
AN EVALUATION OF POTENTIAL
AGROFORESTRY SYSTEMS FOR FARMERS ON STOOL

LANDS IN THE ASHANTI REGION OF GHANA

by

jffi nrian M. Belcher

A Practicum
Submitted in partial fulfillment of

- the requirements of the degree,
Master of Natural Resources Management

Natural Resources Institute
The University of Manitoba

Winnipeg, Manitoba, Canada
June 24, 1988



Permission Ïras been Eranted
to the National Library of
Canada to nicrofilm this
thesis and to tr-end or sell
copies of the film"

The author (copyríght. owner)
has reserved other
publícatíon rights, and
nei ther the thes i s nor
extensive extracts from ít
may be printed or otherwíse
reproduced without his/her
written permiesion.

L'autorisation a êtê accordêe
à la BiblÍothèque nationale
du Canada de nicrofilner
cette thèse et de prêter ou
de vendre des exemplaires du
f i.l-m.

Luauteur (titulaíre du droit
d' auteur ) se rêserve I-es
autres droits de pubLicatíon;
ni la thèse ni de longs
extraits de cel1e-ci ne
doívent être inprinês ou
autrement reproduits sanÉ¡ aon
autorieatlon êcrite.

rsBN 0-315-47828-4



AN EVALUATION OF POTENTIAL
ACROFORESTRY SYSTEMS FOR FARMERS ON STOOL

LANDS IN THE ASHANTI REGION OF CHANA

by

Brian M. Belcher

A practicum submitted to the Faculty of Craduate Studies

of the University of Manitoba in partial fulfillment of the

requírements of the degree of Master of Natural Resources

Management.

@ 1988

Permission has been granted to the LIBRARY OF THE

UNIVERSITY OF MANITOBA to lend or sell copies of this
practicum, to the NATIONAL LIBRARY OF CANADA to

mícrofilm this practícum and to lend or sell copies of the

film, and UNIVERSITY MICROFILMS to publish an abstract

of thís practicum.

The author reserves other publication ríghts, and neíther
the practicum nor extensive extracts from it may be

printed or otherwise reproduced without the author's
permission.



ABSTRACT

Increasing land pressure, resulting from rapid population growth in many

parts of the tropics, has resulted in the intensification of formerly extensive

traditional cropping systems. Under intense cultivation, environmental

degradation results, manifest in soil breakdown, weed and pest infestations in

crops, disruptions in hydrologic systems and loss of climax vegetation cover. To

the farmer, these and other environmental disruptions mean increased labour

demands for decreasing productivity. A group of land managemenr systems,

under the collecúve narne, "agroforestry systems", has shown strong potential

for ameliorating some of the problems associated with intensified cultivation.

In these systems, agricultural crops are combined with woody plants, either

simultaneously or sequentially. The overall goal is the maintenance or

improvement of crop yields by taking advantage of the biological, economic and

environmental benefits of trees. The practicum seeks to identify agroforestry

systems appropriate for the ecological, cultural, and socio-economic conditions

of the Ashanti region of Ghana. The data employed are qualitative, collected

using a review of the literature, personal communication with . researchers

involved in developing and testing agroforestry systems suitable for Humid West

Africa, and a survey of subsistence level farmers in the Ashanti region. The

traditional, extant, farming system of the region is described, followed by a

description of agroforestry systems ecologically appropriate as potential

interventions in the region. Three approaches are selected as meeting, at least

in part, the criteria of adoptability, productivity, and sustainability. These are

discussed further, identifying constraints to adoption and suggesting strategies

for research and extension.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND TO STUDY

Global deforestation is one of the most significant environmental problems

of our time. The forests of the moist tropics are particularly vulnerable to

degradation and outright destruction. In these areas, rapid population growrh,

poverty, and environmental over-exploitation conspire in the vicious cycle

described in the recent Report of the World Commission on the Environment

and Development (1987). With the loss of forested lands come huge losses in

environmental, ecological, economic and aesthetic terrns, and an upward spiraling

of the cycle.

