alongside mountain slopes (wet climate); those of
the second are along the coast (dry climate). If those coastal areas are
located in river deltas like those on West Java, they will have enough
irrigation water for year-round rice cultivation and may, in fact, belong
to the most productive zones because of high light-intensity accompanied
by heavy and fertile soils. Without any catchment area, however, pro-
duction is low.

Indeed, climatic zones are useful tools for understanding and planning
cropping patterns if climatic maps include topographic features and if soil
information is available.

SUMMARY

Crop growth and production are governed hy climatic and soil-related
determinants. Cropping patterns are primarily determined by the seasonal
variability of climatic determinants. In the humid tropics, the seasonal
variability of temperature, solar radiation, evaporation, relative humidity,
and wind speed is relatively small compared with that of rainfall. The
major constraint in cropping patterns is the availability of water to the
plant. The reference crop evapotranspiration (ET,), strongly related to
climate, is determined. Crop coefficients to relate ET, to crop evapotrans-
piration are estimated, and the consumptive use of water for a bunded
rice canopy as well as for several upland crops is established. Using a 759
probability of receiving effective monthly rainfall, we define a wet month
as one with at least 200 mm of rainfall, sufficient for cultivation of bunded
rice; a dry month has a precipitation of less than 100 mm, generally not
sufficient for growing upland crops. Rainfall classes are defined first
according to dry-period length and the classes are subdivided according
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to wet-period length. The climatic zones, mapped for Java according to
rainfall class, are then correlated with existing agricultural production
patterns. Although the method indicates broad agroclimatic zones only,
cropping patterns show a clear relation to these zones.
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DISCUSSION

PRICE: Do you have evidence that variability of rainfall, in addition to average rainfall,
affects the fit of cropping patterns to an environment? A hyypothesis is that two locales with
identical average rainfall patterns may, because of different variability in those averages,
have quite different optimum cropping systems. My evidence is that average rainfall would
be far more favorable to production than any actual years of rainfall. In an analysis of this
we quantified 2 relationship between moisture and crop response. Based on average annual
rainfall in Cale, Batangas, the relationship predicted a far higher crop yield than the average
of crop yields predicted over many actual years of rainfall.

Oldeman: We have related the variability of rainfall to the average rainfall. For 10
locations in Java during 50-60 years we found a good correlation between the average
rainfall and the level of rainfall that is likely to be exceeded 759 of the time (see Fig. 5).
We have no answer yet to ccmpletely account for the variability of rainfall, but I agree
that it affects your cropping pattern.

BANTA: To cover both variability of rain and soil characteristics would it be possible to
use a basic minimum rainfall level and then take the length of time to planting for a group
of farmers ? If the farmers expect a steady rain and the soil has good water-holding capacity,
they should start planting right away. If there is an unreliable rainfall patiern, or if the soil
does nnt retain water, I would expect a slower planting response.

Oldemun: Yes, that is correct. We have calculated that the basic minimum rainfall of
100 mm/month {un the average) is needed. By calculating crop water-requirements we
know that for the tirst period (sowing to established crop) water needs are increasing from
1 mm/day to 5 mm/day. If the soil is at field capacity and assuming a 50 mm water-holding
capacity, a farmer can go ahead with planting.

NurJADI: The map you showed is the map of the climatic zones of Java: I think it is
not a map of agroclimatic zones, because types of soil are not considered. So, to have a
map of the agroclimatic zones of Java, we need another map of soil types to be combined
with climatic zones. Please give me more detailed information for making a map of agro-
climatic zones. Thank you.

Oldemuan: Tagree that the terminology is not completely accurate. Morcover, the specified
zones are based on crop requirements and not on arbitrarily fixed boundaries. It is the task
of the working group to combine the most relevant soil characteristics with the most relevant
climatic determinants.

MoRrris: s it possible to use a moisture-budgeting model, using typical values for water-
holding capacity and percolation rates for major soil groups in the climatic zones, crop-
determined rates of extraction and evapotranspiration {weekly), to develop subclassifications
based mainly on soil groups that are better suited and more quantified for cropping systems
rescarch purposes? Can irrigation water be introduced ? Can a prediction of the percentages
for bumper crops, average crops, short crops, and crop failures be estimated if weather data
for a number of years are used ? Can the results be verified from past yields?

Oldeman: Climatic determinants and soil determinants should be selected in such a way
that a water-balance model can be set up. By monitoring the systems on a daily basis for
climatic soil, and agronomic determinants, answers can be given to your questions.
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INCORPORATION OF
PHYSICAL DETERIVINANTS
IN CROPPING PATTERN DESIGN

H. Bramrner

Thc two preceding papers have described climatic and soil factors as
independent determinants in the design of rice-based cropping patterns,
The purpose of this paper is to describe how these physical factors interact
to provide the complex agroecological determinants which must be
considered in designing cropping patterns. For in practice we are usually
considering not simply arainfall zone or a soil zone, but the whole complex
of agroecological factors which determine the length of the growing
season or seasons, the crops or crop combinations that are practical in a
particular area, and the extent to which management practices can modify
natural constraints.

This paper draws heavily on experience in Bangladesh. That country
provides a useful source of illustrations. Not only is there a wide range of
environmental conditions, but also the high population density (averaging
more than 600 persons/sq km} ensures that crops and cropping patterns
are finely adjusted to the different environmental conditions.

Mean annual rainfali in Bangladesh ranges from about 1,250 mm to
more than 6,000 mm. It falls in a single monsoon season of 4 to 7 wet
months, overlapping three agroclimatic zones (IRRI 1974). Bangladesh
extends beyond the tropics into a zone where winters are cool enough to
interrupt rice flowering and growth for some weeks, but not cold enough
to prevent the cultivation o, many tropical and temperate crops during
that season. Day length varies between about 10.5 hours in December
and 13.5 hours in June.

Bangladesh also includes a wide range of soil and flooding conditions.
Morcover, the soils of the whole country have been mapped on a detailed
reconnaissance scale and classified in terms of land capability and crop
suitability. An agroecological map has been drawn and gross acreages

H. Brammer, Project Manager, FAOJUNDP Soil Survey Interpretation Project, c/o UNDP, P.O. Box 224,
Dacca-2, Bangladesh.




suitable for a range of important crops, including high-yielding rices (HYV),
have been calculated, both regionally and nationally. This has provided a
basis for identifying agroccological subregions with high potential for in-
creased crop produciion under both rainfed and irrigated conditions (FAO,
1971). Thus, a great deal of agroecological information exists in Bangladesh
which can be used both for designing new cropping patterns (or improve-
ments to traditional patterns) and for studying correlations between physi-
cal determinants and crop or cropping pattern adaptability.

MAJOR AGROECOLOGICAL CONSIDERATIONS

Whether rice, as well as associated crops, can be successtully grown is not
directly determined by rainfall zones or soil zones (or hydrological zones
or altitude zones). Their cultivation is determined by the combination of
physical factors which determine the length of the growing season, or
seasons, and whether the crep or crops can obtain adequate physical and
nutritive support during this period without undue risk of destruction by
meteorological, hydrological, nr other, nonphys.cal, elements. Agroecolog-
ical maps are drawn to show areas with significantly different combina-
tions or degrees of expression of the physical factors which determine
crop growth and performance, sometimes under specified management
conditions.

Length of the rice-growing season. The length of the rice-grewing
season is determined by a number of factors: day length, temperature
regime, rainfall regime, soil moisture-holding capacity, hydrological regime
and, sometimes, soil chemical conditions.

In Bangladesh, rainfall regime, temperature regime and day length can
be regarded as primary deterrninants of rice sowing and harvesting dates.
However, the influence of the rainfall regime is widely modified by soil
and hydrological factors. In fact, boundaries on the agroecological map of
Bangladesh (Brammer, in draft) reflect soil and hydrological determinants
much more strongly than they do climatic determinants. The three rainfall-
regime zones described by the International Rice Research Institute are
not ignored, but where the boundaries of the latter lie close to important
physiographic boundaries, preference is given to the firm boundary
provided by physiographicfeaturesrather than to the transitional boundary
between rainfall zones. Only one major physiographic unit (the Barind
tract) is subdivided solely on climatic grounds.

Climatic determinants. In irrigated areas (and in some perennially
wet sites), the effective beginning of the rice-growing season is determined
by winter temperatures. Night temperatures in December, January, and
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part of February fall below 13°C, which severely retards the growth of
rice. Although many farmers, in fact, sow boro! seedbeds in November or
December and transplant in December or January, there seems to be little
advantage in doing so. In fact, such early sowing may cxpose the crop
unnecessarily to pest and disease attack, and may waste irrigation water
and labor. Probably, the optimum date of sowing is one which will allow
boro seedlings to be transplanted in time to become established just as
night temperatures begin to stay above 137: in carly February near the
coast; from mid-February to late February inland.

In rainfed areas, the beginning of the rice-growing season is normally
determined by the onset of the premonsoon rains. That ranges from carly
Aprilin the northeast and near part of the coast, to late May in the extreme
west. [t should be noted that the optimum sowing date of aus and deep-
water aman?, which are normally sown as upland (that is, they are not
transplanted) rices, 1s not necessarily determined by the date on which
rainfall normally begins to exceed evaporation. Sowing normally takes
place several weeks carlier. That is possible because the farmer prepares
and sows his land after the first heavy premonsoon raintall which saturates
the topsoil. Thereafter, he harrows the topsoil and weeds the crop to
conserve moisture. Also, the evapotranspiration loss by the young rice
plants is much less than the evaporation loss recorded by metcorological
instruments. For rainfed upland rice, therefore, the beginning of the
growing season may be several weeks carlier than might be suggested by
simple water-balanre analysis.

The end of the rice-growing season in both rainfed and irrigated areas
is determined partly by day length and partly by the date on which night
temperatures begin to fall below 20-C. Both traditional aman varicties,
which are photoperiod sensitive, and other varicties (including HYV)
which are not, must be sown and transplanted by a date which will ensure
that the plants will have grown beyond the tlowering stage before night
temperatures fall below the critical level which interferes with pollination.
The critical date is reached sometime in November: early in the north,
late near the coast. Detailed analyses of daily temperatures need to be
carrjed out to determine the probable dates of occurrence of the two

1B

critical temperatures (13- and 20°C) in different parts of the country,

P Thereare three main seasonal rice crops in Bangladesh. Boro (12 Mhu)is sown and transplanted i winter for harvesting
before the .nenseon season Aus [32°M ha), manly grown as an “upland” crop but transplanted locally, 18 sown in
the premunsonn season and harvested in the monsoon season, Aman is of two kinds deep-water (or broadeast) aman
{1.8 M ha). sown as an “upland’ sice in the premonsoon scason and growing through the monsoon season, usually
under flooded conditions; ana transplanted aman (3.8 M ha), sown and transplanted s the monsoon season. Since
tradiional aman vancties are photopeniod senstive, both deep-water and transplanted crops mature with shortening
day lenpth after the monsoon season

2See fortnote |
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which determine the optimum dates of planting specific rice varieties in
the aman and boro scasons.

Soil and hydrological determinants. Soil and hydrological conditions
modify the “normal,” climatically-determined length of the rice-growing
season in certain areas. For example:

e Some silty Tista flood plain soils retain moisture throughout the dry
season. That is due partly to a high water table, partly to thesoils’ unusually
high moisture-holding capacity. Sowing of the upland rice crop, aus,
commences in February or March on these soils, before the pre-monsoon
rains begin.

e Sowing is delayed on soils of low moisture-holding capacity. Those
include pervious, light-textured, flood-plain-ridge soils and permeable,
red-brown terrace soils on the Madhupur and Barind tracts. Sowing of aus
may not be safe until the end of May on those soils, because they do not
have c¢nough moisture-storage capacity to carry rice scedlings through
dry spells between premonsoon showers.

e The puddled silty or clay topsoils of grey terrace soils on the Barind
tract in the west of the country also lack the moisture-storage capacity for
aus to be safely sown on the basis of the moisture provided by premonsoon
showers. On these soils, aus is normally omitted and a single crop: of
transplanted aman is planted in June and July after there has been enough
monsoon rainfall to flood the puddled fields. Where aus is late-sown, it
unduly delays transplanting of the main aman crop, with consequent
reduction in yields.

Within the same rainfall zone, therefore, soil and hydrological conditions
may vary the sowing date of rainfed aus between late February and late
May, or prevent it from being grown at all.

Elsewhere, the effective length of the rice-growing season is determined
by other soil and hydrological {actors. For example:

o by the probable date of onset of flash floods in foothill areas or of
deep flooding in depression sites, which may set alimit to thesafe harvesting
period of boro or aus;

e by the dates between which topsoil salinity is reduced to tolerable
levels by monsoon rainfall; and

¢ by poor soil moisture-holding capacity or rapid drainage properties
(or both) which cause some soils to become too dry for transplanted aman
in September or October, before the normal maturity period for traditional
photoperiod-sensitive varieties and before night temperatures fall to the
critical level that normally ends the growing season.

Number of rice crops. The length of the rice-growing season partly
determines whether one or two rainfed rice crops can be grown. For
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example:

¢ Traditionally, quick-maturing ““upland” aus is followed by photo-
period-sensitive transplanted aman on soils which hold moisture satisfac-
torily during both cropping seasons and where deep flooding or salinity is
not limiting. Such soils occur most extensively in the cast and north.

e A single crop of upland aus is typically grown on permeable flood-
plain-ridge soils which cannot be puddled for transplanted rice, or in areas
where the growing season is too short for aman. Such soils and conditions
occur most extensivelv in the west. An early aus crop is also grown on
some low-lving soils where rapid rise of floodwater later prevents deep-
water aman from being grown.

e A single crop of transplanted aman is grown on soils that can be
puddled or are shallowly flooded at the nd of the monsoon season, but
where the growing season is restricted by dry-season salinity or by the
short duration of the rainy season. Extensive areas of such land occur in
the west and south.

e A single deep-water aman crop is transplanted in some northwestern
areas. Such a practice is followed on basin clays which stay too dry and
hard for the land to be prepared before the pre-monsoon rains but which
are liable to early and rapid flooding after heavy premonsoon showers,
thus preventing normal broadcast sowing. Scedlings up to 60 or 80 cm
long are often used for transplanting in such sites, where flooding depth
may eventually reach 100 to 150 cm.

In addition to the above patterns, determined mainly by clirsate and
soil conditions, there are patterns determined mainly by hydcrological
conditions. Restrictions imposed by early flash floods and deep flooding
have been referred to above. in relation to aus and boro. De-o flooding
prevents aman from being transplanted over wide areas of the country. In
deeply flooded areas, there are three main rice cropping patterns:

1. mixed aus and deep-water aman, grown mainly on relatively per-
meable flood-plain-ridge soils which are not flooded decper than 60 to 90
cm by July (when the aus is harvested, leaving the aman to continue
growing with the rising floodwater until it is harvested, on recession of
the floodwater, from October to December);

2. deep-water aman alone, grown mainly on deeply flooded basin and
valicy sites in arcas where the risk of loss by rapidly rising floodwater is
not too great;

3. boro, on basin and valley sites which remain wet through the dry
season (or where irrigation can be provided) and where the risk of carly
flooding (in March or April) is not too severe.

Some deeply flooded land is not used for rice at all. This may be due to

INCORPORATION OF PHYSICAL DETERMINANTS IN DESIGN 87




lack of irrigation water for boro, water too deep in the dry season for
transplanting boro, risk of early floods, mucky soils with low bearing-
capacity, salinity, or acid sulfate conditions.

NON-RICE ASSOCIATE CROPS

Dry-land crops. Non-rice, associate crops are widely grown in Bangladesh,
both sequentially and as intercrops with rice. Their cultivation depends
more on hydrological conditions and soil-moisture properties than on other
soil factors or on climate. Almost all associate crops are dry-land crops,
but arum is sometimes grown under wetland conditions, and some other
crops (such as jute, sesame, millets, sorghum, chilies) apparently tolerate
flooding when near maturity. Dry-season crops depend on residual soil
moisture (where not irrigated), although they benefit in some years from
chance winter rainfall.

Dry-season (rabi) crops include both tropical and temperate species.
They can be divided into three broad groups—early, middle and late—
according to sowing time (Table 1). The grouping is determined mainly by
time of recession of floodwater.

Early rabi crops are sown in September and October. They generally
follow aus, either on land above the normal flood level or on land from
which floodwater recedes early. Since heavy monsoon rainfall often
continues into the period, only permeable soils are suitable for those
crops.

Table 1. Time of sowing of dry-season (rabi) crops.

Time of sowing

Craop type -
Early Middie Late
Cereals —_ Wheat, barley Millet®, sorghum
Pulses Black gram Black gram, lentils, Cowpea (Vigna spp)
(Phaseolus) grass weas (Lathyrus),
green gram (Cicer),
field peas
Oilseeds Mustard, rape- Linseed, groundnuts, Sunflower,
seed safflower (Carthamus), sesane
nigerseed (Gujzatia)
Vegetables Cabbage, cauli- Late cabbage, tomatoes, Eggplant, okra,
flower, radishes potatoes, sweet melons, other
potatoes cucurbits
Spices — Onions, garlic, Chilies
several umbelliferae
Narcotics Virginia tobacco Hookah/snuff tobacco —
Fibers Cotton Sunnhemp —

®Includes Setaria, Panicum, and Pennisetum spp.
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Middle rabi crops constitute the major group. They are sown mainly in
November and December, although yields of some crops, especially wheat,
decline markedly if they are sown after early December. Middle rabi crops
mainly follow aus or deep-water aman. Sometimes they also follow trans-
planted aman, but yields are generally poor because this aman crop is
harvested mainly in December, after the cold weather has started; also,
the puddled topsoil, which either stays saturated for some weeks or
quickly becomes drv and hard, provides an inhospitable seedbed for
dryland crops.

Late rabi crops are sown mainly in January or February {even March)
on land which stays too wet for carlier sowing and which retains moisture
satisfactorily during the remainder of the dry season. Deep-water aman is
the usual preceding cron. There are extensive areas of low-lying, deep,
silty soils under this cropping pattern in the ecast of the country.

Intercropping. Some of the rabi crops are normally intersown with
rice. The most common combinations and practices are:

o Khesari (grass peas), rapesced, or black gram broadcast on the wet
soil through stand:ng deep-water aman (sometimes transplanted aman
also) 2 to 4 -wecks before the rice crop is harvested.

e Aus and decp-water aman, both separately and intermixed, sown
broadcast through standing late rabi crops, especially sesame and chilies.

® Aus and decp-water aman, both separately and intermixed, intersown
with millet (mainly Setaria sp) or sorghum. In this practice, the late rabi
crops are harvested in June or July, as floodwater rises.

e Aus intersown with sesame, beans, hill cotton, and other crops in
eastern hill areas where shifting cultivation is practised.

e Decp-water aman intersown with jute in some areas, mainly near
major river channels where there is a risk that rapid, deep flooding might
drown a rice crop that jute could survive. (Jute is also intersown with
sesame and chilies in those arcas where the latter crops are also grown
intermixed with aman.)

Jute is a normal rotation crop with aus and aman in many parts of
Bangladesh. It is substituted for aus or deep-water aman every 3 or 4 years,
usually on loamy soils where the fine seedbed required by jute can be
provided. Jute is followed by transplanted aman on relatively higher land
in areas where early rains or moisture-retentive soils allow jute (like aus)
to be sown early enough for harvesting in July or August, and where the
soils can later be puddled for transplanted rice. Elsewhere, jute is usually
followed by rabi crops. Jute makes a useful rotation crop with rice, since
it allows weed rices to be cleaned out. It is grown most extensively near
main river channels because of its resistance to sudden or cicep floods.
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Dry-land fallow. Much rice land remains fallow in the dry season
because of adverse physical or chemical conditions. Most is transplanted
aman laad. Puddled silty or clay topsoils, often with a strong plowpan,
commonly stay wet early in the dry season, then quickly become dry and
hard, providing both a poor scedbed and little available moisture. Extensive
areas of transplanted aman land in tidal coastal areas also become saline
in the dry season. Much broadcast aman land, too, remains fallow in the
dry season, mainly where basin soils stay wet late into the dry season, or
have a clay topsoil which becomes very hard when dry, or both. Most hill
soils and some sandy, flood-plain-ridge soils used for aus remain fallow in
the dry season because of low moisture-holding capacity.

AGROECOLOGICAL CONSIDERATIONS IN CROPPING PATTERN DESIGN

The extensive description of agroecological determinants in Bangladesh
given above illustrates how climatic, soil, and hydrological factors interact
to determine:

e the length of the rice-growing season;

e the rice cultivation practices (broadcast, transplanted, deep-water,
intermixed; also irrigated); and

e the kind of associate crop, if any, which is prown either intermixed
with, sequential to or as an alternate to rice.

This environmental information combined with information on tradi-
tional cropping patierns and with knowledge of the characteristics of
traditional, improved, and new crops and management practices, provides
the basis for designing new or improved cropping patterns. Some important
considerations to be kept in view in introducing new crops® and practices
are outlined below.

“Fit’’. Crops and practices must fit within the limits prescribed by
physical determinants, unless management practices (such as irrigation,
improved cultivation techniques, use of plastic cloches over aursery beds,
and so on) modify the natural limits. This may seem obvious, but the
principle often seems to be ignored, presumably mainly through ignorance
(excusable or otherwise) of the limitations set by one or more of the physical
determinants or of the growth characteristics or requirements of a new
crop or cultivar. Apart from adequate sunlight and temperature, a site
must have soils providing physical support, tillage properties, moisture
supply, root aeration, hydrological conditions (including time and depth
of flooding cr risk of flood damage), and chemical conditions appropriate

YIncluding cultivars.
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for the crop or crops to be grown during their season of growth. It would
be useful to develop a checklist of physical determinants to be considered
before testing or introducing a new crop. cropping pattern, or management
practice.

Specialization. Where a dominant limitation is imposed by one physical
factor (such as soil salinity, deep flooding, extreme climatic conditions, and
so on) specialized cultivars, cropping patterns, or management practices
{alone or in combination) will usually be neceded. Those cultivars, patterns,
and practices may also be appropriate for maximizing yields in areas with
reliable climatic and hydrological regimes and where soil conditions are
not extreme, so that production can be maximized.

Flexibility. In arcas of variable or unreliable climatic or hvdrological
conditions (such as variable rainfall, flooding depth, or date of onset of rains
or flooding), cultivars and patterns should be flexible rather than special-
ized. Many farmers have to contend with such conditions, and traditional
cropping patterns and practices are often well adjusted to them. Under
such conditions, the cropping program objective should be to optimize
production by providing security against natural adversities. For example,
rice cultivars with one or more of the fcllowing properties may be needed
to provide security against uncertain environmental conditions:

e scedlings which can stay in the seedbed 2 to 3 wecks longer than
normal, as a precaution against drought or floods that might prevent
transplanting on time;

e long seedlings, with capacity to clongate rapidly or to tolerate sub-
mergence, or both, as safeguards against variable and uncontrollable
flooding depth at time of transplanting or immediately afterward;

e capacity to tiller over a relatively long period, as a means of recovery
from early drought or other damage;

e capacity to tiller rapidly for a crop that must fit a growing scason
that is short, either naturally or because of delayed planting;

e tolerance of drought, salinity, acidity, cold, or combinations of such
constraints (both at early and late growth stages);

e quick maturation and lack of photoperiod sensitivity when a crop has
to fit a short or abbreviated growing season;

e photoperiod sensitivity when a crop has to fit a short growing period
at the end of the growing scason (in latitudes where day length varics
significantly). '

Cropping patterns, too, may have to be flexible enough to accommodate
annual differences in dates of onset of rains, end of rains, onset and re-
cession of floodwater, and so on. Those variations may determine, in
different years, whether rice is dry-sown, broadcast wet or pregerminated,

INCORPORATION OF PHYSICAL DETERMINANTS IN DESIGN 91




or transplanted; whether it is followed by a second rice crop or not and
whether that is period-fixed or photoperiod sensitive; and whether an early,
middle, or late dryland crop or fallow follows the main rice harvest. Many
Bangladesh farmers keep seed of several rice and non-rice varieties to
provide security against such uncertain conditions.

Such flexibility, both in choice of cultivars and in cropping sequences,
deserves to be studied in areas where environmental conditions are
variable. Variability may have to be simulated under controlled research
station conditions to find optimizing patterns and practices.

The same principle of flexibility must be kept in view in areas subject
to such disasters as cyclones (typhoons or hurricanes), saline incursions, or
damaging floods, which periodically disrupt normal cropping patterns.
Wherever possible, cropping patterns in such areas should be designed
either to maximize production outside the disaster season or, alternatively,
to provide crops or techniques which can be substituted for the lost crop
(or the crop which would normally follow in the sequence) 50 as to speed
recovery from the disaster. Disaster-recovery crops or patterns may not
be used every year, but they need to be studied, elaborated, and aemon-
strated so that they are ready for use when needed.

Farmers’ conditions. Cultivars, cropping patterns, and management
practices must be appropriate for farmers’ conditions. Cultivars, patterns,
and practices developed on research stations-— where the soils have usually
been deeply plowed, heavily fertilized. and regularly irrigated—may be
unsuitable or impractical on farmers’ land where the growing environment
is different.

Soil physical properties. Soil properties need to be taken more fullv
into account, particularly those which determine moisture storage, drain-
age, tillage conditions, bearing capacity, depth of rooting, and erodibility.
Those properties can be influenced, to varying degrees, by bad or good
management.

In particular, studies are needed on plowpan formation. Strong plowpans
develop under fields where there is long-continued cultivation of trans-
planted rice, especially in silty and kaolinitic soils. Under traditional
farming conditions, the pan may lic only 5 to 8 cm below the surface,
restricting the volume of water that can be stored in the puddled topsoil
for transplanted rice. It may also prevent dry-land crops from being grown
after the rice, because of impedance to root development. Destruction of
this plowpan by deep plowing can be disastrous in certain kinds of soil,
espcecially if the soils are also kept continuously wet by irrigation: the soils
lose their capacity to bear either animals or tractors. Studies are needed
to find means of reestablishing bearing capacity in such soils by reforming
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a plowpan at g2zater depth. In practice, the plowpan should be breven up
and reestablished within one season. Farmers annot afford to suffer
decreased vields or to lose several crops while ocaring capacity is being
reestablished.

Diversity and complexity. The diversity and complexity of environ-
mental conditions need to be taken more fully into account. This particularly
applies to soil and hvdrological conditions in alluvial areas. Because of the
wav in which rivers deposit their sediments, soil texture and clevation
often change within short distances. Different rivers may also bring down
different kinds of sediment. and length of time since deposition intluences
the degree to which physical and chemical changes have taken place in
these sediments under different climatic and hydrological conditions. The
resuvit, in a country such as Bangladesh, is both diversity and complexity
of soils. Often, there are many different soils, varying particularly in their
moisture regimes, so that changes in permeability, moisture-holding
capacity, and flooding charactcristics occur within short distances. Similar
differences in soil and hvdrological properties can occur in undulating
uplands.

In areas of such diversity and complexity, it is probably unhelpful to
think in terms of agroecological zones. No single cultivar, cropping
patiern, or management practice is likely to suit all the environmental
conditions within such complex areas. Because of differences in soil-
moisture properties, hydrological conditions and, sometimes, soil-chemical
conditions, there may be significant differences in the length of the rice-
growing season, flood depth and duration, and suitability for associate
crops in areas only a few hundred meters apart.

Fortunately, such diversity and complexity are usually not random. The
physical components of the complex usually form a repetitive pattern,
associated with differences in relief (which may be slight in flood-plain
areas). Many—probably most—units shown on agroecological maps are,
in fact, agroecological complexes. Typically, maps differentiate, not
between single physical factors, but between complexes of determinant
factors varying with topographical site within the mapped boundaries.
The specific combinations of physical determinants may not be confined
to a single mapping unit. They may occur, to a greater or lesser extent, as
components of several other mapping units. Transfer of specific cropping
patterns must therefore be made between defird agroecological com-
ponents of mapping units, not between mapping units regarded as entities.

Contribution of individual determinants. In view of the diversity
and complexity of environmental conditions referred to above, studies are
needed to isolate the contribution of individual physical determinants so

-
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that predictions can be made regarding the geographical arca over which
particular cultivars or cropping patterns can be extended, both nationally
ar.d internationally, without the need to test crops, patterns, and practices
on a multitude of sites. This will involve evaluations of:

e the length of the rice-growing season;

e soil-moisture storage capacity in relation to rainfall probability (as
modified perhaps, by flooding and water table position) and seasonal
demand by adapted crops;

e soil tillage properties and bearing capacity;

o {requency of damaging floods, cyclones, and so on, and their probable
times of occurrence;

e harmful soil chemical propertics.

At the same time, the feasibility of modifying environmental conditions
by appropriate management techniques needs to be evaluated: for example,
modifying soil moisture regime (by irrigation, mulching, or improved
tillage), soil chemical regime (by irrigation or chemical amendments),
temperature regime (by use of plastic cloches, and so on), and disaster risk
(by early sowing, flood protection, cultivation on raised beds, and so on).

Additional research considerations. Finally, two recommendations
are made for improvement of cropping pattern design, testing and
extension.

1. Soil scientists should be more fully associated with design and testing
of cropping patterns, both {or identifying and evaluating soil determinants
or hydrological determinants, or both, and for studying the feasibility of
modifving them (where that might be desirable).

2. As recommended by Moormann et al. (19735). trials should be con-
ducted across toposequences,? where relevant, as a means of identifying
and isolating the influence of individual soil physical, chemical, and
hydrological determinants on particular crops, cropping patterns, and
management practices.

SUMMARY

Examples from Bangladesh illustrate how climatic, soil, and hydrological
factors inceract to determine the length of the rice-growing season, rice
cultivation practices, and the kinds of associate dry-land crops (if any)
grown sequentially, intermixed, or as alternates with rice. Important
considerations in designing new cropping patterns are that crops (including
cultivars), cropping patterns, and management practices should be suitable

1The sequence of topographical sites which oceur between the highest and Towest patts of an individual landscape.

94 1976 CROPPING SYSTEMS SYMPOSIUM




for the site; suitable for farmers’ conditions; specialized where one or
more physical conditions are extreme or, alterrat:vely, where environ-
mental conditions are reliable; and flexible where climatic or hiydrological
conditions are variable or occasionally disastrous. Studies are needed to
relate rainfall probability with soil moisture-holding capacity in order to
determine the suitability of soils for particular crops and cropping patterns;
to isolate the contribution of major physicai determinants in order to
improve predictions regarding the geographical extensibility of crops or
cropping patterns, or both: and to investigate the problems caused by
plowpans. Soil scientists need to be more closely associated with the
design of cropping patterns.
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INTRODUCTION

H. Nataatmadja

I feel honored to chair this economic session, which is probably the most
difficult part of our comprehensive research activity, not because econ-
omists are less endowed with economic skill than agronomists are endowed
with agronomic skill, but because cconomists are to deal with the most
complex creature that ever lived on this globe.

For noneconomists, probably I should say beforchand that economics
is whatever economists talk about. We deal with everything that interests
us. So Prof. W.H. Vincent will discuss the science of decision-making.
Mr. Manu Seetisarn will talk about descriptive strategy related to the
whole set of base-line farm data that are presumed to be meaningful.
Mr. Gordon Banta will make another addition to the huge collection of
information needed to barely understand what cropping systems are all
about. Finally, Dr. Edwin C. Price will try to select criteria, major issues,
and procedures to enable us to develop proper designs for cropping
patterns suitable to local environments, both physical and social.

As physical and biological scientists, you are fortunate in many respects.
When you talk, fundamental terms like “atom’” have the same operational
meaning to all of you. But the term “min’" used by an economist does not
necessarily convey his meaning to another social scientist, or cven to
another economist. That is the real source of misunderstanding in the
social sciences.

Given that limitation (I hide others for the sake of my profession), 1
might be able to induce proper expectations of what a group of cconomists
can do. But as an economist [ would like to stress that there is no getting
away from them if vou are to understand human behavior; you have to
cooperate with economists and other social scientists. Economics is not a
monopoly, but a simple tradition of specialization. Economists are depend-
able partners.

H. Nataatmudja. Assistant Director, Central Research Institute for Agriculture (CRIA), Jalan Merdeka
99, Bogor, Indonesia.




To offer you some guideline to the subjects dealt with in this session, I
would like to remind you of the already-agreed-upon phases of research
activity, namely:

e identification

® design

@ testing, and

® cxtension

Not specifically in that order, considering the overlapping nature of the
phases, the first two papers will present basic ideas about the scope,
objectives, coverage, and methodological approaches of the economic
aspect of cropping systems study.

The next three papers provide perspective, with more details, utilizing
data already collected, analyzed, ~nd interpreted in the development of
the study.

With this preliminary guideline, Professor Vincent, I offer you the floor.
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RESOURCE BASE AS
A DETERMINANTOF
CROPPING PATTERNS

N.S. Jodha

A region’s natural factor endowment, in association with its level and
tvpe of trade and technology, sets the broad limits within which the
cropping pattern potential of an area is determined. However, the exrent
to which that potential is realized depends upon farmers’ capacity to
harness it. That in turn depends upon farmers’ resource position. In such
a sense alone, resource position may be considered a major determinant of
cropping patterns. The impact of resource base on cropping patterns may
be demonstrated by (1) changes in cropping patterns over time following
changes in resource base, or (2) differences in cropping patterns of farmers
with varying farm-level resource endowments.

A few points that are central to any discussion of the impact of resource
base on cropping patterns need to be stressed at the outset.

1. Viewed retrospectively, the quantitative and qualitative makeup of
the farm-level resource base is generally an accumulated outcome of the
cropping pattern itself. The agronomic and related requirements of crops
determine (from the demand side} the type and quantity of man-made and
other resources, and the returns fromthe crops determine (from the supply
side) the ability ofafarmertoacquireand sustainacertaintype and quantity
of resources. However, because it could lead to a prolonged hen-versus-egg
type of argument, I do not intend to discuss this point further.

2. The direct impact of resource base on cropping patterns is mainly as
an input in the production process. Since the utilization of a resource in
crop production is not always rigidly tied with its ownership, the associa-
tion between resource position of individual farms and their cropping
patterns is not straightforward. Moreover, the apparent association
between the two may give a misleading picture.

N.S. Jodha. Associate Economist, Department of Economics, International Crops Research bnstitute for
the Semi-Arnd Tropics (ICRISAT), 1-11-256 Begumpet, Hyderabad-500016, AP, India.




Consider family labor. The availability of a houschold’s own resource
definitely influences the deployment of that resourceon the farm. However,
the actual decision about the use of resource is significantly dictated by
the availability of alternatives within and outside the farm that offer
different levels of return. The crops possible on one’s own farm offer only
some of the possibilities for use of family labor. Other possibilities of
employment on one’s own or on other farms, or engagement in off-farm
activities are alternatives which must be taken into account. If a resource
is deployed off one’s own farm, the impact of total resource availability
will not be reflected in one’s cropping pattern.!

One way to account for the resource problem is to separate farm-level
resources or production factors into two categorics: (a) resources [ r which
utilization ismore or lessrigidly determined by ownership, and (b} resources
for which that is not true. The first category comprises resources like land,
the availability of which, for a given houschold, is fixed at least for a crop
season. Thereis little possibility of intraseason lease/fsale transactions, hence
cropping decisions may be influenced by what land is available. The
second category comprises resources like labor, bullocks, farm equipment,
and so on, whose utilization neced not be tied to their ownership. The hire
or purchase market for such resources is never dormant (as is that for land
after the crop season begins), and the possibility of acquiring them or
supplying them to others is always open.

In such cases, the pattern of houschold utilization of resources may
differ greatly from the pattern of possession. Furthermore, their utilization
or demand by individual farmers may be determined by cropping pattern
rather than vice versa. Thus it is accessibility to the resources through
factor markets rather than possession of them (as a part of households’
fixed resource base) thatis of relevance in studying their impact on cropping
patterns. However, the difference between the two resource categories
based on difference between ownership and utilization may tend to
disappear when one moves from the microlevel to the macrolevel of ob-
servation. The utilization of a resource will be more rigidly determined by
ownership as one moves from household to village, from village to village
cluster, and from village cluster to a bigger geographical unit like a district
or a region.? That is so because mobility of most of the physical resources
becomes more difficult as one moves from smaller to bigger spatial units.3

Yrop instanee o houschold swith a Large number of fanuly sworkers should go in for lsbot simtensive crops. But they are
hikely to go in tor crops that are oot libor intensive and which spare labor for exploiting better carning oppe rtunitics
oftered by other fanms during the cop season.

$The term “more rigidly determmned” broadly implies that ownership in a houschold or Tocal avalability in o village or
A gegion operates a8 0 major constraint on the utilization of a resource.
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The above arguments have the following implications for the subscequent
discussion.

a. Impact of the houschold resource base on cropping patterns can be
meaningfully analyzed largely in terms of the relationship between opera-
tional landholding and cropping pattern. Such analysis is justified not
only by the relatively rigid relationship between effective possession and
the utilization of resources but also by the fact that in traditional agriculture,
landholding primarily determines one’s capacity to hire in or hire out
other factors like labor or bullocks. Impact of resources other than land are
more appropriately analyzed at tiic village or regional level than at the
household level.

b. A related point is that if some massive transformation of the resource
base (through an irrigation project, for instance) takes place at the regional
level, its impact, which overshadows the impact of other resource dif-
ferences, could be reflected in changed cropping patterns at both the
nousehold level and the more aggregative level. That has been demonstrated
by the impact of canalirrigation and the introduction of tractors on cropping
patterns, as discussed in the following section.

