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SUMMARY
A framework is proposed for the classification of farm systems, which are defined as decisionmaking units comprising farm household, cropping and livestock systems that transform land,
capital and labour into products for consumption and sale. Two general principles underlying
the classification areoutlined. First, since farm systems are embedded in a hierarchical structure,
the classification isbased on the characteristics of the underlying systems and their interactions.
Secondly, ecological factors, i.e. physical and biological parameters, are the primary determinants of farm systems. Changes in farm systems, at least in the foreseeable future, depend on
the development of socio-economic variables. The classification is summarized in a set of comprehensive tables.
L. O. Fresco y E. Westphal: Unaclasificación jerârquica de sistemas agricolas.
RESUMEN
Se propone un marco para la clasificación de sistemas agricolas, que se definen como unidades
tomadoras de decisiones que comprenden la 'familia' agri'cola, los sistemas de cultivos y ganadero que transforman la tierra, el capital y el trabajo en productos para el consumo y la venta.
Se resumen dos principios generales que forman la base de la clasificación: en primer lugar, ya
que los sistemas agricolas se encuentran dentro de una estructura jerârquica, la clasificación se
basa sobre las caracten'sticas de los sistemas subyacentes y sus interacciones; en segundo lugar,
los factores ecológicos, es decir, paramétras fi'sicos y biológicos, son los déterminantes primordiales de los sistemas agricolas. Los cambios en los sistemas agricolas, por lo menos en el futuro
prévisible, dependen del desarrollo de variables socioeconómicas. La clasificación se resume en
una serie de cuadros amplios.

INTRODUCTION

There is general agreement in the international scientific community that agricultural technology must be increasingly adapted to the specific conditions of
third-world farmers who operate in a wide range of ecological zones and under
diverse socio-economic constraints (CGIAR/TAC, 1985). In particular, in dealing with less favourable environments abroader range of agricultural technology
is required. The development of such technology necessitates a more detailed
knowledge of the existing farm systems and ecological and socio-economic
environments. Characterizing farm systems is often exceedingly difficult
because of the complexity and heterogeneity of the factors involved. A balance
must be struck between the uniqueness of each farm (and farm household)
and the characteristics it shares with other farms and that are relevant for the
adoption of technology. Much of the discussion about the need for locationspecificity and adaptive research deals with the classification of farm systems,
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and it would be of great help if one were to find meaningful ways to classify
them, that is to say ways that would reveal predictive information concerning
the requirements of agricultural technology and its biological performance and
allow extrapolation of research results. In this article an attempt is made to
raise some of the issues involved in the classification of farm systems.
PAST ATTEMPTS AT CLASSIFICATION

There are basically two ways to classify farm systems. First, the farm systems
of the world can be grouped together in broad classes that reflect fundamental
structural differences, for example, plantation systems, tillage systems (with
and without livestock), alternating systems and grassland systems (Duckham
and Masefield, 1970). The other approach is that used by Grigg (1974), who
makes explicit reference to geographical units, for example, Mediterranean
agricultural systems. These classifications and others have in common that
they combine economic and biological factors. Whether the classification involves the basic four (arable cropping, crop-livestock, plantation and ranging)
or a multitude of classes, its applicability in any given geographical region is
limited. The main usefulness of this type of broad classification lies in its
indication of the relative importance of different classes of farm system and
their relevance to the setting of priorities in international agricultural research.
Others have attempted a classification of a specific system type, such as that
for agro-forestry systems (Nair, 1985) or shifting cultivation (Miracle, 1967).
The best known classification in this tradition is that of Ruthenberg (1980)
who provides innumerable examples of seven basic types of system. While the
value of Ruthenberg's work is unquestionable, two comments are necessary.
First, most of Ruthenberg's examples concern cropping or livestock systems
and not farm systems. As a result, he hardly considers farm systems that consist of more than one sub-system, be it cropping or livestock. Interactions
between sub-systems are therefore neglected. This is an omission, because
improvements in one sub-system are often constrained, or facilitated, by the
characteristics of others. Secondly, Ruthenberg makes little distinction between
levels of analysis. As a result, constraints imposed by higher level systems and
limitations derived from lower level systems cannot be taken into account
adequately.
Once broad categories of systems are defined, more detail is obtained by the
classification of farms or other units in a specific environment. Many studies of
colonial agriculture resulted in the classification of farm systems in a given
(sub)region. A classical example of this type of work isprovided by Allan etal.
(1945) in their interdisciplinary study of the Plateau Tonga of Zambia where
farms were classified according to land area and volume of maize produced for
sale. Sometimes such a classification concerns different classes of farm systems
(for example, semi-nomadic cattle ranging as well as arable farming), but often
it deals with distinctions within the same class or sub-class of system (for