As has been the case throughout human history, the spread of agriculture

in one form or another is the main cause of outright forest loss (Myers, 1984).

In the humid tropics, this means small scale cultivators, usually employing slash

and burn clearing techniques. Quite simply, a system which has proven

economical and environmentally stable under conditions of low population

pressure, breaks down under intensified use.

Many, including the authors of the U.N report, approach the problem from

a recognition that poverty is the main cause and effect of environmental

degradation, and so seek to attack the problem through economic growth. No

doubt that this is true, but a substantial time lag will prevail even under the

most optimistic scenario, before benefits are realized by subsistence level

farmers. In the meantime, erosion of productive potential over millions of

hectares will continue unabated.
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A second line of attack, and that investigated in this practicum, is through

modification of the farming systems themselves, toward systems which can

support intensive farming effort. Within this general strategy are a famity of

systems which are grouped under the collective term, 'agroforestry systems'.

In these agroforestry systems, agricultural crops are combined with woody

plants, and sometimes animals, either simultaneously or sequentially. The overall

goal of these systems is to maintain or to improve crop yields, while taking

advantage of the biological, economic and environmental benefits of trees, under

conditions of increasing pressure on the land.

This is a relatively new area of research. To date, the large part of the

work which has been carried out has been on resea¡ch stations. Very little on-

farm research has been undertaken, particularly in Africa. However, the success

of agroforestry systems as innovations to traditional practices is contingent on

their "adoptability"; modifications must be within the economic capacity of the

targeted users, and must be culturally acceptable. The importance of socio-

economic acceptability is stressed by many workers (eg. ICRAF, 1983; Francis,

1987; Scott, L979).

Naturally, research funds

every effort should be made

improve efficiency in this type of ¡esearch is to pre-screen potential systems,

such that those which contain fundamental bariers to adoption may be rejected

or modified before substantial effort is invested in them. This pre-screening can

only be accomplished through an understanding of existing conditions and

naditional farming practices in the area targeted for agroforestry interventions.

Such a study may also bring to light other potential systems and avenues for

are

to

limited, and even without these limitations,

optimize efficiency in research. One way to
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thefruitful research. The overall goal is focussed research which considers

specific production constraints in the area.

1.2 GHANA

As a region, Africa, and particularty sub-Saharan Africa, has the fastest

population gowth and highest fertility rate in the world. Ghana (fig. 1), with a

total land area of 238,540 sq. km., and a 1984 population of 12,206,000. ranks

11th among African countries, with a projected population $owth of 3.3Vo for

the period 1980-2000 (FAO, 1986). The trend toward urbanization is srrong in

Ghana, as in all developing countries. In 1984, the urban population comprised

32Vo of the total.

Food production in Ghana is falling, with an annual decrease in total gross

agricultural production over the period 1970-1984 of .9Vo and a per capur

decrease of 3.9Vo (FAO, 1986). In actual food supply terms, there was a decrease

from 1969/71 (2231 calories/capulday) to 1991/g3 (1623 calories/capulday) of

27.3vo (FAo, 1986). There may have been a slight up-turn in agricultural

production in 1985 and 1986, but a widespread failure of the maize crop in IggT

continues the downward trend. Furthermore, the bulk of these calories are made

up of starchy root vegetables and plantains. Protein deficits are common,

particularly among the poor.

1.3 THE ASHANTI REGION

The Ashanti Region of Ghana (fig. 1) is an area which formerly supporred

highly productive semi-deciduous forests with enorïnous standing biomass

(Greenland and Kowal (1960) estimated standing biomass ar 340 thousand kg. per

ha.). It was an area which proved ideal for cocoa production, and under the
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Fig. 1 The situat,ion of

O Madln Grænw¡ld At!æ¡r16. lnc.

Èhe Ashanti region r,¡ithin Ghana.
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dual pressures of cash cropping and food production for a rapidly increasing

population, the high forest was decimated. Currently, the productive potential of

the region continues to fall, while the population continues to increase.