IMPACT OF MAJOR RESOURCE INVESTMENTS

As mentioned earlier, a convenient way of observing the role of resource
base in determining the cropping pattern is to examine the changes in the
rusource base and consequent changes in the cropping pattern. The changes
may take place for a variety of reasons. such as increased input absorption
capacity of the land, changes in agrobiological and physical constraints on
land use, changes in the cost-to-benefit ratios of different crops, and so on.
The substantial changes in cropping patterns which can occur due to «
large-scale increase in the resource base are clearly illustrated in Tables |1
and 2. The resource changes and consequent crop shifts are qualitatively
very different in the two cases, but the point under consideration—that
resource improvement leads to rapid changes in cropping patterns—is
testified to by both.

Impact of canal irrigation. Table | contains data for 1966-67 and
1971-72 from four villages in the semiarid tropical district of Kota in
Rajasthan State of India. That largely rainfed area received irrigation for
the first time in the early 1960°s from the Chambal Irrigation Project,
which initiated the transformation of the whole arca (AERC, 1979; Bapna,
YDifference between resource possession and it extent and pattern of utihzation  for a whaole region, tor example -
may persist because of weather vanability For eaample, in ranfed areas. how intensively o resource can be used and

what crops can be planted during a year will be determined by timing and amount of rain, notwithstanding the aval-
ability of comiplementary resources.
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Table 1. Cropping pattern changes after increases in irrigation in the semiarid
villages of Kota, Rajasthan, India.”

Share of crops (%) in total cropped area

Irrigated Sorghum  Qther  lIrrigated Dry Chick- Other
Village areab  Paddy and kharif wheat wheal peas rabi
(%) mixed  cropsd and mixed crops!
crops”
1966- 67
Dhakarkhen 4 10
Kishanpur 37 8
Kishorepura 21 5
Digod 31 5

1971-72
Dhakarkhen 1 7
Kishanpur 10 4
Kishorepura 3 2 11 30
Digod 16 2 14 5

‘Data extracied from Rapna (1973) Plrngated area as % of net sown area. “Crop mixtures
manly nclude pulse crops and sorghum; fatter is grown as a main crop m mixed crops.
4QOther kharif (monsoon) crops include maize, pulses, sesame, groundnut, and fodder crops
manty "includes focal (non-HYV) wheat raised generally as a mixed crop with barley and
glom (chick-peas) and also raised as a sole crop 'Includes linseed, coriander. vegetable
crons, etc

Table 2. Cropping pattern changes following tractor introduction in an arid area

of Rajasthan, India."

Land Share of crops (%) in total cropped area

TrACIOr  USE  mmmemrms oo o m s o s e

Farm stze  Year culti- inten- Pear! Green Moth Clus- Fodder

(ha) vation? sity® mullet Sorghum Sesame gram beans® ter sorghum
(%) (%) bean

1.0 61 1964-65 1 89 30 25 2 20 16
1973-74 64 95 37 31 12 8 4

62.-121 1964-65 7 73 28 24 5 14 14
1973-74 58 88 31 28 16 4 7

521 and 1964-65 5 68 22 24 9 17
above 1973-74 88 93 28 28 12 6

For tractor users
1964 -65 86 25 24 7 16
1973-74 94 30 29 14 5

For nonusers of tractors*
1964--55 84 26 20 7 6 13 15 13
1973-74 - 87 24 21 5 5 15 17 13

? The data relate to a sample of 112 farms from a cluster of three villages from Nagaur, an
arid district of Rajasthan. For details see Jodha (1974)." Tractor cultivated area as a percentage
of total cropped area. ‘Cropped area as a percentage of total cultivable area including current
fallow, old fallow, permanent fallow, and cropped area. d Phaseolus aconitifolius. © Nontractor
use.s (23) are those who did not use a tractor at all in either year.
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1973). The proportion of irrigated area to total cropped area in different
villages increased from a range of 21 to 76Y%; in the base year, to between
50 and 929 respectively, in the later year. The increase in turn initiated a
new cropping pattern. An important feature of the patterns is that high-
value crops like paddy, irrigated wheat, and vegetables in some cases have
substantially replaced low-value crops like sorghum, maize, pulses, vhick-
peas, and barley. Furthermore, the mixed crops (dominated by sorghum in
kharif, and by non-high yielding wheat, chick-peas, or barley during rabi),
which are important features of the cropping patterns in rainfed, semiarid,
tropical India, have lost ground to high-value crops that are mostly sown
as sole crops. The gradual disappearance of low-value crops, particularly
coarse cereals, following the upgrading of the resource base through irri-
gation is a common feature observed in different areas of India (Jodha,
1973). In the Kota villages, the pace of disappearance of low-value crops
and mixed cropping seems to have been accentuated by almost simultane-
ous availability of high yielding varieties (HYV) of paddy and wheat.? The
reasons for the changes range from poor competitiveness of the low-value
crops in the changed context. redundance of mixed cropping as a strategy
against risk once irrigation has lessened the risk, and the advent of HYV
technology which has an apparent bias for sole cropping.

Impact of tractor introduction. A qualitatively different but equally
strong tendency of crop succession in vet another situation is illustrated in
Table 2. In a certain cluster of villages in India, the annual average rainfall
is 31.9 cm, and not even 19, of the cropped area has irrigation facilities.
The only change in the factor endowment of the area during the last 15
years has been the replacement o1 bullocks by tractors for cultivation on
a substantial scale. The extent of tractor cultivatior, embracing all sizes
of farms, increased fromm 49 of the cropped area in 1965-66 to 74%; in
1971-72.5 On the f5ce of it, the agroclimatic conditions of the area—low
and unstable rainfall and sandy loam soils—would seem to make the
tractor a risky, most uneconomic, and wasteful innovation. In reality those
very conditions have enhanced the spread of tractor cultivation.

Not only does the area have low rainfall, but the rain occurs mainly in
two to four showers during July and August. That limits the wet periods
(or sowing period) to 2 to 4 weeks for the whole season. The wet period is
further shortened by strong winds in the area. The success of the crop is
determined by the farmer’s capacity to exploit the short wet periods. The
consequences of delayed sowing (for want of sufficient draft power during

tor details of spread and impact of HYV in Kot District, see AFRC (1970} and Bapna (1973).

TAverage size of larms ranped from B to 12 ha For detwls, see Jodha (1974)
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peak periods) are a need for resowing, or lower crop yields, due to poor
germination; and poor crop stand of a late-sown crop because of desic-
cating, winds (described as Jhola) during mid-September to October which
dimage the late-sown crops during seed formation.® Any facility which
helped the farmers overcome the problem created by a shor- wet period
vis-a-vis their hmited drafi power was readily acceptable. Further, the
tractor user did not need to own the tractor. Informal custom-hire services
offered by larger tractor-owning farmers (or groups of medium farmers)
became popular. One reason was their flexibility in terms of time and the
form of payment of the charges. Pavment was called for only when the
customer was in a position to pay, during the harvest period, for example.
Payment was welcomed in any form, including cash, grain, fodder, fuel,
labor, or leased-out land. For their owners, the tractors became important
sources of income as wwell as instruments of influence in the village-level
product markets, in the factor markets, and in the noneconomic sphere of
community life. The process, supported both by demand and supply forces,
including Land Development Bank loan facilities to buy tractors, has
brought about a significant qualitative change in the resource base of the
community.” Mechanization’s firat impact was to increase the intensity of
land use by reducing the extent of fallowing, which had been due partly
to the inability to plant large arcas within the very short wet periods.
The increased use of tractors increased the net cropped area on selected
farms —from 86¢, of the total operational area in 1964-65 to 94Y; in
197374,

Before tractors, the cropping pattern used crops like pear] millet and
sorghum which were planted during the carly wet periods. Toward the
end of the wet periods, crops like moth beans, cluster beans (guary, and
fodder sorghum were raised. Since maturation of late-sown crops was
uncertain, farmers preferred the above crops because even when not fully
ripe, they ensured at least fodder if not grain. Morcover, they require
relatively little moisture. Other crops like sesame and green gram, although
higher priced. neither met subsistence needs of the farmer nor ensured
partial returns through fodder. Hence they received lowest priority in
acreage allocation,

Table 2 shows the changes induced by tractors. For all tractor-using
farms {(that is, those that used tractors for crop planting, at least), the share

S Mote than Yo the plots of the atea sown atter 710 15 davs ob ssakeng showers required resowing Pearl millet
vields with those deliys were 31 1o 799, less than the vields of pearl millet sonn within 7 davs o soaking rans for
details see Jodba (1924

T The prwess worked so eltectively that i an area ol just o vidlages the number of tractors (mostiv 7 HP Massey-
Ferguson) incredsed trom 10 19ed 65 10 15 an f9es 69 and 59 m 1973 74 Ledha, 1974)
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of pear]l millet increased from 25% of the total crop in 196465 to 30Y%; in
1973-74. Sorghum increased its share from 24 to 29%,, sesame from 7 to
149, and green gram from 3 to 12%,. Moth beans, cluster beans, and
fodder sorghum had their shares reduced from 16 to 5%, from 15 to 9%,
and from 10 to 1%, respectively. The changing pattern is also visible
across difterent farm-size groups. That the new crop ratios are for a much
larger totai arca than was cropped before adds to the significance of the
changes.

Attributing the changes in cropping pattern to introduction of tractors—
a major qualitative and quantitative change in the resource base of the
community—is further supported by the lack of similar changes in the
cropping pattern of the non-tractor-using larms during the same period.®
The latter continued to allocate substantial area to the more drought-
resistant crops, as they could not plant all of their land during the brief
moisture period.

CROSS-SECTION ANALYSIS OF IMPACT OF RESOURCE DIFFERENCES

In what follows, I shall use data from six villages in the semiarid tropical
areas of India where the International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) is conducting studies.” The results are
preliminary; final processing of the datais in progress.

Farm-level resource base. The resource positions of farms in different
landholding groups at the beginning of the 1975-76 agricultural year are
summarijzed in Table 3. The average size of operational holdings broadly
follows a pattern dictated by rainfall and irrigation. The Sholapur villages,
with the lowest rainfall, have opcerational landholdings averaging 4.5 and
5.8 ha. Corresponding figures for the Mahbubnagar villages, which have
slir atly better rainfall and subsiantially higher irrigation, are 1.6 and 2.6 ha.
The average size of landholdings in the Akola villages, which have higher
and stable rainfall, are 3.7 and 4.3 ha.

Furthermore, owing to the low intensity of land use ive low-rainfall areas
and the limited capacity of the farmers to maintain bullocks through
frequent droughts, the number of bullocks per 10 ha of operational arca
in the Sholapur villages was almost half that in most of the other villages.
Possession of farm machinery and equipment, as indicated by their value
per hectare of operational area, was largely dictated by the availability of

"Incidentally, 1964-6% and 1973 -74 were two of the bost tamfall and crop vearsin the area Mild droughts occnnred
in the years immediately preceding them Hence, the differeoces in cropping pattern at two times cane ot be attnibuted
to impact of weather condiions in the current year or in the preceding year.

For details, see Todhs and Ryan (1975), Jodha (1976b), and Binswanger and Jodha (1976)

RESOURCE BASE AS DETERMINANT OF PATTERNS 107




‘%

abed 1xau uo panuiuoOl

6CL G686 £¢ 14 2's 4 ot 8's - jeiot
6Ct ¢691L o€ G 9 4 vt 08 §e< abie
vl LV6 9L v 1'g ! 8L S9 SB8-L'E wnipay
06 96¢ 60 cl 6¢C v vt 6'C 9'€-20 lews
{S) uewyey

SL1L L8L 'L 8 Sy Z t'ot Sv e felot
Ltz 959t 1 g Le z Zol gL £6< abery
€91 G8L 0L ol 09 4 A Sy £6-1c wpsy
14 XA S0 0z 8T 4 £0t vL 0Z-20 liews
(s)indeiys

965 eori 80 ¢l 61 S £8¢ 9L - 128
109  Gv8Z £l 8 91 9 £6¢ 14 1'z< abie
L0S r44:} S0 61 6¢ |4 £ES Lt 1'2-60 wnipayy
€18 €6V €0 e o€ € £6L 90 80-C0 llews
(w)inyoqg

GZE  I8S1 £l 8 Le 4 0€El 97 - el
ZLE  L89¢ 8¢ v 8¢ 4 6€lL R4 cE< abue
1034 206 S0 8l 8¢ £ 801 €2 Ze-¢et wnipayy
9¢¢ 981l 0 Ly (A4 S 8v 80 74-20 llews
(W) syjedniny

(ey)
ey/ wuey/ (1ax10Mm (ey 0L (¥2041nq Buipjoy (ey)
- /ey) jou) /ey) (ey ot (%) o ease azis
gludwdinba vae SIDYI0M BEY ;'ou) eaJe oz21s jeuonessdo Buipjoypue)
wiej Jo (sy) anjep puey Ajiue 4 pueT s$¥20|Ing ajqebiuy Ay jo abuey abejpip

" 9L—GLEL ‘eipu| jedidosy
ptaeiwas jo sabej|ia xis ur sbuipjoypue] {euoijeiado ;o 8z1s Aq sluie) jO aseq 82IN0NS8Js 8yl JO S|iel8p 8w o§ £ ajqe]

1976 CROPPING SYSTEMS SYMPOSIUM

108



‘Alauiydew wisey 19410 pue ‘s|0ol puey Juswdinba uonebus ‘stuawsiduw wiey
sapnjau|, "0t st abejia A1aaa Jo dnoib yoea ul swiey sjdwes Jo 1IBQUINN “3/6 1 AIN[ | JO SE UOIISOd 821N0SI 8Y1 SMOUYS dJqel aY | “||ejutel
abeisaae jenuue Jo W 7g pue §j10S ¥oB|q WNIPawW dABY pue enysmeyey Ul () 10UIStp eluvy 01 Buojag g pue g sabe|pa "eayseleyew
ul (8) 1wisip andejoys 01 Buojag ‘jejutes jenuue JO0 WO Gg 'SHOS Yaejq dasp pue wuMpaw Yyum p pue g sabejip aieis ysapeig
eiypuy ui ‘saweu abejia yum (1) Aq paledpur 1omsIp seBeuqnguepy ut wd |7 0 Hejuter abeisae [enuue Yiim eale (10S par 8yl ol
Buojaq g pue | sabejpp Gz Aepy adwis saipnis Bunonpuos uaaq sey soidol) puy-Iwag syl 10) 81MNSU| yoseasay sdos) jeuoneu
-131U| ayl azaym eipuj [ea1don puenuas jo sunibal aail w ysea o sale||ia xis 01 1§31 S3U0 1Wanbasgns Wi pue ajqel syl w Kleq,

Gl veL Lt 6 6t £ Sy L'E
(A4} ot £e S Gt € Sy 8'G
08 9lE Lo Gt vy 4 0c 6t
661t c8¢ £0 €C a4t ! oLl i
LL 12514 1e S 6'¢ v (4 gy
19 L9t ve € % € £l v'9
€6 S6€ vl L L'y Z 8¢ 19 %
68 861 60 L 9¢ v Ll e
(eu)
ey/ wey/ (19310m (ey 01 (3o00))nq Buipjoy
T e e /ey) /ou) /ey) (ey 0i (%) jo
gluawdinby ease SINIOM ease /ou) eawe azIs
wiej jo (sy) anjep pue) Apney pue) syooyng  ajaebiu Ay

- 1210},
£G< abieq
£6-C'L wnipaw
81-C°0 llews
(v) eiezuey
- leioy
Gy abio7
St wnipaw
0c-20 liews
{v) epayyury
(ey)
eae azis
jeuoneado Buipjoypue|
jo abuey abejia

panunuod g aqel

109

PATTERNS

RESOURCE BASE AS DETERMINANT Of



\e

o

irrigation. Lokur and Aurupalle villages have more extensive irrigation
and more equipment than the other villages. The intervillage, or rather
interregional differences in the broad resource positions illustrated by
Table 3, may help explain the differsnces between cropping patterns if
they are not explained by the resource position differences among farms of
different sizes. The reasons were discussed earlier.

Cropping patterns. An important feature of cropping patterns in the
semiarid tropical areas in India and elsewhc:c (Aiyer, 1949; Morman, 1974)
is the predominance of mixed croppins. Depending upon the crops and
a number of agronomic factors and economic considerations, the crops are

Table 4. Extent of sole and mixed cropping by size of operational landholdings in
six villages of semiarid tropical India, 1975~76."

Share of crops in total cropped area (%)

Viltage land- s e e
holding size Sole 2-crop 3-crop 4- to 5-crop
crop mix mix mix* Total
Aurupalle (M)
Small 30 — — e — 70 — 100 —
Medium 52 (28) | J— —_— 47 (5) 100 (14)
Large 57 (26) 9 (2) e 34 (1) 100 (15)
Total 53 {25) 6 (2) — — 41 (2) 100 (13)
Dokur (M)
Small 88 (59) 12 — e — 100 (52)
Medium 92 (73) 8 — —_ —_— 100 (67)
Large 82 (57) 1% — 3 -— —_— 100 (47)
Total 85 (62) 13 — 2 — —_— = 100 (53)
Shirapur (S)
Smalt 97 (1) 3 — —— —_— - 100 (17)
Medium 93 (12) 7 (9) — —_— 100 (1)
Lurge 82 (14) 14 (6) 4 — —_— - 100 (1)
Total 86 (14) 11 (6) 3 -- — 100 (13)
Katman (S)
Small 44 (22) 40 — 16 (63) — 100 (10)
Medium 47 (14) 27 (1) 20 (1) 6 — 100 (6)
Large 66 (23) 21 (4 10 (22) 3 - 100 (15)
Total 57 (21) 27 (2) 14 (11) 2 — 100 (14)
Kinkheda (A}
Smali 6 (40) 3t — 53 — 10 — 100 (2)
Medium 12 (19) 27 — 57 — 4 — 100 (2}
Large 19 — 28 — 446 — 7 — 100 —
Total 16 (5) 27 — 50 — 7 — 100 (1)
Kanzara (A)
Small 12 (44) 27 — 39 - 22 — 100 (5)
Medium 26 (11) 30 — 39 — 5 — 100 (3)
Large 32 (8) 49 — 17 — 4 — 100 (3)
Total 30 (O 40 — 24— 6 — 100 (3)

*See note *, Table 3. "Figures in parentheses 'ndicate the extent {%) of irrigated crops in the
respective categories. ©5-crap mixes occur only in Aurupalle village.
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mixed in rows or the seeds are mixed in sowing. Patch-cultivation is also
practiced; within one plot, small patches are put under different crops
because of such special problems as shading, salinity, severe erosion, water
stagnaticn in depressions, and so on.

Mixed cropping. Some details of mixed cropping in the six villages
are in table. Table 4 indicates that, in all the villages except Dokur and
Shirapur, sole cropping tends to increase with size of operationial land-
holdings, which implies that smaller farms have a stronger preference for
mixed cropping. Mixed cropping on the same plots fits well into small
tarmers’ crop diversification strategy against uncertainty and risk. Alse,

Table 5. Important crop mixtures and number of crop combinations characterizing
mixed cropping in six villages of semiarid tropical India 1975 -76°.
Share of crop mixtures (%) in willages
Crop muxture e e e i e s
codes” Aurupalle  Dokur  Shirapur Kalman  Kinkheda  Kanzara

(M) (M) (©)) (5) (A) (A)
S -P — 57 — e — —
$S+8 — — - 4 7
S - sf — — 23 — -
S - Gg — — e e g —
S -8-Gg -— — -- — 17 —
S -Gg~P - Pm — - — — t
S-Pm-0Op-V-Ov 75 - - — -- —
P~ Ov — — 22 - - —
P« Mm - — - 7 - -
P - 0Op — - — 7 - —
P - sf — —— — 8 —
P - 0c~ Pm — - 22 - - -
P« Pm- Qv — - - 5 = -
Op - Ov - - 16 - — —
cC-P — — — — 9 38
c-P-S — - - - 39 16
C+-P+-Gg~-S§ — — -— - 7 —
cC-B+P~-S — - — - — 16
W - Ch — - 7 - -— -
Cr~-V 12 - - — -
G-P —— 40 —— e - 7
Sc -V e e 18 - — e
Others 13 3 15 50 9 16

Crop combinations in witages (no.)

Crop mix (Ty ..es}
2-crop mix 6 2 10 26 6 9
3-crop mix — 1 2 22 ] 7
4 + 5.crop mix 2 — 2 12 9 9

2See note ? under Table 3. "8 = Black gram; C = Cotton; Cp = Chick-peas, Cr — Castor;
G - Groundnut; Gg = Green gram; Mm = Minor millets; Oc = Other ceieals; Op = Other
pulses; Ov = Other fiber-cum-vegetable :rops; P = Pigeonpeas; Pm = Pearl millet; S = Sor-
ghum; Sc = Sugarcane; Sf = Safflower; Sn = Sunflower; V = Vegetables; W = Wheat.
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small farmers resort to mixed cropping to achieve diversification because
they do not have many plots on which to plant different sole crops. Large
farmers, on the other hand, are able to diversity by using their more
numerous plots.

The possibility that the risk tactor' influences the extent of mixed
cropping in different landholding-size groups is supported by other details
in Tables4and 6. Forinstance, the greater the certainty of the crop (through
germination, early growth, and so on), the less should be the need for
crop diversification through mixed cropping. The bulk of the irrigated
(and therefore less riskv) crops were raised as sole crops on farms of most
sizes.

Extent of irrigation ranges from 19, (Kinkheda) to 339, (Dokar) of the
total area cropped in different villages {Table ). Further, barring the
small-farm group in Kalman, the proportion of irrigated crops is higher in
the case of sole crops. If irrigated crops alone are considered, 83 10 1009, of

the irrigated acreage is occupied by sole crops in difterent villages (Table

7). The greater extent of sole cropping in Dokur village in general and on
small farms in particular may be explined in terms of greater availability
of irrigation. The hypothesis about disappearance of mixed cropping
following the availability of canal irrigation in Kota villages (Table 1) is
thus supported by the Dokur situation.

The declire in the extent of mixed cropping with the decline in farm
size in Shirapur village, though representing a situation contrary to the
trend in most of the other villages, indirectly supports the risk-based
argument about mixed cropping. Shirapur and Kalman villages are charac-
terized by deep, black soils and a bimodal rainfall pattern. Two raintall
peaks occur in Junce and September, separated by a phase of low and
variable rainfall. Not only are deep, black soils difficult to work after the
onset of the monsoon, but the soil profile is not fully recharged by the
first rains. Consequently, most farmers with deep. black soils keep the
land fallow during monsoon and plant rabi (winter season) crops, such as
sorghum and safflower. after the monsven recedes. Since the moisture-
retention capacity of deep, black sols is high, crops planted after the
monsoon can mature. The soil profile isfull of moisture ina broad qualitative
sense; it offers usually lower but assured crop prospects similar to those
of irrigated farms. The need for guarding against risk through mixed
cropping is reduced. Morcover, the large farmers have more land---some

Wother tactors may influence the extenr of mived Gopping They ine lude the sell prosiaemng character of subsistens ¢
farming whichinduces the farmer 10 add 3 few rows of crops e chtihes, conander, ailseeds, of tabaceo W the main
crop. possihility of increased and more. evealy distributed utihzation of famidy labor through mixed aopping.selative
econamics of specalized versus 3 orsified copping in different categonies of farms. and so on However, in e absenie
of usable data at this stage, 1t is difficult te discuss thase factars meaningfully
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Table 7. Crop distribution in irrigated area by size of operational landholdings in
six villages of semiarid tropical India, 1975-76.°

Viilage, Share of crops (%) in total irrigated crops Total area
landholding irrigated
size Paddy/ Sugar Vege- Ground- Maize Sor- Other  Ali (ha)
Wheat? cane tables nuts ghum sole mixed

crops® cropsd

Aurupalle (M)

Small —_— e

Medium 72 (29)

Large 88 (62)
Total 85 (53)

Dokur (M)

Smali 100 (90)

Medium 68 (63)

Large 90 (89)
Total 83 (78)

Shirapur (S)

Sma'l 33

Medium 5

Large 9
Totnl 12

Kalman(S)
Small 11
Medium 25
Large 20
Total (1)

Kinkheda(A)

Small 82 (92)

Medium 44  (44)

Large _ —
Total 62 (62)

Kanzara(A)
Smalt 100 (100} - ; .
Medium 100 (100) —— —
Large 87 (43) 9 — —_—

Total 92 (65) —_— - — —_—
'See note * under Table 3. PIndicales paddy in Aurupale and Dokur villages and wheat in
the remaining villages. Figures in parentheses indicate the shares of nigh yielding varieties of
the respective crops in total irrigated area. “Other sole crops include cotton, fodder crops,
garden crops in total irrigated area. Other sole crops include cotton, fodder crops, garden
crops and in some cases chick-peas, sunflowrr, and castor. dMixed crops muainly include
vegetables, wheat, chick-peas and oil seeds.

of it relatively shallow—on which they plant during the monsoon. They
use mixed cropping to alleviate risk.!! Kalman village, in the same region,
does not compare with Shirapur village largely because it has much greater
proportion of medium, black, shallow soils which are usually cropped

Uyt another set of data not presented in the tables showed that the area kept fallow during kharif (monsoon scason)
and put under rabi (winter season) crops comstituted 78, 50, and 55% of the total cropped area on small, medium. and
large farms tespectively in Shirapur. The cotrespending extent of rabi cropping in Kalman village was S0, 60, and 63°¢
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only in the monsoon season. Moreover, Kalman has more bunded plots,!?
which aliow more opportunities for small-patch cropping involving
coriander, linseced, vegetables, and paddy near the bunds where water
stagnates. These small-patch crops also add to the extent of mixed cropping.

In view of the extent of mixed cropping, and lacking information about
the proportions of individual crops in the crop mixtures, it is difficult to
discuss areas of individual crops in the cropping patterns.! In most of
the subscquent tables, data about a particular crop raised as a sole crop and
as a main crop of the mixture (without specification of its actual share in
the mixture) have been presented ~ide by side. Table 6 presents the details
of individual crops in the manncr indicated above.

Mixed cropping characterizes all the villages. but there is considerable
difference in the number as well as in the tvpes of crop combinations
(Table 5). Forinstance, Kalman village has 26 and 22 different crop mixtures
in two-crop and three-crop patterns, respectively. Dokur, on the other
hand, has only one or two crop combinations. Other villages fall between
those extremes. In Kalman, the heterogeneity of circumstances, such as
availability of deep black, medium black, and shallow soil permitting
raising of both rabi and kharif crops in different areas, small-patch cultiva-
tion due to bunding, and so on, secems to be responsible for the large
number of crop combinations.

Regardless of the number of crop combinations, the inclusion of relatively
drought-resistant and relatively drought-sensitive crops such as sorghum,
cotton, and pigeon peas is sign:ticant in all villages except those in Sholapur.
In the Sholapur viilages, the reduced number of drought-sensitive crops,
combined with drought-resistant crops, is partly due to the delayed 1975
monsoon. When the rains are late and inadequate to start with, drought-
sensitive crops like sesame and groundnuts are seldom planted even as
mixed crops.

Regardless of the total availability of irrigation in different villages,
more than 50 to 100% of the irrigated arca is devoted to high-value sole
crops like paddy, wheat, sugarcane, groundnuts, vegetables, and others
(Table 7). That pattern persists when different landholding-size groups
are considered. The Sholapur villages (particularly Kalman) are the excep-
tion, where low-value crops like sorghum, maize, and chick-peas also

P2 n Kalman silage as ¢ whole, nearly 837, of the farm houscholds have 90 1o 1007 of their land area bunded In
Shirapur. with extensive areas of deep black sails, only 25°,, 6t the larm houscholds bave bunded land Deep black suils
make it difficult to mamntain burding Bunds can cause damage to crops {Jodha, 1970b)

D hata collection involved recording the main crop in crop mixtures as tirst crop Other components depending upon
their decliming sharean the mixture, were tecin ded assecond, thid, fourth crop, and so on, tor the wame plot (Binswanger
and Jodha, 1976}. The share of the man crop (or first crop) in the crop mixture could range from 50 10 90°, of the total
acreage under that mixture.
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account for a substantial proportion of irrigated area. The difference is
duc to the low and undependable extent of recharge in most of the wells,
which could not facilitate raising of high water-consuming (high-value)
crops in those villages, compared with, say, tanks and wells in Mahbubna-
gar villages, which ensure intensive irrigation during different seasons.
In view of the differing quality of irrigation systems, high-value crops
probably utilize a much higher proportion of the available irrigation
facility than what is suggested by the irrigated arca under them.

Table 7 indicates that paddy occupies most of the irrigated land in the
Mahbubnagar villages, unlike the other villages. The situation is largely
due to differences in the irrigation systems. In Mahbubnagar, community
tanks that collect the runoff water during the monsoon are the major
source of irrigation. Historically, tank irrigation is used for paddy cultiva-
tion only. In Sholapur and Akola, wells with varying depths and stability
of recharge are the only sources of irrigation. Crops are chosen according
to water availability. Vegetables are preferred in small or bigger measure
everywhere because they (1) are more labor absorbing, carly maturing,
and an almost perennial source of cash income during the season, and (2)
can be marketed with no institutional restriction.

Further examination of Table 6 reveals that a clear-cut relationship
between farm size and extent of individual crops obtains mainly in the
cases of sorghum, paddy, wheat, other cereals, groundnuts, and cotton in
some of the villages. More importantly, the relationsinp in most cases is
not unitorm. For example, the acreage of sorghum (sole crop) increases
with size of farm in Dokur and Kalman, but the opposite is true in Kanzara.

This is maybe partly due to the fact that farmers’ cropping preferences
(for instance, large farmers going in for drought-sensitive risk crops and
small farmers allocating more area to food grain crops) are based on groups
of crops with common attributes (drought-resistance and others) rather
than on individual crops. The relationship between farm size and cropping
patterns can be seen better if crop groups are considered. Table 8 presents
the relevant data. In keeping with the complex of goals that govern farmers’
decisions about allocation of area to different crops, the crops have been
put into two categories: food-grain crops and cash crops. They have
further been broadly subclassified into drought-resistant crops and
drought-sensitive crops.!t

The conventional presumption is that the small farmer devotes a greater
proportion of his land to food-grain crops and to drought-resistant crops
because of his subsistence requirements, inability to take risks, and so on.
Preferences of the larger farmer should be the opposite, as the maximization
of profits is presumably his main goal, and he is presumed to be able to
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take the greater risk involved in drought-sensitive crops.!s These hypothe-
ses will now be further examined.

In Aurupalle village (Table 8), il mixed crops alone are considered,
the hypothesis of small farmers’ concern for subsistence and risk is
supported by the increase in area under both food-grain-crop-dominated
and drought-resistant-crop-dominated mixtures with the decline in size of
operational holding. The support for the hypothesis is strengthened by
Table 5 which indicates that most mixturss in Aurupalle consist of tood-
grains, and almos. all the mixtures consist of drought-resistant crops.

When sole crops are considered, paddy and castor distort the trend.
The area under food-grains increases with the size of helding. In fact,
paddy is more a cash crop than a subsistence crop and implies no violation
of the food-grain-based hvpothesis. Similarly, the increase in proportion
of cash crop mainly due to castor with decline in size of holding does not
go very much against the expected behavior of small farms, as castor has
numerous virtues like low input cost, drought resistance, long duration
of crop conducive to a dispersed pattern of labor use, and supply of fuel
materials as a ovproduct. The greater extent of drought-resistant crops in
large farms than in medium farms is largely due to castor and to kharif
pulses, which could be described as large farmers” “subsidiary crops.”

In Dokur village, lving in the same tract as Aurupalle but having signif-
icantly better irrigation, the situation is quite different. The proportion
of drought-sensitive crops declines with the size of landholding. In other
respects. such as the area of food-grain crops (raised cither as sole crop
or the main ~rop of a crop mixture), the area of cash crops, and the area of
drought-sensitive crops, the table does not suggest any clear trend. The
principal reason for the above situation is the greater extent of irrigation
(Table 3, 4, and 7) on small farms and consequent higher area allocation
to paddy and groundnuts as the main crops of mixtures (Table 6). The
higher proportion of food-grains and drought-resistant crops on large
farms than on medium farms may be attributed to the “subsidiary crops™, !¢
as Dokur is one village where land concentration is high (Jodha, 1976b).

fCateponization of crops as feod-grain and cash crops has lost much of sts sharpness with the increased commer cializa-
tion ot sgniculture, as feod-grains in manv cases are raised not only for subsitence but lsolor cash marketing. However,
i the absence of ¢ more convenient alternauve. this dasstication has been used  Accordingly. the crops falling in each
suboategory are as follows
4] Drought resistant food-grain crops peard mullet, sorghum, finger miblet, other minor nullets, pigeonpeas, chick:
peas, black gram, and other pubses except green gram
by Drought senstive fond-gramn crops paddy, whest. maize. green gram
¢) Drought-resistant cash crops. castor, suntlower, safflower
d) Drought-sensitive cash crops. groundnuts, sesame, mustard, hnseed, cotton, sugarcane, vegetable crops fexcept
rainfedy.

Eor g discussion of the conventional presumptions and empirical work supporting or contradicting them, see Knshna
{196 3) Also see Bharadway (1974).
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Table 8. Relative skare of drought-resistant and drought-sensitive crops in total crop acreage by size of operational
landholding groups in six villages of semiarid tropical India, 1975-76."

Village.
landholding
size

Relative share (%)

Food-grain crops

Cash crops All crops

Drought-
resistant®

Drought- Total

sensitive

Drought-  Drought- Total Drought-
resistant sensitive resistant

Drought-
sensitive

Aurupalle {M)
Small
Medium
Large
Total

Dokur (M}
Smal!
Medium
Large

Total

Shirapur (S)
Smail
Medium
Large

Total

Kalman (S}
Small
Medium
Large

Total

8 (100)
2 (99)
11 (80)

(88)

(47)
127)
(42)
(40)

(55)
(89)
(83)

(96)
(93)
(92}
(93)

8
27

(100)
(99)
(80)
(88}

(47)
(27
(42)
(40)

(82)
(89)
(86)

(100)
(99)
(96)
(99)

92 . : 100 (100)
53 55  (99)
50 61 (95)
53 62 (97)

- (47)
— (27)
— (42)
— (40)

(55)
(94)
(87)

(95)
(93)
(95)

(93)

45
39
38

97
81
66
73

(1)
(5)
3)

(53)
(73)
(58)
(60)

(100)
(45)
(6)
(13)

(4)
(7
(5)
o

continued on opposite page




Table 8 continued

Reiative share (%)

Village,
landholding Food-grain crops Cash crops All crops
size
Drought- Drought- Totatl Drought- Drought- Total Drought- Drought-
resistant®  sensitive resistant sensitive resistant sensitive
Kinkheda (A)
Small 3 (53) 82 ..— 85 (53) R 13 (47) 15 (47) 3 (53) 97 (47)
Medium 21 (50) 17 - 38 (50) —— e 62 (50) 62 (50) 21 (50) 79 (50)
Large 51 (45) 32 - 82 (45) - 16 (55) 16 (55) 51 (45) 49 (55)
Total a4 (47) 32 - 76 (47) - — 24 (53) 24 (53) A4 (47) 56 (53)
Nanzara (4)
Smal 45 (21) a4 - 89 (21) — e 11 (79) 11 (79) a5 (21) 56 (79)
Medium 56 (13) 37 — 93 (13) —_ - 7 (87) 7 (87) 56 (13) 44 (87)
Large 36 (29) 13 - 49  (24) 1 - 50 (76) 51 (76) 37 (24) 63 (76;
Total 40 (21) 19 - 59 (21) 1 - 40 (79) a1 (79) 41 (21) 59 (79)

*See note “under Table 3. "For details of drought-resistant and drought-sensitive crops, see the text. “ The two sets of figures under each
column give details of sole crops and mixed crops at one place. The figures outside the parentheses indicate the percentage share
of different crop groups (sown as sole crops) in the total area under sole crops. The figures within the parentheses indicate the share
of crop mixture dominated by the corresponding crops in the total area under mixed cropping. Thus the figurez in parentheses do
not indicate the extcint of area under particulat crop groups but under the crop mixes dominated by the said crops.
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The cropping pattern in Shirapur revecals trends that are completely
contrary to the ones hypothesized. Accordingly, the extent of both
drought-resistant crops and food-grain crops increases with farm size.
That applies to both sole crops and mixed crops.

The trends can be explained in terms of the extent of rabi cropping in
the deep, black soils which varies considerably among different farm-size
groups in the village. As mentioned ecarlier, the extent of rabi cropping
declined with size of holding in Shirapur. That implies that the larger
the farm, the greater is the extent of kharif cropping. This is due partly
to the fact thatlarger farms have some lands that can be planted to drought-
resistant crops in the kharif scason, and partly to their ability to ke
added risk. Hence, in terms of risk behavior, growing kharif crops (regard-
less of type) is comparable to using drought-sensitive crops and is thus in
keeping with the risk-related hypothesis about crop preferences of large
and small farms.!?

Rabi cropping, on the other hand, usually provides more assured
moisture prospects. The actual choice of rabi sorghum versus wheat,
safflower, chick-peas, and so on, during 1975 was influenced by the
continuation of monsoon till early November. Most smail farmers could
not plant sorghum during the short period available, hence, the greater
use of crops like wheat {which fall into the drought-sensitive category)
and safllower (Table 6).