A hierarchical classification of farm systems

401

example, wheat farms of varying sizes with animal traction or tractors). The
literature abounds with examples of this kind of classification, under numerous
headings such as target groups or recommendation domains. In fact, few agricultural research programmes are likely to start developing agricultural technology without some inventory of potential user groups. The point is that there
are numerous, idiosyncratic ways to classify farms that are often not comparable between programmes.
Where larger spatial units than the farm are concerned other methods of
classification for specific regions have proved useful, in particular agro-climatic
mapping and land evaluation (Beek, 1978). Nevertheless, these methods do not
deal with farm level variables and do not provide any insight into farmer
decision making, in particular because crucial variables such as labour inputs
are excluded.
The weakness of these past attempts at the classification of farm systems is
that they provide little systematic insight into the way the classification relates
to the development of agricultural technology. Furthermore all these approaches classify elements of farm systems (livestock, crops, capital use), but
do not do justice to the interaction of the elements which make up the system.
Farm systems that areclassified in the same category may react quite differently
depending on characteristics that may not be included in the classification,
such as off-farm income or household composition. This suggests that there
may be some benefit in classifying farms assystems, that is to say, composed
of related parts, rather than on the basis of loosely connected criteria. An
attempt to explore a systems perspective on the classification of farm systems
in the tropics follows below.
AGRICULTURE AS A HIERARCHY OF SYSTEMS

Systems theory applied to the study of tropical farming
The application of systems theory to the study of agriculture has been advocated by many workers (e.g. Spedding, 1979). However, systems concepts have
often been applied in a rather arbitrary way, in particular in the farm systems
literature, resulting in a range of different 'models' (e.g. Collinson, 1984;
McDowell and Hildebrand, 1983). Hart and Pinchinat (1982) were the first to
explore the usefulness of an ecological systems approach to small farmer agriculture, and this article seeks to build upon their efforts.
A system is defined here, following Odum (1983), as an arrangement of components or parts that interact according to some process and transform inputs
into outputs. By analogy with ecology, agriculture can be described as a hierarchy of systems, ranging from the cell at the lowest level, through the plant
or animal organs, the whole plant or animal, the crop or herd, the field or
pasture, and the farm, to complex ecosystems such as the village and watershed, culminating in the agricultural sector at the highest level, as shown in a
simple diagrammatic form in Fig. 1. Each of the units (cell, plant, herd, field
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Fig. 1. Agriculture as a hierarchy of systems (from Fresco, 1986).

and so on) constitutes a system, since each involves an arrangement of parts
that transforms inputs into outputs. These are linked in a hierarchical way:
each system comprises lower level systems as sub-systems and is at the same
time a part (or sub-system) of a higher level system, the supra-system. For
example, plants are sub-systems of crops, which in turn are sub-systems of
fields, while the farm is the supra-system of the field. Thus, at each level one
finds a system of which the components (or sub-systems), inputs and outputs
can be determined.
Systems can be considered similar if they are similar in structure, i.e. in the
characteristics of their components and component interactions, and in function, i.e. in the way inputs are transformed into outputs. Similarity and degrees
of similarity between systems provide the basis for their classification.
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Hierarchical structures (from plant to region)
Table 1 identifies levels of analysis, systems, system components, inputs and
outputs, as well as units of observation. The levels below the plant system have
been disregarded because they areless relevant to most agronomists (in contrast,
for example, to plant physiologists). At the lowest level considered here, one
finds the plant system, of which the organs (leaves, roots and so on) are the
main components. Plantsprocess solar energy, nutrients and water into biomass.
The next level up is occupied by the crop system, with crops, i.e. the plant
sub-systems and their interactions, as the main components. The crop system is
defined as an arrangement of crop populations that transform solar energy,
nutrients, water and other inputs into useful biomass. The crops in the crop
system can be of different species and variety, but they only constitute one
crop system if they are managed as a single unit. Different techniques are
applied to obtain various spatial arrangements of plants to constitute a crop
(sole cropping and multiple cropping). At this level, one is interested in interactions between plants rather than in individual plants. The next system level
is the cropping system, with the field as the corresponding unit of observation.
The cropping system is a land-use unit comprising soil, crop, weed, pathogen
and insect sub-systems, that transforms solar energy, water, nutrients, labour
and other inputs into food, feed, fuel, fibre and pharmaceuticals. An important
Table 1. Agriculture asahierarchy of systems (from Fresco, 1986)
Ecological
level

System

Individual

plant system

organ (roots, leaves
etc.)

solar energy,
nutrients,
water

biomass

plant

Population

crop system

crop(s), (plant systems) (including
perennials)
animals

solar energy,
nutrients,
water
plant biomass,
water, labour
and management

biomass

crop

animal biomass,
food, fibre, fuel,
feed

herd, field

crop systems, weeds,
pathogens, insects,
soil
herds, pastures

external
inputs
land, labour,
feed

animal biomass

pasture

herd system

Community cropping system
livestock system

Components/
sub-systems

Inputs

Outputs

Unit of
observations

Ecosystem

farm system

cropping system,
livestock system,
farm household

land, labour,
capital

crop and livestock for consumption and
sale

farm, farm
household

Complex
ecosystem

regional system
(village, landuse systems)

climate, soils, vegetation, primary
sector, secondary
sector, tertiary
sector, human
resources