In the Ashanti region, as in many parts of the humid and subhumid

tropics, shifting cultivation (bush fallow; slash and burn) is srill the dominant

food production system. This system, alternating periods of cultivation with

periods of fallow, relies on the regeneration of soil during the fallow period to

maintain fertility. Where land is abundant, fallow periods can be long, and the

bush fallow system has proven an effective means of susbsistence food

production, without serious environmental detriment. However, rapid population

gowth has necessitated the intensification of this traditionally extensive system

(FAO, 1984b; Moran, 1979). Pressure on the land has forced much shortened

fallow periods, leading to nutrient depletion and soil breakdown.

This region seems ideal for the inffoduction of farming systems which can

support more intensive farming than can the traditional bush fallow system. It

is an area where, although impaired, the traditional system is still operable.

This permits a transition from old to new, in contrast to the much more

difficult imposition of an enthely foreign system of agriculture. Remnant stands

of climax species are still present in the region, as forest preserves and as

fetish groves, providing the potential for some regeneration of indigenous forest

populations, if land can be freed. The soils, in most places, have not passed a

threshold beyond which agriculture becomes impossible. That is, damage done is
not i¡reversible. Furthermore, there is interest, both at the national level and

internationally, to undertake agroforestry projects in Ghana. At the local level,

Ashanti region farmers facing falling yields welcome useable innovations.
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Several agroforestry systems have been developed, to one degree or

another, which may have beneficial application as interventions in the bush

fallow crop production systems employed in Ghana. The advantages of these

systems are many' depending on the specific system employed. Generally

speaking, soil status may be maintained and improved as a function of the Íees

selected. Standing vegetation, roots and litterfall, as well as green

manure/mulch (during the cropping season), protect against rain and wind

erosion, improve tilth and improve moisture and nutrient retention capacity in
the soil. The nutrient cycling of the trees helps to restore depleted surface soil

nutrient status. Especially important in this capacity are the fast growing

nitrogen fixing species. The shading effect of the standing vegetation serves to

inhibit weed establishment and growth. Furthermore, the trees provide a source

of fuel and structural wood, and species may be used which can supply fruit
and other valuable products even during the fallow period.

1..4 TTIE PROBLEM

The development of modern agroforestry in Ghana is at the infancy stage.

There is a small amount of research station work ongoing, but extension to
farmers has not really begun in eamest. It is important at this time to identify

areas of strong potential, such that forthcoming research and extension may be

focussed in an appropriate way. This practicum seeks to identify potential

agroforestry systems for the region, to identify constraints to adoption, and to

suggest strategies for research and extension.



1.5 OBJECTIVES

Research was carried out with the following objectives:

to document available agroforestry systems;
to describe cturent crop production practices in the Ashanti region of
Ghana;
to . identify production and sustainability problems faced by farmers in the
reglon;
to identify farming practices with the potential to ameliorate some of
these problems; and,
to - identify strategies to facilitate transmission of these technologies to
Ashanti region farmers.

1)
2)

3)

4)

s)

1.6 METHODS

To evaluate potential agroforestry systems for applicability to Ashanti

region conditions, a basic working knowledge was required of the 'state of the

a¡t' in agroforestry. This information was gathered through literature review

and through personal communication with agroforestry researchers and

administrators in Ghana and at the International Institute of Tropical

Agriculture (IITA), near lbadan, Nigeria. This research contributed to the

description of available agroforestry technology, sarisfying objective 1.

The second method of research was a farmer survey, seeking qualitative

information on traditional farming systems in the Ashanti, and on constraints to

production and sustainability within these systems. From the diagnosis of land

management problems follows the design of potential agroforestry solutions.

1.7 LIMITATIONS

This research was approached from a multi-disciplinary perspective. Effort

was made to incorporate relevant information regarding socio-economics,

agronomy, ecology. As a single person undertaking, at the Master's level,

constraints were encountered in time and in money. Logistic difficulties were

encountered as well, mainly in securing transport in Ghana. For these reasons,



the research is more qualitative than quantitative in nature.