The situation in Kalman village is fairly ditferent from that in Shirapur.
In the case of mixed crops, which have more use in Kalman and the use of
which increases as the size of farm declines (Table 4), the cultivation of
food-grain crops is inversely related to farm size. There are also more
drought-resitiant mixed crops on small farms than on farms in other size
groups, though there is no clear trend. But there is a clear inverse relation-
ship between farm size and drought-resistant crops when sole crops are
considered. The positive relationship between farn. size and the extent of
cultivation of food grain (sole crops), which contradicts the subsistence-
related hypothesis, is largely due to the greater use of drought-resisicnt
(sole) crops like safflower and sunflower on small farms.

In Kinkheda village, if mixed crops are considered, the proportion of

1 \When tesources of Lirge farms are not suited to umformly intensive use, tavmers may concentiate their etforts on
their better lands pn terms of fertality, srnigation facdiny, and so on) The remaiming lands are used for “subsidiary crop
enterprises.”” 1 the proposizn of mictior landsan otal operated atea s large. the “subsidiary crops” ma - dominate
the cropping patteins of La; e farms. Morcover, the lirge tamens’ preferences o particular cash crops may be
neutnslized by the unavailabality of tmely and adequate rans Forimstance, m Sholapur villages, in medium black
sotls grourdnats and sesamum crops are replaced manly by pulse ctops in such a situation.

7 Moteover. delaved and madequate rins in the ey part of monsoon season (1975 7o) favored more drought-resistant

foad-grain crops rather than cash crops Iike sesame and groundnuts, which turther led to mote use of tood-grain crops
on large farms,
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food-grain crops declines with the size of holding. In constrast, the share
of drought-sensitive cash crops increases with size of holding. Those
trends support the subsistence and risk-related hypotheses.

in the case of sole crops, the extent of food-grain crops on small farms
is greater than that of other groups, but there is no clear trend. The extent
of drought-sensitive crops declines with the size of farm. This is mainly .
due to higher extent of wheat crop on small farms,

In Kanzara, another village from the cotton tract, however. the cropping
pattern does not show clear trends in any of the crop categories under
discussion. Of course, compared to large farms, the small farms have
larger proportions of food-grain crops and smaller proportions of rrought-
sensitive crops.

Besides subsistence and risk considerations that have been examined
in these six villages, a few more variables have an important influence on
the land allocation to food-grain crops and drought-resistant crops.
Large farms depend on hired labor to a great extent. They frequently
make wage payments in kind and consider drought-resistant, low-value
crops like sorghum, pearl millet, and minor millets as wage-goods. They
devote considerable area to such crops, not only for their own subsistence
purposes but also for the production needs of the farm enterprise.

At times institutional factors, like the custom of releasing water from
irrigation tanks during specific times to irrigate paddy crops, may make
cropping decisions or cropping patterns different from those that the
households’ own resources would suggest.!® Also, to avoid problems
with land reform laws, a large farmer may plant low-cost, drought-resistant
crops rather than let land go unused.

The fact that cropping patterns vis-a-vis size of farm do not reveal
uniform trends in different villages suggesi: that, influenced by numerous
complex factors, the cropping pattern cannot be fully explained by using
landholding sizc. Furthermore, the factors which convincingly explain
the croppir.g pattern in one situation prove utterly ineffective in another.
The diversity of both the cropping patierns and the factors underlying
them magnifies one dimension of the problem of cropping systeme research
for rainfed arcas.

CONCLUSIONS

My discussion, based on microlevel details from different locations in
arid and semi-arid areas of India, may lead to the following inferences.

Wtor instance, larmers with sufficient arrigation from tanks i bokur village cultivate paddy. In Sholapur, farmeers
with dependable itngation fram wells plant sugsrcane.
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Cropping patterns are affected by a multiplicity of factors of which
resource position is one. Within the resource base, the land type, irrigation,
and rainfall play the most important roles. Those basic resources, together
with the availability of plant varicties, determine the comparative advan-
tages of different crops and crop mixes on the various soils. They also
determine the rate of return to investment for other components of the
resource base. In the long vun, the availability of resources of capital
(and of labor) are also determined by the land and water resources and the
state of technology.

Massive resource transformation that relaxes major constraints {as indi-
cated by canal irrigation and tractorization} and overshadows the impact
of other resource differences can lead to shifts of cropping patterns on
farms of all categories. Such resource improvements orient the cropping
patterns towards high-value crops and reduce the importance of mixed
crops.

Major resource shifts may have a stronger and quicker impact on
cropping patterns than maiginal improvements cf various cultural practices
or even of crop mixes.

Similarly, introduction of new varieties tends to change the comparative
advantages of different crops and may lead to massive shifts in cropping
patterns as well as in incentives for investment in other capital items.

The more heterogencous the resource base, mainly in terms of soil
types, the more complex and heterogeneous will be the cropping pattern
and the more numerous the crop mixtures observed. That tendency is
reinforced by quantum, temporal, and spatial variability of rainfall. The
feasible choices in such cases are limited, vet to adjust for uncertainty
and risk caused by variability, the farmer tries to multiply his alternatives
{through crop combinations) within the limited possibilities. Kalman
village illustrates the situation.

On the other hand, greater uniformity of the resource hise leads to
simple, one- or two-crop-based cropping patterns, even under rainfed
conditions. The castor crop in the Mahbubnagar area or sole crops of
sorghum and wheat in rabi (winter) cropping in deep-black soil areas of
Sholapur are illustrations.

Irrigation imparts uniformity and stability to the resource base and
opens a wide vange of cropping options. Nevertheless, the cropping
pattern tends to become less and less heterogencous, partly because the
uncertainty -induced need for diversification has disappeared. More im-
portantly, the stable cropping environment generated by irrigation permits
clearer pereeption of the comparative advantages of different crops; crop

1976 CROPPING SYSTEMS SYMPOSIUM




b

D

preferences are more easily narrowed down to the few that are clearly
most profitable.

Where overall cropping options are limited, the cropping patterns are
varied and complex. Where cropping options are numerous, the tendency
is toward simple and one- or two-crop-based patterns. In the former, the
farmer is forced to multiply cropping options within narrow limits, in the
latter it becomes easy for him to select a few from the large number of
options. The size of landholding seems to matter little.

The situation has a number of implications for agricultural rescarch.

First, in view of the association between mixed cropping and poverty
of resource base, e.g., smallness of farm, any breakthrough in intercropping
research is likely to help the poor more than the rich. This is a unique
instance where research can be deliberately biased in favor of the poor.

Second, where cropping options are numerous, as in better watered
areas, the crop breeders have greater flexibility and opportunity for crop
or variety selection. Even where the environment is not so favorable as
in the irrigated areas, but where the resource base is more homogeneous,
their task may be less difficult, as the evolved crops do not have to be
tested under many different microlevel situations within the same region.
Serious problems arise once crops or cropping systems are to be generated
for a very heterogeneous resource base. The thought of generating a
cropping sy'stem to incorporate as many as 26 crop combinations for the
micro-units of a heterogeneous tract (as illustrated by mixed cropping in
Kalman village) is quite demoralizing. It may create numerous problems
even in siniple designing of experiments and their replication.

The problems faced in any effort to generate cropping systems for
rainfed areas where, in the absence of irrigation, the inherent micro-
level heterogencity of the resource base persists, are the following.

First, the logistics of multilocation and multicrop combination experi-
mentation, to capture the total cropping possibilities to satisfy the varied
timing and site requirements of the rainfed areas, is tremendous and costly.
Further, it s difficult to avoid the location specificity of experimental
results.

Second, the realism and relevance of a new cropping system depends
largely upon the extent to which it has been rigorously compared with
farmers’ prevailing systems. But that poses more serious problems than
do multilocation trials. The complexity of the farmer’s system stems from
his adjustments to diminish the instability and uncertainty of rainfed
agriculture. Unless the adjustment mechanism is fully understood and
replicated in some form by researchers, injecting the desired degree of
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diversity and complexity in the prospective cropping system may prove
impossible. Understanding and replicating farmers’ adjustments are
difficult; the systems arc sensitive to small changes which are difficult
even to perceive at the research farm.

Moreover, the farmers” own cropping systems are a result of informal
experimentation over a long period.}? Given the resource base and varieties,
how far formal experimentation can improve upon the cropping system
evolved by the farmer is an open question.

The formal rescarch to evolve new crupping systems may have very
limited payoff unless what goes into the prospective cropping systems is
radically new. The new elements can be new crop varieties, or improve-
ments (including better management) in the land and water resources.?
The research directed toward generating these new elements obviously
should get high priority. .%s and when the new elements become available,
it will be the principal function of cropping systems rescarch to indicate
broadly the alternative ways in which farmers’ crops can be tied to them.
The detailed evolution of cropping systems to suit microlevel heterogeneity
may be conveniently left to the informal experimentation of the farmers.

Finally, in the whole process, it is critically important to coordinate the
cropping systems research with prior rescarch in adapting varieties to
local conditions, and with the research aimed at finding efficient ways to
conserve and improve the land and water resource base.
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3 The chowe of. 20 crop combinations in mined cropping planted in a sin le village like Kalman is a result of such intormal
experimentatin

HFor a detnled discussion of such issues, see Binsy pger et al. (1976).
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DISCUSSION

ZANDSTRA: Cropping systems research needs to go beyond the description of different
cropping systems encountered in farms with given resource bases. Given an alternative
(new) system, how would you evaluate its fit or lack of fit to a given resource base? What
criteria would you usc in this evaluation?

Jodha: To my mind, description of the existing cropping pattern and its rationale is
essential as an input for evolving new cropping patterns. Further, unless there is something
new in a new cropping system, the farmer may not accept it, For more about this, see the
last two pages of my paper.

HooQue: How do you account lor a definite trend for the percentage of mixed cropping
to be determined by the number of plots ?

Jodha: lLarge farms have more land and more plots. By putting in crops as sole crops in
more plots, they are able to achieve a degree of crop diversification which small farms with
small land cannot. Hence, small farms achicve a degree of crop diversification through
mixed cropping on the same plots.
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BOowRING : Is there any evidence of cropping systems being adopted on tenant farms
that are different from those on owned farms—given of course, that other factors such as
farn size are cqual?

Jodha: From ICRISAT studies we do have datz about each plot-—owned or leased. Details
arc available not only for crops, but for inputs and outputs. As the processing of the data
is still in progress, no answer is possible at this stage. However, we will look into it.
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FARMER'S DECISION-MAKING
BEHAVIOR WITH REGARD TO
CROPPING SYSTEMS RESEARCH

W.H. Vincent

This paper introduces a farmer-behavior dimension into the discussion
of cropping systems rescarch. An appreciation of the process ol decision-
making and its role in the total farm-management task is presumed to
contribute to an understanding of whether or not farmers will adopt
partially or totally, quickly or slowly, the results of research on improved
cropping systems.

The paper will first present a conceptualization of the decision -making
aspect of management from a systems point of view; second, it will review
briefly a few research efforts which suggest alternative approaches to the
problem; and finally. it will draw implications from the precedis 3 sections
for analyzing the management-behavior aspects ol a cropping systems
research program.

CONCEPTUALIZATION OF DECISION-MAKING IN MANAGEMENT

I was instructed to identify in my contribution to this part of the program
the determinants of farmers’ choices among alternative cropping systens.
Previous papers have stressed the importance of natural resources and
their use for predicting cropping systems’ performance. Introducing the
human being into the system now makes it more difficult to keep our
attention solely on cropping systens.

Houschold decisions to use resources in crop production are conditioned
upon decisions to use resources in other activities. Hence, it seems appro-
priate to look at gencral decision-making activity by managers before
setting up decision criteria for cropping systems in particular. I will use
Figure | as a guide.

W1, Vincent. Professor. Department ol Agricultural Economics, Michigan State University, Fast
Lansing, Michigan, USA.
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1. The iformation processing aspects of management.

Attention is drawn first to the system-control unit in the diagram. In
it is found the full range of functions which yield management decisions.
Those functions have been identified and taught in farm-management
classes around the worlil. They include problem identification, observation
(representing the information-search behavior of managers), and the
analysis of alternatives, which lead to decisions (including the decision to
do nothing).

The management-control unit is perceived as a processor and evaluator
of information. Here diagnosis takes place, and the managers’ assessment
of the system’s performance is weighed against the managers” own standards
of performance. What is acceptable performance is an individual matter.
It is subjective and it is normative. Even though resecarch may indicate
that a particular cropping system is “good’ for a particular farmer, the
system may not be “right” for him. Pinstrup-Anderson and Diaz (1975)
conclude that one of the main reasons for low adoption rates of new technol-
ogy in peasant agriculture is failure of technology to meet most on-farm
needs and personal preferences of farmers. A manager will not deviate
from what he is doing if, in the process of evaluating ““what is"" in relation
to ““what ought to be,”” he finds nothing wrong with what he is doing, or
he finds something substandard in what he would like. His understanding
of the alternatives convinces him to remain in his present position.
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In any case, the management functions of problem definition, obscrva-
tion, and analysis entail a complex utilization of both normative and
positive information. Since the decisions that interest us come out of this
process, it is relevant to ask what we wish to do about the values held in
the farm houschold. The answer is to be found in the researcher’s philoso-
phical posture toward the problem at hand. 1 am reminded of a conversation
with a highly competent biological scientist regarding the potential for
social science research in a multiple cropping project in Thailand. His
position was that decision-making involves the use of concepts such as
“right,” “wrong.”” “good,” *“'bad,” “better than,”” “worse than,” and so
on, which are unmeasurable. He would not deny that both normative and
positive information is used by Thai farmers; he simply stressed that since,
in his view, normative information is not descriptively cinpirical, it must
be ignored in the cropping svstems rescarch agenda. This philosophical
position of the positivist would lead the researcher to concentrate on that
part of Figure 1 which deals with physical production relationships as they
take place in their natural environment. Although positivism has been
called the philosophy of science, we may be forced to consider other
philosophic positions if we are to take seriously research into managerial
activities which are so laden with value issues. Johnson {1976} has re-
peatedly called attention to the matter and has outlined some alternatives
which bear on how research will be conducted.

One alternative to the positivist position is to evaluate peasant decision-
making behavior assuming that the peasant’s goals are known or given.
It thus becomes possible to prescribe desirable action for the farmer without
subjecting his values to empirical investigation. That approach isfrequently
used by economists and farm management advisors when they. in cffect,
say, “Tell me what vou want to maximize or minimize and [ can provide
you with the analysis of alternatives which will allow a right ““decision.”
That conditional normative position has intuitive appeal because the
rescarcher is satisfied that prescriptive information can be supplied in
the context of the decision maker’s presumed dominant goal. In the context
of cropping systems research, that philosophical position suggests a rather
straightforward methodological approach. By assuming, for example, that
the Asian farmer is a profit maximizer, and by using lincar-programming
procedures, we can specify an optimum combination of cropping activitics
if we know the unit costs and returns for the alternatives and the level of
the resources which are thought to most significantly constrain the system
outcome. Some thought-provoking conclusions about peasant household
behavior have been generated using such an approach, as will be seen
later. However, before choosing that approach to the exclusion of others,

Iy LY
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we should be aware of two difficulties. First, there is room for error in
the specification of the objective function to be maximized or minimized.
We may be insufficiently informed on the preeminence of the goal in the
decisinn maker’s total goal set, or on the full range of contingencies that
would permit that objective function to serve as an instrumental goal or
as a proxy for all other possible goals.

Sccond, the approach is static and deterministic. Even though time-
dependent and stochastic elements can be considered, it can prescribe only
for the specific set of conditions built into the model. The results may be
of interest to a decision maker as guides to what is possible, or they may
serve as a possible representation of how rational man would be expected
to behave under the conditions specified. However, they do not speak to
the learning processes by which decisions are actually made, nor to the
feedback mechanism in management which allows for a reformulation of
goals on the basis of experience and new information. '

That leads to another possible philosophic position regarding manage-
ment rescarch. It is pragmatism, which holds that positive and normative
information are mutually dependent. If Figure 1 were drawn to represent
the pragmatic view, the normative information and the positive information
blocks would be connected and interacting.

To summarize to this point, the determinants of cropping systems choice
or of any other problem-area choice will be closely tied to the manner in
which the decision maker uses normative and positive information in
problem definition, observation, and analysis. Models designed to study
that behavior will depend on whether or not the researcher feels that
normative information can be handled empirically.

In addition to calling attention to the problem of what to do with norma-
tive information, Figure 1 illustrates that decisions are the output of
management and that these decisions conform to the limits imposed by
individual family resources, and by features of the institutional environ-
ment. [ use the term “institutional environment” to refer to institutional
conditions which influence choice but are largely out of the individual
manager's jurisdiction. Those conditions include such things as price rela-
tionships among products and between inputs and products (to the extent
that inputs and products flow in commercial market), land-tenure rules,
taxation policies, credit availability and its terms of use, accessibility
to markets, and community mores which affect individual choice and
action. In an article on concepts in systems engineering, Hall (1973) points
out that living systems not only exist in an environment; they exist by
means of their environment. The rescarch implication is that it is necessary
to understand the way in which and the exteut to which institutions
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constrain decisions, and to understand their supportive roles as well. The
various policies of government are in that module of the system. Those
policies clearly affect what actually happens on farms, and also affect
expectations of what will happen. They can either increase or decrease
risk in decision making, depending on whether they impede or contribute
to the formulation of improved expectations. Hence, the research apparatus
for studying farmers’ criteria for choice in cropping systems must take into
account at least the more important features of the institutional environment
which affect decisions, actions, and outcomes. In addition, it should
measure the anticipated changes in system performance that could result
from changes in the institutional environment. One aspect of that area
of concern will be treated later in the symposium when the capacity of
national institutions to introduce and scrvice new technology is assessed.

The relation between farm-houschold decisions and the level and nature
of resource endowments was recognized in the previous paper. Little will
be added here. But in that module of the system many hypotheses about
farm-household behavior are offered. One variable in the subsystem is
amount and composition of familv labor. If the resource situation is one
of capital shortage with an excess of family labor, the cropping systems
design should seek ways to market the “excess’ labor prelitably. But the
problem is too complex to be solved merely by examining the peaks and
troughs of the seasonal farm labor profits. As will be discussed later, the
wotal available farm labor supply is allocated to nonagricuitural working
activities and to houschold production and consumption activitics as well
as to agricultural activities Cognizance of the full range of “legitimate”
family labor activities and an understanding of the decision rules by which
family labor is allocated could easily lead to the conclusion that under-
employment in peasant agriculture has been overstated. If that is truc,
the expectation that small farmers eagerly await more-labor-intensive
patterns of crop production may need to be discounted. The literature on
the formation of human capital, the use of time, the components of utility
and the demand for quasi-public goods is treated in Ferber's survey (1973)
of work in consumer economics.

To complete the representation of the decision-production process in
Figure 1, the relationship between the natural environment and the physical
production transformation functions has becen included. That relationship
is much more the concern of other speakers. The manager decides what
crops to produce, what technology to employ, and how to commit resources
for crop production. How he views the vagaries of the natural environment
and how he translates the results of research conducted in a natural
environment unlike his own are relevant considerations in evaluating the
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prospects for adoption of a revised cropping system.

I will make a final comment on that conceptualization before turning to
the next section. Figure 1 shows information flow rather than physical
flow. The system output is datum. Output measurements are fed to the
positive data bank of the manager, but they may also affect the value
system of the management system. The output of management is decisions.
The input to management is normative and positive information. The
knowledge used in decision making, however, is imperfect. Costs are
associated with any value that can be assigned to improve the information
base (Perrin, 1976) as well as with making 2 ““wrong” decision (Havlicek
and Scagraves, 1962). I ¢ .aclude that research to isolate the determinants
in a farmer’s choice of cropping system may appropriately include the
following: farmer’s search behavior, application of information theory to
farmer’s decision processes, and the economics of information.

SOME EXAMPLES OF HOUSEHOLD-DECISION RESEARCH

This section aims to indicate how the conceptualization of the problem
dictates the methodology of research on houschold-decision behavior. It
is neither exhaustive in its identification of reievant research, nor does it
claim to make adequate review of the individual selections. It intends to
show that significant strides have been taken in identifying the most

significant variables in farmer decision behavior. Rescarch which seemed
of interest to the overall research program at IRRI and for the purposes of
this conference was deliberately sought.

Peasants’ response to modernization project in Minifundia econo-
mics. Using a stochastic linear-programming model, Benito (1976) incor-
porated many factors believed to explain differential adoption rates for
recommended technical practices, and evaluated the model, using experi-
ence and data obtained at the Pueblo Project in Mexico. His model of the
peasant economy shows total time available in the peasant hous:hold as
being allocated among agricultural activities, nonagricultural activities,
and other houschold activities. Agricultural time is allocated to farming,
learning and information-gathering, and organization activities. Non-
agricultural includes self-employment and activities in the labor market.
The stochastic production function includes as independent variables labor
time, agro-inputs, services from physical capital, services from human
capital, and a stochastic factor (such as weather). Low levels of human
capital indicate knowledge of “traditional” practices, while high levels
indicate knowledge of ““modern” practices.

Total labor time is constrained by the availability of other resources.
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Off-farm occupational opportunities are limited in the suort run but are
enhanced through investment in on-the-job experience. Accessibility to
modern input markets and to credit markets is included in the model.
Peasant houschold motivations are exprassed by a discounted utility
function which is maximized, subject to a survival constraint. The peasant’s
houschold-decision behavior under uncertainty and under different degrees
of information is represented in the model by a safety-first rule.

The linear-programming model is solved for two situations. Once an
optimal solution is obtained for the average peasant family, the quantitative
changes in adoption data are investigated for (1) the case when physical
and capical endowments of the family differ from the average, and (2) the
case when the equilibrium is disturbed in a family with permanent job
opportunities when the wage rate changes.

Benito’s conclusions (1976) indicate that the distribution of adoption
rates among peasant households is determined by differences in the
combinations of human-capital endowments, physical-capital endowments,
and organizational power. The combinations, in turn, determine the differ-
ences in opportunity-cost of human time, transaction costs, and behavior
in the face of risky events. A further conclusion challenges the view that
labor-intensive technologies per se will rapidly increase agricultural
production and improve peasants’ welfare. Benito stresses the need for
generation of less risky technologies. such as research for new, high

yielding crop varieties adapted to differences in environmental onditions,
and continued development of improved varieties and practices for crop-
ping systems. For further rescarch, he proposes that the model include
the complexities in crop combinations and the seasonal and intrafamilial
allocation of human time. Those suggestions may serve as signals for this
conference.

Locus-gain research. Probably the most common explanation for
peasant farmers’ reluctance to adopt new technologies is their aversion
to risk. The literature on research methodologies for measuring the effects
of risk on farmer decision making is very exiensive. Without doubt, the
entire proceedings of the Agricultural Development Council-sponsored
Conference on Risk and Uncertainty in Agricultural Development, held at
the International Maize and Wheat Improvement Center (CIMMYT) in
Mexico in March 1976, are relevant to our discussions on determinants of
farmers’ cropping system decisions.

Risk problems may be formulated in many ways. Webster and Kennedy
(1975) view farmers’ attitudes toward risk within a focus-loss framework
and compare the results with those obtained from deriving quadratic
utility functions in terms of income. Focus-loss analysis is based on Shackle’s
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(1961) argument that decision makers consider, not an entire set of rival
and mutually contradictory ‘‘possible-seeming” outcomes but rather the
outcomes resulting from particular actions. The extreme outcomes, favor-
able and unfavorable, which are thought possible and which are of great
interest to the decision maker, are termed the focus-gain and focus-loss
of the decision, respectively. The formulation by Webster and Kennedy
(1975) assumes that the decision maker will maximize expected income E
subject to some specified probability « of obtaining a given minimum level
of income F. The analysis uses interview procedures that allow the drawing
of indifference lines which show the willingness of farmers to trade E for
F while maintaining a given level of utility. Our interest is in the arginal
rate of substitution (C) of £ for F, which can be obtained from the indiffer-
ence lines. That is an extension of previous work, and so the minimum
income F need not be set at some arbitrary level. The conclusions deal
with methodological issues surrounding this and alternative methods.
Perhaps of greater interest for our immediate purposes is calling attention
to the fact that focus-loss concepts may be uscful in evaluating optimality
in cropping systems rescarch. The hypothesis that peasant farmers seck
strategies which insure system performance at some minimum level, or at
some level to avoid disaster may be reasonable as one contemplates the
prospects of adoption of new cropping systems.

Optimizing crop production on small farms. Gomez (1975) developed
a farm-level computer-simulation model to evaluate aiternative cropping
patterns. Since he appears on this program, no attempt will be made to
explain details of the work. However, the three objective functions of his
model have relevance to the immediate topic. They are (1) profit, measured
as the difference betwreen value of yield and cost of production, (2) net
return, defined as the difference between value of yield and cash input
cost, including hired labor, and (3) minimum profit, defined as the difference
between profit and one standard deviation less than profit. The variance
for computing standard deviation is obtained from the Monte Carlo analysis
of the stochastic components of the simulation model. The optimization
procedure includes judging the acceptability of a management package on
the basis of profit and risk; the ideal package has high profit and low risk.

Another farm-level computer-simulation model for evaluation of rice-
based cropping systems has been developed by Paris and Price (1976).
The structure of their model conforms closely to the diagram for manage-
ment processes (Fig. 1). The components are crop environment, land
allocation, labor utilization, product and input markets, production com-
ponents, and an income component. Correspondence to Figure 1 is found
by comparing crop environment with natural environment, product and

134 1976 CROPPING SYSTEMS SYMPOSIUM



input markets with institutional environment, production component
with transformation relations, and income component with system output.
The land allocation and labor utilization components handle the decision
rules found in the management-control unit ot Figure 1. The work is still
in a preliminary state and the model is admittedly primitive in some
respects. Nevertheless, its power to evaluate a wide range of management
and policy alternatives makes it promising for cropping systems research.
Some alternatives that can currently be evaluated in the model include
comparison of (1) the effect of different planting dates on profit for given
input levels, (2) the effect of cropping intensity on other variables in the
svstem, and (3) the effects of favorable and unfavorable weather conditions
on crop vields under different management practices. As is typical of
simulators, the model's computer program is unique. Its limited use of
standardized auxiliary routines and program algorithms is both a weakness
and a strength: a weakness because of difficultics in using the program
outside its place of origin, and a strength because of the opportunity to add
to its power and potential. It can be viewed as a laboratory under con-
struction. As the needed experiments grow in complexity, so grows the
experimental apparatus. This brings us to an carlier point, namely, that
the value of the model as well as the value of the information it generates
needs to be evaluated in terms of worth to the decision maker who will
use the results.

Regardless of the model used to study the farmer’s decision behavior,
I share the conviction of Hatch (1976) that research designed to deal with
farmers” problems at the houschold level should benefit from the farmers’
expertise. The farmer knows more about why he does what he does than
researchers do. We must integrate what he knows with what we know.
It may not be enough to test cropping systems research “under farm
conditions”. If we recognize that farmers are knowledgeable in ways that
we are not, and that thev are the policymakers to use microlevel research,
it seems most reasonable that their ideas of what is good or bad or possible
should be incorporated into the research design.

SUMMARY

A conceptualization of the management function has been offered. It
considers the manager as a processor of imperfectly held normative and
positive information which leads to the decisions that are his management
output. The execution of these decisions is conditioned by the resource
endowment of the individual farm family; it is further constrained or
advantaged by the institutional and natural environment.
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The research approach used for modeling this process depends upon
the philosophical position of the researcher, because the question of how
to deal with nermative information must be answered either implicitly or
explicitly.

A review of available rescarch suggests a wide range of variables which
define the criteria for cropping systems decisions. The institutional
environment includes accessibility to and general performance of the
market; the relationship between prices paid and prices received, which
helps determine the relative profitability of alternative enterprises; govern-
ment policies with regard to price and production incentives; taxation
and land tenure rules; and the commodity mores which define what is
possible and acceptable. The amount and quality of such resources as land,
family labor, and capital under the manager’s control are of paramount
importance.

How farmers recognize and handle risky eventsis suggested asa dominant
phenomenon in decision behavior. Methodologies for analyzing risk
behavior are diverse.

A multitude of factors affecting choice highlight the multidisciplinary
nature of problem-solving research. The establishment of research priorities
and the choice of rescarch methodologies may call for contributions from
and interactions with a broad disciplinary base. Nor should substantial
learning from and interacting with the farm decision maker be neglected.
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DISCUSSION

SMITH: You characterize linear programming (conditionally normative) metl s as
static. Doesn’t this assume that the analysis is not to be repeated as new management skills
develop. new technologics remove old constraints, and so on?

It secems to me that both farmers and researchers can incorporate new knowledge into
their analytic svstems. As an example, wouldn't it be possible to use linear programming
both to screen cropping patterns using best-guess information on prices, resource coeffi-
vients, resource supplies, and so on. and to retest as new evidence becomes available.

Vincent : Static was a poor word choice. LP models may be made ““dynamic.”” I was not
criticizing LP as an analytical tool. Rather, | was concerned that it may not offer much in
studying decision processes. The farmer is a learner, and his data for decision-making
change with new knuwledge. The LP can analyze the effects of new knowledge, but it does
not trace the learning process.
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FARM AND AGGREGATE-LEVEL
DESCRIPTICN OF
MULTIPLE CROPPING

M. Seetisarn

The March 1975 workshop on cropping systems suggested a conceptual
framework for cropping systems research that contained four phases: (1)
observation and description, (2) design of new multiple cropping technol-
ogy, (3) testing, and (4) extension. Those phases or steps are not completely
separable but are in fact intimately connected and interdependent. They
are never finally completed but are iterative. The title of the first phase
also seems to be misleading. It gives the impression that no research effort
is involved, when as a matter of fact the phase involves research as much
as the others. More appropriately, the first phase should be called analysis
and evaluation of traditional systems.

This paper deals primarily with that first phase. However, one hardly
knows where to begin with such a broad topic. At best, it is possible to
sketch out the particular aspects of cropping systems that need to be
observed and described both at the farm anc aggregate levels, and to show
how the description is related to other phases, especially to actual design
and testing. An attempt will be made to draw some lessons from our
research at the Multiple Cropping Project (MCP), Faculty of Agriculture,
Chiang Mai University.

WHAT TO DESCRIBE

Multiple cropping is regarded as a key strategy for increasing food pro-
duction, rural employment, and income in a country facing land shortage
and labor surplus—characteristics of many countries of Asia. Interest in
cropping systems research is growing in many countries in South and
Southeast Asia. As used here, cropping system means growing crops in

M. Seetisarn. Senior Lecturer and Head, Department of Agricultural Economics, Faculty of Agriculture,
Chiang Mai University, Chiang Mai, Thailand.




sequence on the same piece of land in one year: intercropping and relay
planting are included in the definition.

Cropping systems have many dimc.-sions and are products of many
factors in combination. They have four broad groups of variables. physical
environment, production technology, resource constraints, and socio-
politico-economic conditions. The - lassification of some variables may not
be clearcut. The groups given here only serve the purpose of exposition.
Cropping systems and the variables interact. For successful cropping
svstems research and development, information on existing or traditional
cropping systems, natural factor endowments, production technology,
resource availability, and socioeconomic environment will be most useful !

Production technology and physical environments. Production tech-
nology is conceived as a package of practices essential for growing crops.
As agricultural prociuction is location-specific, so is production technology.
That is not to imply that transfer of technolegy is impossible. Under
certain conditions, technology mayv be successfully transterred from one
agricultural environment to another. But unless a new technology is created
for a particular area. the objective of increasing food production may not
be realized. As economists, we are interested not in technology per se but
in the relationships between output and input, among inputs, and among
outputs.

Given the natural physical endowments and the resources at his disposal.
and his socioceconomic environment, the farmer will always choose the
production technology which best serves his own interest; where oppor-
tunity and demand exist, multiple cropping systems will be practiced. In
the long run, those svstems must be stable and efficient or they will break
down and eventually disappear.

Before attempting to offer an alternative system, one must study the
factors that contribute to stability and efficiency. There are two reasons
why the physical environment must be studied. First, its influence on
existing cropping systems should be known. Second, we should know
whether the environment can be improved for the new cropping systems,
Since other papers alrecady deal with the second aspect, it will not be
discussed here in detail. There is a need to study not only the present
cropping systems or patterns but also soil, climate, rainfall and water,
topography, and input-output relationships of crops, as well as the inter-
action among crops in the system.

Resource constraints. To study resource availability, it is not enough
to group resources under the labels land, labor, and capital. Their quantity,

"What Dr. AT Mosher listed in his book Getring ugruulture moving Essentiels for development and modernization
(Agricultural Development Counal, 1966) as five essentials and five accelerators for agricultural development are also
apphicable 1o successful multiple cropping development. Attention to these elements helps later research and design
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quality, status, and time of availability must be studied in detail. For
instance, the farmer may feel insecure if he rents land. Thus tenure status
is important. As for labor, one needs to know not only the quantity and
quality (sex, age, and education of laborers) but also the time it is most
demanded. Labor may become critical il a new cropping system requires
the shortening and combination of certain operations.

Capital items and input supplies should be divided into those owned
and those purchased. Capital limitation is perhaps the most serious problem
for farmers who face new cropping alternatives. They may not accept the
new technology if, for example, it requires a substantial increase in cash
expenditures.

Multiple cropping is usually measured in the same way as is the level
of land utilization (using the so-called cropping-intensity index). That is
understandable, since the idea that land is a limiting factor is taken for
granted. However, if new cropping systems are introduced, the situation
may change. Resources other than land may become constraints upon the
adoption of new technology. Such a situation can be articipated if the
relationship among factors and their availability can be established. The
new technology that can be fitted into the farmer’s present and expected
resource constraints is more likely than others to be accepted and adopted
on a broad scale.

Socio-politico-cconomic environments. Cropping systems are also
influenced by socio-politico-ecconomic factors. Although many of those
factors are beyond the control of researchers or farmers, their impact on
farmers’ behavior should be studied. Beliefs, values, and goals are social
factors that are often cited as important. Sometimes they are considered
obstacles to change.

Several economic variables also have bearing on the decisions of farmers
about utilizing resources and adopting technology. The obvious variables
are prices of inputs and products. Oiten overlooked but also important
are markets for inputs and for products. Crops without ready markets will
nnt be adopted even though their impact on production might be high.

Other institutional and macroeconomic factors need to be investigated.
If not adjusted, those factors may impede the adoption and spread of
multiple cropping. If land reform, credit institutions, farmer organizations,
or irrigation-management problems exist, they must be taken into account.
Other government policies and political actions are also important, for
they may have adverse etfects and thus cancel the benetits of new technol-
ogy. If such problems exist, the effect of new technology may be negligible.

The above discussion deals mainly with the farm level. At the aggregate
level, the picture should be turned around; that is, interest should be
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focused on the impact of multiple cropping on a given area. Specifically,
impact on production, income, consumption, market, and price movemen s
and resource utilization (employment), both before and after the ne v
technology, should be evaluated. Information on consumption habits,
kinds of food crops consumed, and nutritional values will also be useful
for directing research efforts. New technology has often been criticized as
more suitable for the larger and better farmer than for the smaller farmer
with fewer resources. A given area, although rather homogeneous, may
have several cropping patterns. The impact of new technology on different
groups of tfarmers will therefore vary. New cropping systems technology
should be developed for the benefit of the majority of the farmers of the

area.

EXPERIENCE OF THE MULTIPLE CROPPING PROJECT

I have so far suggested only what needs to be done in multiple cropping
research and development. I shall now describe how Chiang Mai University
carries out studies to bring to light some of the variables mentioned above.
Then I sha!l relate those studies to actual design, testing, and extension of
new multiple cropping technology.

Although multiple cropping has been well established in the valleys of
Northern Thailand, especially in the Chiang Mai Valley, for many decades?
it was given very little systematic study until the Faculty of Agriculture,
Chiang Mai University, with the assistance of the Ford Foundation, em-
barked on multiple cropping systems research in 19€9. The Multiple Crop-
ping Project (MCP) aims to develop multiple cropping systems adapted to
irrigated areas of Northern Thailand, particularly of the Chiang Mai Valley.
During the project’s first two and one-half years, much effort was directed
towards developing an experimental site and structures, and in outlining
the research components of the MCP. Although those research components
are divided into agronomy and social science programs, what has been
done and what is intended fall within the suggested framework. Figure |
shows the components of the multiple cropping program and its iterative
nature.

Using the 1963 census of agriculture for Chiang Mai Province as best
available data, it was determined that the average farin size was 7.5 rai
(1 rai = 0.16 ha). For practical purposes, a production arca of 8 rai was
laid out at the experimental site. After measurement of a considerable
number of farmers’ fields, it was decided to use one-half rai plots as fairly

2For detailed description of the Chiang, Mai Valley. see Seetisarn (1975)
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representative for experimental purposes. Our agroeconomic survey of
the Chiang Mai Valley in 1972-73 gave the average farm size as about
8.8 rai (1.4 ha). Thus, the production plot was slightly smaller than the
average farm,

Prior to the 1974-75 cropping calendar, four cropping systems were
designed and tested. All systems were built around rice as a main crop
for the rainy season. Each system was tested on a one-half rai plot with
replications. Since the crop year 1974-75, an all-vegetable system has been
included, and each system has been replicated three times on one-half
rai plots (Fig. 2).