matter, infor1mation,
energy

matter, information,
energy

region (watershed, village)
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characteristic of the cropping system is the sequence of cropping, or cropping
and fallow, on a given piece of land.
Parallel to the cropping system is the livestock system, defined as a land-use
unit comprising pastures and herds and auxiliary feed sources transforming
plant biomass into animal products. Important characteristics are the sequence
of grazing on a given piece of land as well as the mobility of b o t h the animals
and those who tend them.
The next level in the hierarchy is the farm. Most authors speak of the 'farming system' if they study the farm as a system (notable exceptions being
Ruthenberg (1980) and Hart and Pinchinat (1982)), b u t 'farm system' is more
correct and will therefore be adhered to here. The term farming system will be
reserved for a class of similarly structured farm systems.
The farm system is a decision-making unit comprising the farm household,
cropping and livestock systems, that transforms land, capital (external inputs)
and labour (including genetic resources and knowledge) into useful products
that can be consumed or sold. The farm system comprises the cropping system(s),
the livestock system(s) and the farm household. Each of these constitutes a
complex sub-system by itself. In the tropics, nearly all farms have more than
one cropping and/or livestock system, for example, upland crops as well as
irrigated paddy fields and home gardens, in addition to farmyard animals or
herds of small ruminants. Cropping and livestock systems frequently interact,
for instance if crop residues are fed to animals or manure and animal traction
are used for the crops.
The farm household consists of a group of people, often related, who individually or jointly provide the management, labour, capital, land and other
inputs for the production of crops and livestock, and who consume at least part
of the farm produce. The farm household is thus the centre of consumption,
resource allocation, management and labour, and can consist of more or less
autonomous sub-systems. Management is one of the crucial variables here. In
systems terms, it regulates component interactions within the system so that an
optimal quantity of useful products is obtained. Management implies decisions
about objectives (such as whether t o grow cash or food crops), and about how
deviations from standards have to be corrected during implementation. Offfarm activities can be an important separate element in the farm household
system.
All other system levels above the farm system have been summarized as the
regional system in Table 1. This is a complex large-scale land-utilization unit
which produces and transforms primary (agricultural) products and involves a
large service sector, including urban centres.The term regional system, although
awkward, is preferable to agricultural system, because the latter does not
indicate the level of analysis and does not do justice to non-agricultural activities. In regional systems, agricultural and socio-economic processes are closely
linked. Intermediate levels between the farm system and the regional system
can be villages or landscape units such as watersheds or valleys. The regional
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system can be analysed from an ecological and/or a socio-economic perspective.
Ecologically speaking, it consists of climate, soils, vegetation and human resources. Soils (in the plural) refer to land units as well as land-utilization units.
In the economic sense, regional systems comprise aprimary production sector,
a secondary sector (processing agricultural products) and a tertiary (services,
marketing and urban) sector. The primary production sector comprises all the
farms in the region.
Types of cropping and livestock systems
A classification of farm systems depends, among other things,on a classification of the cropping and livestock systems that constitute its sub-systems.
Cropping systems are classified here, broadly following Ruthenberg (1980)
and Lagemann (1977), according to land-use intensity. Eight principal types of
cropping systems are distinguished.
Shifting systems. Cropping systems characterized by an alternation between
cropping for a few years onselected and cleared plots, and aperiod of fallowing
of varying length, during which the soil is rested. Shifting cultivation is an
extensive cropping system characterized by an extensive period of fallowing
(cf. Allan, 1965), whereas fallow systems are more intensive systems characterized by a regular sequence of crop and fallow years. They can be further
sub-divided according to the type of fallow vegetation (bush and grass fallow
systems).
Ley systems. Cropping systems characterized by a more or less regular
alternation between arable farming and leys, temporary pastures of grass or
grass and legumes utilized for livestock production. There are two types:
unregulated ley systems and regulated ley systems.
Permanent upland cultivation. Cropping systems characterized by a permanent division within the holding between arable land and grassland, clearly
demarcated fields, and a predominance of annual and biennial crops.
Irrigation farming. Cropping systems characterized by the additional supply
of water with a view to reducing the length and the frequency of soil moisture
stress, in orderto allowthe permanent cultivation of crops. One may distinguish
between supplementary and full irrigation. Because of the wide occurrence of
this type of cropping system, a further division is made on the basis of the
dominant crop system into wet-rice systems and all other arable irrigation
systems.
Perennial crop cultivation. Cropping systems characterized by the permanent
use of the land by the same crop, primarily perennial, grown on estates or
smallholdings. This type includes all agroforestry systems.
Gardening (or compound cultivation). Cropping systems characterized by
the permanent use of small, mostly fenced, plots at a short distance from the
homestead with a variable number of annual, biennial and/or perennial intercrops giving rise to a multi-storey physiognomy.
Similarly, five types of livestock system may be distinguished.
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Total nomadism. Extensive livestock systems characterized by the permanent migration of herds and nomads.
Nomadism. These extensive livestock systems can be divided into t w o main
types: semi-nomadism and partial nomadism. Semi-nomadism is characterized
by the seasonal migration of herds and semi-stationariness of the nomads, with
some supplementary arable farming and transhumance of herds. Partial nomadism is characterized by the communal use of grazing land by herds, the stationariness of the nomads and the dominance of arable farming; the integration of cattle into this system of farming varies (cf. Mclntire and Gryseels,
1987).
Ranching. Extensive livestock systems characterized by controlled grazing
of large stretches of land covered with natural vegetation and by stock-keeping
only. Sometimes cropping of arable fodder is carried out.
Stationary animal husbandry. Intensive livestock systems characterized by
controlled grazing on artificial pastures. Two types can be distinguished: mixed
farming and cattle farming.
Small-scale stationary animal husbandry. Intensive livestock systems characterized by a diversity of animals, poultry, pigs, goats or fish raised in small
numbers on or near the farm homestead, often on by-products of the farm and
with primarily a subsistence perspective.
This classification of types of cropping and livestock systems paves the way
for a discussion of a classification of farm systems.
A CLASSIFICATION OF FARM SYSTEMS