1.8 CONCLUSION

This brief introduction sets the stage for the description of results and

the discussion of potentials for agtoforestry in the Ashanti region of Ghana.

This coverage consists of: a summary review of related literature covering

tropical agriculture (chapter 2); a description of the methods (chapter 3); a

discussion of the crops and farming systems of the Ashanti region, and the

constraints to production, along with a brief description of current agroforestry

practices in the region (chapter Ð; a description of agroforestry systems with

potential for adoption by Ashanti region farmers (chapter 5); a discussion of the

advantages, disadvantages and main constraints to adoption of the most

promising systems (chapter 6); and, a concluding chapter which will set forth

recoûtmendations for research focus in the aÍea of agroforestry for the Ashanti

region (chapter 7).



CHAPTER 2

TTIE LITERATURE

2.1 INTRODUCTION

A brief examination of the literature is in order, as background to this

study. This literature can be subdivided into several categories. First, there is a

body of literature on tropical agriculture systems; discussions of shifting

cultivation are the most gennane to this study. This literature provides the

necessary historical perspective. Secondly, and related to this, is a body of

literature covering the agro-ecosystems of the tropics. Work in this area has

facilitated an understanding of the problems associated with contemporary

tropical agriculture. This has lead to research into potential interventions which

may ameliorate some of these problems, and a third area of research, the new

and expanding body of literature on agroforestry systems. Finally, there is work

in the area of acceptance and socio-economic viability of agricultural

innovation.

This review is not intended as an exhaustive examination. Rather, it serves

as an introduction to the problems of agricultural production in the humid

tropics, and to the concepts central to the development of alternative

production systems. The literature cited here is selected to serve this

introductory function.

2.2 TROPICALAGRICULTURE

Historically, agricultural practices in the tropics in

in parficular, have been extensive in nature; nomadic

regions and shifting cultivation with long fallow periods

general, and in Africa

herding in the d¡ier

in the moist tropics.
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However, in the past few decades, a number of factors have conspired to

change African agricultural practices. Some of the factors contributing to
agricultural intensification are discussed by authors such as Howard (1978), who

shows the influence of colonialism and the development of cash cropping on

Agriculture in Ghana. In a similar vein, Janzen (1973) identifies a number of

factors at work in tropical agro-ecosystems which have lead to problems in

agricultural development. His list includes the influence of colonialism, artif,rcial

boundary divisions and climatic constraints.

Population increase, though, remains the primary factor in this process. A

number of FAO and ICRAF publications (eg. FAO 1984; 1984b; 1985) discuss

population gowth and the concomitant intensification of agriculture in the

tropics. The message, over and over again, is that, while in many areas

traditional methods stitl prevail, population growth and the introduction and

expansion of cash cropping have acted to undermine productive potential

through oven¡se and abuse of the land.

There is a considerable body of literature dealing with shifting culrivarion,

both in the traditional sense, and as it has changed with modernization. The

terrn "shifting cultivation" is often used as a generic tenn for farming systems

in which cultivation alternates with an uncultivated long-term fallow. During

the fallow period there is regeneration of a wild vegetation of trees, bush, or

grass. Usually, the fallow systems are practiced in conjunction with fire-

farming, in which the wild vegetation is burned off before planting (Ruthenberg,

1971). Nutrients exploited during the cultivation period are gradually built up

again in the secondary vegetation.

The fallow systems display considerable variations and degrees of intensity.

In true shifting cultivation systems, cultivators actually move their place of
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residence as they shift fîelds. Other systems have cultivators rotating fields

about a central village area which is more or less perrnanent. This second type,

correctly termed a "bush fallow" system, is common to the Ashanti region of

Ghana.