To obtain information describing existing multiple cropping systems,
crop production technology, resource use and limitations, and other
economic situations, farm economic surveys and market and marketing
studies were developed. They serve four objectives. First, the present
agro-socioeconomic conditions under which existing cropping systems
exist can be studied both extensively and intensively. Second, resource
availability, utilization, and other socioeconomic constraints can be estab-
lished, and new cropping systems and technology can be designed to
fit the existing and expected situations. Third, there will be a base against
which the new system can be evaluated. And finally, the survey data can
be used to evaluate the impact of multiple cropping.

Two agroeconomic survevs have been conducted in the Chiang Mai
Valley since July 1971. Cne survey covering two villages, Ban Pa Mark
and Ban Dong, near Chiang Mai, was repeated every 6 months. Ban Pa
Mark was selected Eecause, prior to the completion of the Mae Tang lrri-
gation Project in mid-1971, it traditionally had produced only one crop—
rice—in the rainy season. When the irrigation project was completed, the
situation changed. More land is now used for dry-season cropping (Table
1}. Ban Dong has some second-cropping of tobacco, peanuts, and soybeans,
and uses supplemental water from a traditional irrigation system. That
village will also benefit from the new irrigation project. The adoption and
changing patterns of multiple cropping in those villages can easily be
monitored. Ban Pa Mark has also been used since 1973 as a test site for
the multiple cropping systems developed by the Project. In addition, 30
farmers there were selected for an intensive daily record-keeping study
of their economic and other activities for one year from 1 July 1973 to
30 June 1974,

Another survey was conducted that included farmers from all parts of
the valley. It was felt that Jooking at sample farmers in one or two villages
would not give an accurate account of the agro-socioeconomic condition
of farmers throughout the large valley. A multistage sample was used. The
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Table 1. Area in crops, Ban Pa Mark 1970-72, Chiang Mai
Valley, Thailand.

Area
Crop Year R
Rai % of total

(1 rai = 0.16 ha) farm area
Rainy season 1970
Rice 5296 96.5
Dry season 1970-71
Soybeans, peanuts, others Negligible
Rainy season 1971
Rice 5488 100
Dry season 197172
Soybeans 2731 498
Peanuts 316 5.8
Garlic 2.7 5
Rice 17.7 32

Source: Ban Pa Mark farm survey, 1972,

villages were selected first, then the farmers.? The sample had 22 villages
and 20 farmers from each village (a total of 440 farmers). Since no direct
effort was made to influence the cropping systems and technology of the
selected farmers, the sample was a fair representative of the entire valley.

The surveys collected data on (1) cropping systems, (2) availability and
use of resources, (3) farm outputs and sales, (4) production methods,
inputs and costs, (5) use of labor, (6) costs and returns of non-farm activities,
(7) household income and expenditures, and (8) other household informa-
tion. Using such data, the characteristics of the households as well as
farming activities were described (Tables 2 to 4).

In addition, market and marketing studies of several crops were con-
ducted to assess the effectiveness and efficiency of the existing marketing
system and the expected market situation. It appears that the existing
marketing system is working relatively efficiently. It has considerable
capacity to expand and is not likely be a major obstacle to the increased
production of storable commodities and vegetables for processing (Wibo-
onpongse and Thodey, 1974).

Data from the studies have been u e’ in the design and testing of the
MCP cropping systems (Fig. 2). The tested cropping systems have changed
through time. In the beginning, only cereal crops and high-protein food
crops were included. There were two reasons for that decision. First,
Chiang Mai Valley is a rice-deficit area, with a population growth of

}For more details on the selection of villages and farmers see Tongsiri et al. (1975).
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Tabl: 2. Area planted to

selected crops, 1970-73, Chiang Mai Valley, Thailand.

Area planted (%)

ek
g

Dry Rainy Dry Rainy Dry
Crop sedson season season 5eason season
1970-71 1971 1971-72 1972 1972-73
(% of area planted in rainy (% of area planted in rainy
season 1971) season 1972)
Glutinous rice 1.3 914 1.6 91.5 7
Nonglutinous rice 6.4 8.4 71 8.4 11.2
Soybeans 143 A 151 — 16.9
Peanuts 4.6 — 5.1 — 6.2
Mung beans 4.6 - 5.0 — 5.0
Garlic/onions 6.5 A 7. A 6.7
Tobacco 2.4 — 2.6 — 1.9
Peppers 3 - 3 —_— 6
Vegetables/other 3 — .5 — 7
Balance (not planted) 59.3 — 556 — 50.1
Total 100.0 100.0 100.0 100.0 100.0
Area planted (rai) by sample farmers
1,499.38 3,687.88 1.637.78 3,795.73 1,897.81

Source: Chiang Mai Valley Agro-vcconomic survey, 1972-73.

2.89 per year. The situation could become worse in the future. Thus, a
new cropping systems technology designed to meet the need of the future
received high priority. Second, the systems were oriented toward the

Table 3. Farmers growing selected crops, 1970-73, Chiang Mai Valley, Thailand.

Farmers (% of sample)

Rainy Dry

Dry Rainy Dry
Crop season season season season season
1970-71 1971 1971-72 1972 1972-73
Glutinous rice 2.7 95.0 3.7 97.9 1.8
Nonglutinous rice 10.7 11.6 11.8 129 216
Soybeans 23.2 .2 27.0 — 35.7
Peanuts 14.8 — 18.2 — 273
Mung beans 8.2 — 9.5 — 10.2
Garlic/onions 255 2 28.2 2 33.4
Tobacco 1.4 - 12.0 — 10.7
Corn 5 — 5 — 5
Peppers 1.8 -— 2.2 — 4.5
Vegetables 3.0 2 4.3 .- 7.5
Nothing grown 320 2.7 23.0 — 15.0
Crops grown pet
growing farmer 1.4 1.13 1.58 1.11 1.84
Farmers growing
crops (no.) 299 440 339 440 374

Source: Chiang Mai Valley Agro-economic survey, 1972--73.
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Table 4. Land area by land use, Chiang Mai Valley, Thailand.

Paddy

Area (tal) tand Upland Orchard Undeveloped
% oof total area
None - 802 863 993
01-099 05 61 45
1.00 -2 49 58 79 48 :
2.50--4.99 205 31 32 2
5.00-7.49 272 9 12
7 50-9.99 139 5 2
10.00--14 99 1914 2
1500-19 99 71
2000-29 99 48
30.00 and over 8 - :
Totat 1000 100.0 1000 1000
Area for household
with land (av ) 8 80 207 185 10.26
Area for all households
{av.) 8.80 41 25 07
Households with land
‘no ! 440 87 680 3

Sottce Chiang Mar Vallev Agro-2ccnomic survey, 1972 73

problem of malnutrition. Although the problem is not widespread, its
existence in a [ood-surplus country is of great concern to policymakers
and research institutions.

Some systems did not go well with the prevailing situation and systems
used by the farmers. As a consequence, seme have been redesigned and
changed. Tt is hoped that the systems developed and currently tested by
the project will better serve needs in the valley in the years to come.

The surveys show that the two-crop system—rice followed by an
upland crop or rice—is the most common in the valley. The second crops
are tobacco, soybeans, peanuts, garlic, onions, mung beans and vegetables
(Table 2). Some farmers grow three crops per year—rice followed by two
upland crops or by one upland crop and rice. The percentage of farmers
growing a second crop is increasing. It rose from 68%, in the 1970-71
crop year to 85%; in the 1972-73 crop year (Table 3). The farms are small,
ranging from 0.9 to 48.5 rai with an average of 9.3 rai—8.8 rai of paddy
land, 0.4 rai of upland, and 0.2 rai of orchard (Table 4). Most farmers
owned their land; 70% owned ali or part of the land they farmed, the
remainder were full tenants. Almost all paddy land is irrigated, but only
69% of the area farmed has reliable water, to varying degrees, in the dry
season. The farm houscholds varied in size from 2 to 12 members, with
an average of 5.7. The number of persons able to work full-time in farming
averaged 3.2. Hired labor is more important in the dry season than in the
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rainy scason because most farmers usually ei’change labor in the rainy
season.

From those findings, the factors which influence the existing cropping
patterns in the Chiang Mai Valley can be summarized. First, tk: physical
environments are favorable; water availability in the dry scason is the
most important reason, Second, most farms are small, compelling the
farmers to use their land intensively. Third, a well-developed market
exists for a wide range of crops. And fourth, farmers desire higher income
and are willing to work hard for it.

The project is now involved in a village program to do on-farm testing
and cvaluation of the systems developed and tested at the experimental
site. Although the farm testing program started in the 1973-74 crop year,
only in the 1975-76 crop ycar has it been conducted systematically. In
addition to Ban Pa Mark, three more villages (Ban Han Keo, Ban Mae Kung,
and Ban Klang Nua) were selectzd as testing sites. It is anticipated that the
testing will influence the adoption and extension of new technology; thus
the village program is also concerned with communication between the
Project’s staff, extension workers, and {armers.

The primary objective of the village program, however, is to test and
evaluate new cropping systems under actual farm conditions. As such,
it is not basically an extension program. The purpose of testing is to com-
pare the traditional farmers’ system with the new systems developed by
the project in terms of resource use and profitability. The traditional
systems will be carried on by the farmers in their usual way. Operations
of the new systems will be supervised by the Project’s staff. The results
of the testing are still incomplete and cannot be given here.

I would mention, in passing, that in anticipation of the role that the
project will play in the extension phase, the planners are interested in
the farmers” decisions on resource utilization, in their choices of crops
and cropping characteristics, and i, the factors that will facilitate as well
as hinder the adoption of a multiple cropping system. Such knowledge
will help the project to select new technology that meets farmers’ needs
and to suggest the most effective extension method for getting it used. To
this end, two studics related to the village program were conducted. The
results of those studies will not be discussed as they are beyond the scope
of this paper.

CONCLUSION

Multiple cropping is affected by physical, social, political, and economic
factors. Those factors are in turn affected by multiple cropping. A knowl-
edge of the factors and their interaction with the traditional cropping
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systems can help cesearch institutions select new cropping technology
which will be useful to farmers. To identify and describe the factors,
agroeconomic surveys, market and marketing studies, and a daily record-
keeping study of economic activities of the selected {armers were employed.
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INFORMATION REQUIRED
FOR DESCRPTION
OF CROPPING SYSTEMS

G.R. Banta

B efore discussing the information required to describe a cropping system,
it is important to know why the description is necessary. Who need the
description? What are they going to do with it? How will it fit into a total
program? What is the objective of the program? In most cropping systems
work, the people requiring the information are involved in a research
group in a university or an experiment station, a national program, or an
international program.

The first question examines the need for the description. Is the descrip-
tion meant to further understanding and knowledge of what farmers are
currently doing? Is it meant to enable someone to understand and predict
the system’s future evolution, assuming that certain factors may undergo
change that is either planned or natural? Is it meant to interpret resource
utilization and then use the information to allocate resources within the
cropping system more efficiently ? Is it meant to help find ways to include
new technology and to increase either production or stability, or both?
Depending on what is to be done with the information, the required data
will vary considerably.

The next question relates to how the required data fit into the program
of the organization carrying out the study. If it is a single study with no
direct connection with other plans, it will be self-contained and less
concerned about relating the units for measurement to those in other
studies. If it is part of a total program, particularly a base-line study,
considerable thought has to be given to the points which follow and the
units which will be used, with the study being made as generally applicable
as possible. It is particularly important that sufficient data be gathered in
a major base-line study so that comparisons which may be required later

G.R. Bunta. Project Advisor, Food and Agriculture Organization of the United Nations (EAQ), Soil
Survey Interpretation Project, ¢/o UNDP, P.O. Box 224, Dacca-2, Bangladesh.




will be possible. If the study is a continuation of previcus studies, that is,
a follow-up of a base line, it should be based on the carlier studies for
continuity. A general framework is mandatory before starting a study.

A final concern is with the objective of the program. The goals of cropping
systems programs usually fall into one of three categories: to understand
wuat is happening, to fit into existing technology, or to use collected data
as a base for developing new technology. A program is likely to involve
all three goals, but the emphasis changes as the program develops.

ASSUMPTIONS

Any collection of data is underlain by a set of assumptions, both explicit
and implicit. Implicit assumptions should be transformed into explicit
statements. Some examples of assumptions which have been impii-it in
previous cropping systems studies and yet had a major bearing on the
studies and the information gathered are presented below.

That a farmer is efficient in certain situations is an implicit assumption
in some cropping systems studies. Use of the assumption suggests that a
description of the cropping system is needed only as a base for further
research in developing new technology or for transferring it to another
location. A second assumption inherent in most studies touches on the
goals or objectives of the farmer. Most economic studies assume that the
farmer is concerned with maximizing profit; in many biological studies,
concern is with maximizing vield or some other physiological measure.
The assumption often is implicit. In reality, the farmer has a set of goals,
some of which may conflict. A third assumption implicit in many studies
is the homogeneity of factors. That creates many problems for people
utilizing the work or conducting follow-up studies. It is important that
those factors be explicitly defined because in many cases they are not
homogenous. A fourth assumption in many studies is that the farmer has
a wide decision-making power. In many instances, particularly in small
rural Asian villages, the decisions the farmer can make are relatively
limited due to social, economic, biological, physical, and political factors in
his environment.

FRAMEWORK

After the reasons for and the assumptions inherent in a study have been
defined clearly, the next step is to define the problem. The definition
should include a statement of the factors thought to be causing the situation
of concern, followed by a concise statement of the goals or purpose of
the study.
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ENTERPRISES

RESOURCES

MARKETS

1. Components of cropping systems research.

To help define purpose, a theoretical framework is needed to guide the
detailed design of the study. That framework can be considered a skeleton
of general knowledge on which more information will be built, developing
certain knowledge of cropping systems The framework comes from one
or more of the many disciplines involved in cropping systems research.
It assures rescarchers that the data they are collecting will fit into a testable
program and will be related to past studies and, it is hoped, future studies.

An initially simple framework with only five components is suggested
for cropping systems research (Fig. 1). Those components are environment,
resources, enterprises, markets, and needs. The framework assumes that
a farm operation is a process by which the farmer transforms resources
into products that can be used to meet his needs. Within that framework,
cropping systems are one component of a total farming system; although
it may be the most important component for moct farmers, it is neither a
beginning nor an end, but rather a means to the end of meeting the farmers’
needs.

Environment. The environment, the first part of the framework, is
divided into five major factors: physical, economic, social, biological, and
political. Each factor can have a direct effect on the cropping system or
an indirect effect on the other enterprises or on the resources available
to the farmer. It is not always possible to quantify or even define all
variables in a Southeast Asian environment, but it is important to define
those which have a major effect on a particular cropping system (Table 1).

Resources. Resources are the things which are currently used by the
farmer which interact in the processes associated with his cropping system.
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Table 1. Rank? of environmaental factors for cropping systems,

Environmental factor

Base line

Genera!l

Specific

Political

Agricultural objectives
- Agricultural assistance
Agricultural advice
Agricultural credit

Agricultural marketing assistance

Stable price policy
Cheap food policy

Physical
Topography
Altitude
Mountains
Rainfall
Pattern
Probability
Amount
Winds
Temperature
Soil classification

Biological
Weeds

Pests

Insects
Diseases
Plantation crops
Tree crops

Social

Traditions
Community size
Community organization
Schools

Schooling

Migration

Age of commwunity
Facilities

Crime

Migration pattern
Family structure

Debt attitudes
Traditional vs. modern

Economic

Roads
Transportation
Tenure

Markets
Standard of living
Credit

Stability
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®Ranks are described in Table 5.
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Table 2. Rank? of resource factors for cropping systems.

Resource factor Base line General Specific

Land

Area 1 1 1
pH 1 3 1
Cation exchange capacity 3 3 1
N 1 2 1
P 1 2 1
K 1 2 1
Texture 2 3 1
Surface soil depth 1 3 1

Irrigation
Amount
Availability

NN
NN
-

Solar radiation
Distribution
Probability
Day length
Labor

Family 1
Hired 1
Hired cost

NN
W W w
NN

-
NN
Py

Power

Animal number
Value
Mechanical
Cost

- b s
N — N —
-t d b

Operating capital

Cash 1
Credit amount 1
Credit cost 1

NN
—

Market inputs
Cost
Availability
Reliability

Markets

Minimum quantity taken
Cost

Information supplied
Reliability

Management
Biotogical
Economic
Social
Physical

NN -
NN =
-

PN
TN NN
Bp— o

bbb
acoO oo
PR

*Ranks are described in Table 5.

They are land, water, solar energy, labor, management ability, technical
knowledge, available power, cash, available nonfarm inputs, credit, and
markets (Table 2). They are studied in detail and considerable energy is
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spent in defining and, wherever possible, quantifying them. Except
management ability and technical knowledge, all can be quantified, and
existing procedures give them fairly precise quantitative values. Markets
are not usually considered resources, but a farmer considering potential
crops can take a good market as a resource. By market I mean not only
the transferring of physical products, but also the feedback on potential
prices, and desired quantities and qualities. Other papers will discuss in
detail each of these resources, some problems in quantifying them and
solutions in cropping systems work, and other component analyses related
to cropping systems.

Enterprises. Even though one may be concerned primarily with
cropping systems, he must be aware of the farmer’s allocation of resources
and the interaction between enterprises, particularly as those enterprises
interact with cropping systems. An analysis which ignores those other
enterprises often coucludes that the farmer is allocating his resources
efficiently; yet when the total system is considered, the farmer is seen
doing an efficient job under the circumstances he faces and considering
his total needs.

The framework outlined here requires the farmer to allocate all resources
to one or a combination of five possible enterprises: resource marketing,
community stability, livestock production, cropping systems, and fixed
family factors (Table 3).

Resource marketing refers to the farmer’s selling of his resources or
utilizing them on the farm to mect his needs directly. Quantification of
this enterprise iseasy, for money isusually received for resources. Consider,
for example, the farmer who spends part of his labor in off-farm employ-
ment.

Community stability is another enterprise to which a farmer can allocate
certain of his resources. Considering community stability as an enterprise
using resources helps us understand the farmer’s way of allocating
resources, 2nd to understand the potential for technology which may be
introduced. Examples of resources used for community stability are cash
paid as taxes, and labor put into community projects.

Livestock production is an important enterprise on many Asian farms.
First, and of prime importance, livestock is a power source. Many farmers
in Asia use water buffaloes or cows for land preparation and other heavy
cultivation. Livestock are easy to quantify in number and value. Many
farmers have other livestock for sale or for home consumption. A cropping
system may be designed with products fed directly into the livestock
system, without entering the marketplace. An analysis of the cropping
system alone may suggest that the crops grown are far from reaching an
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Table 3. Rank® of enterprise factors for cropping systems.

Enterprise factor Base line General Specific

Family resource requirement

Land, house and yard 1 2 1
Trees 2 3 1
Water 2 3 1
Labor time j 3 1
Community stability
Tax 3 1
Labor 3 3 3
Cash 3 3 2
Resource marketing
Labor 1 3 1
Power 2 3 1
Land 1 3 1
Livestock
Foreach type
Cash requirement 2 3 2
Land requirement 2 2 2
Crop requirement 2 2 2
By - product requirement 2 3 2
Labor requirement 2 3 2
Production 2 2 2
Production values 2 2 2
Value 2 3 2
Cropping system
Cropping pattern
Area 1 1 1
Ciops 1 1 1
Sequence 1 1 1

Crop

Cultivar 1 1 1
Weed management 1 2 1
Insect management i 2 1
Disease management 1 2 1
Soit physical management 1 2 1
Soil chemical management 1 2 1
Water management 3 2 1
For each above

Costs 1 1

and practices 1 1

*Ranks are described in Table 5.

economic optimum, but specific data on the return from crops used by
the livestock enterprise may prove the total system efficient. The by-
products of the livestock enterprise go back to the fields to increase
fertility. The livestock enterprise also acts as a reserve. If crops fail or if
the farmer nceds a large amount of money to meet a family crisis, livestock
gives him a degree of cconomic stability.
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A cropping system is the main method that small farmers throughout
Southeast Asia use to transform their resources into products to mecet
their needs. Cropping systems can be broken down into cropping patterns
(that is, crops grown on cach piece of land over one period, usually a
vear). A cropping pattern, in turn, may consist of crop sequences, inter-
cropping, interplanting, relay interplanting, or mixed crops. Study of
cropping patterns requires knowledge not only of the sequence but also
of the duration of each crop and of special management characteristics
which mayv be required. Knowledge of cultivars can also be important:
knowledge of their resistance to disease and insects, ability to stand
adverse water conditions, ability to withstand typhoons, early seedling
vigor, high population densities, height, shade characteristics, and har-
vesting characteristics. The cultivar also influences the quality of the
finished product. Does it have a high market value and does the consumer
or farmer like to eat it? A knowledge of cultivars used is essential.

Weeds are a continual problem and often cause loss of income through
either the cost uf the weeding to keep vields up or the decrease in yield
when weeding is not done. Understanding the farmer’s weed management
practice is important. It means knowing not only what the farmer is
doing currently, but what his previous crops and his previous weed
management have been. The interaction among crops, weeds, cultivation,
and herbicides can thus be understood. Looking at a single crop and the
weed management practices used with it, however, does not give an
understanding of weed management for different crops grown in sequence.

Insect management is anotber important part of the total management
system. Cultivar resistance, cultural practices, time cf planting, off-
season insect-control practices, and controls used for insects on the
growing crops are all factors to consider when deciding on the data to
collect for insect management.

Soil management can be divided into two main areas: physical manage-
ment and chemical management. To study physical management of the
soil, one first defines the soil by employing the usual classification tech-
niques. One also gets some measure of the soil’s wet plowing characteristics,
or the speed with which the farmer can continue cultivating or plowing
after a heavy rain. Determination is made of the amount of work required
to change soil from the puddled to the friable upland condition in any
cropping pattern combining puddled rice and upland crops. Chemical
management of the soil is usually the farmer’s attempt to increase fertility
with nitrogen, phosphorus or potash. In a few areas, liming or the use of
micronutrients may be included, but the practices are rare on small South-
east Asian farms. The data required for chemical management arc amount,
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timing, and cost of fertilizer. In addition, data will be required on crop
residues incorporated into the soil, either from the crop grown on it or
from others.

Data on water management provide crucial information but are difficult
to get. Some understanding of a field’s rainfall-holding characteristics and
the movement of water from one paddy to the next, particularly in puddled
rice, is needed. Topography affects the rainfall-holding capacity of the
field. Physical soil management is closely tied to topograpiiv. Up to the
present, little work has been done on the actual use of rainfall other than
simply relating inches of rainfall and yields.

Fixed fumily requirements are the final enterprise. It is useful to look at
the family as an enterprise with certain resource requirements. Those
resources are not available to other enterprises. The two resources most
often used by the family are cash and labor, which can be measured
quantitatively in amount and in distribution over time. A simple example
of the effect of fixed-resource requirements is seen on very small farms
where the house and the yard have a measurable impact on the umount of
land available for agriculture. In certain areas of West Bengal, Bangladesh,
and Java, the .and requirement for the family is becoming significant.

Markets. The usual way to study markets is to learn the cost of trans-
porting a product from the farm gate to the market and to subtract that
cost from market price. However, an understanding of the importance of
marketing in cropping systems requires considerably more detailed in-
formation. The first and, perhaps most important question is: What
markets are available for the crops that can be grown? Markets can be
divided into two major categories: the home market and the commercial
market. The home market is that for all products used by the family,
while the commercial market is the usual market where buyers and sellers
exchange products for money, as well as the barter market which may be
found in some villages or small communities. There is no easy way to get
information on markets. Average national prices are relatively useless in
determining how the market affects local production of crops or inter-
actions within the cropping system. Detailed day-to-day information is
needed, not only on the actual price received but, perhaps more important,
on the farmer’s anticipated price and the variance he expects around that
price. One of the basic goals of more intensive crop production is to have
che farmer market more of his crops; therefore, the farmer must understand
how the market operates. The farmer’s faith in the market, that it will
purchase his products at an acceptable price and that it will feed back
probable prices for future sales, needs attention. Attitudes and beliefs may
be ot critical importance in marketing. If a farmer feels that the people
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of the market are cheating him and that he has difficulty in learning the
true worth of his products, he may not want to market them; if he does go
to market, he will accept the fact that he has no say in pricing, will take
whatever is given, and may avoid expanding production of his products.

Needs. For the purposes of data collection, a farmer’s needs can be
divided into five major categories: food, consumer items, social acceptance,
stability, and improvement (Table 4). Food needs are basically carbo-
hydrates and proteins: the farmer is also concerned with taste, variety,
and social acceptance of what he is eating. Carbohydrates and proteins,
because they are essential, must be provided cither by crops grown or by
the marketplace. Any change in a cropping system which brings about a
major change in the amount of protein or carbohydrate produced must
consider the source of replacements.

Table 4. Rank of farmer needs.

Farmers’ needs Base line General Specific
Food
Staple amount 2 3 2
Staple soutce 2 3 2
Protein amount 2 3 2
Protein soutce 2 3 2
Taste preference 4 5 4
Extra source
Extra cost 2 3 2
Consumer itemns
Housing 3 3 3
Clothing 3 3 3
Transportation 2 3 3
Education 3 3 3
Health care 3 3 3
Extras 2 3 3
Social acceptance
Norms of nation 6 6 6
Norms of community 5 5 6
Norms of family 4 5 5
Stability
Food 2 3 2
Consumer items 2 3 2
Social acceprance 2 3 2
Economic 2 3 2
Peace and order 6 5 5
Improvement
Food 4 4 2
Consumer items 4 4 2
Social roles 5 5 3
Stability 5 5 3

?Ranks are described in Table 5.
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Taste must be accepted as it exists; the farmer simply likes or does not
like a certain crop or a certain variety. The taste for rice is one good example.
Although their carbohydrate and protein contents may be exactly the same,
different varieties of rice meet with varying degrees of acceptance in
different areas of Asia. Finally, some crops have social acceptability; some
don’t. In certain arcas, sweet potatoes are considered a poor man'’s food
and anyone who can avoid them does so. In other areas, other crops are
considered socially inferior, or not good for certain people at certain
times of life.

Consumer items form the next large group of farmers’ needs. They have
one characteristic in common—cash is required to obtain them. They
include housing, clothing, entertainment, transportation, health care, and
things to make life generally more enjoyable for the family. In quantifying
consumer items, two factors are to be considered: one is the total cash
required; the other is the distribution of the cash requirement over time.
A farmer’s need for cash does not usually coincide with the cash available
from his cropping system or total farming system. The farther apart the
two figures are, the more difficulties the farmer is likely to experience.
Credit becomes important.

Another farmer need is social acceptance. He must do what is acceptable
to his family, his friends, his community, and his nation. The nation has
very little concern with the farmer’s cropping system, except to say that
crops considered illegal must not be grown. It does, hownver, want the
farmer to grow those crops which are neceded most to meet the country’s
existing food and export requirements. The community is a little more
critical in its acceptance of the farmer’s cropping system. If the farmer is
totally out of sequence with the rest of the community or has a system
with a lot of weeds, he may not be in harmony with the community and
with his immediate neighbors. If there is any interaction with neighbors,
it then becomes even more critical that his cropping systern coincide with
theirs. Finally, the family must approve of the crops, the sequence, and
the way the farmer produces them. The amount of labor they are required
to put into the system is important to them. That need for social acceptance,
although real, is difficult to measure and can be defined, when some
change is made or anticipated only by checking with the people of the
community or the family about acceptability of the new idea.

The next need is stability of all the above factors. The farmer requires
that each need be met this year and in the future. He is not interested in
carrying out an activity which meets his neceds in the present but has a
high possiblity of ruining his chance to mect future needs. The most
obvious example is that of a farmer who sells his land. Although the sale
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meets all his present needs, the probability of its mceting his future needs
is very slim. The farmer, facing a variety of risks and uncertainty due to
nature and the market, wants a system with stability built in. The factor of
stability is critical. To accomplish it, the farmer pays his taxes, acts as a
conscientious member of his community, and plans a cropping system
which is both biologically and economically stable.

The final neced—the need to increase the level of well-being—is behind
most farmers’ attempt to improve their systems, their willinoness to test
new enterprises, and their interest in new technology. The farmer is
interested in more and better food, better education, more consumer items
for his family, and greater stability. Although the nced for well-being is
almost impossible to define quantitatively, certain patterns emerge. The
farmer wants a better social infrastructure, a better general market in-
frastructure, and more stable personal income.

AGRONOMIC EXPERIMENTS

A survey of social, biological., economic, and physical factors is not
sufficient to provide an understanding of cropping systems. In addition,
on-site agronomic experiments are required. A range of simple single-factor
treatments added to a farmer’s field is sufficient to give a clear indication of
which factors are constraints. One can add 100 kg/ha of phosphorus or
potassium to part of a farmer’s field, measure the result, and learn whether
either is really a limiting factor. One can keep several small plots weed-
free in farmers’ fields to find the potential for increased weed-management
practices. The same method, although not as accurate, works with insect
management. A combination of systemic insecticide and quick-kill chemi-
cals can keep plots relatively insect-free and give some idea of thc potential
for insect management. Such a method of control is probably sufficent
because anything above this level of control requires such tremendous
cost that it is really of no interest to the farmer and has no economic
possibilities. Farmers in almost any area of the world are willing to try
rew varieties in small test plots at their own management levels. An casy
method of cultivar evaluation in an existing cropping system is to have
the farmer grow a new variety. Disease management is more difficult to
measure, as a disease under study does not always occur.

Farmers are usually willing to give small plots for trial of different cultural
practices, if they understand what is being done and if researchers do not
ask for too much land. All farmers are willing to test new fertilizers in
existing cropping patterns. Water management and an understanding of
it will initially take much effort; studies at The International Rice Research
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Institute seem to indicate that the work can be done. The results from such
single-factor experiments can be compared with farmers’ statements about
the response of each factor. Those statements provide a good check for
many factors. For example, some inputs might not have been properly
used in the past because the extension work which went with them was
not efficient. The factor under consideration may have potential in the
existing cropping systems.

Another obscrvation is that single-factor experiments elicit a great deal
more information from farmers than simple responses regarding the
experiments. The farmers comment on things that they have previously
tried; such information would not normally be obtained from surveys.
They also discuss their nceds in detail and compare the new factors’
effect with what they feel their nceds are and will be. Thus, single-factor
experiments have proved useful not only in producing quantitative data
but also as effective survey tools to learn the farmers’ current cropping
systems and what farmers feel to be the constraints. It is also possible to
learn changes the farmer would like to have in his cropping systems in
the type of crops to be grown, the characteristics needed in those crops,
and the management techniques required for development.

Single-factor experiments have been found very effective in testing
how well the researchers understand a particular cropping system. They
are also used as checks on the reliability of the data obtained from farmers.

Some farmers tend to give crroneous data. Checks from ‘he field make it
easy to spot such farmers, who can then be removed from the studies.
It is important that single-factor experiments be well conducted. If farmers
discover that researchers cannot grow a crop of corn or a crop of rice, or
cannot function in a village sctting, the futurce of a program and a whole
experimental plan is in jeopardy. The rescarchers who go to the barrio
must know what they are doing and be able to get along with people.

DATA REQUIREMENTS

It is apparent that the amount of data discussed in the previous sections
would be impossible to obtain. Therefore, goals and purposes must be so
specified that only relevant data will be collected. When too much data are
gathered, results become unmanageable, impossible to describe or analyze.
On the other hand a research project can be defined too tightly, with
important factors not considered or undescribed. The contribution of
undescribed factors to the understanding of total cropping system will be
extremely limited. A major current problem is how to relate to a total
cropping system much of the research being conducted in other disciplines.
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Table 5. Relative importance of data for cropping systems
research.

Rank Criterion

Must be as accurate as possible
Must have a quantitative estimate
Should have a quantitative estimate
Must have a qualitative estimate
Should have a qualitative estimate
Helptul to have some estimate

A second major problem is data reliability. We are all familiar with the
joke about the man who collects data to the nearest kilogram and expresses
the mean to the nearest gram. In cropping systems, certain data can be
obtained with great accuracy, while others may be only qualitative. The
precision demanded for data will depend on the objective of the study,
the relevance of particular data to the objective and, of course, the available
resources. There are no set rules on the resources to spend to obtain a
particular level of precision. Only experience and the hard knocks of
field rescarch can offer insights. For those reasons, most cropping systems
studies should begin on a relatively small scale with tightly defined
objectives.

Another critical factor to consider is resources that can be allocated to
describe a cropping svstem before other work is started or while it is going
on. We must face the fact that adequate resources for a complete job will
not be available; therefore, we must set some priorities on the data to be
collected for different levels of knowledge required. There are three major
levels; the one to be used depends on the study being undertaken. First is
the base-line study to obtain understanding of a current system; it will be
used as a reference point for further work. Second is the general survey of
an area, to educate the people concerned with current systems, so that
further work can be planned. Third is the specific study of a few farmers
to gain as complete an understanding as possible of a specific system or
pattern. The third level is usually needed when a highly productive system
is found and its concepts are to be transferred to other areas. For each
level of study, cach piece of data assumes a different importance (Table 5).
Priorities can be established for each study and each type of data.

Tables | to 4 clarify the conceptual framework outlined in Figure 1.
The estimates of importance of particular data are first approximations
and should be modified according to country and specific objective. The
tables are given as a guide for thinking about and planning a cropping
system study.
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SUMMARY

Before deciding what data are needed to describe a cropping system,
the purpose of the description must be clearly defined. The assumptions
which will be used in a study should be clearly stated, as they have a
major impact on the results that are obtained. To help keep the gathering
of data within reasonable limits and on track, a conceptual framework
of the farm as a process is presented. The framework has five components:
environment, resources, enterprises, markets, and needs. Each is sub-
divided and described. Methods of gathering data and some of the problems
involved are discussed briefly. Due to the great amount of data that are
relevant to cropping systems, study priorities must be established. Three
types of study are suggested as representative of the first stage of most
cropping systems research. Considering those three types of study, tables
provide first approximations of the relative importance of the required
data.
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ECONOMIC CRITERIA FOR
CROPPING PATTERN DESIGN

E.C. Price

Design aims to combine crops into patterns and specify the techniques
required to execute the patterns. I am defining a crop as a cultivar at a
uniform stage of growth, and a technique as a farmer-controlled event
which affects crop growth and uses farm resources. A cropping pattern is
a spatial and temporal arrangement of crops on a plot in such a way that,
at all times during a year, plants of each cultivar at the same stage of growth
are uniformly spaced throughout the plot.

A small number of crops can be combined to form many alternate
patterns. Furthermore, a given cropping pattern can be executed using
various techniques (each set of techniques implies different rates of
resource use). Therefore, even a small number of alternate crops and
techniques can lead to a large array of cropping systems technologies.
Good design should provide for testing at least those patterns and tech-
niques which, among all possible combinations, are likely to have the
greatest impact on food production. At the same time, the patterns should
be designed with a view to reducing the total time, effort, and expense
required to test and introduce them.

The design process consists of two steps: first, the selection of crops
and techniques, and second, the assembly of those components into
cropping patterns. The jobs are quite different. In the first step, a known
population of crops and techniques is searched to find a subset of com-
ponents that will be combined in numerous ways to form cropping patterns.
In the second step, a population is, in effect, created; that is, a subset of
the undefined universe of all possible patterns is identified for testing.

To digress, it is a long process of selection and assembly, in alternate
steps, that leads to the eventual establishment of new cropping systems.
First, elemental materials are selected, then assembled into new crop

E.C. Price. Agricultural Economist, Department of Agricubtural Economics, The International Rice
Research Institute (IRRI), Los Banos, Laguna, Philippines.




varieties, chemicals, and techniques. From a sclection of those components
we assemble cropping patterns. Then a portion of the patterns are selected
through scientific testing and screening by farmers, before a small number
of patterns arc assembled on a farm to form a cropping system.

Specific procedures for selecting pattern components and for assembling
the components into patterns are described in the second and third sections
of this paper. The first section treats the overall design process in relation
to other steps in pattern development and introduction.

THE DESIGN PROCESS

The universe of ali possible crop combinations is, for practical purposes,
infinite. identifying a population containing all clements in the universe
would be impossible; so would be the task of screening that population.
In design, therefore, we construct a population of feasible patterns smaller
than the universe. Since in cropping systems research our success is
measured by the impact of the patterns we develop upon {ood production,
it would be convenient if every pattern in the population identified for
tests were likely to have more impact on food production than any un-
idendified pattern. But we know of no way of achieving that situation, for
interactions between crops in untried combinations are somewhat unpre-
dictable. 1t is likely that whatever design process we use, the universe
will still contain unidentified patterns which would give higher yields
than some of those chosen for testing.

Nevertheless, some progress can be made. 1 propose that potential
profitability of new patterns be applied as the criterion for their construc-
tion, but that for practical purposes it not be applied directly. A way of
separately applying the two parts of the profit formula—costs and returns
—-as criteria in the two-step design process-—component selection and
component assembly —will be described below. But first, [ discuss how
the profitability of patterns affects their impact upon aggregate food
production, the ultimate target.

Success in pattern development is measured by how much more the
newly developed patterns produce than those that farmers have been
using. The increase in food production from a new pattern depends on:

1. the size of the arca in which the new pattern is adonted,

2. the number of years that the new pattern is used, and

3. the yield advantage of the new pattern over those it replaces.