The characteristics of farm systems and their sub-systems are determined by
ecological and socio-economic factors. Ecological factors comprise physical basically climate and soils - and biological parameters. They shape the environment in which crops and animals grow. A range of socio-economic variables are
superimposed on the ecological factors so that the original environment is
modified.
Ecological factors
Climate is the starting point of the proposed classification. Five main climatic zones are distinguished (ICRISAT, 1987; Jackson, 1977; Webster and
Wilson, 1980) according to average annual rainfall and rainfall distribution.
Zones above 1000 m altitude constitute a separate ecological region. The climatic zones are further characterized b y five main types of climax vegetation
(Webster and Wilson, 1980) as well as by characteristic crops and livestock that
can potentially be produced in each zone, with some overlapping. Soil types,
although important, are not dealt with here. For the distribution of soils in the
tropics b y climatic regions see Sanchez (1976).
The distribution of cropping and livestock systems according to climatic
zone is shown in Table 2. Soil types and population density further determine
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Table 3. Combinations of (a) cropping systems and (b) livestock and
cropping systems occurring within farm systems
Code

(a) Cropping system:
Gardening
Perennial crop cultivation
Wet-rice system
Arable irrigation system
Permanent upland cultivation
Ley system
Fallow system
Shifting cultivation
(b) Livestock/cropping

system:

Stationary animal husbandry
(small animals)
Stationary animal husbandry
Ranching
Semi-/partial nomadism
Total nomadism

8
7
6
5
4
3
2
1
Code

1
X

2

XX
XX

X
XX
XX

-

-

X
X

X
X

X

4

5

6

X
X

X

X

XX

X

X

x/xx

—
-

XX
X

—

X
X

X

1

3

X

X
X
X

7

8

X

—

X
X
X

X
XX
X
X
X

XX
XX

XX
XX

X
X

7

8

x/xx

-

X

XX

—
—
—
5

6

2

3

E

_

_

_

D
C
B
A

—
—

—
—

X

X

XX

XX

X

XX

—

—

_
_
_

_
—
_

—
—
—

—
—

4
X

X

X

X

X

—

—

—

—

X

X

X

xx Frequently occurring combinations, x infrequent combinations, — rare combinations.
Sources: Jackson (1977); Mohr et al (1972); Nieuwolt (1977); Ruthenberg (1980); Schaar (1981);
Webster and Wilson (1980); Westphal (1975); Westphal et al (1981); and Annual Reports of CIAT,
ICARDA, ICRISAT, IITAand IRRI.