Many authors have found traditional shifting cultivation practices,

employing short cultivation periods followed by long periods of fallow (with

minimum fallow to cultivation ratios of 10:1), efficient and environmentally

sound (okigbo, 1984; scotr, 1977; l97B; cla¡ke, 1976). under such condirions,

these systems permit subsistence level food production with minimum labour and

other inputs. However, modern conditions often lead to foreshortened and

inadequate fallow periods.

2.3 ENVIRONMENTAL EFFECTS OF INTENSIFICATION

The influence of intensified agriculture on the soil and vegetation systems

of the tropics has received considerable attention. A classic study by Nye and

Greenland (1960) found that in soils under shifting cultivation there was: 1)

considerable but not excessive organic and humus lost to erosion, and increased

oxidation; 2) rapid loss of nutrients by leaching and crop use; 3) physical soil

deterioration in the way of compaction, laterization, and hard pan development;

and, 4) accelerated erosion. Denevan (1981) comments that these effects may be

perrnanent under short fallow, but revert under long fallow. Scott (1978) found

that "removal of a vegetation cover in the montane tropics can initiate serious

nutrient losses through volatization, runoff and erosion." Katrg and Osiname

(1985), in a review of published information of micronutrient deficiencies in

tropical soils, show an increase in micronutrient problems with cropping

intensification. Similarly, in FAo publications (eg. l9g4; l9g4b; l9g5), aurhors,
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such as Okigbo (1984) blame shortened fallow periods and intensified

agricultural production for nutrient losses and soil degradation. They see this

degradation both as a direct threat to agriculrural productivity and an important

link in a chain of factors undermining the productivity of tropical agriculture.

In addition to the direct influence on agricultural productivity through soil

erosion, there are a large number of more general environmental effects of

intensified agriculture. Myers (1984), Timberlake (1986), Bushbacher (1986),

Oldfield (1981), and Wilson (1985) describe the relationship between general

environmental deterioration and declining agricultural productivity. Further, they

see a serious th¡eat to climax vegetation systems in the tropics, and to the

biodiversity of the planet. Basically, as shifting cultivators are forced to clear

more and more forest land, local environmental deterioration is accelerated and

local water budgets disrupted. This may lead to the phenomenon termed

desertification, in drier regions, and to "grassification" (Kang, pers. com.) in the

humid tropics.

2.4 AGROFORESTRY

Agroforestry systems üe, generally, a group of land management systems

in which agricultural crops are combined with woody plants, and sometimes

animals, either simultaneously or sequentially. The overall goal of these systems

is to maintain or to improve crop yields per ha., while taking advantage of the

biological, economic and environmental benef,rts of trees, under conditions of

the land. These systems are seen as a realistic means of

the problems associated with agricultural intensification,

through their use of farming practices which enhance

conservation and which contribute to higher productivity per land base.

mcreaslng pressure

ameliorating some

on

of

soil and water
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The area of agroforestry research is fairly neìw. Interest in this area, and

the identification of agroforestry as a separate fietd of research, really began

with the IDRC study, Trees, Food and People: Land Management in the Tropics

(Bene et 41, 1976). One of the outcomes of this study, and subsequent meetings,

was the establishment of an International Council for Research in Agroforestry

(ICRAF), which formally began operations in 1978. ICRAF is the leading

organization in the collection and dissemination of information on agroforestry.

ICRAF publications provided a good deat of the information on available

agroforestry systems used in this study, as well as information useful in
designing and implementing the study. Other major sources of information

regarding agroforestry include the Food and Agriculture Organization of the

United Nations, the journal, Agroforestry Systems (established in I}BZ), and to
a lesser degree, tropical agriculture and ecologyjournals.

The literature in this area runs the gamut, from definitions

discussions of the range and variety of agroforestry systems,

quantification ol for example, nutrient budgets within a particular system.

combe (1982), examines the range of agroforestry systems

potential in ameliorating some of the diffîculties associated with

agriculture in the tropics. Nair (1985), also lists a range of

approaches, Ðd goes on to discuss applications for different systems

productivity and management; reclamation of degraded lands).