The size of the area in which a new pattern is adopted is a function of its
profitability; so is the number of years it will be used. Hence the thre
factors reduce to two: pattern profitability and pattern productivity.
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Consider how area of adoption relates to pattern profitability. Cropping
systems rescarchers normally develop patterns for target zones— variously
called agroclimatic zones or production complexes—that have particular
combiations of physical and economic features that distinguish them from
nearby areas. An agroclimatic zone, however, is not a homogencous
environment; it is made up of various “microenvironments” created by
variations within the zone of such features as rainfall, slope, or access to
markets. A crop activity will usually show different profits in different
microenvironments. A particular location within a zone will be largely
dedicated to the cropping pattern alternative that leads to the most profit-
able use of its resources. Moreover, the greater the margin of profitability
of a pattern over that of competing patterns in one microenvironment,
the more likelv it is also to be the most profitable pattern elsewhere
in the zone. The term “area of adoption™ can be replaced by the term
“profitability.”

Consider how the number of vears a cropping pattern is used relates to
pattern profitabilitv. The number of years of use of a new pattern is
related to the lag time between design and adoption, and to the date the
pattern is discontinued. Discounting future production at prevailing
interest rates, one sees that the impact of a new pattern is largely determined
by its earliest vears of production. Long delays between pattern design
and adoption seriously diminish the gains realized from the process of
development and introduction. Since the speed with swhich a producer
adjusts to new conditions—adopts a new pattern—depends on the size of
the gain he expects from the adjustment, speed of adoption is a function
of profitability.! Also, the more profitable a pattern is, the later it is likely
to be supplanted by another. All in all, then, the number of years that a
pattern is used is a function of its profitability.

The third factor that 1 have cited as contributing 1o the impact of new
cropping systems on total food production—vield advamage of a new
system—cannot be described solely in terms of profitability. Gross returns
are precisely related o quanuty of production. but costs are not, and
profitability depends in part upon costs.

Hence the application of two criteria for cropping pattern design-——
pattern profitability and pattern productivity-—are discussed below.
Production and the gross-returns element in profitability are applied as
criteria for selecting pattern components; the cost clement in profitability
is applied as a criterion for pattern assembly.

! The ume between design and adoption s parthy tahen up by testing, whichain turn s Jargely determined by the re-
searcher through hus choice of methods for design and testing More effort speat on design can mean less needed tor

testing. We can wssume the researcher wisely chooses 3 methodolngy, considening the tradeot! between design and
testing, and between total research time and gains from carly introduction.
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The following steps are sugpested as a simple procedure {or cropping
pattern design.

1. Select pattern components (techniques and crops), using a production-

feasibility test.

2. Assemble new patterns according to resource use {cost) criteria.

3. In the field-testing phase, simultancously apply the pattern cost and

returns criteria (pattern-profitability criteria),

The method makes pattern assembly (the construction of a known
subset of the universe of all possible patterns) a cost-based procedure.

I recommend such a procedure over several alternatives, including
random generation, production-incrementing processes, and profit-incre-
menting processes. Random assembly of technically feasible patterns (by
definition, a design process must deliver a crop combination and the
technology for its execution) would likely provide so few successes among
tested patterns as to be excessively costly. Cost criteria have the edge over
production criteria because costs are more predictable than production;
the specification of a technology for execution ol a pattern automatically
implics the levels of most costs, except harvest costs that are correlated
with levels of production. In practice, a pattern is not field tested without
aplan forits execution, and that largely sets the expected costs; production,
on the other hand, is partly unpredictable, because of interactions between
crops adjacent in time or space.

Finally, use ot the profitability criterion as a basis for assembly, although
theoretically a more direct approach, does not pay.? A profitability criterion
would utilize more of the available information than the alrernatives, and
it is considered to be a sufficient condition for eventual acceptance by
farmers, but when used at the design phase it is likely 1o be more costly
than the value of the additional information obtained from the exercise.
Indeed little new information is obtained, for the crop components of
patterns have already been screened for production feasibility. Morcover,
the margin of production above or below monoculture yield is somewhat
unpredictable. In addition, profitability criteria can easily be applied at
the testing phase when multiple-crop yicld is no longer a matter of predic-
tion but of observation. In other words, the gain from using yield infor-
mation in the design decision of whether or not to test a pattern is less
than the cost of obtaining and using the information.?

One can argue that design stops with the assembly of patterns, and that

TActually there s no obvaous profit based mechamsm tor assembhng cropping patterns. A wav of applving profit-
ability crateria s to generate patterns by same ather prwvess, randomly perhaps. then to test them thiough judgmental
or quantitative simulation. The question then anises as to whether the simulation should be called a design or testing
activity, s diseussed 1 the tollowing paragraph. But regardless of how the prafitability eriteria are used prior to
tield testing, or what it s called. the pavott aigument apphes,
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screening of assembled patterns, judgmentally or quantitatively, is part of
the testing phase of research. By definition, that makes cost criteria not
only the mechanism for pattern assembly, but also the principal criteria
for pattern design (since production feasibility is used only in component
selection). Stated differently, no matter how arbitrary the choice of a
~ost-based mechanism for assembly, that mechanism is the principal basis
for design il design activities are considered to stop after pattern assembly.

Ending design with pattern assembly is consonant with an economics
methodology that says the wavs of constructing a list of choices (assembly)
are more similar to one another than to ways of eliminating patterns from
a list. Extension of design into judgmental and simulation testing provides
no terminological distinction between the two analytical processes.

Several points from the preceding discussion bear repeating before
design.methods are presented. Scientific pattern-development and exten-
sion may accelerate, shorten, or augment in wholly new ways the natural
process of farmers’ own experimentation and adoption. But adoption by
farmers must be the final stage. The acceptability criteria which patterns
must eventually meet, therefore, are the same regardless of how the
patterns are assembled. tested, or communicated 1o farmers. If perfectly
elucidated, the acceptability criteria applied in a scientific development of
a pattern would precisely resemble those a farmer would use in choosing
a cropping patteri.

Information on the availability of farm resources and the benefits farmers
see in present patterns go into the design, testing, and introduction of new
cropping patterns. Completeness and accuracy of ih+ information strongly
influence the effectiveness of subsequent research. More effort {cost) spent
on observation and description can mean less effort spent on design,
testing, and introdiction.

Likewise, more effort on design can reduce the effort needed to test
new cropping patterns. A designer might deliver a long list of all of the
feasible crop combinations that are likely to show profit; it would surely
include a far greater proportion of patterns that would show loss. Such a
list would probably necessitate long testing (not to mention significant
expense, which must also be considered). On the other hand, a designer
might deliver a list made up exclusively of profitable patterns, few enough
to be quickly tested ; the danger then would be that many profitable patterns
had been missed.

The benefits of a particular design process can be judged in roughly the
'The steps being outlined here are for a simple, general methodology. While proposing that gains from judgmental or
quantitative simulation of profit parterns prior tu field testing are Iow, it is not denied that such techniques may be

warranted when scientists have extraordinary judgmental insight, or where costs for quantitative simuiation are parti-
cularly low. or where the objectives of reseatch are broader than developing suitable patterns for a given site.

ECONOMIC CRITERIA FOR DESIGN 171




same manner as the profitability of a new pattern. To compare design
techniques, the costs of the research process must be subtracted from the
margin of incrcased production. A design process leading to patterns
that give a high margin of production and wide adoption can reduce the
cost of testing.

In the following two sections, certain design methods are suggested.

ECONOMIC CRITERIA FOR SELECTING COMPONENTS
OF NEW CROPPING PATTERNS

The set of possible pattern components is selected through the following
steps :

a) Define the existing set of pattern components (the descriptive phase
of rescarch). »

. b) Assess the potential impact on food production of new combinations
of elements in the present set.

c) Hf the potential impact on food production of recombinations of the
present set appears to be satisfactory, proceed with design. If not, select
additional components in the following additional steps.

d) Prepare a schedule of augmented sets of components together with
costs of making the new components feasible choices.

¢) Obtain commitment of policymakers to intervene in the economy as
necessary to introduce one of the augmented sets.

f) Or choose an augmented set of components from which production-
increasing patterns can be assembled; the set must be one that is likely to
be supported by policymakersand accepted by farmers.

Since the objective at the International Rice Research Institute is to
exploit those characteristics of new rice technology which can increase
food production through crop intensification, a normal partof our approach
is to augment the existing set of component choices with new rice technol-
ogy that is suited to crop intensification. New components for one site
may already exist at a different site. The set of possible components may
consist of: (a) crops and techniques currently used by farmers in an area,
(b) new crops and techniques resulting from scientific research, or (c) crops
and techniques translocated from other areas.

Assessment of the potential impact of new combinations of the existing
set of crops and techniques is a methodological problem with strong
influence on the overall design process. Elsewhere 1 have said that pro-
ductivity of patterns can be only very imprecisely estimated in advance of
cropping pattern field trials because the effect of interactions between
crops can be determined only by observation. Experience may suggest
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some of the favorable interactions that can be exploited in new patterns,
but the possibility of unknown favorable interactions must also be con-
sidered. Food-increasing interactions can be assumed to occur randomly
among all possible untried combinations. Therefore, the possibility of
increasing food production through discovery of new favorable interactions
between currently grown crops is directly related to the number of new
and different ways that the crops can be juxtaposed in time and space.
Adequacy of the present set of crops and techniques can therefore be
judged partly by the number of untested intercrop, relay-crop, sequential-
crop patterns, and other combinations that can be formed from it.

If farmers or scientists are already aware of a large number of favorable
crop combinations in the existing set, then the chance of new discoveries
is small. If the existing set has been available {or a long time, the naturai
process of farmer experimentation and adoption may have largely com-
pleted the design process. If so, the favorable combinations remaining to
be discovered are few, and the production gains to be realized from
discovery are low. Opportunity for increased productivity then resides
mainly in augmented scts of cropping pattern components.

The construction of a schedule of augmented sets of cropping pattern
components is closelv related to tasks in the descriptive phase of research.
The schedule calls for a studv of commodity demand, input supplies,
farmers’ skills, and other factors. Augmented sets of components may be
chosen for the schedule according to the level and cost of intervention.
(Table 1).

Costs of introduction may be predictable, but only very general assess-
ments of the returns to new crops can be made. Cropping systems research
in the Philippines is dotted with cases of new crops that have performed
poorly as did early mung beans in Batangas pattern trials (Garrity et al.
1975), or spectacularly well, as did IR28 and IR30 in Hoilo (Palada, 1976).

Table 1. Schedule of cropping pattern component sets and their respective costs
of introduction

Sets of added components
for new patterns

e Required change in Public
Crops Techniques economic environment cost
1IR30 Direct-seeding.
drying Early credit 50
Sorghum Threshing Threshers, seed suppliers 100
Soybeans Exporter, transport
Sorghum Threshing Threshers, sead suppliers 300
Water chestnuts Culture, cleaning Cannery, exporter 1000
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On the other hand, necessary infrastructural changes have been relatively
easy to predict. The need for sorghum threshing facilities in Batangas is
a case in point (Nicolas et al., 1976).

Adequately considering the possible need for institutional changes,
while selecting potential cropping pattern components can reduce waste in
the research effort, and speed the intreduction of new patterns. If certain
types of intervention in the economy cannot be undertaken by government,
the crops requiring such intervention need not be included among potential
components. If policymakers are unwilling to commit the government to
certain interventions without clear knowledge of the production gains—
which can only be known after field tests—then researchers must assess
the probable production gains as well as the probable attitude of policy-
makers toward intervention.

New patterns can be introduced faster when national agencies have
been alerted to the kinds of institutional changes that the patterns may
make necessary. Introduction is especially facilitated if exact configurations
and operational requirements of new institutions, say, credit facilities,
interest rates, or market margins, arc foreseen at the time new pattern-
development begins.

ASSEMBLY OF PATTERNS

The principal economic criterion suggested here for cropping pattern
design is ability to stabilize the flow of inputs into the farm enterprise.
Costs per unit of product can be reduced by higher use of inputs when
they might be idle {and cheap) and reducing peaks of need (when they
tend to become dear). Slack inputs (such as unused family labor, inactive
machinery, and idle financial resources) can be considered to cost the
farmer only the highest return they would bring from off-farm employment,
less the cost of finding and holding that employment. Avoiding sharp
peaks in the need for labor can mean hiring less outside labor, which
usually casts more than family labor, considering the cost of finding,
instructing, and supervising such labor. Reducing the peaks in credit needs
can mean using less off-farm financing, which usually costs more than
internal financing. The extra cost of off-farm financing is the cost of {inding
a loan, plus the interest paid on the borrowed money, minus interest that
would be received on the same amount of money if put into savings.

The cost of fixed inputs (suck: as land and buildings) also can be lowered
by stabilizing the use of variable resources, if production fluctuations
decline along with input fluctuations. Suppose, for example, that a farm
produces 100 units in 5 months and none in the other months. With more
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ststle input and output, it might produce the same 100 units in 10 months,
without using its fixed factors to capacity. The excess fixed factors could
be liquidated, or used to expand total production. The cost of fixed factors
per unit of product would be less.

It is assumed that new patterns will be introduced into an existing
system that is composed of several cropping patterns. The existing system
may be considered to comprise the patterns of an arca containing many
farms or the patterns of a single farm. If labor is highly mobile within an
area, and the labor constraint facing a single farmer cannot be differentiated
from that facing all farmers in the area, then the new patterns should
consider the labor constraint in the larger environment. it farmers borrow
freely from one another, it is the aggregate cropping system which should
be considered. If, on the other hand, farms seldom provide labor or credit
to other farms, the dominant crop system found on individual farms may
be the more appropriate focus of designers.

The choice between design for farm-level or village-level systems is
demonstrated in Manaoag, Pangasinan, where, as at all cropping systems
research sites in the Philippines, labor is hired between neighboring farms.
A farm family easily finds occasional work on other farms, and the weekly
availability of labor is strongly influenced by the various patterns on all
farms. It makes sense in Manaoag to design patterns suited to the levels of
resource use and utilization in the larger environment. In doing so, the

competing resource demands of more than 60 different patterns must be
considered.

Among the 60 patterns, the dominant combination found on individual
farms is a two-pattern system, rice-mung and rice-fallow. If in Manaoag
labor were not a shared resource, then new patterns would nced to be
designed for introduction into this simpler system. In any case, the objective
of the technique discussed here is to reduce variations in labor use in the
area or on the farm through appropriate design of new patterns.

Initially, each pattern in an existing system, its weekly labor require-
ments and the proportion of land allocated to it are identified (Table 2).
One pattern, called the “outgoing pattern,” is sclected as that most suitable
for replacement. Patterns that reduce labor variance are then assembled.
Alternatively, we sometimes assume that a new pattern would replace
an identical proportion of all existing patterns, and thus do not have to
identify every pattern in the existing system. I have never found such a
pattern which could reduce labor variance.

As an initial step, the total labor use and variance of labor usc over 52
weeks in the present cropping system are computed. (In Table 2, only
7 weeks are shown as an example.)
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Table 2. Example of computation of variance of weekly labor use in existing system and system revised by 10 percent reallocation
of labor from old pattern to new cropping pattern.

Existing system labor requirement

Labor requirement Labor Revised
Pattern Pattern Pattern Labor requirement of  Labor subtracted from of new pattern added to system
A B’ c Total outgoing pattern existing system —_— existing total
Weeks (h) (h) (h) (h) (%) (h) Amount (i) % system (h) labor (h)
1 2 3 4 5 6 7 8 9 10 11
1 10 25 5 40 36 5 0 0 0 35
2 11 10 2 23 14 2 0 0 0 21
3 10 5 0 15 7 1 16 28 4 18
4 9 0 0 9 0 0 24 43 6 15
5 10 0 3 13 0 0 12 21 3 16
6 0 25 2 27 36 5 0 0 0 22
7 4] 5 8 13 7 1 4 7 1 13
7-week
total® 50 70 20 140 100 14° 56 100 14°¢ 140
Variance 117 54

*Outgoing pattern. YExample shown for 7 weeks but normally 52 weeks would be used.*10 percent of total labor in existing system.




Labor requirements may be expressed in various ways: as a total per
week for a sample of farms, as an average per farm, or as an average per
hectare. A level of adoption of the new pattern is assumed; 5, 10, or 159%
sav, of total current labor employment is assumed to be reallocated to the
new pattern. To simulate 10%; replacement of the outgoing pattern by a
new pattern, the first 109, of all labor in the svstem is subtracted according
to the weekly distribution of labor in the outgoing pattern (See columns 6
and 7, Table 2).

The same amount of labor is then added back to the system according
to the weekly distribution of labor requirements in the new pattern.
{See columns 9 and 10.)

To produce a design, the designer selects, for example, “early direct-
seeded, early-maturing rice, under usual farmer management.”” Then he
joins it with a crop that can feasibly be planted in the remainder of the
crop vear. Labor which was first removed from the existing system s
then added back, but it is distributed according to the requirements of the
new crop combination, and labor variance of the system is recomputed.
New patterns which reduce the variance can then be ficld tested.

I have evaluated new patterns by examining variance of labor use at
levels of adoption ranging from 0 to 100%, at 5% intervals. With such a
procedure one can examine (2) the rate at which labor variance in the
system changes as new patterns are introduced, (b) the minimum level the
variance reaches, and (c) the degree of adoption at which the minimum is
attained. One might choose a pattern which reduces variance less than do
other patterns but has more impact at low levels of adeption. Table 3
shows the results of recent tests of new patterns and demonstrates the
way the procedure can be used for designing new patterns or system.

Patterns designed to reduce labor variance may subsequently be tested
for their reduction of cash-flow variance, or the variance of other inputs.
But the question of profitability remains a scparate matter. Reduction of
input variance, 1 have said, contributes to profit, particularly if the pro-
fitability measure adjusts for a cost differential between owned and
hired inputs.

It is also likely that a reduction-of-variance strategy increases acceptabil-
ity of patterns in ways that are not reflected in the usual measures of profit.
Considering the cost of locating inputs for purchase and finding markets
for products, each level of variance in input may be associated with a
different level of input costs per unit, which cannot be easily reflected in
cost and returns analysis. Also, stabilization of input flows may provide
psychic returns that cannot be quantificd.

The technique that has been described here for pattern design and
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Table 3. Labor variance in cropping systems in relation to adoption of new patterns.

Weekly labor variance in old system exprassed as a

percentage of variance in revised system
Labor in total

system allocated Rice— Rice-- Rice- Rice- Rice- Rice-
to new pattern (%) soybeans mung cowpeas sorghum SP* + con SP

100 100 100 100 100 100
105 110 110 110 108 115
108 120 119 119 115 130
108 130 126 126 122 142
139 131 131 126 148
145 132 133 130 146
150 130 131 130 138
150 124 126 129
148 116 119 126
135 97 100 114
116 78 80 98
96 62 64 83
52 32 33 48

"SP = sweel potato.

testing can be used in constructing hypothetical new systems. Choosing
one pattern as a base, we may construct low-variance combinations of
patterns in much the same way that we added different crops to systems
in the above assembly of variance-reducing patterns.

Finally, we might test the hypothesis that an objective of farmers is to
construct low-input-variance cropping systems. We could build hypotheti-
cal systems from the patterns being used in an area, and observe how
closely the farmers’ arrangements of patterns matched those in the lowest-
variance versions of the hypothetical systems.

SUMMARY

I have attempted to show that the design phase of cropping systems
research is distinguished from the testing phase by the fact that in design
we must identify feasible patterns from an unknown universe of all
possible crop combinations. Design is a creative activity. Testing, on the
other hand, is screening a known population to find economically viable
patterns. It is a selection activity.

A central proposition of multiple cropping research is that the pro-
ductivity of different cultivars which are adjacent in time or space is
different from that of the same plants in monoculture. We seek by scientific
design and testing to capture the gains made possible by favorable in-
teractions between adjacent crops. Since design creates novel crop combina-
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tions, the designer may treat crop interactions which increase production
largely as random events. Design thercfore cannot easily capture the
productivity gains of crop interactions. The strength of design lies in its
examination of the cost side of the profit formula. I argue that the best
designing is that which takes resource utilization into account.

Selection of techniques and crops for possible inclusion in new patterns
is the first step in design, and should take into account new infrastructural
requirements. Policymakers should be consulted carly in the design process
so that the likelihood that needed infrastructure such as markets will be
available can be considered as pattern components are chosen.

Stabilization of the rate of farm-input use is the appropriate measure of
resource utilization for cropping pattern design. It can, [ think, reduce
input costs and increase satisfaction from farming. It also may result in the
identification of a population of cropping patterns which, when developed,
will result in maximum increase in food production for the cffort expended
in research.
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DISCUSSION

ZANDSTRA: (1) I wish to challenge the premise that given an adequate site description,
researchers cannot arrive at reasonable estimates of performance of crops (including inte:-
crops). The knowledge of crop adaptation and crop interactions in intercrops and relay
cropping is sufficient to allow an estimate of productivity that will greatly aid in sorting cut
unacceptable combinations. (2) In addition, resource-input levels are a function of pro-
ductivity and are very poorly defined without productivity estimates.

Price: (1) 1 do not argue that rescarchers cannot give reasonable estimates of performance
of new intercrops. However, I think that an attempt to incorporate into design a prediction
of the effect on yield of combining a numbe: o1 crops i.. » pattern that has previously not
been observed, is not practical for two -easons: a) Methodulogy for predicting yields of
new, untested intercrops is beyond the .cope of field-level resea-ch for which my proposed
procedures are intended. b} The effori required for generating and incorporating into a
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profitability estimate information that goes beyond that already used for component selection
is more than the gain. {2) Resources requirements are set largely by the management practices
planned at the time of design. However, it is true that part of the actual resource use (for
example, harvest requirements) will vary according to the actual level of production.
But the percentage variation in costs caused by variation in production is less than the
percentage variation in production itself. Therefore, 1think one can still say costs are more
predictable at the time of design than is the value of product.

Hisw1: 1 you discard productivity {vield and price) from the criteria for the design
stage and base all decisions on cost, you may direct your attention to low-cost, low-pro-
ductivity crops.

Price: One may design low-cost, low-productivity systems, it is true; but that depends
upon how one selects compaonents during the first step of design and what cost criteria one
uses and exactly how they are applied. 1 don’t think our proposed method does this because
in the first siep of design we have selected pattern-components that, based on their presence
in existing systems, promise to give acceptable levels of production.

Assembly ol those components is then executed with a cost-reducing procedure. In
eftect, the first design-step is to assure production, and the second step is to reduce costs.
The thrust of my argument is that the steps are best separated at the stage of design for
practical reasons. Only at the subsequent testing stage can costs and production be usefully
combined in the single criterion - profit,

Harwoon: (1)1 believe that vou are placing too much emphasis on crop interaction in
the design stage. In most patterns there are few biological interactions between crops.
Interactions are economic {vompetition for resources). Legume-legume sequences are an
exception, but we have avoided using them, and tarmers don’t use them cither. (2) Intercrop
combinations should be treated economically as one crop or one enterprise. In the design
stage vou should not separate the individual crops of 3 mixture. Don’t overly complicate
design by unnecessarily stressing interactions. They are nor central to multiple cropping
practices.

Price: (1) 10 mteractions are not important in crop sequences, it may still be reasonable
for field rescarchers to design patterns as T have suggested, simply to reduce computational
requirements. But the limitations on knowledge which 1 have indicated as reasons for using
the cost approach to assembly would clearly no longer apply. {2} 1 fully agree that intercrops
should be treated as one crop after their combined value-product is known. However,
before a new intercrop pattern is tield -tested, and its value-product thereby learned, the
ceonomic analysis at the design stage wounld seem subject to the knowledge constraints |
have mentioned, and the separable production:cost procedure 1 have suggested theretore
should be tollowed.

Krantz: Before suggesting a new crop to the policymakers, would it not be helpful 10
do some “market-development research™ i the area or country concerned ?

Price: Yes, rescarch into markets is required betore policvmakers are approached. 1deally,
policy makers would be shown a full vange ot choices regarding market development,
credit arrangement, and other infrastructural features.

A, Gomez: You have argued that protitability is a good basis for designing cropping
patterns, but in the end you substituted cost or “resource allocation” tor profitability.
The two are quite different.

Price: That's right; production, cost, and profit are all ditferent, and the Last incorporates
the other two. But my argument is not quite as you present it, While stating that greater pro-
fitability is the goal of design, Targue that the criterion cannot practically be applied at the
design stage. Rather itis applied in parts: first, production is considered when components
are selected, then costs ave considered when components ave assembled. This completes the
design stage, Then at the testing stage, profitability as a single unified criterion is applied.

NURIADE: Assume 3 certain area in a particular agroclimatic zone--say 1,000 ha with
2000 farmers. Suppose we intraduce an improved cropping pattern which is technically
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and economically feasible. If some of the furmers adopt the improved cropping svstem,
the result is sl economically feasible. but it all 2,000 farmers do the same, that improved
cropping svstem becomes uneconomical due to decrease ot the price of the products. The
question is whether a single farmer family or a whole area should be cconomically considered
in order to meet the goal and farmer’s need.

Price: The problem vou mention is a sevious one. We have taken the view that we cannot
design patterns for their long-term impact. but let tarmers make their own adjustments to
the conditions that develop. On the other hand, we do avoid crops such as vegetables for
which the planning horizon is very short. We are not very rigorous in such demand-analysis,
One point is that even if the prices for a crop fall as more people grow it at feast we have
introduced moare flexibility into the svstem by giving farmers more choices.

NORMAN: When vou caleulate the ﬁcrcunl.lév of total labor by week relative to peak-labor
week, is the peak-labor week reterence that tor the cropping pattern under consideration,
or is it for the tarming svstem as 2 whole, including nontarm activities, or for the cropping
svstem only. If the latter. would not using the former be of value.

Price: The labor of the cropping svstem alone was used but, as vou sugpest, labor use
in the farming svstem as 2 whole would be more appropriate. This is simply one aspect of
the focus of our overall program, in which cropping svstems are the main subject of study.

HOQUE: (1) If vou recognize interaction between resource-use and productivity, which is
quite likely to exist, how can vou exclude productivity criteria tor the design 2 (2) Agrono-
mists tend to consider productivity as one of the major criteria for design; how do vou
tackle this conflict between vourselt and the agronomist at the design phase?

Price; (1) The design process I suggest assumes that the only technological question under
investigation is the economic viability of a crop combination, given thata setof recommended
crop-management practices are followed in executing the pattern. That conforms to the
IRRI field-research approach in which the economic analvsis is vestricted to pattern trials,
and is generally noz apphied to tests of component technology, referred to as “superinposed
trials.”” 1t means that crop-production responses to input-applications are generally not the
principal subject of multiple cropping research. Resource-productivity interactions are
assumed (0 have been largely taken care of already when recommended practices were
selected based on monoculture research by other scientists.

The remaining resource-productivityinteractions that are not considered are those
which relate umquely to multiple cropping regimes, and those, 1 have argued, are not
sufficienty predictable on the production side to warrant consideration at the design phase
as criteria for assembling new patterns. 1 say “on the production side” to emphasize that
changes in input requirements {in cuntrast to vield) that result from s itching from mono-
culture to a multiple-crop pattern can be planned. One can plan, tor example, the deletion
of a weeding operation, because one anticipates that weed growth should diminish during a
preceding crop. {2) There is no conflict in the cases in which agronomists consider production
as a basis for recommending practices tor crops 11 a pattern on the basis of monoculture
crop response. The implied contlict comes when the agronomist changes from recommending
a practice for a given crop that is best under monocultural conditions to another practice
that he thinks best, based on yvield considerations, in a multiple cropping regime. Certainly
the agronomist must make such judyments at the design phase. However, my point is that it
is not practical for the economist at the design stage to apply a profitability test -on the
basis of vield prediction - to the switch in practices. That is, he cannot apply it to the trade-
off between the changing resource cost and the change in crop vield. This kind of economic
information is more cfficiently obtained later, at the time of field testing.

JopHa {comment): In my view, managing of “cost criteria” for testing new cropping
patterns is quite difficult. That is because the term “cost” itself may have different meanings
for researchers and farmers. Secondly, cost of a given pattern may change with the degree of
complementarity it may have with other enterprises such as dairying.
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INTRODUCTION

M.Z. Hoque

T he systems approach is gaining prominence in Asia for developing
cropping patterns that utilize available farm resources more efficiently,
and is gradually replacing the traditional single-crop-oriented research
approach found at experiment stations. An integral part of this systems
approach is testing and evaluating the performance of potential cropping
patterns in the specific agroecological areas for which the patterns are
designed. To determine their fit and viability within the farming system
involved, as well as to ensure a better chance of acceptance by the farmers,
potential cropping patterns are tested before they are entered into a
production program.

The subject of cropping pattern testing has been dealt with quite
elaborately at the third Cropping Systems Working Group meeting at

Bangkok. This paper will brieflv discuss the different aspects of such
testing.

OBJECTIVES OF CROPPING PATTERN TESTING

A potential cropping pattern is tested to evaluate its agronomic per-
formance, biological stability, land-use efficiency, resource and manage-
ment requirements, and economic profitability.

The results of testing are eventually used in production programs or
promotional activities and, therefore, become important in the

1. evaluation and modification of cropping patterns existing within a
particular production complex,

2. determination of the potential of newly designed cropping patterns,
and,

3. agroeconomic comparison of a set of alternative cropping patterns
which can guide the farmers in making their choices.

M Z. Haque. Principal Scientific Officer and Head, Division of Rice Cropping Systems, Bangladesh
Rice Research Institute (BRRI), P.O. Box 911, Dacca, Bangladesh.




CRITERIA FOR TESTING CROPPING PATTERNS
Test criteria that are considered necessary to determine the performance of
a cropping pattern include (1) agronomic productivity, (2) biological
stability, (3) land-usc efficiency, (4) resource requirements, (5) management
requirements, and (6) cconomic profitability.

Agronomic productivity means the economic yield of the crops in a
pattern. Accurate estimates of agronomic productivity can be obtained
from crop cuts, using appropriate sampling procedures. That particular
criterion should enable the research scientist to predict the production
potential of the cropping pattern.

Several factors determine the biological stability of a cropping pattern.
They include the effect of the cropping pattern on soil fertility, soil erosion
or soil conservation, the changes in weed population, and the occurrence
of insects and pests. It is very difficult to obtain reliable estimates of those
factorsand, consequently, to determine the biological stability of a cropping
pattern without a testing program over a period of time. As researchers’
time is generally limited, estimates of the biological stability of cropping
patterns have to be obtained from general observations over several
seasons.

Efficiency of land use ordinarily means the days of the year the land is
utilized by the cropping pattern, as well as production per day of a land
unit,

The resource and management requirements of a cropping pattern may
be defined as that amount of resource allocation and management which
exhibits the cropping pattern’s maximum potential for economic profit.
Under farmers’ conditions, the determination of resource requirements is
influenced by the availability of resources and also by the resource conflicts
that may be brought about by the cropping pattern being tested.

The determination of cconomic profitability requires measurements of
productivity, product prices, material and labor inputs, and the costs of
inputs.

THE TEST ENVIRONMENT

Cropping patterns can be tested in any of the following environments:
(1) research station, (2) research station simulating farmer’s management,
(3) farmer’s field managed by the researcher, or (4) farmer’s field under
farmer’s management.

The choice of test environment will depend on the immediate objectives
of the rescarcher and the physical facilities at his disposal. The test environ-
ment, inturn, will influence the testing methodology and the measurements
to be taken.
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Testing cropping patterns at the research station enables the rescarcher
to have considerable control over the testing process, but the environment
does not provide a reasonable estimate of the performance of a cropping
pattern in a farming system. Testing the pattern at a rescarch station
simulating farming situations may increase the reliability of the estimate
of the pattern’s performance on the farm but, again, the outcome will
depend on the success of the researcher in the simulation act.

Testing cropping patterns on the farmer’s field managed by the re-
searcher, on the other hand, appears to have advantages. The test environ-
ment provides considerable degree of control and more reliable estimates of
the pattern’s performance on the farm; it enables the researcher to observe
the effects of different site-variables on the pattern’s performance. Further,
itcsn give an estimate of the pattern’s potential performancein a production
complex with no constraints on the farmers.

Testing cropping patterns in the farmer’s field under his own manage-
ment does not provide full control over the testing method, but it allows
‘the researcher to study the pattern’s performance in different locations at
varying levels of management and input. By accurately recording the
farmer’s operations and input use in the test environment, the rescarcher
can better understand the effect of the interaction of different factors in
the farming system on the performance of the cropping pattern.

EXPERIMENTAL DESIGNS FOR CROPPING PATTERN TESTING

The experimental designs for testing cropping patterns will depend on
the test environment and, to some extent, on the cropping pattern design
and the measurements to be taken. However, the following designs can
generally be used in evaluating the performance of a cropping pattern:
(1) replicated small plot trials, (2) replicated large plot trials, and (3) produc-
tion plot trials with replicates in different ficlds.

Replicated trials with small plots can be conducted at experiment
stations and in farmers’ fields. They can provide accurate information on
the agronomic performance of the pattern and the effect of site-variables
on the pattern’s performance. However, it is difficult to have too many
experimental units in the farmer’s ficld. Thus replicated trials on larger
plots are needed when data on input requirements, farmer’s reaction to
a cropping pattern, and the effect of special treatments such as tractors are
to be collected. In most cases, replicated trials with larger plots in the
farmer’s fields are not a problem if only a single cropping pattern is to be
tested.

Valuable information on the performance and input requirements of a
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cropping pattern can be obtained by testing it in a production plot under
farmer’s management. To make the information statistically reliable,
replicates will have to be placed in more or less similar production
complexes. In production plots, superimposed treatments can be used
without interfering with farmer’s management, and new cropping patterns,
with or without additional management requirements, thus can be tested.

CONSIDERATIONS FOR AN EFFICIENT TESTING PROGRAM

Success in modifying or developing a cropping pattern depends on the
accuracy with which the cropping pattern’s performance is tested, and on
the success of the testing process itself. Several factors affect the success
of the testing process. Some that merit consideration follow.

1. There should be a strong linkage between the design phase and the
testing phase.

2. The pattern should preferably be tested in the agroecological
environment for which it is intended or, at least, in a similar agroecological
environment.

3. Appropriate experimental design should be used to meet the objec-
tives and test criteria.

4. In work in a farmer’s fields, clear understanding between the
rescarcher and the farmer should be developed and maintained during
the entirc period of testing.

TESTING CROPPING PATTERNS FOR ASIAN RICE FARMS

Vast areas of the Southeast Asian countries are under rainfed and upland
conditions. Toincrease total production in this region, immediate attention
must be given to the improvement of cropping patterns under such
conditions. However, cropping patterns will also have to be tested and
developed for the more highly productive, irrigated arcas to maximize crop
production in the region.

Scientists have different opinions on the various aspects of cropping
pattern testing in farmers’ fields. Although the process is generally compli-
cated, cropping pattern testing in farmers’ fields has definite advantages,
especially with regard to the quick generation of information necessary
for urgent production programs.

In this session on ““Testing of Cropping Patterns,” we will present and
discuss the results of cropping pattern testing under rainfed and upland
conditions in Southeast Asia, and the methodologies for cropping pttern
testing in farmers” fields.
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TESTING CROPPING
PATTERNS FOR
RAINFED RICE AREAS

D. Chandrapanya

T o be groven successfully in an area, crops must be modified to overcome
agronomic and cconomic constraints and to fit into the agroclimatic and
economic conditions of the particular areca. Production inputs and their
availability, and value of the crops and their marketability have to be
considered. But limitations exist, especially when small farmers whose
production resources are scarce or unobtainable are involved. Other natural
conditions, such as the unproductivity of the soil or the unpredictability
of rainfall, also lead to difficult decision makmt_, However, through
systematic research, means may be found to' help small farmers to better
their living cenditions.

In this paper, the term "rainfed rice” refers to rice grown in lowland,
bunded areas of Northeast Thailand which are entirely dependent on
natural rainfall for crop production during the monsoon season. It occupies
an area of about 2.5 M ha. In contrast to it are much of the floating rice of
the Central Plain, which is rainfed for the first several months after secding
until floodwaters rise, and upland rice, which is gencrally grown on
hillsides without standing water throughout the growing period. For the
rainfed, lowland, bunded areas, the soil may vary from dry to moist for
as much as 4 months, and high rainfall sometimes causes flooding.

The average cash income per houschold for the agricultural sector in
Northeast Thailand is the lowest in the country—about USS105 in 1970
(Agricultural Statistics of Thailand, 1974). The soils of the Northeast in
general are sandy, have low water-retention capacity, and are poor in
essentially all major nutrients (Table 1). Erratic monsoon rainfall aggravates
the difficult task of crop growing. At present, most subsist on a single

D. Chandrapdnya. Head, Rice Culture Improvement and Seed Storage Branch, Rice Division, Department
of Agriculture, Bangkhen, Bangkok-9, Thailand.
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Table 1. Chemical analysis of soil types in farmers’ fields in Thailand. 1972-747

Ca'* Mg’ CEC EC
Total Avail- (meg/ (meq/ (meg/ (1:5)
oM, P K* NP able 100 100 Na* Fe™" Al""" Mn**S0O,-S Ci~ 100 {mmho/
Soil series  Location pH (%) (ppm) (ppm) (%) (ppm) g) g) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) g) cm)
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Ubon (Ub) Ubon & 46 035 25 116 0.02 46,0 006 0.05 875 220 7.6 1.0 75 53 0.82 0.097
Roi Et
Trace
Northeastern region 1o
average 47 058 31 143 003 927 069 0.20 87.7 343 457 76 53 200 24 0079
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1. Monthly rainfall at Pimai Rice Experiment Station, Thailand.

crop of rice which yields an average of 1.2 t/ha. The application of fertilizer,
even at modest rates, is expensive compared to the price of paddy (cost
of I kg of 16-20-0 fertilizer equals cost of 2 kg of paddy). Unfortunately,
a great number of small farmers cannot afford to use fertilizer because of
their limited cash inputs and the existing burcaucratic credit institutions.
Moreover, the uncertainty of rainfall makes fertilizer application risky.
Large numbers of farmers use manure and compost, but yields are not
increased significantly.