the occurrence of cropping and livestock systems, but are not shown in this
table. Ruthenberg (1980) provided a large number of examples of each of these
systems, which will not be repeated here. Instead, attention is focussed on
possible combinations of types of cropping and/or livestock systems within the
same farm system, considering for example the conditions under which permanent upland cultivation and irrigation cultivation are found on the same
farm, and how these relate, or where semi- or partial nomadism occur in combination with shifting cultivation. The most frequently occurring combinations
of cropping systems, and cropping and livestock systems across climatic zones,
based on a survey of a great number of descriptions of farm systems, are summarized in Table 3. The types of cropping systems that are most frequently
combined with other cropping or livestock systems are wet-rice systems,
perennial crop cultivation and gardening, whereas stationary animal husbandry
and small-scale stationary animal husbandry are the livestock systems most
often found in combination with other sub-systems of the farm system. Clearly
each of the cropping systems consists of different crop systems, and each of the
livestock systems may involve different animal species.
Socio-economic factors
Past attempts at the classification of farm systems have mainly been concerned with agro-ecological criteria because of the problems involved in linking
the variety of socio-economic factors to patterns of agricultural production.
Where socio-economic factors are taken into account, this often results in the
definition of innumerable types of farm systems. Furthermore, because many
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of these factors are subject to great short- and medium-term variations - prices
and household composition being the standard examples - such classifications
may also be subject to rapid changes.
The problem lies in determining what socio-economic factors are relevant
and have a decisive impact on the farm system. Socio-economic factors are
defined here as those properties of system elements that are situated outside
the physical and biological realm. Thus, socio-economic factors can be defined
at each level in the hierarchy. Some of the most important (interacting) sets of
socio-economic factors comprise:
Regional level factors. Population density and distribution on the one hand
and infrastructure and services on the other are nearly always significant in the
classification of farm systems in a given zone. These complex variables are
often related, and vary also according t o agro-ecological zone. Where population density tends to be low, in general, poor infrastructural development
results. Nevertheless, within a given agro-ecological zone there are marked differences in these factors that have a direct bearing on farm systems. Farms
situated near urban centres in such a zone will have t o cope with greater population densities and will benefit from better infrastructure and more services
than those in more remote areas. As a result, land-use intensity will probably
increase, giving rise to changes in livestock and cropping systems.
Village/landscape unit level factors. Demographic characteristics of villages
and the spatial distribution of farms and holdings with respect to landscape,
water and roads are significant factors here. Within the same village or landscape unit, differential access to land and other resources must be included in
any classification of farm systems.
Farm system level variables. The most significant variables at this level are
farm household composition and off-farm employment and income. Furthermore, it has been repeatedly documented that the division of labour according
to gender and the household life cycle influences agricultural productivity (e.g.
IRRI, 1985). With respect to off-farm employment and income, systems may
be predominantly subsistence oriented, market oriented or off-farm employment oriented. Subsistence oriented systems are those producing a limited
number of commodities primarily for consumption by the farm household and
relatives and with low levels of externally purchased inputs; when marketing
occurs, it is irregular (depending on cash needs) and involves small quantities.
Market oriented systems are those producing a limited number of commodities
for regular sale on (semi-)urban markets. Although the household may still
provide most of its basic staples through agricultural production, purchased
consumer goods and agricultural inputs are common. Off-farm
employment
oriented systems are those where farming is only undertaken by some household members and supplies a limited amount of cash and energy throughout
the year. The mainstay of the farm household is provided by income from
sources outside the farm, whether agricultural wage labour or non-agricultural
employment.
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Households vary therefore according to their production strategy and this
constitutes an important socio-economic characteristic in any farm system
classification.
The regular supply of cash income to supplement agricultural production
may have a significant impact on production strategies, risk aversion and the
use of external inputs (e.g. Huisman, 1985).
The interplay of ecological and socio-economic
factors
The environment in which farmers operate is determined b y ecological factors, b u t substantially modified by socio-economic factors. On a human scale,
ecological factors are relatively stable and predictable, notwithstanding substantial short-term fluctuations such as occur in climatic factors. Farmers'
capacity to influence their physical environment is limited to slight improvements in soil fertility and structure and to micro-climate manipulation through
shading or mulching. In some instances, biological factors may be influenced
through the introduction or removal of plant and animal species, b u t these
remain a function of physical factors that are n o t really changed themselves.
Ecological factors, therefore, are the primary determinants of farm systems.
The impact of agricultural technology development on these primary determinants is likely to remain limited in the foreseeable future. Conscious manipulation of climate, for example, will probably remain wishful thinking (although
the unintended side-effects of large-scale pollution on agriculture may be very
serious). The most important contribution of agricultural science in the ecological realm is the definition of potential production levels and limits in a given
environment, and the formulation of technical pathways to fulfil that potential.
Socio-economic factors are, nearly without exception, subject to large
fluctuations and shifts in trends, even within a human life time, so that the
scope for changes in farm systems derives mainly from changes in these variables.
The interplay between ecological and socio-economic factors at all levels in the
hierarchy results in the location-specific environment in which individual
farmer households operate. Within a homogenous ecological zone, differences
between farm systems are primarily caused by socio-economic differences,
although micro-variations in, for example, relief may also have some effects.
Differences in farm systems are thus translated into differential choices of commodities and production strategies. Agricultural research can help farmers to
adjust farm practices to changing socio-economic circumstances, in particular
population pressure, growing commercialization and increased use of inputs.