One of the major environmental factors that limit grain yield is rainfall
distribution. (Some of the rainfall data are presented in Fig. 1-4.) In 1974
and 1976, widespread drought occurred throughout tt¢ Northeast during
the early monsoon season and delayed planting until near the end of the
monsoon. The probability of getting good rain in a given year is 60%,:
in 3 of every 10 years, long, damaging drought periods can be expected,
especially within the southernmost part of the region. Irrigation facilities
are negligible. Soil moisture during the early monsoon scason, which
starts in April, is frequently not enough for transplanting the rice crop.
Transplanting in some years may be near the end of the monsoon (as late
as September); because of the short growing season, yields are low. Farmers
plant photoperiod-sensitive types whose scedlings may be as much as
90 days old before transplanting. Rainfall distribution in the rainfed
Northeast indicates two major patterns:

The Pimai area in the lower part of the Northeast is representative of
one type of rainfed-rice area. The monsoon rainfall increases its intensity
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Station, Thailand.
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3. ilonthly rainfall ia 1975 at Chumpace and
Khonkaen Rice Experiment Stations, Thailand.
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4. Mouthly raintall tn 1975 at Koksamrong and
Surin Rice Experiment Stations, Thailand.

in late April and continues until November, with 2- to 3-week drought
periods in early to mid-scason. The probability of early-season drought
periods is about 30%. Precipitation occurs in a characteristic bimodal
pattern arsociated with the movement of the intertropical convergence
zone.

The Ubon area in the upper eastern part of the Northeast represents
areas which experience late drought periods at the end of the monsoon
season. The probability of late seasonal drought at panicle formation,
heading, and flowering of the rice crop is high. Quite often, monsoon rains
end suddenly, leading to an insufficient amount of water for the maturation
of the rice crop. In contrast to the Pimai arca, the Ubon arca has early
season rains that are dependable in anmiount and regularity.

Experimental results suggest that to alleviate the problem in the Pimai-
type area of insufficient moisture for transplanting, early direct-sceding
methods may be useful. By dibbling the right varieties of rice seed into
moist soil from the middle of June to the middle of July, it is possible to
establish a rice crop which can withstand extended drought periods and
produce reasonable yield (Table 2).

The data suggest that varieties play an important role under the alter-
nating wet and dry conditions of ficlds at the experiment stations. The
yields are also somewhat better than average for farmers in the Northeast,
although that may be due partly to better conditions at the experiment
stations. However, many problems are associated with the direct-sceded
methods. They include small rats, mealy bugs, a kind of carthworm, other
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Table 2, Yield of varieties and experimen‘al lines (t/ha) after dibble planting
(direct seeding) in June at 4 locations in Northeast Thailand, 1975 wet season.

Variety or line Chumpae Khonkaen Pimai® Surin Average

Niew San Patong

Khao Dawk Mali 105

RD4

RD5

SPT 6012-134

KOML'65-G_,U-68-254

KOML'65-G,U-45

MN 62°'64-G,U-73 .
Av. .36

1.65
1.565
1.10
1.40
2.07
1.70
1.60
1.50

—

Nbhmonal wo
- b A ) o = =N
HouNNRO W=

P ST G

“Low vields due to attack by mealy bugs.

insects, and weeds, especially during the submerged stage of plant growth.
Those direct-seeding methods represented the first research work with
the rainfed lowland paddy fields in the Northeast.

From the viewpoint of cropping systems rescarch that includes upland
crops with rice, it is possible to develop a program for rainfed lowland
rice-field conditions by utilizing existing natural resources (rainfall, soil,
and so on) and available production inputs. Such a system must use a
simultancous approach integrating different disciplines to cover the
biological and economic aspects. Some recent agronomic research results
in the Northeast are worth mention. The 1975 annual report of Khonkaen
University shows that it is pursuing programs involving breeding, crop
production, protection, and soil science with three crops—sorghum,
soybeans and peanuts. The main emphasis is on cropping systems applicable
to rainfed upland conditions. Some interesting research results were
obtained from date-of-planting experiments. Planting sorghum during the
rainy season between May | and October 1 at [5-dayv intervals increased
yiclds as planting time was delayed. The highest yield was obtained from
the August 1 planting. After that planting date, yields dropped markedly.
On the other hand, soybeans and peanuts produced poor yields with all
planting dates. Peanuts germinated poorly, and the soybeans were not
inoculated with Rhizobium bacteria. Problems with stand establishment
of the crops and soil heterogeneity prevented complete analysis of the
results. However, sorghum appeared to be promising.

The Northeast Agricultural Center’s 1974 annual report (1975) showed
that mung-bean varicties MG-55-3 and MG-50-10.A produced the highest
yields {1.6 t/ha and 2.1 t/ha, respectively) in regional varietal trials at
Pimai. Nine locations in the Northeast were involved in the trials, but
Pimai was the most reliable. Six peanut varicties were also tested at nine
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Table 3. Yield (t/ha) of eight rice varieties and experimental lines grown in farmers’
field tests by direct seeding methods at three locations, Thailand 1975 wet season.

Dibbling method Row seeding method
Variety or line Type B .
Kok- Pimai Ammnart Av. Kok- Pimai Amnart Av.
samrong Charoen samrong | Charoen

e me s mn et e e e a  me ee ~ JRIT—

G 2075 2700 2131 2300 2875 ::3.181 2394 2819
G. 2475 1675 1.681 1944 1500 1306 1.150 1.319
b 2419 2694 2037 2175 2144 R319 0.881 1.781
G. 2131 3400 2734 2525 2375 2.887 1687 2319
G. 2894 2562 1462 2306 1.694 2319 1.700 1.906
G. 2125 2337 2100 2187 2612 2837 0987 2.144
G

Khao Dawk Maii 105 N
Nam Sagui 18 N
Niew San Patong G
RD5 N
SPT 6012-134 N
KDML'65-G,U-45 N

G 1694 0306 1.050 1019 1931 0206 0906 1.012

N 1.206 0.469 0306 0662 1.056 0706 0.550 0.769
1.281 1.756

Khao Hao (Upland)
Khao Muser (Upland)
Av. R 2125 2019 1600 1912 2025 1.969

’N.G. = nonglutinous. "G = glutinous.

locations. Lonvun 6103 produced the highest average dry pod yield
of 1.4 t/ha; Tainan 6 followed, with an average of 1.3 t/ha.

To maximize use of the rainfall in the Northeast, timely direct-seeding
of rice or planting of other crops in the carly monsoon scason shows great
promise. Rice grown after harvesting the first crops seems best for rainfed
lowland paddy-field agriculture. A first crop of rice followed by legumes
or other crops toward the end of the season is another possibility. Experi-
ments with direct seeding of rice in farmers’ fields in 1975 at three locations
(Table 3) indicated varieties and lines (Khao Dawk Mali 105, RD5 and
KDML' 65-G,U-45) that could tolerate early drought and produce an
average yield of 2.5 t/ha. Those varieties and lines, with timely direct
seeding, can be fitted into the cropping patterns of the Northeast rainfed
areas. It should be pointed out that two upland forms among the entries
performed very poorly under lowland rainfed conditions.

Data from the Ubon Rice Experiment Station (Table 4) suggest that a
double crop of rice during the rainy season can be achieved. It was found
that NTU 504-2, a nonglutinous Taiwanesc line, and PMI 6643-4-15, a
glutinous line, both photoperiod-insensitive types, could produce grain
yields of 3.8 and 2.8 t/ha, respectively, if direct sceded in May. After
harvest of those first crops in August, the plots were prepared for trans-
planting photoperiod-sensitive types, namely, two local recommended
varieties, NS 19 and HY 71, and the experimental line KDML'65-G U-45,
The three produced grain yields of 2.9, 2.0 and 3.1 t/ha, respectively,
when harvested in mid-November. With this method, the yields of the
two crops for one monsoon season approached 6 t/ha.

In 1975, for the first time, the Rice Division initiated a study on double
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Table 4. Yield performance of rice cultivars in the double rice cropping experiment
under rainfed conditions, Ubon Rice Experiment Station, Thailand, 1975 wet season.

Cultivar” Type Maturity Yield

116
126
126
116
116
135
1356
Nov. 4¢
Nov. 4¢
Nov. 109

PMI 6643-4-15
PMI 6646-3-2-17
SPT 6624-66-18
NTU 504-2

NTU 504-5
RD69 NFU-G,-5
IR26

NS 19

HY 71
KDML'65-G,U-45

o
-

zopzzz2222Q9
o POOEOON

The first seven cultivais on thisl_list were planted as first crop; the last three weie planted
as second crop. "G = glutinouz. “N.G. = nonglutinous. “Harvesting date.

cropping patterns for the lowland paddy field under rainfed conditions
at four locations. The experiment was started in May during the early
monsoon season. Experimental results from the two most reliable locations
are shown in Table 5. All rice plantings were direct sceded except the
second rice crop in patterns 1, 2, and 4. All rice yield results indicated
reasonable production except in the first crop of patterns 1 and 2 at Pimai,
which experienced severe drought stress during the early growth stages.

The second crop of rice in patterns 1 and 2 failed at both locations because
of extremely late planting of a strongly photoperiod-sensitive variety.
Mung beans planted before rice showed promise of being in the right
pattern for both locations, even though the vields were low compared to
the national average of about 1 t/ha. Mung beans after rice were essentially
a failure because of late planting. Proper management of the crop in rainfed
lowland paddy fields must be further studied if better yields are to be
achieved. Such factors as lack of native Rhizobium bacteria in the soil have
to be considered. Nevertheless, the growing of early maturing crops before
rice in this agroclimate has considerable potential. The yields of grain
legumes and sesame after rice were very low because of insufficient
moisture and poor germination due to delayed planting after the monsoon
rains ceased. That suggests that timing of the second crop is critical. More
research is needed on selection of the second crop and on its planting
date. It appears that such crops as sorghum and yam beans require more
attention than others.

It should be noted that a cropping systeias program in farmers’ fields
was started in the Northeast only in 1976. Nine farmer-cooperators were
selected at the Pimai rainfed outreach site. Three plots were planted to
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Table 5. Yield (t/ha) of eight cropping patterns planted under rainfed conditions in two experiment stations in Thailand, 1975
wet season.

Yield (t/ha) Harvest date
Variety e e Seeding date
Koksamrong Pimai Koksamrong Pimai

Panern’

1. Rice-rice 1R1561-288-3 and 34 0.619 Oct. 19 Oct. 27 Koksamrong
KDML'65-G,U-45 — - - — Ist crop

2. Rice-rice RD9 and 3.1 1.3 Oct. 27 Oct. 27 -
KDML'65-G,U-45 —— — - — Pattern 1—-4: May 9 B
Pattern 5-8: June 15 )
3. Rice-mung bean RODS and 4.7 23 Nov. 17 Nov. 27
SPR-1 0.126 0.004 —
2nd crop
4. Mung bean-rice SPR-1 and 0.597 0.537 July 20, 28 July 18
E Aug. 4 Aug. 1.7 Pattern 4 transpl.: Aug. 15
o KDML'65-G,U-65 3.6 32 Nov. 28 Nov. 19 Pattern 3-8 planted: Dec. 23
4
2 5. Rice-sesame RDS and a5 3.2 Nov. 21 Nov. 27 Pimai
->§ local variety 0.021 — — e
-] 1st crop
= 6. Rice-cowpea KDML'65-G,U-45 and 39 3.4 Nov. 13 Nov. 17
Z local variety - 0.055 0.045 — - Pattern 1-4: May 13, 14
- Pattern 5-8: June 9
:oc 7. Rice-soybeans RD9 and 3.2 2.6 Nov. 6 Nov. 4
= S$.J.-2 0.006 0.091 — —
2 2nd crap
Z 8. Rice-peanuts SPT 6012-134 and 3.7 32 Nov. 14 Nov. 14
g local variety 0.046 0.002 — —_ Pattern 3, 5-8: Dec. 17
;;; Pattern 4 transpl.: Aug. 19
= S —
4 3All direct seeded except the second rice crop in patterns 1, 2, and 4. p




mung bean variety SPR-1 on May 4-7, 1976. The crop, which was harvested
in July, had an average yield of 0.5 t/ha.

In conclusion, the design and testing of cropping patterns for rainfed
areas requires an understanding of physical and socioeconomic parameters
of the areas to be improved. Agronomic and economic situations are
site-specific; thus, cropping pattern tests have to be conducted at the
particular sites. A multidisciplinary approach is important. Variety trials
and date-of-planting experiments arc essential in selecting crop varieties
for particular areas. Rainfall distribution seems to be the major factor
in determining crops for Northeast Thailand. Sequential rice-based crop-
ping patterns have good prospects of success. Relay-cropping research
should also yield fruitful information, especially on the effective utilization
of residual moisture immediately after the end of the monsoon. Direct-
seeded rice promises to be a useful base on which to carry out a practicable
Northeast cropping systems program. The techniques of direct-seeded-rice
culture must be further tested and refined. Rice is the basic crop for the
Northeast small farmers’ subsistence, but crops in addition to rice must
be added to increase farmers’ income.

SUMMARY

A major part of Thailand’s rice area, especially the northeastern region,

is grown under lowland rainfed conditions. The northeastern area has
gently rolling terrain interspersed with valleys. Soils tend to be sandy
loam, and are low in all major plant nutrients and water retention. Monsoon
rainfall is erratic, especially in about one half of the region during the
early monsoon; thus, average yields are the lowest for the entire country
(about 1 t/ha).

This paper describes preliminary cropping systems research in two
major areas of the Northeast, namely, the Pimai and Ubon subregions.
The two have different rainfall patterns but are representative of large
areas. The Pimai subregion frequently experiences early monsoon droughts,
whereas the Ubon area has dependable early rains that are frequently cut
off sharply near the end of the scason. Different cropping patterns must
be devised for each subregion.

Preliminary research results suggest that we must focus our cfforts on
direct seeding of rice. At the Ubon Station it was possible to produce
two crops of rice in the short monsoon season by direct seeding an early-
maturing. photoperiod-insensitive variety at the beginning of the rains.
That crop was followed by transplanting of an early photoperiod-sensitive
variety. Upland crops such as mung beans and sorghum showed promise
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either before or after rice. All indications point to the nced for increased
cooperative agro-socioeconomic research at each site.
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TESTING CROPPING
PATTERNS FOR
UPLAND CONDITIONS

J.L. McIntosh, S. Effendi, and A. Syarifuddin

T he area available for increased production of lowland rice is limited.
The lowland rice area in Indonesia covers approximately 5.8 M ha. About
4.1 M ha receive some irrigation (Biro Pusat Statistik, 1974). Recent World
Bank surveys indicate that rehabilitation of present irrigation schemes and
development of new ones in Indonesia could impreve irrigation and
drainage on 650,000 ha, upgrade another 650,000 ha from upland to
lowland paddy, and provide supplemental water for dry-season irrigation
through storage and ground water for another 210,000 ha (World Bank,
Volume II, Annex 2, 1974). Those are projected goals for the present 5-
year plan. Much of this land is already in use (rainfed-upland and lowland
rice), and yield increases that might result would come mostly from im-
proved water control. The opportunity to bring new land under irrigation
and increase dry-season irrigation is limited and expensive. The estimates
are optimistic and no doubt will take several years to be realized.

On the other hand, in Indonesia and elsewhere, vast areas of arable land
suitable only for upland cultivation are underused and in many instances
are considered waste (Sanchez and Buol, 1975). That mistaken concept has
arisen from the fact that stable societies have survived and even thrived
on lowland rice culture. Meanwhile, their neighbors in upland areas have
survived only with shifting cultivation and by living seminomadic
existences. but some of the technology needed for increased production
in lowland irrigated areas, such as fertilizer, insecticides, and the use of
improved varieties, can give even higher return when applied to upland
areas. In the past, those i-.1.ts, along with extension expertise and credit,
have been almost exclusively reserved for lowland rice production. But
ani increased world supply of nitrogen fertilizers, in particular, has

JLo Mclntosh, S, Effend, A Syarifuddin. Cropping Svstems Agronomicts, Cooperative CRIA-IRRI
Program, International Rice Reseaich Institute, P.0. Box 107, Bogor, ludonesia.




suggestéd possibilities for upland production. What was improbable even
2 years ago is highly feasible and perhaps even necessary today. It is
estimated that between 15 and 20 M ha of level to gently undulating land,
which has no permanent soil or terrain characteristics that restrict agricul-
ture and is mostly unmanaged and free of forest concessions, could be
developed for some kind of crop production in Indonesia at the present
time (World Bank, 1974).

The most compelling reason for opening new lands and using more
intensively those now in cultivation is to produce food to meet population
increases. The food supply in some countries does not meet the need even
now. In 1975, Indonesia imported rice, wheat, corn, and soybeans. Except
for wheat, the situation should have been reversed ; there should have been
export, particularly of corn and sovbeans. The production potential is
available, but sustained production of exportable quantities has not taken
place. Research on and implementation of viable and productive cropping
systems for upland areas are nceded to attain and maintain export markets.
Such markets would absorb excess production and stabilize the domestic
prices of the commodities. Ultimately, some capabilit; would develop to
process the crops into higher-valued products. The corn and soybean oil
processing plants in Indonesia are good examples. Unfortunately, those
facilities were developed before adequate production and storage facilities
were available. Now it is necessary toimport to keep the plants in operation
diring the off-season. 1i: contrast, the demand for cassava for chips and
pellets in Lampung has increased from about 150,000 t three years ago to
450,000 t at present. Excess production was available and the export
market expanded accordingly.

CONSTRAINTS ON SUSTAINED CROP PRODUCTION IN UPLAND AREAS

The upland soils of South and Southeast Asia vary widely in natural
fertility, physical propertics, and topography. Those with high levels
of bases are generally in areas with insufficient rainfall for more than
one crop per year. In arcas where rainfall is sufficient throughout the
year, the soils tend to be highly leached and fragile. The organic fraction
contains most of the nutrieuts required for crop production. That condition
exists for about 46 M ha of red-yellow podzolic soils in Indonesia (Lembaga
Penelitian Tanah, 1972). In Sumatra and Kalimantan, about 32 M ha of
such: soil are suitable for agriculture, but prebably no more than 0.5 M ha
are used for crop production. The average rainfall exceeds 200 mm for 8
months of the year and is less than 100 mm for only 2 months (Berlage,
1949). We feel that that arca with its rainfall pattern and soil has tremendous
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potential for increased crop production. However, interacting physical
and chemical constraints have inhibited crop production in the past.
Those constraints, along with possible solutions, are briefly mentioned.

Rapid loss of fertility. Within 2 years after new land is opened, the
soil loses its inherent fertility and productivity (North Carolina State
University, 1976; Suryatna and McIntosh, 1976). The rapid oxidation of
organic matter after cultivation and destruction of the vegetative cover
permits leaching. The phenomenon is fast and certain for the sandy loam
and silty soils that tend to predominate in upland areas. Soils with higher
clay content remain productive longer, but within 5 years they usually
are exhausted. Some areas may have unusual problems with trace element
deficiencies and toxic substances. Fortunately those soils respond to
fertilizer treatments. It is, therefore, absolutely necessary that farmers have
credit for fertilizer inputs, and that the inputs be available. The recent
decision in Indonesia to allow all farmers to buy fertilizer at one price has
made it possible for crop production in the upland areas to compare favor-
ably with that in Jowlands.

Maintenance of soil fertility. Maintenance of inherent and amended
soil fertility will determine a farmer’s success. He can recycle residues as
undecomposed plant materials into compost, or he can use manure. In
some instances, incorporation of green manures provides striking response
(North Carolina State University, 1976). Obviously. some fertilizers,
particularly nitrogen, have to be used ona continuing basis, but phosphorus
and potassium applications can be minimized. The increased organic
component of the soil resulting from fertilization will keep nutrients from
being leached, decrease the deleterious effects of toxic levels of aluminum
in the soil, and improve the tilth. Three years of research in Lampung,
Sumatra, indicate that the recycling of residues improves fertilizer
clficiency and legume growth.

Erosion. Unless diversions or terraces are provided, land sloping more
than 18%, should not be cultivated and used tor food crops. But erosion
even on gentler slopes can be serious. We have observed that fertility
management and maintenance of good ground cover throughout the year
control crosion on these upland soils. The soil must never be left without
crops to intercept the raindrops and bind the soil, particularly during the
rainy scason.

IDENTIFICATION AND SELECTION OF TARGET AREAS

The success of a cropping systems program can be measured only in terms
of implementation. Great care must be used in sclecting research areas.
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The criteria for selection will depend to a considerable extent upon
government policy. Those used in Indonesia are probably suitable for
most Asian countries where governmental participation in food production
is common. The extent of this participation should probably determine the
order of priority of the following criteria:

1. the area is designated by the government as one that has critical
food shortages.

2. Uniform soil and climate characterize a large contiguous area.

3. Previous trials indicate the feasibility of intensifying present cropping
patterns by adding at least one more crop per year.

4. Infrastructure and potential markets are available.
Central Lampung, in the south of Sumatra, was chosen as a target area for
upland cropping systems rescarch on the basis of the above criteria. The
government had given the area high priority for agricultural development.
Availability of open land and proximity to West Java also make it an ideal
location for new transmigration schemes. The soil is classified as red-yellow
podzolic and is similar to the soil of about 46 M ha, or approximately one-
fourth of Indonesia’s land (Lembaga Penelitian Tanah, 1972). Furthermore,
the rainfall, which exceeds 200 mm for 9 months and falls below 100 mm
for only 3 months (Berlage, 1949), is sufficient for vear-round crop pro-
duction, provided crops like cassava and cowpeas are grown during the
driest period (Fig. 1). Unfortunately, the soil is low in inherert fertility and
loses that contained in its organic component within 3 years. Fertilizer
inputs have not been available. As a result, this large agroclimatic zone is
agriculturally underdeveloped. Traditionally, farmers have used shifting
cultivation and an extensive type of agriculture to circumvent the soil-
fertility problem. The transmigration schemes, however, are committed to
stationary agriculture. Farmers in older transmigration settlements have
had difficulties in producing enough food to sustain their families. Before
developing these areas further, we must develop cropping patterns and
soil-management practices that will enable the farmers to produce food
for their families and have some surplus to scll.

DESIGN OF CROPPING PATTERNS

This brief discussion willintroduce the reasoning we have used in designing
cropping patterns for testing in our selected target areas. Obviously, the
priorities for different countries will depend upon prevailing social and
economic conditions. Furthermore, we assume that sufficient research in
the various disciplines (component technology) exists to allow the cropping
systems personnel to choose from among a reasonably large selection of
crops, techniques, and management practices.
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Rainfall {mm)
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1. Monthly average rainfall data tor Central Lampuny, Indonesia.

Selection of crops to be grown. Some crops are not useful for an area’s
cropping pattern, even though they might be agronomically suitable.
For example, in Indonesia sorghum grows well during the dry season when
planted after lowland rice. But it is difficult to market at the present time,
and farmers will not eat it if they can get rice or corn.

Agronomic adaptation. Agronomic adaptation is obviously an important
consideration in crop selection. In the tropics, the most decisive 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, is planted if the rainy season is long and dependable enough.
Corn ranks next in terms of value and length of rainy season. Sweet potatoes
are usually grown as a main food crop under conditions similar to those of
corn in special areas where agriculture has ot developed. Cassava will be
the most stable crop in the drier regions or drier seasons. Legumes that
depend upon available water can be grown as catch crops. Some can be
retained for food and seed, but most can be sold.

Market and market potential. Most farmers grow food crops primarily
for their families. Government policy keeps the consumer’s price of rice
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low. Consequently, if farmers encounter production problems and have
enough rice for their families, they are not always inclined to grow a
second crop unless marketing prospects are good. Market prospects affect
the prices and production of all food crops. Il there is an export market
for crops like cassava and corn, and processing for soybeans, mung beans,
and peanuts, the greater market potential will help to raise and stabilize
the selling prices of those commodiiies. If a cropis tc be grown in a cropping
pattern, a market for it must exist at harvest—not at some future time.

Arrangement of cropping sequences. The average farm in Indonesia is
less than 1 ha. In the outer islands, the holdings tend to be larger. Formerly,
transmigrants received 2 ha. They usually had enough labor io plant 0.5 ha
to food crops. The rest of the land lay idle or grew alang-alang (Imperata
cylindrica). Under such conditions, farmers intuitively consider certain
things. We must therefore try to put ourselves in their shoes in order to
design effective and applicatle cropping patterns. We have used the
following guidelines in designing new cropping patterns.

Maximize stability in production. The concept of maximizing stability in
production is especially important in newly opened upland areas where
the farmer must be self-sufficient. There, the farmer can often use complex
cropping combinations, with crop’ species ranging from early-maturing
legumes to cassava. For example, if there is doubt that rainfall may be
enough for rice, perhaps early-maturing corn should be interplanted with
drought-tolerant cassavu; after corn harvest, the cassava should be
interplanted with mung beans. cowpeas, or even cassava of an carly
maturing variety.

Minimize labor. The area that a farmer cultivates depends mostly upon
the araount of labor or power he has for land preparation. Usually a farmer
with only hand labor will prepare about 0.5 ha for planting at the beginning
of the rainy season. During the cropping season, weed control becomes a
constraint. Minimum tillage, relay planting, and continuous crop cover
will enable the farmer to plant and manage a larger arca swith the same
amount of labor than he can with monoculture and sequential plantings.

Distribute labor. The labor distribution that is inherent irn multiple
cropping is a useful attribute. Strip tillage and planting of intercrop
combinations at intervals of 2 to 4 weeks enable a farmer to spread his
labor for land preparation of a given area over a longer period of time.
The harvest will also be spread out. However, the practice may not be
practical if it greatly increases the labor requirement and obliges the
farmer to hire labcr We can hope that with improved soil fertility the
farmer will become prosperous enough to afford a cow for power.
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Distribute capital inputs. 1t is difficult for a farmer to obtain credit.
Without governmental asistance, he has difficulty in buying seeds,
fertilizers, and insecticides. Lack of resources is one primary reason why
farmers grow many kinds of crops in traditional mixed cropping com-
binations in upland agriculture in remote areas. They plant whatever is
available. Multiple cropping techniques similar to the farmers’ may be
used to achieve the benefits of their systems. But those systems may have
to be simplified to minimize the randomness and diversity that prevent the
farmer from planting in rows, using specific fertilizers for higher valued
crops, or planting second crops soon after first crops have been harvested.

Distribute harvest income. Frequent harvests mean the farmer has
money more frequently and, consequently, is more likely to spend it for
things he rcally needs. They minimize the need to borrow money for
food and for production inputs. Again, the stability inherent in multiple
cropping is useful. But there is a fine line between frequency « f harvest
and marketing efficiency. If the harvest is too small, it may not be profitable
for the farmer to sell it.

EVALUATION AND TESTING OF CROPPING PATTERNS

In developed countries where farmers may be well educated and econo-
mically strong, the accumulated technology for multiple cropping may be
sufficient to meet their needs. No further work by researchers is needed
and farmers arc able to adapt the technology to meet their own specific
needs. In developing countries, however, where the farmers may be less
educated, and financially weak, the governments have initiated production
programs to implement the new technology. Those package programs
include technology, credit, and inputs. The first programs, such as Masa-
gana 99 in the Philippines and BIMAS in Indonesia, were for individual
crops. Recently, provisions have been made to include additional crops
and cropping systems.

Implementation of the programs for crop commodities and cropping
systems should be preceded by research that approximates the physical
conditions in the farmers’ ficlds—ideally at the farmers’ levels of manage-
ment. Production programs are expensive; to minimize failures, they must
be tailored to fit actual conditions.

Under the close supervision of researchers, we must design and test new
cropping patterns in the target areas to get some idea of their agroeconomic
potential and their probable problems (weeds, rats, insects, monkeys, birds,
crabs, discases, and so on). In the Indonesian program we start by trying to
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improve the farmer’s existing pattern. This may simply mean introduction
of new varieties, fertilizer and, perhaps, one extra crop into the cropping
sequence.

The final evaluation before implementation should e made in multiple
trials scattered over the target area and conducted as much as possible
under farmer management. The trials would be conducted with and
without removal of certain constraints sich as credit, seed, fertilizer,
pesticides, and markets. Objectives would be to establish a base line, to
determine if farmers have the expertise to use inputs effectively if the
inputs are available, and to get a measure of the benefits and of the pro-
bability of success.

Site-specific research in target areas by rescarchers. In 1973, site-
specific research began near Bandarjaya, Central Lampung, on a red-yellow
podzolic soi’ that had been abandoned for all practical purposes for crop
production. The area had been settled by transmigrants from Java about
20 years carlier. The research aimed to see if the area could be made
economically productive with moderate use of fertilizers and of other
inputs, comparable with those made available 1o lowland rice farmers

Table 1. Cropping patterns and amounts of fertilizer used for full-treatment plots,
Cropping Systems Experiment, Bandarjaya, Lampung, 1973-75.

Date of Fertilizer (kg/ha)
- ——— Spacing’ e s
Crops Variety Planting  Harvesting (cm) N PO, K,O
Mixed cropping
Corn Metro 11/28/73 3/14/74 Uncertain 48 15 15
Upland rice Cartuna 11,28/73 45,74 " 72 24 24
Cassava Local 12/6/73 10/6/74 " 20 20 20
Sorghum UPCA-S, 3717/74 7:14/74 " 24 8 e
Peanuts Gajah 4710/74 7/18/74 14 25 36
Rice heans Local 7122;74 10/4/74 14 25 36
Intercropping
Corn Metro 11/18/73 3/4/74 150 - 20 48 15 15
Upland rice Cartuna 11/28/73 4/5/74 25 + rows 72 24 24
Cassava Local 12'6/74 10/6/74 300 - 60 20 20 40
Sorghum UPCA-S, 3/17:74 7/14/74 300 < 15 24 8 8
Feanuts Gajah 4/10/74 7,18/74 30 - 10 14 25 36
Rice beans Local 7/22/74 104,74 30« 20 14 25 36
Sequential planting
Uptand rice Cartuna 11/23/73 4/5/74 25 ¢ tows 30 30 30
Corn Metro 4:10/74 7/22/74 100 - 20 90 25 25
Rice beans Local 7:26,/74 10/6/74 40 - 20 20 45 50

’The populations of corn, rice, peanuts. rice beans, and cassava in mixed cropping and
intercropping were 53, 80, 71, 71 and 44.4% of those in sequential planting or solid planting,
respectively. Sorghum was eliminated after the first year, and some mndifications were made
in planting and harvesting dates and in spacing.
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Table 2. Fertilizer effect on average yields and approximate net returns from
check and fuli-treatment plots. Cropping Systems Experiment, Bandarjaya, Lam-
pung, 1973-75.

Dry grain (kg/ha) Approximate net return
Fresh roots  —
Fertilizer treatment Upland Rice cassava

rice Peanuts beans (t/ha) (Rp/ha)’ (USS/ha)

Mixed cropping
No lime + no NPK, +
no mulich 690 161 55 65,000
Lime + NPK + mulch 1358 356 248 132,000
Intercropping
No lime + no NPK +
no mulch 769 222 93 91,000
Lime + NPK r muich 2724 567 627 265,000

Sequential planting
No lime + no MPK +
no mulch 850 — 153 -6,100
Lime + NPK + mulc.. 3536 — 723 74,000

"USst = Rp 415,

through the BIMAS program; and it sought preliminary data on cropping
patterns, labor requirements, and economic returns. Six different fertilizer
treatments and three cropping patterns were tested with and without
insecticides. The cropping patterns, varieties, planting and harvesting
dates, spacings, and amounts of N, P,0,, and K,0 used for all full-treatment
plots were recorded {Table 1). The details of the experiment and preliminary
data have been reported (Syarifuddin and Mcintosh, 1975). The average
yields for 2 years on the check and full-treatment plots are shown in
Table 2. The third year’s data are incomplete. Labor requirements and costs
of inputs for the different operations were measured. From the data, we
estimated the net returns for each cropping pattern, its total labor reqlxiré-
ment, and its distribution of labor and capital inputs. Syarifuddin and
McIntosh (1975) summarized the data in their preliminary report:

1. Poor red-yellow podzolic soils in Lampung, infested with alang-alang,
were found to be highly responsive 1o fertilizer. ‘

2. Intercrop combinations using drought-tolerant crops during the dry
season permitted year-round cropping and gave the highest yields per
year among the three cropping patterns used.

3. Total yields per year (in terms of rice equivalent) from those soils
were comparable with yields from two rice crops on good, irrigated padi
sawah in Java when comparable rates of fertilizer were used.

4. Improved vegetative growth, due to fertilizing and routine cultiva-
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tion, effectively controlled weeds (alang-alang) and appearcd to have
reduced erosion.

5. The intercrop combination gave highest net returns of the three
cropping patterns. Yield and net returns indicate that with fertilizers and
suitable intercrop combinations, farmers could develop cropping systems
that would enable them to produce enough food for their families, have
surplus to sell, and maintain or improve the overall fertility and pro-
ductivity of their soil.

TESTING CROPPING PATTERNS IN TARGET AREAS UNDER FARMERS'
CONDITIONS

Under different circumstances, the data that have been presented and the
experience gained by the authers would be ample to justify pushing on
with some kind of implementation program. We asked the farmer who
owned the land where the plots were lccated if he would continue our
cropping patterns after we left the are.. He said he would like to, but
would not be able to get the seed, fertilizers, and other needed inputs.
(At the time, subsidized insecticides and fertilizers were officially available
only to lowland rice farmers.) Obviously, this is the reason Indonesia and
other countries have production programs which supply credit and inputs.
But how does a researcher convince himself that a production program
would be successful? And if there is ample proof for him, how can the
governmental agencies be convinced?

Need for further testing of new technology. Production programs
have become more relevant in recent years with our growing experience
with high yielding varieties (HYV) and the “‘green revolution.” Farmers’
use of HYV has not been as widespread as expected. Only 30 to 35% of
the lowland rice fields in Indonesia are planted to HYV. Furthermore,
the use of HYV along with the approved technological package many
times have given lower yields than expected. Part of the reason is that the
technology was develoved fora high level of management like that practiced
in the agricultural experiment stations (probably, better water and insect
control) rather than for the level practiced by farmers. A greater effort
must be made to test and taiicr technology to the farmer’s needs and to
his level of management. We must consider that the farmer is doing the
best he can with the resources at his disposal. We must evaluate his system
under actual conditions to understand the constraints he faces and to
establish a base for comparison. Valid research can be done in the farmer’s
field at the farmer’s level of management within a target area. We can
study, as an intermediate step between the farmer’s own pattern and an
imposed “improved pattern,” the farmer’s response to the removal of
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certain constraints. Rather than impose a cropping pattern, we can deter-
mine the kind he will use if the agronomic inputs, credit, and markets are
provided. Such an approach assumes that the farmer is not limited in
technical know-how (human technology). On the other hand, if the farmer
does not respond to the removal of constraints—continuing to use his
present cropping pattern and misusing the agronomic inputs—we may
conclude that he cannot successfully take part in 2 production program
without a greater infusion of technical assistance by extension or, perhaps,
without a simplified technology.

Methodology for iesting cropping patterns. Cropping patterns were
tested in two locations in Indonesia with the aim of developing improved
methodology with which to establish a base line, and of pretesting packaged
technology for production programs. Before the experiment, the cropping
systems staff conducted a base-line survey in the Lampung target area to
identify the most common cropping patterns used by farmers, and to
accumulate as much physical, social, economic, and climatic data as possible
before designing the trials. Previous trials had shown the potential for
increased production if soil fertility constraints were removed. The area
was divided into three categories based on the current conditions, caused
by past management. Those conditions would necessitate modifications or
completely different cropping patterns. The categories were:

Category I ....Arca with 5-month irrigation.
Category Il .. ..0ld alang-alang ficlds, opened more than 3 years earlier.
Category III. .. .Newly opened alang-alang fields or secondary forest.

Three cropping patterns were tested within each category; each trial
was replicated three times by different 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 rationale for each
criterion are as follows:

Criterion A ... .Farmer’s present cropping pattern.
Rationale . ... To establish a base for comparison.
Criterion B ... .Farmer's choice of cropping pattern with input and
market constraints removed.
Rationale ... .To evaluate the farmer’s level of technical competence

and managerial skill, and perhaps uncover hidden
socioeconomic constraints.

Criterion C ....The recommended cropping pattern, with input and
market constraints removed and technical assistance
provided.

Rationale. . ..Todctermine production and economic potential within

the farmer’s environment.
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2. Sequence of crups in cropping patterns trials. Central Lampung, 1975 76,

The cropping sequences for each cropping pattern are shown in Figure 2.
The designation 14, for instance, indicates the cropping pattern used for
category I (arca with 5-month irrigation) with the design based on criterion
A (farmer’s present cropping pattern).

In addition to testing the cropping patterns already described, promising
new varieties of the crops in the patterns were evaluated. The evaluation
trials coincided with the growing of the particular crops in the sequence.
Additional trials evaluated alternative cropping sequences, fertilizer rates,
pest control and other components of the patterns. These have been called
superimposed trials, but were actually paralle! but separate experiments.
Such research may be conducied for the various crops by agronomists,
physiologists, economists, and multiple cropping agronomists. In that way,
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Table 3. Average yield and cost and return analysis® for three cropping patterns
in areas with 5-month irrigation (Category 1). Nambahdadi, Lampung, 1975-76.

Av. Gross return Labor cost Material cost Net return
Cropping”  vield
pattern (kg/ha) Rp uss Rp Uss Rp uss Rp USs

1A

L. Rice 3828 229,680 55344 92,269 222..%7 19,605 47.24 117,806 283.86
(Pelita I/1)

Corn

18

L. Rice 4292 257,520 620.53 97,195 234.20 23,571 56.79 136,754 329.52
(Pelita i/1)

Corn

In

L. Rice 4895 293,520 707.27 110,100 265.30 37,710 90.86 145,710 351.10
(Pelita /1)

Corn

Rice beans

uss1 = Rp 415. YA = farmer's choice; |18 = farmer's choice when certain constraints were
lifted; }C = researcher’s choice.

cropping systems program may benefit directly from the research
without interfering with the special concerns of the various research
disciplines. Rather, cropping systems may serve as the nucleus of a coop-
crative effort. The number of core cropping systems personnel may be
quite small if an effective working group of scientists from other disciplines
can be activated.

£. site coordinator, an agronomist, and an economist were stationed in
the Lampung target area. A technician was put in charge of the field work
in each category and given the additional responsibility of collecting all
input-output data. A system for collecting daily farm records for all buying
and selling was carried out in cooperation with 36 farmers in the target
area to get a broad base for socioeconomic evaluation.

Results. The data-collecting phase of the cropping systems program
began in October 1975.! Because of the late start, the first crops were
planted from | to 2 months after the beginning of the rainy season. The
first crops in the cropping sequences have now been harvested. Yieids
and summarized cost and returns data for each cropping pattern tested
are presented in Tables 3, 5, and 7. Tables 4, 6, and 8 show itemized time
and cost data for labor in each category.

Unfortunately, we are unable to present miore data and cannot make
final evaluation of patterns until the ¢nd of the crop year. The most pro-

Psupplementary support tor the expanded activittes of the program has been generously provided by the International
Development Research Centre through a cooperative project agreement between the CRIA and IRRIL
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Table 4. Time and cost of several operations for three cropping patternsg in areas
with 5-month irrigation (Category |). Nambahdadi, Lampung. 1975-76.

Time (man-day/ha) and cost (Rp/ha)?

Operation
Pattern 14 Pattern 18 Pattern IC

Time Cost Time Cost Time Cost

Plowing (2x)° 10 10,000 10 10,000 11 10,500
Seedbed preparation 1" 3.800 1" 3.800 13 4,500
Sowing 1 300 1 300 2 750
Clearing and bedding 9 2,000 5 1,750 7 2,420
Repair of bunds (2x) 15 6,000 18 6.400 9 3170
Leveling and harrowing 19 9,500 8 6,000 20 10.920
Furrowing and layout 3 1.200 5 1,830 3 1,200
Transplanting and 30 8.000 32 9.830 13.380

replanting
Weeding (twice) 239 10,050 28 9,430 10,630
Fertilizing (twice) 9 2,200 9 3.195 2 670
Spraying 3 1.150 5 1,740 3.010
Harvesting 128 35,068 129 42,820 48,950
Threshing

Total 267 92,26y 261 97195 110,100

*One man-day = 7 hours; JS$1 = Rp 415. YOne man, a plow. and two cows.

fitable crop, cassava, and the legumes will not be harvested until late
September. Because of that and because of the low vields of rice due to
late plantings and pests, the net retu:ns for all the upland farmers’ patteins
at this point in the sequences are negative. That has obvious implications
that we hope to build upon when the data are complete. Nevertheless, our
experience in the past mcnths enables us to make some vbservations on
methodology and on the prospects for implementation of production
programs in the target area.

Time and cost data. The figures for labor requirements are included
without modification and with little discussion. Obviously, the variations
among the patterns in data on labor required for similar operations need
further explanation. We will leave that task for another time. The cost
figures appear to be comparable and within our range of expectations, but
we have to refine the methodology for labor measurements if the figures
obtained are to be meaningful outside the project.

Category I—5-month irrigation. The data of Table 3 show that the farmers
of Category I are doing a good job. No doubt they have benefited from
participation in the BIMAS program for lowland rice. This year they
received enough ammonium phosphate and urea to apply 68 kg N/ha and
48 kg P,0,/ha. Farmers in pattern IB applied equivalent amounts of
nutrients with urea and triple supe phosphate, but used | liter more of
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Table 5. Average vield and cost and returns analysis’ for three cropping patterns in old alang-alang fields (Category Il}. Bandar
Agung, Lampung, 1975-76.

Gross return L.abor cost Material cost Net return
Cropping pattern® Av. yield _— :
(kg/ha) Rp UsSs Rp USs Rp USs Rp USs
1A
Corn + 235 14,100 33.98 57,381 138.27 2,520 6.07 -2,481 -5.98
Upland rice 722 43,320 10439
57,420 138.37
Corn
ng
Corn (DMR-5) + 541 32,460 78.22 71,785 172.98 24,935 60.08 -5,700 -13.74
Upland rice (Bicol) 976 58,560 141.11 .
91,020 21933
Corn
ne
Corn (DMR-5) + 1,798 107,880 259.95 106,390 256.36 56,440 136.00 10,690 25.75
Upland rice (Bicol) 1,094 65.640 168.17
Cassava + Peanuts — Rice beans 173,520 41812

3Usst = Rp 415. Y114 = farmer's choice: 18 = farmer’s choice when certain constraints were lifted: IIC = researcher’s choice.




Table 6. Time aud cost for several operations for three cropping patterns in old
alang-alang fields (Category i), Bandar Agung, Lampung. 1975-76.

Time (man-day/ha) and cost { Rp/ha)®

Operation
Pattern ilA Pattern 118 Pattern 11C
Time Cost Tima Cost Time Cost
Cutting alang-alang 23 5,635 29 7.105 26 6,370
Full cultivation for 90 22,050 114 27,930 — —
uptand rice & comt
Strip cultivation ‘or — — — — 68 16,660
corn {25-cm width)
Strip cultivation for upland — —_ — — 138° 33,810
rice (175-cm width)
Planting corn 6 1470 25 6.125
Planting upland rice 20 4.900 56 13,720 33 8,085
Weeding for corn 54 13.281 38 9,310 47 11,675
& upland rice (twice)
Fertilizing upland — — — — 26 6,370
rice (3 times)
Fertilizing corn (twice) — —_ — —- 6 1.470
Spraying — —_ 5 1,225 9 2,205
Harvesting corn 8 1,960 4 980 7 1,715
Harvesting upland rice 38 9,555 41 10,045 48 12,005
Total 234 57,381 293 71,785 434 106,390

*0One man-day = 7 hours; USS1 = Rp 415. PPlowed twice, rhizome-free. “More shiubs and
dense alang-alang than in 14 and (I8.

insecticide per hectare. Since insects {stem borers and gall midges) were
major problems, the additional insecticide may have contributed to the
increased yield.

On the other hand, pattern IC yielded more than did 18. We are not sure
if the difference was due to the addition of an extra 50 kg of urea and KCl,
or of 1 liter insecticide per hectare. More research will be needed to deter-
mine the exact cause of these differences. In any case, it appears that the
Extension Service and farmers are willing and able to adopt new technology.
The superimposed trials indicated that considerable time could be gained
by using [R28-—enough time, it appears, for grcwing two rice crops in
this category per year and an upland crop during the dry season.

Category II—old alang-alang fields. At the outset, it is obvious that
strip tillage has its limitations (Table 6). Unfortunately, it is difficult to
differentiate between research cost and a legitimate labor cost to the farmer.
It seems that if a farmer has to contract labor, strip tillage may require so
much extra labor that it may not be justified. For a new transmigrant
using his own labor at odd times, the advantage of distributing labor would
be most important.
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Table 7. Average yield and cost and return analysis® for threz cropping patterns in new’:* npened areas (Category Ill). Komering
Putih, Lampung, 1975-76.

Gross return Labor cost Material cost Net return
Cropping pattern® Av. yield
(kg/ha) Rp uss Rp uss Rp USs Rp USs
A
Corn + 287 17.220 41.49 67.250 162.05 2,520 6.07 -24,890 -59.98
Upland rice 461 27.660 66.65
Cassava 44,880 108.14
ma
Corn (DMR-5) + 412 24,720 99.57 81.500 196.39 23,360 56.29 —41,440 -99.86
Uplard rice 645 38.700 83.25
Cassava 63.420 192.82
me
Corn (DMR-5) + 2,140 128,400 309.40 139.306 335.68 57,700 139.04 5,254 12.66
Upland rice (Bicol) 1,231 73.860 177.98
202,260 487.37

Cassava + Peanuts — Rice beans

?USS$1 = Rp 415.2 1114 = farmer's choice; {18 = farmer’s choice when certain constraints were lifted; I1IC = researcher’s choice; data for a cassava
+ peanut + rice bean pattern are not yet available.




Table 8. Time and cost of several operations for three cropping patterns in newly
opened areas (Category Ill). Komering Putih, Lampung, 1975-76.

Time (man-day,ha) and cost (Rp/ha)’
Operation —— - — —
Pattemn 1114 Pattern 1B Pattern 1IIC

Time Cost Time Cos! Time Cost

Cutting alang-alang 25 6.250 24 6.000 31 7,750

Full cultivation for 138" 34.500 202 50.500 e —
upland rice

Suip cultivation for - - 71 17.737
corn (25-cm width)

Suip cultivation for - . 34,250
upland rnice (175-cm width)

Planting corn o - 8,332

Planting upland rice 2 6,500 , 17.262

Weeding for corn & 2 6.500 15,000
upland rice (2x)

Fertilizing corn (2x) —_ - 1.500

Fertilizing upland rice (3x) - . 7,750

Harvesting corn 2.500 3 1,800

Spraying (5x) o . 2.500

Harvesting upland nce 11,000 34 , 12.005

Threshing = - 13.720

Total 67.250 326 . 139.306

?One man-day = 7 hours: USS1 = Rp 415. PDense. virgin alang-alang.

The yield data (Table 5) show that we know how to grow corn but that
we do not know how to grow rice better than does the farmer. Rice yields
were about the same for all treatments. That is somewhat misleading, for
in addition to a lack of adapted new varieties, the constrsints were late
plantings, chickens, and birds. We had poor stand-establishment and, later,
severe insect infestation. Earlier plantings would have helped considerably.
For 3 years the researcher-managed plots at Bandarjaya have consistently
yielded between 2 and 3 t/ha.

The farmers in pattern I1A did not use fertilizer. The corn yields were
low. In pattern 1IB, it appears that the farmers were unable to use their
fertilizer inputs satisfactorily. They were to apply 150 kg urea/ha and
100 kg triple superphosphate (TSP)/ha to corn and rice, but the corn yields
were only about one-third of rhose in pattern 1C. Our first thought was
that the farmers needed considerable technical assistance even though
their rice yields were comparable with those in 11 C. Fortunately, we looked
at the farmers’ labor records. In Table 6 we sce that farmers listed no labor
for applying fertilizer to corn and rice. We doubt that that was an oversight.
More than likely, they did not usc the fertilizer for its intended purpose.
However, this year we hope that carlicr plantings at the beginning of
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October and the use of furadan seed treatments to control ants and seedling-
flies in this category will insure yields of rice comparable with those from
researcher-managed plots in Bandarjaya.

Category 111-—ncwly opened areas. From the corn yields, it appears that
the farmers need considerable technical assistance to use inputs successfully
(Table 7). Application in pattern 111B of 150 kg urea/ha and 100 kg TSP/ha
gave little response compared with that in pattern II1 A, Again, from Table 8
we see no labor requirement listed. Either the farmers simply did not know
how and when to apply the fertilizer and insecticide they received, or
they felt a greater need to use the inputs for other purposes. In pattern IIIC
under our supervision, the average corn yields were five times those
in I11B. Rice yields were double in spite of late planting and insects. Part
of this increase, no doubt, could be due to the extra fertilizer (50 kg/ha of
urea and of TSP plus 100 kg KCl/ha) applied in IIIC.

The yiclds in Category Il were about the same as those from comparable
Category Il patterns. The soil differences between the two areas do not
appear to be significant. Even though Category II was old alang-alang, it
had become rejuvenated by being out of production for so long. The
farmers in both categories are mostly retired police, and seem better
organized than the average transmigrants. If convinced, they will probably
accept the new technology.

Prospects for implementation. Lampung farmers who are indigenous
to upland areas with red-yellow podzolic soils have survived by practicing
shifting cultivation. Transmigrants, on the other hand, have been more or
less restricted to a sedentary-type agriculture on 2-ha plots. Food produc-
tion sufficient to sustain the family has been difficult. Cropping systems
research has.shown how improved soil fertility and year-round cropping
patterns could provide a profitable farm economy. The authorities respon-
sible for transmigration projects have scen the results of those trials and
have agreed to provide funding for research at four new transmigration
locations in Lampung and South Sumatra. The Cropping Systems Project
will be responsible for the development of suitable cropping patterns;
details as to crops, fertilizer treatments, and agronomic practices that can
be fitted into a cropping calendar are to be given each transmigrant. Other
agencies will be responsible for animal husbandry, industrial crops, and
forages. All will be coordinated to provide integrated farming systems.
After the transitory period and development of infrastructure, it is hoped
that the settlements will be able to function more successfully within the
usual governmental framework. Then the development activities may be
moved to other locations.
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SUMMARY

Much of the 46 M ha of red-yellow podzolic soils in Indonesia has no
physical nor topographical characteristics that prevent their use for upland
crop production. They receive ample rainfall with distribution suitable for
year-round cropping patterns, provided drought-tolerant crops are grown
during the drier months. It is estimated that between 15 and 20 M ha of
level to gently undulating land with these conditions are unused and could
be developed for « rop production now. The area is four to five times as
large as Indonesia’s irrigated area.

Experiments managed by researchers were conducted in a selected target
area to evaluate the crop production potential of the soils. The results
showed that modest rates of fertilizer and other inputs, comparable with
those used in package programs for lowland rice production, would be
sufficient to make the soils productive. Good economic returns were
obtained when the inputs were combined with adapted year-round
cropping patterns.

An expanded program was begun to test cropping patterns in the target
area under farmers’ conditions as much as possible. The tests were con-
sidered the next step in the development of production programs for the
target area. The objectives werc to establish a base for comparison, to
evaluate the farmers’ ability to absorb and use new technology, and to

determine production and economic potential for productionin the farmers’

physical setting

Preliminary data show that farmers who took part in the Indonesian
production program for lowland rice (BIMAS) managed well the inputs
made available to them and were able to absorb more. On the other hand,
the upland crop “armcis in our target area lost money on the first two crops
in their croppiryg patterns when no technical assistance was provided.
Under such conditions, production programs for the area should be
accompanied by considerable assistance from the Extension Service or
other sources if they are to be successful.
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DISCUSSION

VAN EMDEN: You referred to the crop-protection problems consequent on your introduced
crop system as being more an “‘act of God'” which “interfered” with your experiments than
as much a "response” of the new environment asisincreased yield. Are you seeking solutions
through your cropping system ar through more direct suppressive measures (such as plant
resistance, insecticides) which would avoid major restructuring of your systems?

McIntosh: The insect problems exist under the farmers’ conditions. I don’t think at
this point, at least, we intensified the problem. We are seeking repressive measures. For
example: a) Secdling maggot —furadan; by Shest flv—furadan; () Agromyza—furadan.
For the padborer on legumes -—we would like advice.
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PRELIMINARY STUDY OF
RICE-WHEAT CROPPING
SYSTEMS IN THE MID-HILLS OF
NORTHWESTERN HIMALAYAS

M.P. Singh and S.C. Modgal

Ricc-whc.n is the major crop rotation followed in the Kangra valley of
Himachal Pradesh. The area represents the mid-hills of northwestern
Himalavas. The total grain production of the cropping system, however,
does not on the average exceed 3 t:ha, Although the availability of high
vielding varicties has increased the chances for higher production, a
simultancous increase in price of fertilizers and their scarcity in the market
have been obstacles to enthusiastic farmers That has necessitated supple-
menting, if not entirely replacing. the commercial fertilizers with indigen-
ous organic wastes. Hence an attempt has been made to compare the etfect
of recycling organic plant material and applving farmyard manure (FY M)
with the effect of various levels of nitrogen applied as urca on crop produc-
tivity as well as on some soil properties. This paper presents preliminary
observations. There have been earlier attempts to increase the productivity
of rice-based cropping svstems (Nair et al., 1973),

MATERIALS AND METHODS

A field experiment consisting of four FYM treatments, four nitrogen
fevels, and removal and burving of plantresidues in rice-wheat rotation was
conducted in 1974--75 at the University Experiment Station, Palampur, at
1,250 mabove mean sca levelin the northwesterr Himalayan region of India
(Himachal Pradesh). The annual average rainfall of the site is arvund 2,500
mm, with the major portion being received between July ©and September
15. The later half of September and the whole of October usually remain
dry, with intermittent winter rains from November through March. Hail-
storms occur between March and May, and also in September and October,

MP Swich, Rice Agronomist; S.C. Madgal, Professor and Head, Departinent of Agronomy, Himachal
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when wheat and rice crops are nearing maturity. Summers are compar-
atively mild and winters are severe. The overall climate is subtemperatc.

The soils of the experimental site are deep clay loam, low in available
phosphorus, and poor in nitrogen conteat. The pH of the surface soil is
around 5.8. FYM treatments were applied to supply 100 kg nitrogen/ha 15
days before sowing. After grain harvest, the straw of each crop was
chopped and buried in the soil according to treatment. Nitrogen was
applied as urca in three equal parts to rice and two equal parts to wheat.
A uniform basal application of P,O, and K,0 was made at 50 kg/ha to each
crop as single superphosphate and murate of potash, respectively.

Both the rice and the wheat were drilled in rows 20 ¢cm apart on un-
puddled soil. Rice was kept submerged throughout, and wheat was irrigated
when nccessary. Rice variety China-988 and Sonalika wheat, a high yielding
variety, were used. The field experiment was laid out in a split-split plot
design, replicated four times, with FYM treatments randomized in whole
plots, residue-management treatments in subplots, and fertilizer-nitrogen
treatments in sub-subplots. Further details of the treatments are given in
Table 1 and 2.

RESULTS AND DISCUSSION

Yield. FYM when applied to both crops produced the highest wheat grain
and straw yields as well as the highest total grain and straw yields of rice +
wheat among FYM treatments (Table 1). The lowest vields were in the no-
FYM treatment. The results could be explained by the increase in fertility
with FYMaddition. The effects of residue management could be ascertained
on wheat yiclds only, as rice was the first crop. Burying rice straw seems
to have depressed the wheat-grain yield, perhaps because of the partial
immobilization of nitrogen. The decomposition of added residues is ex-
pected to beslow inasubtemperate climate. Increasing the 'evels of nitrogen
increased the grain, straw, and total yiclds of grain + straw of rice and
wheat. Such results are expected in nitrogen-deficient soils.

Soil studies. Adding FYM increased the infiltration rate and decreased
resistance to the penetrometer needle (Table 2). FYM applications seem to
have made the soil fluffy, hence these results. Residual-management treat-
ments did not much influence the two soil properties. The effect of nitrogen
levels on infiltration rate and penetrometer readings was less consistent.
FYM additions increased total crop biomass production (Table 2). Little
difference was observed, however, as a result of residue-management
treatments. Increasing the levels of nitrogen increased the soil biomass,
probably due to enhanced root and shoot growth,
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Table 1. Effects of farmyard manure (FYM) treatments, residue management,
and nitrogen levels on grain, straw, and total yields of rice, wheat, and rice +
wheat, Palampur, Himachal Pradesh, india, 1974-75.

Rice (kg/ha) Wheat (kg/ha) Rice + wheat (kg/ha)
Treatment -
Grain Straw Total  Grain Straw Total Grain Straw Total

FYM treatment

No FYM 2,905 4351 7,256 2987 5352 8339 5892 9703 15595
FYM to rice 3,206 4717 7,923 3,046 5747 8,793 6,252 10464 16,716
FYM to wheat 2,844 4383 7.227 3,358 6,203 9.561 6,202 10,586 16,788

FYM. to both crops 3,337 4837 8,174 4,226 7.249 11,475 7,563 12,086 19,649

Residue management
Removing residues 3,067 4417 7,484 3,517 6,078 9595 6.584 10,495 17,079

Burying residues 3,080 4661 7741 3,292 6,195 9.487 6372 10856 17.228
Nitrogen (kg/ ha)

Ny 1,693 2,046 3.639 1,564 3,544 5,108 3.167 5590 8,747
Nego 2,941 3837 6.778 3.273 6,053 9.326 6,214 9890 16.104
N.g 3.724 5410 9,134 3.791 6.820 10.611 7,515 12230 19,745
N

100 4,035 6.783 10,818 4,989 7.575 12,964 9,024 14,758 23,782

Table 2. Effects of farmyard manure (FYM) treatments, residue management,
and nitrogen levels on properties of soils at Northwestern Himalayas, 1974-765,

Penetrometer
Infiltration rate reading Biomass
(cm/dd minutes) (kg 'sq cm) (kg/ha)
Tr2atment e e e e et o o e e e
After After After  After After After
rice wheat nce  wheat fice wheat  Total
FYM treatment
No FYmMm 0.85 428 246 325 4,955 4,443 9.398
FYM to rice 114 445 224 24 6,910 5.124 12,034
FYM to wheat 0.85 433 250 236 5416 5,957 11,373
FYM to both craps 1.15 477 227 2186 8,232 6,690 14,922
Fesidue management
Removing residues 1.01 459 244 275 6.23L 5,746 11,981
Burying residues 1.02 4.51 2.31 273 6,389 5,359 11,748
Nitrogen (kg/ha)
N, 1.10 437 247 284 4064 3,395 7.459
N.o 1.00 4.48 225 277 6,234 4,837 11.0M
N,. 1.04 4.49 236 268 7,074 6314 13,348
Nioo 0.96 4.47 243 268 8,240 7,762 16,002
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SUMMARY

The real treatment effects would be difficult to realize in only two crop-
scasons. The results obtained for a rice-wheat system of cropping are
summarized for the sake of the information they offer.

Applying FYM improved soil properties as well as crop yields. Burying
residues, however, depressed the grain yield of wheat and had little effect
on biomass additions. Increasing levels of nitrogen fertilizer up to 100
kg/ha increased the yields of rice and wheat substantially. Nitrogen addi-
tions through fertilizers also increased the biomass in the soil.
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ON-FARM TESTING
OF CROPPING SYSIEMS

K.A. Gomez

Agricultural research in recent years has given more emphasis to
understanding and possibly reducing the gap in crop productivity between
experiment stations and farmers’ ficlds. Researchers have become more
aware that the impact of a new technejogyv is 1easured, not by its excellence
in experimental plots but rather by tiwe exiert to which it is adapted on the
farms. The growing consensus among agricultural scientists is that the
technology used on the farms is not caiching up fast enough with that
developed in experiment stations. The possible reasons “wre many. Farmers
are unaware of the new technology. Farmers are anti-change. Farmers
cannot afford the high input required by the new technology. The new
technology was developed for “maximum productivity” rather than
for maximum profit. The new technology does not work in actual farmers’
environments.

While scientists have different opinions on the relative importance of
the reasons for it, most agree on the urgency of studies that could charac-
terize, quantify, and reduce the gap in crop productivity between
experiment stations and farmers’ fields.

The transfer of some rescarch activities from the experiment station to
farmers” fields has attracted much attention. Performing rescarch in
farmers’ fields would, supposedly, climinate the most serious reason for
farmers’ failure to adopt new technology, namely, the objection that the
new technology developed in the experiment station does not work in
farmers” fields.

In cropping systems research, two tvpes of research could be conducted
in farmers’ fields. These arc

1. Technology-development research (or research for designing or
developing new technology). Its main objective is to understand and,

K.A. Gomez. Statistician and Head, Department of Stantics, The International Rice Research Instute
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possibly, quantify the effects of physical, biological, and ¢conomic factors
on the performance of cropping systems. Examples are research on varictal
screening, weed management, fertilizer trials, pest management, and crop
interactions.

2. Technology-adoption research. Its main objective is to test the
developed technology for its accepuability to farmers.

While the first type of rescarch aims primarily at the gathering of
information on the cropping systems’ perfor nance under varying environ-
ments, to be used as a basis for the design of cropping systems, the second
evaluates the acceptability of the potential cropping systems to the farmers
in the specific localities that the particular systems are designed for.
Although the two activities can be conducted simultaneously, using some
materials and facilities in common, it is important to remember that their
objectives are distinctly different. For example, in the technology-develop-
ment phase, tests in farmers’ fields merely offer an opportunity to sample
more environments, that is place an experiment in a “more realistic”
environment than can be provided by the experiment station. In this type
of research, the techniques used are the same as in the experiment station.
The researcher conducts his on-farm experiments under conditions con-
trolled to a certain degree and directly under his own supervision, as he
would have done in the experiment station.

On the other hand, the technology-adoption phase demands not only
that the tests be done in farmers” fields but that they be subject to some,
il not all, of the constraints usually met on the farms. Appropriate modifica-
tions of research techniques are required.

Because technology-development rescarch requires minimal modification
of existing methodology, my discussion today will concentrate on tech-
niques for on-farm testing in the technology-adoption phase. 1 shall first
discuss some important considerations in doing on-farm research, then
present specific procedures for conducting technology-adoption research.

IMPORTANT CO™SIDERATIONS IN ON-FARM TESTING

As background for the procedures suggested in the next section of this
paper, a few relevant issues will be discussed below.

1. The need to test on several farms.
Two major sources of variability m on-farm testing arc (a) among farms,
and (b) within a farm. While the number of replications within a test site
(farm) is used to control variability within a farm, several test sites (farms)
must be used to cope with variab,aty among farms.

That is in contrast to the traditional experiment-station testing in which
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only the first source of variation is involved and, thus, onl) the number of
replications is being considered.

The variauon among farms is generally expected to be greater than that
within a farm. Thus, using a large number of farms is usually more desirable
than having a large number of replications within a farm. The number of
farms nceded for a particular problem depends greatly on the variation
among farms within the target area. The larger the variation, the greater
the number of farms needed.

2. Sclection of test sites.

Test farms should cover, as much as possible, the total variation existing
in an area. \While both physical and socioeconomic conditions should be
represented, the variation m the physical environments (mainly soil,
water, topography and climatic conditions) should receive priority. The
selection of test sites chould be done as follows:

a) Stratify {or group) farms in the test area into a number of homogeneous
physical environmental complexes (that is, the physical conditions should
be more similar within a single physical environmental complex than
among different complexes).

k) Select at random farms within a physical-environment complex.

3. Precision of on-farm trials.

Trials in farmers’ fields may have tewer management controls than those
in experiment stations. Hence, higher experimental error and probably a
greater proportion of failures can be expected. Consequently, larger plots
and more farms are usually used.

4. The need to measure a minimum set of environmental factors,
The measurement of environmental factors is needed, not only to relate
biological performance to physical environment, but to ensure that
sufficient variation among environments exists in the selected test sites.
It is essential to prescribe the measurement of a standard set of minimum
environmental parameters at all test sites.

5. Technology to be tested: improved management vs. improved
cropping patterns.

Cropping systems technology that needs to be tested in farmers’ fields
mav belong to one of two types.
Type I: Improved management of the currently used cropping pattern.

Type II: Improvcd cropping pattern. One or more crops arc added to
the farmer’s cropping pattern, or crops in the original pattern are replaced
by alternatives.

In the testing of Type I technology-change, intcrest is in the comparison
of the farmer’s management technique with the new technique. Since the
crop sequence does not change. one or more management components
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within the system can be compared. The procedure for testing Type I
technology-change is quite straightforward and follows closely the standard
technique for single crops.

For Type 1, on the other hand, both the crops and the management
components differ from those of the farmer. The basis of comparison is,
therefore, .ot as clear-cut as for Type 1. The conventional testing procedure
is no fonger applicable.

6. Choice of factors to be tested.

Factors influencing the adaptability of a given cropping system are in-
numerable. The major objective of on-farm testing in the technology-
adoption phase is to identify major potential constraints to the adoption
of the particular cropping systems so that appropriate schemes for their
removal can be evolved. These constraints may be physical, biological,
sociocconomic, or institutional. The constraints differ in degree of difficulty
and in cost of removing them. The choice to remove does not always rest
with the farmer; there may be for example, physical and institutional
constraints,

Unless the objective is immediate adoption, different emphases can be
placed on the different types of factor. A common procedure is to initially
cevaluate only the physical and biological factors (that is, the more-difficult-
to-remove type) in first-stage testing. Cropping patterns that are féund
nonadaptable are discarded. Those that pass that test are further subjected

to critical examination to determine if they fit readily into the existing
socioeconomic and institutional conditions. It not, the specific constraints
are identified, and the costs for their removal are examined and compared
with the expected bencefits.

7. Test criteria,

Two questions arise in determining test criteria for on-farm testing:
(a) What is the comparison made against? and (b} What are the specific
medasures or indices to be used in making the comparison? For the first
question, two possible alternatives are (i) to compare with the farmer’s
present system, and (i) to compare with a predetermined “standard.”

The first alternative is generally preferred.

For the second question, the answers are not as clear-cut. Some common
criteria for on-farm testing are productivity, profit, stability, nutritional
values «ash flow, and resource utilization. The appropriate index to be
used tor cach criterion is not casily established. Take productivity, for
example: Should the appropriate index be “production per day” or
“production per hour of labor”? And how do we get a productivity
index that can be compared across cropping patterns having different
combinations?
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Studies necessary to establish and standardize appropriate indices for
use in on-farm testing of cropping svstems are being carried out at The
International Rice Research Institute (IRRI).

8. Extent of farmer’s participation in the trial,

One of the important features of on-farm testing is the possible participation
of farmers it the experimental process. It is generally claimed that by
allowing the farmer to participate one canevaluate the degree of acceptabil-
ity of the technology. On the other hand, farmer's participation can result
inlarge losses in precision and, attimes, even in towalloss of the experiment.

It is myv contention that the farmer’s acceptance of a new technology
should be determined on the basis of physical, biological, and secioeconomic
constraints to adoption rather than simpiv on the basis of what the farmer
thinks. The farmer works under a set of constraints that are generally
beyond his ability to remove. His acceptance or rejection of a cropping
svstem gives no clear indication of what he might have done had the
constraints been removed. Moreover, the farmer’s ability to manage a
particular cropping pattern on his farm depends a great deal on how he
allocates resources between his oswwn crops and the crop assigned 10 him
for testing. We can probably expect that whenever there is any conflict
over resource allocation, the farmer will give priority to his own crops.
Thus his failure to properly implement an experimental cropping system
is not conclusive evidence of the unsuitability of that svstem. The farmer’s
participation in on-farm trials should not be taken for granted; it should
be evaluated critically.

9. Data to be collected : agronomic vs. cconomic.,

Data to be collected from on-farm testing of cropping systems can he
classified, based on the unit of measurement as follows: (a) physical
environment of the farm, such as soil, water, topography, climate, etc;
{b) sociveconomic conditions of the farm household, such as numbeer and
age of houschold members, farm power, cte; () agronomic data from test
plots, such as vield and other agronomic characters; and (d) resource
requirements of the test pattern, such as labor requirement and input
requirement, and so on.

The first two data types are not affected by the experimental technique
used in the test plot since their measurement units are farm and farm
household, respectively. On the other hand, the collection of agronomicand
resource requirement data is greatly affected by the technique employed.
In addition, agronomic data require methods of collection very different
from those of resource-requirement data; it may be necessary to modify
the experimental technique to satisty the requirements of both groups.
Two major differences in the requirements of agronomic and resource-
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requirement data are the following:

a) Data on resource requircments cannot be adequately estimated from
the small plots generally used for agronomic data. Preliminary work at
IRRI, for example, has indicated that the labor requirement should be
estimated from plots that are about 800 to 1,000 sq m. That is much larger
than the normal plot size (2010 60 sq m) for measuring agronomic data.

b) Data on resource requirements of a cropping pattern are not as variable
as most agronomic data. For example, data on labor use or power require-
ment do not vary much, especially within a single farm. There is probably
little need for replication in measuring resource requirements of a pattern
for one farm. On the other hand, agronomic data are more variable and
replication may be needed.

TECHNIQUES FOR ON-FARM TESTING

In this section, a suggested procedure for on-farm testing of cropping
systems in a technology-adoption rescarch phase will be described. The
presentation will be made as a step-by-step process under five headings,
namely, (a) selection of test sites, (b) designs and plot layout, (c) plot
management, (d) collection of data, and (e) data analyses.

A. Sclection of test sites,

1. Using information on the variation in physical conditions within
the test arca obtained in the description phase of data-gathering! divide
the area into two to cight subgroups. The major criterion for grouping is
similarity in the expected agronomic performance within a subgroup.
The decision on the number of subgroups is important: too few can lead
to incomplete information, and too many can result in unnccessary expense.

2. For each subgroup, select two to five farms. As much as possible,
stlect at random. While the problem of getting the close cooperation of
the farmer concerned needs to be taken into consideration, it should not
be the dominant factor. Otherwise, bias may result.

B. Experimental design and plot layout.

3. Determine whether the cropping system to be tested is Type 1 or
Type 11 (see page 229).

4. For Type I (improved management of the currently used cropping
pattern) the steps involved are:

a) Determine the specific component technology that differs from the
farmer’'s.

escribed in the report of the Cropping Systems Working Group, Third Cropping Systems Wortking Group Meeting,
february 1o-18, 1976, Thailand.
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b} Idemtify sets of components that are closely related to each other
and classify them as a single component. For example, since both
herbicide-application and cultivation are related to the control of
weeds, and one greatly influences the effects of the other, it is desirable
to consider the two as a single factor.

¢} Make the number of treatments two more than the number of
components. For example, if there are four components to be teste?
namely, variety, insect management, tillage and weed management, ana
fertility, the number of treatments for testing should be six.

Treatment 1 Recommended technology, thatis, recommended variety,
recommended insect managemeat, recommended tillage and weed
management. and recc:nmended fertilizer application.

Treatmen: 2: Farmer's technology, that is, farmer’s varicty, farmer’s
insect management, farmer’s tillage and weed management, and farmer’s
fertilizer application.

Treatment 3: Farmer’s variety, recommended insect management,
recommended tillage and weed management, and recommended ferti-
lizer application.

Treatment 4. Recommended variety, farmer’s insect management,
recommended tillage and weed management, and recommended ferti-
lizer application.

Treatment 5: Recommended variety, recommended insect manage-
ment, farmer’s tillage and weed management, and recommended
fertilizer application.

Treatment 6: Recommended variety, recommended insect manage-
ment, recommended tillage and weed management, and farmer’s
fertilizer application.

d) The plot lavout provides two plot sizes: small plots for agronomic
data and large plots for resource-requirement data. A sample layout is
suggested by Figure 1. The required total test area is about 1,000 sq m.
Five small plots on each side of the test arca form one of the two replica-
tions. All treatments except the first are randomly allocated to the five
plots of each replication. The first treatment {the recommended tech-
nology) is tested in the center arca. The size of the small plots can be
between 20 to 60 sq m. The consideration for choosing the specific plot
size for the specific crop (or crops) and treatment involved is similar to
that for the conventional field experiments in an experiment station.
A slightly larger plot size, however, should be used in farmers’ fields
than in an experiment station (Sec itern no. 3, p. 229).

5. For Type II (improved cropping pattern) the steps involved are:
a) Determine whether the new cropping pattern adds one or more
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Crop cut
Treatment 5 N[:__,,u Treatrnent 4

Treatment 2 Treatrment 6
( Farmer's )

Treatrment |
Treatrnent 3 {Recomrmend:d) freotment 3

freatment 6 Treatrment 5

) Treatmen! 2
Treatment 3 { Former's)

l

1. Sample plot for on-farm testing o a cropping pattern involving technology change in four
components. Totabarea is about 1,000 sq m, and a small-plot size is about 20 sq m.

crops to the farmer’s existing crops (Type 11a), or replaces farmer’s
crops with alternative crops (Type 11b).

b) For Type lia, the choice of a particular crop (or set of crops) to be
added defines one cropping system to be tested. For each cropping
system, determine whether the growing of additional crops requires
changes in management of existing crops. If” so, the changes can be
incorporated into the treatments to be tested. Plot layout could follow
the scheme outlined for the testing of Type | cropping systems.

For example, adding a crop of sorghum to an existing rice crop may
require changes in the management of the rice crop, such as changing
the variety to one with a different growth duration, changing from
transplanting 1o direct-seeding, changing planting time, or changing
fertilizer application. In testing the rice-sorghum cropping pattern,
the design and plot layout for the rice crop can follow that described
in item 4, above, with the recommended management of the rice crop
in the center area (the large plot) and the five treatments involving
different levels of the four compunents (variety, method of planting,
time of planting, and fertilizer application) in small plots on each side
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of the test area (see Fig. 1). A crop of sorghum with a prescribed manage-
ment level can then be grown in all plots as the succeeding crop.