Examples of the interactions between cropping and livestock systems
From the wealth of case studies on tropical farming, a few typical examples
have been selected to illustrate the range of combinations of cropping and livestock systems and to discuss their relevance to technology development. This
list, which is b y no means exhaustive, shows that farm systems can best be
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characterized by a composite indicator relating to the classification of cropping
and livestock systems presented in Table 2. Socio-economic and land characteristics are n o t included in the table nor in the indicator, because of their
location-specificity. However, in each example attention is paid to variables
such as infrastructure and marketing as well as to soil fertility and landscape.
Farm systems of the Western Highlands of Cameroon. Westphal et al. (1981)
have described the various cropping and livestock systems in the Western Highlands: the Bamiliké Plateau in the south and the so-called Grassfields in the
north. On the densely populated Bamiliké Plateau the farm system consists of
three cropping systems: shifting cultivation/fallow systems, permanent upland
cultivation and perennial cropping, in combination with small animals. Food
crops are grown on the shifting or permanent fields. Maize is grown in association with groundnuts and other food crops after fallow. Depending on soil
fertility, the shifting systems are coupled with permanent upland cultivation:
root and tuber crops on poor soils, which are left on the field until the end of
the cultivation cycle, or coffee (Coffea arabica) on more fertile soils. The coffee
is planted at the same time as the food crops. After the harvest of crops such as
maize, beans (common beans, cowpeas) and groundnuts, the shifting cultivation system is then effectively transformed into a system of perennial crop
cultivation with coffee and sometimes bananas. The farm system thus comprises perennial fields and shifting fields, often in combination with household gardens.
On the Grassfields, the dominant farm system consists of shifting/fallow
cropping, permanent upland cultivation and some perennial cropping coupled
with limited numbers of cattle and small ruminants. The majority of the cattle
on the Grassfields, however, belong to semi-nomadic pastoralists, who are in
constant conflict with the settled farmers. Research on improving livestock
production now aims to develop methods for semi-intensified systems in close
association with crop production, although ranching may offer opportunities
in the less populated areas.
Soil erosion is one of the major problems confronting the shifting-perennial
cropping systems in both areas and the semi-nomadic livestock system in the
Grassfields. The shortening of the fallow, the cultivation on steep slopes, the
frequent use of bush fires as well as overgrazing lead to considerable losses of
top soil. Traditional practices often provide scope for improvement and may
be further researched: the use of live hedges protects the field against erosion
and the movement of soil, and provides firewood; crop residues, household
refuse and weeds can be incorporated as green manure. Furthermore, adequate
rotations could help to overcome some of the soil fertility problems, especially
if improved fallows were considered. Finally, the upgrading of existing coffee
plantations and the improvement of their management would allow an intensification of the farm system, which now seems to tend towards extensification
through the increase of area under cultivation. Other means for intensification
would be provided b y gardening.
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Permanent upland cultivation and livestock systems, Honduras. Hart (1982)
has analysed quantitative i n p u t - o u t p u t flows of a farm in Honduras, in an area
with about 1500 mm rainfall distributed in a bimodal pattern. The main crops
are maize, rice and common beans, while oxen and chickens are also kept. The
crops are grown in two distinct types of permanent upland cultivation: maizemaize and rice (with a minor part of the area devoted to rice-bean rotation).
Fertilizer and other chemical inputs are applied. Hart found a very close linkage
between the livestock and cropping systems: 64% of the energy produced by
the livestock system, or 115 oxen days, were used in the cropping systems (and
one-third of the total number of oxen days were sold outside the farm). Many
of the i n p u t - o u t p u t flows, for example the amount of maize stored, or the
labour input in crop production, have bimodal fluctuations, as to be expected
in a two season climate. The main problems in the system seem to be the
variability of crop yields, the uneven distribution of household labour throughout the year (labour peaks due to weeding rice and surplus labour in some
months) and the fact that beans are n o t adapted to the environment. Agricultural research was therefore focussed on the introduction of a cowpea relay
crop within a maize-maize sequence, and of two crops of squash [Cucurbita
sp.) with a high market value. No improvements to the livestock system were
suggested.
Shifting cultivation in Zaire: valley and plateau cropping systems. An example
of cropping system interaction within a farm system was given by Fresco (1986)
who analysed two sub-types of shifting cultivation, savanna and forest shifting
cultivation, located on the table lands (plateau) and in the valleys. In b o t h
cases, cassava was the main crop, b u t in other respects (crop rotations and
associations, labour inputs, cropping calendar) the systems were different.
Depending on the relative importance of savanna and forest fields, and on
infrastructure and market access, several types of farm system would be found.
There was a close relation between agro-ecological environment and market
integration, the table lands being most isolated and most infertile in contrast
to the more favourably situated valleys with relatively better soils. In many
cases, however, farmers had access t o both valley and plateau soils. Under
increasing pressure to produce a surplus of cassava, farming had expanded onto
more marginal soils, situated at great distances from the homestead. These
plateau fields were farmed rather extensively and formed a reserve that could
be drawn upon whenever valley fields produced insufficient or when sudden
food shortages or cash emergencies were experienced. Thus, cassava yields on
the table lands were a function of crop yields in the valley and labour availability.
Consequently, efforts to improve cassava productivity must be adapted to
the constraints of the two types of cropping system and to farmers' objectives.
If cassava yields o n forest fields could be increased, the need t o grow cassava on
the poor plateau soils would decline and these soils could be planted with
perennial crops (or at least with crops that are less likely to promote erosion)
in order to ensure sustainability.
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While shifting cultivation based on cassava constituted by far the most
important element of the farm systems in the area, small livestock were also
kept and household gardens (near the homestead or on hydromorphic soils in
the dry seasons) could also be found, albeit on a very limited scale. There
appeared to be little scope for increasing farm system outputs through the
small livestock and garden systems, at least in the near future.
Irrigated systems: wet-rice systems and other arable irrigation systems.
Irrigation farming results from a gradual process of land-use intensification,
during which agriculture expands onto hydromorphic soils (the shift from
fallow to irrigation systems) and/or additional water sources are made available
(the shift from permanent upland cropping) (Ruthenberg, 1980). The irrigated
cropping systems can beextremely diverse, depending on cultivation techniques
in the irrigated crop as well as on the cropping sequences on the irrigated field
throughout the year. In wet-rice systems, it is common to distinguish multiple
cropping arrangements as all-rice (single, double or triple cropping) or riceupland crops (Gomez and Gomez, 1983).
Furthermore, irrigated cropping systems, in particular wet rice, are nearly
always found in combination with other cropping and livestock systems, as
illustrated in Table 3 which indicates that wet-rice systems rank high in potential combinations with other systems. The resulting farm systems are therefore
of great complexity, showing both farm level variations (irrigation combined
with various other cropping and livestock systems) and cropping system level