¢) For Type lib, since the cropping pattern structure differs entirely
from that of the farmer’s pattern, the consideration for component
changes that was necessary in type I and type Hais no longer valid.

The recommended cropping pattern will be evaluated and compared
with that of the farmer. based on some appropriate test criteria (see
page 230). The comparison will be made for the cropping pattern as a
whole, and not component by component.

C. Plot management

6. All management practices except the specilic components under test
should be managed by the farmer. Those pertaining to the components
should be managed by the rescarcher. 1f, on the other hand, it is deemed
essential for the farmer to totally manage the recommended thhnology
the farmer’s management can be done in the large plot.

D. Coflection of data.

7. Physical environment?: Decide on the standard minimum set of
paramecters of physical environment to be measured for each test farm.
The parameters to be included in the minimum set should depend on its

influence on the agronomic performance of the cropping patterns being
tested. The more commonly used parameters for this purpose are
e ninfall,

e solar radiation,

e soil texture,

e topographic position, and

e depth of water table.

8. "jocioeconomic condition?: Decide on the standard minimum set of
par.ricters for the socioeconomic conditions of the farmer. The criterion
for choosing the paramecters that are to be included is the magnitude of
their influence on the adaptability of the cropping pattern by the farmer.
The more commonly measured parameters are

e labor availability,

power availability,

e land condition, and

e management capability.

9. Agronomic data: Decide on the agronomic data to be collected for
cach cropping pattern tested. Some of these are

e rconomic yield,

SAddimensl infermation can be found in the papers of Scharpense, Oldemon, and Brammer presented i this
Symposium,

PAdditieral infemation g be toand i the papers of Jodha, Seetearn, Banta, and Price presentead m this Symposivm

ON-FAKRM TESTING OF CROPPING SYSTEMS 235




® insect and disease incidence, and

® weceds,

Dataare collected from each of the small plots as well as from the subareas
in the large plot identified in Figure 1 as crop cut no. 1 and crop cut no. 2.

10. Resource-requirement data: Decide on the resource-requirement
data to be collected for cach cropping pattern tested. Some of these are

e labor requirement,

® power requirement,

o land requirement, and

® management requirement.

Data pertaining to the recommended technology are collected from the
large trial plot and those of the farmer are collected from his field. Informa-
tion on other treatments that arc of intermediate level is simply obtained
through direct computation.

1. Establish appropriate techniques for measuring the four sets of
parameters mentioned in items 7 to 10. Itis worth pointing out that standard
techniques for measuring most of these parameters have not been es-
tablished. While the collection of agronomic data for describing the per-
formance of a cropping pattern can follow more closely the established
standard procedures, collection of data to describe resource requirement
does not.

While proper indices for some of these parameters are still being deve-
loped, raw data can be collected. For example, data on labor requirements
can be collected as the man-hours required by cach operation of the
cropping pattern, including the specific time each operation is performed.
From such data the labor profile, or other indices that may be deemed
appropriate in the future, can be easily assessed.

E. Data analyses,

12. Compare agronomic performance of the test pattern with that of the
farmer. This is straightforward for Type I cropping systems but not for
Type 1L

13. Compare resource utilization of the test pattern with that of the
farmier. Here, the lack of proper indices for resource utilization creates a
problem; a clearly defined goal is necessary. For example, how does one
compare labor utilization of the test pattern and that of the farmer? In one
case, labor that is relatively more evenly distributed over time may be a
desirable goal. In another case, uniform distribution may not be as important
as reduction of the labor requirement.

14. In a case in which component technology is tested individually, as
for Type | cropping systems, assess the contribution of individual com-
ponents to the success (or failure) of the new cropping systems and compare
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each with its counterpart in the farmer’s system. Such assessment enables
the researcher to determine whether modification of the specific structure
of the systems being tested is required and, if so, what the modification is.
It also allows computation of the relative costs of and benefits from the
farmer’s adoption of the different components and, thus, provides him
‘with better means of evaluation.

15. Combine agronomic and resource-requirement data to estimate the
various indices that are deemed important for comparing the test pattern
with the farmer’s, for example, profit and nutritional values.

16. Combine data on resource-requirement and agronomic data for ail
farms. Such analysis can provide not only information on the stability of
the cropping systems but also information en (a) the effectiveness of the
present criterion for subdividing the area into different physical-environ-
ment complexes, and (b) the effects on the performance of the cropping
patterns of certain environmental factors measured during the technology-
development phase.

17. Compare the resource requirements of the test cropping pattern with
the resources available to the farmer. This step helps to identify constraints
on resource utilization, if anv exist.
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DISCUSSION

VAN EMDEN: Your examples included systematic variation of varieties and fertilizer,
where the technology-development stage ought to have reached the point that such main
effects are of considerably less interest than interactions. Do you see no merit in replicating
such main effects at a lower level than the other aspects of the experiment?

K. Gomez: The pumber of replications in the proposed design is only two. Further
reduction is not justifiable. It should be pointed out that the main effects here are measured
with the individual farmer’s level as base and may differ from that measured in the tech-
nology-development stage.

MoORrRis: Could you briefly discuss how the test designs should be allocated over larms
or fields to better evaluate the “stability level™ factor. What data analysis methods might be
employed to estimate or compare stability levels?

K. Gomez: As stated in the paper, the test farms should be selected to cover, as much as
possible, the total variation existing in the test area. This will provide a good basis for the
evaluation of the stability level of cropping systems under test. The stability level referred
to here is ditterent from the traditional one which is measured from varicetal tests at difterent
locations. Hence, a different approach is required.

PrICE: (1) You said experimental patterns were to be compared with the existing system.
Which data contain information on a farmer’s pattern? Which contain socioeconomic
information } (2) One must compare new patterns with one another as well as with the farmer’s
pattern. Please comment on when comparisons of recommended treatments are appropriate,
and when comparisons of farmer’s treatments are appropriate in evaluating new patterns?

K. Gomez: Agronomic data on a farmer’s pattern could be obtained cither from the test
plot with treatment 2 (that is, farmer’s pattern), from the farmer’s ticld, or from both.
If both sources are used, the ability of the researcher to simulate the farmer’s practices can
also be evaluated. The sociocconomic or resource-requirement data on the farmer’s pattern
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are obtained from the farmer’s field. (2) Comparisons among recommended cropping patterns
as well as between cach recommended cropping pattern and the farmer’s pattern should be
made.

LonANt: The layout that you presented for comparing various test components may be
valid if there is no influence of one treatment upon another in the adjacent plot and thus
there is no interaction. However, for a treatment like the use of insecticide for insect control,
effect of minor nutrients, and so on, a ditferent layout with large plot-size may be necessary

K. Gemez: With the proposed design, plot size can be increased from 20 sq mto 60 or
80 sq m for testing of such component as insecticide application. In addition, other measures
such as the use of plastic sheets between plots to prevent spray drift when insecticide is
applied should be emploved.

NURIADL: Assume that the same level of management in similar agroclimatic zones gives
the same yield in plots with the same treatment. Suppose there is a sevies of five wrials,
cach located in a different provincee but within a similar agroclimatic zone (with 5 replica-
tions/trial). How does one analyze vield data coming from such trials in order t obtain a
recommendation {recommended technology) for that agroclimatic zone in five provinces?
As you know, it is very important to make national recommendations of technology.
Please help me with a more detailed procedure for analyzing such data. Can 1 analyse the
data by treating the five trials each with 5 replications as one single trial with 25 veplications?

K. Gomez: Obtain a combined analysis of variance of vield data over trials, providing the
following sources of variation: trials, replications within trials, treatments, trial % treaument
interaction, and pooled error. 1f there are no trial X treatment interactions, then results
can be pooled and applied to the whole agroclimatic zone under study. Otherwise, the
nature of the interaction should be critically investigated, and further subgrouping of the
area into two or more agroclimatic zones (where technology recommendations could vary)
is likely.
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ECONOMIC
METHODOIOGY FOR
ASSESSING CROPPING SYSTEMS

D.W. Norman and R.W. Palmer-Jones

T he study of cropping systems has in the past heavily emphasized the
technology of production. It has looked at the interaction of physical and
biological factors with management. Such study can tell us the necessary
conditions for crop growth—what crops it is technically possible to grow,
and how. But it ignores one of the crucial elements of the cropping system—
the sufficient condition—the human being.

Cropping systems are harnessed by men seeking certain goals. No
matter how broad the range of technical possibilities may be, it is the
individual human who ultimately decides what is used in practice.

In this paper we shall look at that individual.

The human clement in the cropping system can, for study, be divided
conveniently into two sets of factors.

First are exogenous factors, such as the social environment, that are
largely outside the control of the individual farmer. The farmer sees these
as infrastructural elements that encourage or discourage his adoption of a
system. They may convince him of the system’s viability (cxtension staff
inputs, explicit provision of markets through setting up of market boards,
minimum prices, and so on). They may ensure that he has the financial
resources he needs when he needs them to pay for the improved technology.
They may reassure him that he will receive necessary new inputs at the
right places and at the right times. In the developing world these elements
are often provided by government funds and personnel.

Second are endogenous factors that are under the influence of individual
farmers. Depending upon circumstances and the farmer’s wishes, the
factors of production (land, labor, capital, and management) that he
initially has access to may be complemented and supplemented quantita-

DAY, Norman, Professor and Head: RV, Palmer-Jones, Department of Agricultural Economics and
Rural Sociology, Institute for Agricultural Rescarch, Ahmadu Bello University, Zaria, P.ALB. 1044,
Kaduna State, Nigeria.




tively or qualitatively, or both. The farmer’s problem then lies in allocating
the factors of production he has at his disposal to the technically feasible
crop enterprises (cropping svstems), livestock cnterprises and off-farm
enterprises and activities in deriving a farming system! which satisfics
him, by, for example, increasing his chances of {social) survival—taking
one year with another—maximizing net income for a given mean level and
variance of subsistence output, and so on.

The cropping and, ultimately, the farming systems that tend to evolve
are therefore very complex, and the necessary and sufficient conditions
for their existence and adoption go far beyond the physical and biological
elements to encompass also those of an cconomic, social (Harwood, 1974;
Charreau, 1975), political, and historical nature.

REQUIREMENTS OF CROPPING SYSTEMS RESEARCH

Since it is appareat that the farmers’ existing cropping system reflects a
complicated interaction of variables, the delineation of the most efficient
program for developing, designing, testing and extending improved
cropping svstems that will be adopted by farmers to their benefit is,
under the most ideal situation, a daunting task. Limitations on finance and
manpower also must be taken into account in organizing a realistic rescarch
svstem. The research system must ensure as far as possible the coliection

and analvsis of adequate relevant data for (1) describing the existing
“total” environment (technical and human), (2) using information from
that description to design and test improved cropping systems, and (3)
documenting and evaluating the improved cropping systems in such a
way that they may be applied in arcas other than where they were devel-
oped and tested.

Some standardization of the resecarch svstem, data collection, and
analytical procedures may achiceve cconomies in operation and in later
transfer of the pattern to other areas by increasing the scale on which it is
possible to collect reliable data and to compare them. This paper is a
discussion of the possibility of such standardization.

The research process. The process outlined in Figure 1, which is almost
the same as that which prevails between cooperating countries and the
International Rice Rescarch Institute (IRRI) (Carangal, 1975; Harwood,

'The term “cropping s¥stem™ 35 used o refes to the systematic, even systematically irtegular arrangement of eoonomi
plants an o hield over time, and the sequence of crop hushand:y operations employed m this area The rotaton s g
part of the cropping system The term “farming system” is used 10 mean the allocation of resources o agricultural
activities, In peasant farming systems it may be helpful to tatk an terms of own-farm and non-own tarm aonvities
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in gross return; (b) use large quantities of improved inputs, given a good
input distribution system and the wvailability of institutional sources of
credit; (¢} accommodate a relatively complex improved cropping system
and potentially a relatively high variability in returns, although minimum
net return would be greater than current minima. Both complexity and
variability could be relieved to some extent by an extension staff. Such
stalf will be more common when infrastructural systems are strong.

The information on proposed changes in policy can be obtained by the
social scientist from government.

3. In conducting agronomic trials, technical scientists should consider
the environment and government policy. The economist then can play an
ex ante role in the development of relevant improved cropping systems in
contrast to his usualex post role of evaluating already developed technology.
Typically the social scientist will be concerned with the farming system
itself and with variables that may not be of immediate interest to the
technical scientist.

4, Information on the environment, government policy, and the
agronomic trials is fed into the designing of improved cropping systems
and testing them in management trials carried out on farmers’ fields with
farmer-cooperators. Although the control under such conditions is not as
great as at rescarch stations, and fewer alternatives can be compared, it is
believed that the conditions more closely reflect practical farming con-
ditions (Collinson, 1972), in particular with respect to other inputs and the
farming system employed. In addition, work in farmers’ fields tends to
keep interdisciplinary research teams practically oriented, and their direct
involvement in design, implementation and evaluation prevents tension
building up between designers and evaluators. The trials need careful
supervision and evaluation. Once again, technical and social scientists and
the extension specialists need to be involved, receiving feedback from the
agronomic trials, from the existing farming system, and from the exogenous
factors potentially under government control that effect adoptability of
systems.

5. At present, the main involvement of IRRI, in cooperation with national
agencies, is with environmental description, agronomic trials, and design
and testing. Farmers’ trials? and extension appear to be generally the
concern of the national agency. Although extension will obviously play
the major function in farmers’ trials, there appear to be two roles for the
social scient:st. First, he will evaluate the impact of adjustments made
during the trials. The management trials are heavily supervised and the

2Farmers’ trials are the initial stages of an extension program and ¢re undertaken without the diect involvement
of full-ume researchers. Their form wall be vanable
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compliance of the farmer is likely to be fairly good; this is not necessarily
the case with farmers’ trials, especially if low infrastructural support
systems are envisaged. Modification of the package developed in the
management trials is likely to take place to suit individual farmers’ con-
ditions. Over time, further changes are likely to take place. The evaluation
of such adjustments and why they have occurred cuuld be important in
assessing what might happen if the improved cropping systems were
introduced elsewhere; indeed such evaluation may have implications for
earlier stages of the research process {See Fig. 1.).

Second. he may need, under some circumstances, to assess the implica-
tions that the impact of particular improved cropping systems on total
production, income distribution, and so forth, have for governmental
policy. Policy implications can usually be understood only at the extension
stage, because of the poor understanding by social scientists of the macro-
level effects of technological innovations.

There is, we suggest, a role for the social scientist in »ll the five stages
discussed above. Without his collaborative input, it is unlikely that
relevant improved cropping systems will be developed, tested, evaluated,
and adopted; the consequences for support of agricultural research are
obvious.

Problems of collecting socioeconomic data. Data collection costs
money. Technical scientists make direct measurements within controlled
environments; social scientists must collect much of their data indirectly
through respondents who are each unique, independent, and self-interested
participants. The conflict between a desire for broad relevance of results,
requiring large samples, and a desire for detailed, precisc observation and
understanding, obtainable from small samples, becomes critical for the
social scientist. The data required and the accuracy needed will partially
determine the collection method. Direct observation and interview
methods are often used. Lower measurement errors can be obtained
thiough direct observation (for instance, measuring fields oneself rather
than relying on farmers’ estimates), but the approach is expensive and
time consuming. Ail clse being equal, it implies small samples?, with
relatively large sampling errors. Thus, for many types of data, the interview
method is used.

The type of data required will influence the number of interviews
needed to achieve a particular degree of accuracy. In this respect, Lipton
and Moore (1972) have drawn a useful distinction between single point

It must be poted that i maest circumstances direct observaton of some relevant data is not feasible without very
small samples Combmation ot direct observation, interviews, and cross-checks helps, but the tull benefit from such
an approach requires complete ennmeration of, for example. a village, which of course reduces the number of villages
that can be sampled
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Table 1. Classification of data for economic analysis of a cropping system. !

Inputs Products
Single-point Continuous Single-point Continuous
Registered Inorganic  Money for hired a) Cashcrop sales Sale of food crops
fertilizer labor b) Harvest of major

food and cash
crops which are
harvested at one
pontin ttme

Nonregistered  Seed a) Fanmly laboruse Harvest of minor a) Harvestof crops
b) Quantity of crops that occur in small

hwed fabor used amounts over a
c) Oiganic fertilizer long penod of time

b) Consumption of
farm-produced
products

®This breakdown is based on a concept developed by Lipton and Moore (1872). This continuum
ranging from registered 1o nonregistered refers 1o the extent to which circumstances influence
the respondent’s ability to remember the quanuties mvolved v an acuvity, while that from
single point to continuous refers to whether the event occurred once or frequently

and continuous data, and between registered and nonregistered data
(Table 1). The continuum ranging from single point to continuous data
discriminates among activitics according to how often they are repeated.
The continuumranging from registered to nonregistered refers to the extent
to which circumstances influence the respondent’s ability to remember the
quantities of an activity.

Measurement of single-point, registered data should, all else being equal,
be fairly error-free even if the information is requested at infrequent
intervals.* For data in the continuous, nonregistered class, there is no
substitute for frequent interviewing.® It is particularly unfortunate that
labor use, especially family labor, falls into the latter category.® Collinson
(1972), attempting to reduce costs and circumvent the labor data problem,
conducted detailed questioning of each respondent in one interview; he
obtained labor profiles by month and by operation for crop enterpriscs,
and for the farm business as a whole for an average year. Under certain
circumstances that may be sufficient.

*However, frequency of interview is definitely not the only variable affecting accuracy, although it is the one given
most consideration  Just as important are the quality of the enumerators, and the trust and involvement of the tarmers,
which agsin can only be obtained at a cost. both in terms of quantity and quality of resources, time, quantity and type
of data collected.

$Costs can be cut drastiaally of farmers are sufficiently hterate and can be trusted to keep their own records, as they are
doing in the Philippines work. Such a possibility is likely to be the exception, rather than the rule in most of Sautheast
Asia.

*Single-point and registered data may 1ot be as well remembered as Lipton and Moore suggest, if they apply to more
than one field. Also in order to check 1 continuous, registered data (for example, hired labor) it may be necessary
to ask abuut corresponding nonregistered data.
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The relation of cost to the degree of accuracy required in the analytical
stages nceds to be borne in mind constantly by the social scientist under-
taking work on improved cropping systems.

DESCRIBING THE EXISTING SITUATION

The description of the existing situation should, as emphasized earlier, pro-
vide a major input into both agronomic and management trials. It should
include the following information:

I. A general description of thearea in terms of major physical parameters,
such as temperature, water availabiiity by the shortest possible period
a day, for instance, evapotranspiration, and so on.

2. A general description of the area in terms of local variations in
physical parameters, such as topography, rainfall, soil type, weed or
disease infestation, and so on.

3. A description of the economies of different farming households in
the area in terms of the stock and flow of resources (such as land, labor,
and capital), and the output and hence, income throughout the year for
both farm and off-farm activities.

4. A detailed description of the major cropping systems used by farmers
in the area in terms of the stock and flow of resources, the management
practices, yiclds, profitability, dependability, and so on.

5. A list of prices and availability of products and inputs in the area
by period.

6. An assessment of the farmer’s viewpoint, including his ideas of what
is desirable, the problems he faces, the ways that are available to him for
achieving what he wants, and the ways in which he either deals with or
expects to deal with his life and the problems that may face him.

7. An assessment of the likely effectiveness of the infrastructural support
system and an evaluation of the possible impact of any proposed changes.”

Data listed under point 1 are presumably at least partially available from
those used in defining agroclimatic zones (Carangal, 1975). Technical
scientists must be able to supplement them with locally available data
which presumably are also available for items under point 2.

Data involved in points 3 to 7 come mainly under the purview of social
scientists although, particularly with 3 and 4, cooperative, multidisciplinary
work is highly desirable. For the data required in 6 and 7 and for parts of
3to5, frequent interviewing is unnecessary, provided all the other factors

“This would anse iom worh mentioned under point 2 on page 243,
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mentioned are satisfactory (see footnote 4). However, cash flow and labor
utilization are liable to large measurement errors if interviewing takes place
only at infrequent intervals.

Using samples of twvo sizes appears to be justified: a fairly large sample
to collect data that exhibit little sensitivity to the frequency of interviewing,
and a smaller sample to collect data at frequent intervals; the latter can be
used both for variables that are sensitive to interview frequency and for
those that are not. Another way to cut the cost of collecting data to describe
the existing situation might be to use Collinson’s (1972) approach for con-
structing profiles of labor and perhaps cash flow’, and supplementing it with
information on all the enterprises undertaken by the farmer who is coopera-
ting in the management trials could then be collected. The data are obtain-
able because of the intensive contact required by the trial, and because of
the offer of something in return for the data. However, there are major
methodological problems connected with the relevance of data obtained by
such intervention; they include problems of sampling bias and of stamina
of cooperating farmers. The resources required for a satisfactory single,
frequently-interviewed sample may preclude its use where resources are
limited. It cannot be too strongly emphasized that collecting data from a
panel is not just a matter of designing and administering a survey; it is an
interactive process in which the researchers learn gradually about the
farmers as the latter come to understand, trust, and like the researchers.
Survey designs seldom come off the shelf.

MANAGEMENT TRIALS

The management trials or experimental site trials use relatively few sites
and farmer-cooperators. This means that certain special precautions must
be taken.

1. The trials must be carefully sclected on the basis of the agronomic
trials, and of the description of what the situation is now and what it might
be after policy changes.

2. Farmer-cooperators must be carefully selected to represent different
resource classes. Even when that is the case, the fact that they have to
cooperate in the highly supervised trial may mean that they are maore
compliant with instructions than “average” farmers. However, that
compliance is not really under investigation in the trials.

3. Because of the overhead costs of mounting an interdisciplinary team
for such trials, it is essential that utilization of the results be maximized.
Usefulness of trial results can be expanded by the standardizing design,

#This is being suggested by the authors and may not be feasible.
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exccution and reporting with the help of a “cookbook” of improved
cropping systems. The cookbook describes cropping systems in such a
way that their relevance to and potential success in other arcas can be
assessed. A basic cookbook could be designed at IRRI and be continuously
modified and updated locally.

Three other points should be considered in undertaking management
trials.

I. Since the rescarch team discusses with the farmer the management
trial he will undertake, the economist can collect data on the cropping
system that the farmer is using on his own initiative and with which he
will, inevitably, compare the improved cropping system.?

2. There may be a temptation if existing and proposed infrastructural
systems are promising, to test only improved cropping systems that require
high levels of support. That will be especially true if the trials are conducted
in areas where a better-than-average support structure already exists, or
if there is a class of especially cooperative farmers to whom the necessary
support can be easily made available. We plead here for management
trials also of strategies that require only minimal levels of infrastructural
support. Individual results are not likely to be nearly as spectacular as for
other trials. but the applicability of such systems may be much wider and
their aggregate effects much greater. Many developing areas have poor
support systems, and even where good support systems are available some
farmers are not able or willing to take advantage of them. Improved
cropping systems need to be developed for a wide range of social circum-
stances.

3. Care should be taken not to eliminate improved cropping systems
simply because, while they appear to be technically sound, they are not
suitable for the conditions prevailing in the area. Criteria for evaluating
the relevance of improved cropping systems will differ from area to area
due to differences in resource levels and qualities, incomes, infrastructural
support systems, and so on, and may change over time. Also, slight modifi-
cation of a technology may result in improved acceptability.

A cookbook for a particular improved cropping system should contain
the information discussed briefly in the following sections.

Description of the cropping system. A description of the cropping
system would include a specification of the original plan, and a description
of the scheme that was actually followed in terms of:

1. crops (varieties) involved;

2. quantities and types of material inputs involved;

3. specification of timing (in relation to exogenous events if necessary),

* This should usually be simply updating knowledge about the existing situation
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methods and rates of application of all inputs;

4. specification of any special cultural practices and equipment intro-
duced ; '

5. indication of expected yields; and

6. indication of other anticipated changes in the farmer’s system implied
or necessitated by adoption of the new system.

Description of the physical environment. A description of the physical
environment would include

1. location (latitude, longitude, altitude}:

2. the distribution between vears, by 5- to 10-day intervals, of the
actual daily levels of:

a} water availability (rainfall, supplementary irrigation),
b) temperature (maximum and minimum), and
¢} potential evapotranspiration;

3. specification of soil type, including physical and chemical properties
as they are likely to affect tillage, nutrient and water characteristics,
erosion, and so on.

Economic specifications. Estimate the following:

1. Labor profiles by labor category and operation!® in 1- or 2-weck
periods, referenced to the exogenous events. Reference to events such as
rain, irrigation, or tractor cultivation is essential because of the timeliness
limitations for many operations. For example, planting may have to occur
1 or at most 2 days after rain or irrigation; or weeding may not be feasible
or desirable more than 4 or 5 days after rain.

2. Power profile by machine, operation period, and events.

3. Profile of cash income and outgo by season and period.

4. Measurement of other items specified in input and output sections of
Table 2. .

Evaluation. It is obvious from the preceding discussion that the evalua-
tion of an improved cropping system must be based on far more than mere
profitability. A number of criteria for evaluating the systems are considered
in the following subsections.

l. Level of returns. The most commonly used criterion is level of
returns. To relate inputs and product or products it is necessary to move
away from purely physical indices, such as land-cquivalent ratios, to some
kind of common denominator—usually money (Mencgay, 1975). Table 2
summarizes the process of calculating the net return per hectare. However,
a farmer who is interested in profit maximization will achieve that goal by

19The widespread use of labur equivalents for differemt categorics of labor must be avorded where possible, since
relative productivity is hard to generalize, and varies with operation, ctc.
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Table 2. Suggested layout for assessment of profitability (per ha).
Crop 1 Crop 2 Crop 3 Crop 4 Crop 5 Crop 6 Total

Output (1) Yield (kg/ha)’
(2) Price (S/kg)
(3) Gross value [(1) = (2)]

Quantitative description Actual Cash Subtotal
payment equivalent

(4) Land rent
(5) Labor: {a) Hired
(b) Other nonfamily
(c) Family
(6) “"Capital ":b
(a) Seed
(b) Seed dressing
(c) Inorganic and organic
fertilizer
(d) Other, specify”
Costs of production:
(7) Cash and direct kind cost
(8) Including all inputs at imputed costs

Net return:
(9) Including costs as in (7) [(3)—(7)]
(10) including all costs [(3)-(8)]
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Farm gate if possible. If not give location and transport methods, availability and cost. Give form (threshed, unthreshed, etc.) and grade if necessary.
Also give date of price fixing, preferably at harvesting to avoid ambiguity about storage costs. beapital is a loosely defined category including
working and fixed capital. Consideration should be given to including actual or imputed interest or opportunity costs of resources to pay for land
or labor. Depreciation should also be included. ®Includes owned, hired and borrowed inputs of animal or mechanical power, sprays, water, and
interest. 9Other statistics may be suitable depending on how actual payments are made




Table 3. Returns to factors of production.

Factor Specific return Method of calculation®

(11) Land $/ha (10) + (4)
$/$ land [(10) + (4)1/(4)

(12) Labor All labor {(10) + (5)(a) (b) {c)]/total man-hours®
Family labor [{10) = (5)(c)])/tamily man-hours
Peak labor (10),'total man-hours in period®

(13) Cash All cash [(10) + all cash costs].'all cash costs
Excluding labor [{(10) + (5)(a)(b)]}/{all cash- (5) (a) (b)]
Cash constraintd (10} /total cash costs in period

“Line numbers refer 10 Table 2. Y Weighting of different types of family labor to be stated.
“There may be more than one period in which iabe. limits output. Total hours per period may
not reflect this if, for example, some activities are particularly arduous, or have a rigid time
constraint. “Cash constraint by supply or demand.

maximizing the return to his most limiting factor. If land is not, in fact,
his most limiting factor, net return per unit of land will not be the most
relevant criterion. The plan of Table 3 provides a tool for evaluating an
improved cropping system in terms of different factors of production,
both as annual total inputs and as the flow of some inputs. That permits
assessing suitability of the cropping system to wide variations in factor
supplies. For example, an appropuiate cropping system!! in an area with 2
marked shortage of labor at a certain time of year will be one that increases
the return per unit of labor at that time. It may be a completely different
system from that appropriate where land is the most limiting factor.

2, Variability of returns. Differences between vields, input levels and
economic returnsi? of different farmers will be available from earlier
analysis. If the test sites are dispersed, weather variation mav account for
some variance, but generally year-to-year variations in yield caused by
weather will be very much greater than within-year variation.”? The cffect
of weather on input levels and timing should be borne in mind. For example,
very high temperatures may limit the productivity of labor and thus
constrain output; planting or tillage operations may be feasible only under
certain soil moisture conditions of limited duration.

In practice, a very large amount of variance in yiclds from management

“tAssuming that the other criteria diccussed later are satisfactonly met
R Feonomic return can be defined in terms of net returns, or returns o factors asin Table 3

Vindirect methods of assessment of interyear variability will have to be used. 3¢ resource constramnts will preclude
extended management trials. 1deally we would like to simulate yields and returns using crop (cropping system) growth
modcls and either historical weather data or 2 weather model. Yield-weather models must be based on sound theory
and properly estimated {Palmer-Jones, 1976) The implications of the technology for individual strategies in the face
of major decreases i standard of hving of the individual or community should be considered. At least 11 18 necessary
to think through the implications of vanious weather patterns or other exogenous events far the cropping system and
its relation 10 the rest of the farming system, taking into account whole income variation Flexability and well developed
and documented fall-bach. strategies should be an integral part of a cropping system
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trials will remain unexplained, and for assessment will have to be regarded
as an inherent characteristic of the technology. Depending on the size and
distribution of the unexplained variance, different types of data and
analysis will be applicable. Ultimately, management trials are only a stage
in the exploration of the production surface (the determinants of yiela),
and continuous and sequential assessment of the technology is necessary
to building up a satisfactory picture of its variability.

A number of methods have been used to look at variability. Mean and
variance have been the main tools although, more recently, stochastic
dominance, that is, a greater probability of a higher yield at all yield levels
(Anderson, 1971), reduced expected loss (Zandstra et al.,, 1976), and other
variants have been suggested. While all such statistics have intuitive
appeal, they are to some extent arbitrary and may be misleading. The
problem of which decision rules should be used in risky low-income
situations in different social systems remains unsolved.

Although in the light of the above it is recognized that there are limita-
tions to their use, it is suggested that the following should be calculated
from the management trials:

a) the probability distribution of economic returns,

b) mean and variance of economic returns,

c) the probability distribution of economic loss, and

d) the expected value of a loss.

The probability distribution of economic returns!4 should be presented
graphically as a frequency distribution: extreme or unexpected values
should be discussed, as some may be irrelevant and unnecessarily distort
the subsequent statistics.!s Some attempt can be made to describe the
distribution if it is normal.!* Ultimately, intuitive judgment has to be used
about the true distribution and significance of the variability of returns,
and that judgment should not be hidden behind such statistics as the mean
or moments.

As has already been sugpested, a desiraole feature of a technology is
that it should be stochastically dominant. The dominance can be shown

by drawing cumulative frequency distributions on a single graph. If only
one technology is being evaluated, it should be compared with the existing
situation. However, stochastic dominance is unlikely to be a discriminating
criterion, since the cumulative distributions will probably cross one or

Hsince return will be manly, but nototally, dependent on vields, it mav be seunpler to work with vields than returos,
B possible, a regression model should be hitted to the vield data so that residual varianee tor specitied levels ot inputs
can be discussed. Examimation of cconomie returns presents the point ol view of soctety; the individual would be more

concerned with vanability for his chosen level of inputs and management shall,

e See Day (19050 for the use of probatilay distiibutions 1o deseribe vields
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more times.

Under such circumstances, one has resert to other criteria, all of which
will be derived from the probability distribution of returns. 1t the distri-
bution can be normalized, then at least a higher (or no lower) mean and no
greater (or smaller) standard error are sufficient criteria for improvement.
But again it will not be possible to show for most technologies that they
fulfill these criteria; other criteria must be employed. Under low-income
situations, it is intuitively plausible that higher lower-returns, or at least
no lower ones, and a higher expected return are generally sufficient
conditions for acceptability.'” In reality, the term “‘higher lower-returns”
is difficult to define since, again, one is likely to be dealing with poorly
defined and nondominant distributions. A lower probabilitv of a loss
(Xp (RIR < 0. where R is net returns and P is the probability of R), and
alower expected value of a loss (3_P;'RiR; < 0, where P;is the probability
of areturnin the interval {, and Ry is the mean value of returns in i) possibly
are necessary conditions, but because they neglect the “worst’” outcomes
they are not entirely intuitively acceptable. In any case, it is desirable to
present the actual frequency distribution of poor returns (which will
probably not include the worst outcomes) rather than simply make arbi-
trary assumptions about what is the worst outcome (or worst distribution
of outcomes) and base evaluation or analysis of decision-making strategies
on that (Low, 1973). It has to be acknowledged that societies provide
numerous social strategies and mechanisms for dealing with exceptionally
low returns, and one might do better to consider the effect of the technology
and its support on these mechanisms, rather than search for dominant
technologies.

3. Infrastructural support. The basic aim is to understand how to
obtain farmer adoption. While more gencral policy affairs have implications
for the suitability of technology (for example land tenure, taxation, and
so on), the infrastructural clements mentioned at the beginning of this
paper are of more direct relevance.

Managemen: trials do not usually compare alternate levels and sources
of direct support, nor are they intended to do so. A potential major weakness
of reports of the trials is that the support provided and the social situation
within which the trials operate go unreported. One may obtain an idea
about the technology, but very little about the means and costs used to
obtain its implementation; one can predict the results of implementation
but not how to obtain it. At best, if the support and social systems are
adequately described, one may know how to obtain the results, but not

Other conditions might be ¢ mimmum increase for given size and type of chinges, and what 15 often termed “social
acceptability.”
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what happens if various components of the support arc altered.

For an adequate description of the support, the following should be
made explicit.

a) Extension cfforts,' including details of contacts, and individual
control over technology implementation.

b) Financial arrangements for inputs and outputs.

¢) Biases in the access of the selected farmers to the support system.

Data for such a description are alreac'y available in part from the descrip-
tion of the technology, and from contparing the original specifications
with what actually happened.

Collinson (1972) has also indicated how a technology can be analyzed
to indicate the conditions, including infrastructural support, required for
adoption.

4. Farmer assessment. Several times the point has been made that, for
the circumstances with which we are concerned, the farmer ultimately
decides what to do, and therefore his opinion is relevant. But it may be
very difficult to get a direct statement of his attitude. He has a self-conscious
interest in the results of expressing his opinion. Since he is likely to perceive
that his private interest is in conflict with the society’s welfare, his answers
to such questions as: “Was it a good thing?”', “Would you grow it?” or
“What would make it better?” are unlikely to be straightforward. The
notorious unwillingness of farmers to express negative opinions about
government initiatives, especially when facing government employees or
those who are identified with government, would hardly need mention
were it not that the expression of a few negative attitudes is often taken as
proof of frankness. Farmers are likely to say that shortage of labor restricts
their output. However, they are unlikely to say that they would probably
not adopt a technology dependent on new scarce inputs because of doubt
that a system that could deliver them would allow farmers to benefit from
them. Also, giving too much attention to farmers’ attitudes is likely to
give undue weight to the most articulate. Finally, the use of certain methods
of public opinion assessment (such as, public meetings to choose the most
suitable variceties}) may have unpredictable results because of the lack of
experience with such techniques in the social system of an area.

This is not to say that attention should not be paid to farmers’ attitudes;
but we feel that any quantification without in-depth sociological evaluation
is likely to be pointless. Any such investigation would be too location-
specific to warrant any attempt at “cookbooking”.

5. Farm planning. What has been suggested so far is a partial approach

Eatension effects on tiemers” hnowledge can be assessed by questionnane although the questionnaire would ieem
ditticult to design
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to the testing and evaluation of cropping systems; a ficld using the system
is grown, and the inputs and outputs are recorded, together with some
ancillary data (prices, for instance). But no attempt is made to look at the
whole farming system for the following reasons:

a) Such an exercise requires very many more rescarch resources (or
does it?).

b) Given the level of intervention (that is, considerable control of farmer
compliance and limitation on his freedom of adaptation), it is of limited
interest to observe his adaptation strategy since it probably bears little
relation to what he would do in other, more normal, institutional circum-
stances.

c) Asatisfactory preliminary study of the existing situation should have
provided the necessary data for initial planning of the role of the new
technology, given the input-output coefficients derived from the trial.

However those reasons neglect obvious facts:

a) Adoption at the “optimal”” level found by a farm-planning exercise
probably would not be immediate, since the farmer would want to experi-
ment for himself with the technology, or at least adopt it by stages.

b) The ““optimal” level given by the point on the production surface
emploved in the trial may unfortunately be different from the optimal
level when the farmer is free to vary inputs and activities so that other
points become available to him. Within the framework of cropping systems
research laid out above, this problem is probably inevitable and unavoid-
able. While acknowledging this and other deficiencies, we have stayed
with the framework because we think it has other benefits over a method-
ology which would provide a fuller specification of the production function.
Perhaps the two most important benefits are, first, that better use of scarce
resources is made, particularly of farm planning personnel,!? and second,
the farmer’s management trials are an ideal vehicle for cooperative research,
involving technical scientists in field work with farmers and thoroughly
acquainting social scientists with the technical aspects of the technology.

As with the problem of data to estimate interyear variations, there are
ways of approaching this area indirectly. Without elaboration we would
like to emphasize these points:

a) The calculation technique used in a farm-planning exercise, such as
hand budgeting, linear programming