variations (multiple cropping arrangements).
Sugar cane-wheat farming in the Sind, Pakistan. Ruthenberg (1980) lists
sugar cane-wheat holdings as one example where water availability modifies
the irrigation system. Farm systems in the dry areas of the Sind consist of an
irrigated cropping system, a rainfed cropping system and stationary animal
husbandry. The irrigated cropping system is composed of two elements: a
rainy season sugar cane crop grown on one-third of the farm land (because of
limitations in water supply), and a wheat crop grown during the dry winter
season, on about two-thirds of the farm land. The livestock system supplies
the essential inputs of draught power and manure. On the non-irrigated parts
of the holdings, berseem clover is grown in the winter and fodder sorghum in
the summer season - both of which are fed to cattle, together with sugar cane
tops. Milk, ghee and surplus fodder are sold. Cropping and livestock activities
are intimately linked through the joint use of family labour. The farm system
is characterized by a seasonal surplus of labour and animal power (184 and
204 days,respectively), which could be the focus of agricultural research aimed
at a fuller use of household resources. The main limiting factor, however,
appears to be irrigation water.
Rice-soyabean systems in Pasuruan, Indonesia. Javanese farmers in the
Pasuruan district cultivate both irrigated lands (sawah) and uplands. The two
cropping systems are closely related, as shown by the work of Soegito and
colleagues (Soegito and Siemonsma, 1985; Soegito et al., 1986). The wetrice cropping system exists in two forms: rice followed by two dry season
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soyabean crops, or double-cropped rice followed by a single soyabean crop.
The first soyabean crop after rice has a very short turn-around period so that
field preparation is cursory and the seed is broadcast. No fertilizers are applied.
The second, late dry season soyabean crop is planted after pre-germination by
dibbling. If soyabean follows soyabean, the tillage required depends on the
extent of weed infestation of the field.
The rice-soyabean type of cropping system relies on the cultivation of soyabean on uplands in order to provide fresh seed at the time of the rice harvest.
Thus the two cropping systems are linked in a unique way, since the upland
system provides an input for the wet-rice system - apart from the more common
interaction and competition with respect to labour or capital.
On uplands, soyabean is also cultivated during the rainy season (simultaneously with the first rice crop in the sawahs). The seed is broadcast after
ploughing and only manure is applied.
The understanding of the various cropping systems and their implications for
management has had important consequences for soyabean breeding and testing. Among other things, on-farm trials showed that higher inputs for soyabean
on sawahs did not yield a clear economic return (possibly as a result of the
residual effects of the fertilizer used on the rice), whereas the use of fertilizer
and insecticides on the uplands provided a net benefit.
Farm systems in the Basse Casamance, Senegal. The Casamance region
(annual rainfall 1000 mm) provides an interesting example of the intricate
interactions between various wet-rice systems and permanent upland cultivation in combination with livestock (Sail et al., 1983).
Three types of cropping systems are distinguished: permanent
upland
cultivation with mainly groundnuts, a system which increases in importance in
areas at higher altitude and with lower rainfall; a phreatic wet-rice system (see
Moorman and Van Breemen, 1978, for exact definition of terms) on soils with
high groundwater table; and a fluxial wet-rice system (Moorman and Van
Breemen, 1978) which is always transplanted and occurs on several soil types
(mainly mangrove swamps and acid sulphatic plains).
According to ethnic group, the division of labour is by task (land preparation
by men, all other work by women), and/or by crop (rice cultivated by women,
groundnuts by men). The availability of animal traction also influences the
farm system and increases the farm area under cultivation. Thus, five types of
farm systems were defined in the region.
Researchers attempted to develop technology tailored to the various farm
systems by intensifying wet-rice production in the inland valleys and diversifying the upland crops. Because of labour constraints imposed by the wet-rice
cropping system, emphasis was placed on late-seeded crops (sweet p o t a t o , cowpea, short cycle sorghum, millet) in the upland system. On the upper river
terraces maize, which is less labour intensive than rice, successfully replaced
rice which suffered too much from lack of moisture.
Semi-arid rainfed farm systems in west Asia. Farm systems of west Asia and
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north Africa, although n o t located in the tropics, provide interesting examples
of the intricate linkages between livestock and cereals, and are therefore included here.
Cooper et al. (1987) and Tully (1986) provide detailed descriptions of rainfed farm systems in west Asia, and of barley-sheep systems in particular. Often
found on shallow soils (Xerosols) in areas of 350 mm rainfall or less, barley is
grown for food b u t mainly for animal feed, for which stubble, straw and sometimes grain is used. The main rotation is a two year barley-fallow, with summer
crops grown on residual moisture in the wetter areas. As a result of declining
soil fertility (due t o the lack of chemical or animal manure) and the increased
demand for feed (resulting from the increased demand for livestock products
in urban areas), farmers have expanded barley cultivation onto the more marginal soils. Continuous barley cropping is also becoming more common, with
fallows disappearing. The intimate linkage between barley and sheep production has several implications for the development of improved management
practices in barley. The ubiquitous shortage of feed and the poor water storage
efficiency of the fallow suggests that ways must be found t o replace the fallow
by continuous barley or b y the introduction of annual forage legumes. ICARDA
has therefore focussed its research on comparing water use efficiences of fallow/
barley, barley/barley and forage legume/barley rotations. Furthermore, the
effect of fertilizers (N and P) on water use efficiency and yield (total dry
matter) are being investigated.
High-altitude farm systems in the Peruvian Andes. Agriculture in maize producing areas of the Peruvian Andes occurs in three distinct ecological zones
(Tardieu, 1976). In the low altitude zone (2400-2600 m, annual rainfall 2 0 0 300 mm), only irrigated agriculture is possible, with maize and potato as the
main staple crops, in rotation with wheat, barley and horticultural crops. In
the intermediate zone (2600-3000 m, annual rainfall 300-500 m m ) , maize is
gradually replaced by other cereals (wheat, barley) and potatoes, b u t double
cropping is impossible at this altitude. Mixed intercropping with beans (Vicia
faba and Lupinus mutabilis) is also found. In the high altitude zone (over
3000 m, annual rainfall 500-800 mm) frost presents a serious risk. A p o t a t o barley rotation is common on rainfed fields. Below 3200 m, maize is intercropped with beans or indigenous crops such as quinoa (Chenopodium
quinoa)
and roots and tubers (Oxalis tuberosa, Ullucus tuberosus, Tropaeolum tuberosum). On high altitude fields (above about 3500 m) only these indigenous crops
occur, often in mixed intercropping. Alfalfa is grown over 3000 m if irrigation is
available. Within the general limitations of climate and altitude, cropping
systems differ according to the availability of irrigation water (usually from
melting snow at the foot of the highest ranges) and slope. On steep slopes
animal traction is replaced by hand cultivation with hoes.
The livestock system constitutes an essential element in the farm system,
mainly because it supplies draught power, b u t also because it allows the farmer
to make optimal use of his environment. Where altitude prohibits arable
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cropping, land is used for pasture. On the highest slopes llamas are kept, while
the raising of small domestic animals (poultry, rabbits, sheep) constitutes an
important activity for every household.
Because farmers' fields are usually located in more than one agro-ecological
zone, farm systems in the area are characterized by a great diversity of cropping
and livestock systems.
CHANGES IN FARM SYSTEMS

Describing the current characteristics of farm systems is clearly insufficient
when it comes to defining the objectives of agricultural research for such
systems. Research planning requires an understanding of the trends in the evolution of farm systems. While it is widely acknowledged that regional, landscape, farm, cropping, livestock, crop and animal systems change over time, and
at different rates, there has been little attempt to document these changes.
It has been suggested that as a first response to increasing population pressure, shifting cultivation systems will expand their areas as long as land isnot a
limiting factor. However, land shortages soon lead to more labour-intensive
methods in order to restore soil fertility (Boserup, 1965; Grigg, 1974). In this
view, rural and urban population growth and, consequently, increased commercialization, determine the stages of evolution of farm systems. Ruthenberg
(1980) has elaborated this hypothesis by indicating the evolutionary pathways
of land-use in different agro-ecological zones.
In all cases, shifting cultivation systems move gradually towards permanent
agriculture, either in the form of irrigation, permanent upland cropping, perennial cropping or intensive grazing systems (the latter two do not occur in semiarid climates). Richards (1985), however, has challenged this sequence, by suggesting that shifting cultivation in west Africa does not necessarily represent an
early stage of agricultural development, but may have been a response to
colonial demands for agricultural produce. Furthermore, there is ample evidence that changes in farm systems are not always caused by population pressure alone, but may result from chance factors, for example the introduction
of new crop species by returning migrants, or the innovations developed by
farmers themselves (such as the planting of rice in tidal swamps). Although the
notion of evolution is fraught with difficulties, there is a need to move away
from the 'stamp collection' approach to the study of changes in farm systems
to an understanding of the transitions from one type to another.
In system terms, changes in farm systems occur through changes in higher or
lower level systems. Important regional system changes are population growth
and infrastructural or institutional developments such as the opening up of
new markets. At the village/landscape unit level, changes in land and water
availability will affect farming. The 20-30 year development cycle in a farm
household will influence its labour and cash resources and consumption needs.
Cropping systems are transformed through various methods of intensifica-
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tion, in particular multiple cropping (to make a fuller use of the agricultural
year), permanent land-use and the introduction of new, high-yielding varieties
and crops with a higher harvest-index and input requirements than those of
the traditional ones. Livestock systems may change into more specialized
enterprises for meat and milk production, and animal traction and manure may
be replaced by mechanization and fertilizers, thus reducing the complementary
interaction between cropping and livestock that at present characterizes most
of the tropical farm systems described.
Changes in farm systems therefore result from the interaction of a multitude
of socio-economic variables with ecological factors at all levels in the hierarchy
of systems. Their impact on concrete farm systems will differ widely and
cannot be predicted fully with the current state of knowledge in simulation
modelling and agricultural development theory.
In classifying farm systems, the key question remains what changes are relevant in what time perspective. For example, the replacement of an existing
variety by one resistant to a disease or pest may not immediately alter the farm
system with respect to labour and other input requirements. In the longer term,
however, the increased yield and the corresponding increase in nutrient extraction from the soil may undermine the ecological stability of the system. Similarly, a change at the crop system level, such as the replacement of sorghum by
maize, may not involve any profound changes at the farm system level because
the function of the crop sub-system (and its input-output flow) remains unaltered. The introduction of maize, however, provides opportunities for the
intensification of land-use that may become a focus of changes for the system
as a whole. Or, to quote another example at the crop system level, the replacement of yam by cassava may not appear as a dramatic change in a shifting
cultivation situation, but it could be a symptom of changes at other levels such
as the deterioration of soil fertility or the decline of the agricultural labour
force.
While the broad trends described by Boserup (1965) and Ruthenberg (1980)
signal long-term changes from one system type to another, agricultural research
is mostly concerned with improvements within a given type of farm system.
Important areas of research in the CGIAR centres nearly always concern
improvements to the existing system through the development of new varieties
or improved cultural practices such as multiple cropping. One noticeable exception is IITA's work on alley cropping which aims, at least implicitly, to promote a change from shifting cultivation systems to permanent upland cultivation systems (e.g. UTA, 1984). As has been argued before (Simmonds, 1986)
the time has come to focus research more clearly on the development of new
farm systems, in other words on technology that enables farmers to make the
transition from one farm system type to another. For this purpose, there are
two prerequisites: an adequate classification of farm systems, and a study of
the historical dynamics of these systems.
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