Lundgren and Nah (1985) discuss the role of agroforestry systems in soil

conservation. Their discussion includes a general introduction to and d.iscussion

of agroforestry concepts, problems and constraints, as well as soil conservation

aspects, including various mechanisms of improving soil fertility. Other work

along these lines includes that by young (1985; 1986). okigbo (r9g4: 19g4b)

and general

to detailed

and their

intensified

agroforestry

(i.e. soil
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discusses thoroughly the potential for systems utilizing species diversity.

The advantages offered by the various agroforestry approaches are

manifold. Depending on the parricular system employed, these include: the

provision of green manure and/or mulch; prunings and shade to reduce weeds,

during both the cropping and the fallow periods; improved conditions for soil

organisms; protection against soil erosion; provision of staking material, fire and

structural wood, etc.; improved nutrient cycling; ild, provision of biologically

fixed nitrogen (when N fixing species are used)(Kang et al, L984; Lundgren and

Nair, 1985).

The ability to fix atmospheric nitrogen is an important consideration in

selecting tree species for use in an improved fallow. In a 1984 paper, Greenland

addresses the area of nitrogen requirements in tropical agriculture. Although

other elements are essential for plant nutrition, it is nitrogen which most

frequently determines the level of crop yields. Also, because nitrogen is an

essential component of soil organic matter, maintenance of an adequate ninogen

level is closely related to maintenance of an adequate level of humus, which in

turn determines many other factors related to soil fertility. Soil Nitrogen levels

are maintained by the natural process of biological N fixation, and by additions

of mineral fertilizers and organic manures. Of particular value is the

incorporation of N fixing shrubs and rrees (mainly of the leguminosae family).

Other criteria in tree selection are: ease of establishment; rapid $owth;

deep rooting; heavy foliage production; good regeneration after pruning

(coppicing ability); useful by-products; Ðd, special adaptive characteristics (e.g.

promiscuous nodulation; cultural acceptability; history of locat use, etc.) (Kang

et al, 1984).

ICRAF has collected considerable information on multi-purpose trees (for
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agroforestry applications), including lists (eg. Nair et â1, 1984), and a series of

papers on Methodology for the Exploration and Assessment of Multipurpose

Trees (Huxley et al, draft).

As well, there is a small but increasing literature describing the specifics

of particular systems. Kang, and a number of co-authors, thoroughly cover alley

cropping. Included are; general descriptions of the establishment and

management of the system (Kang et al, 1986); discussions of soil management

and crop production under alley cropping (Kang and Wilson, 1987); and,

quantification of Nitrogen contribution from prunings and crop yields with alleys

of leucaena (Kang, Grimme and Lawson, 1985). These fîndings are examined in

more detail in the description of alley cropping in chapter 5.

Reynolds, Atta-Krah and Francis (1987) and Sumberg et al (1985), give

overviews of the alley farming system (alley cropping incorporating small

ruminants). Snelder (1987), Wiersum (1982) and others examine traditional

compound farms. Brookman Amissah (1984; 1985) focusses on a sysrem of

afforestation which has been in use in many tropical countries for a number of

years, the Taungya system. A number of other systems, less relevant to this

particular study, are discussed by authors in publications mentioned above.

There is also some fledgling work in the area of economic comparisons

among various agroforestry systems and traditional systems. Included in this

area is work such as that of Ngambeki (1985), with an Economic Evaluation of

AIIey Cropping Leucaena with Maize-Maize and Maize-Cowpea in Southern

Nigeria, Sumberg et al (1985), with An Economic Analysis of Alley Farming With

Small Ruminants, and work by Hoekstra (1983) using computer simulations.

Many of these studies emphasize a need for more information regarding

farm level acceptance of agroforestry sysrems (okigbo, t984; 1984b; Combe,
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1982; Clarke,1976; Janzen, 1973).

2.5 ACCEPTANCE

There are a number of considerations which must be made in designing any

agricultural system for use by tropical farmers. Innovations for subsistence level

farmers must be even more exacting. ICRAF (1983a) clearly state three criteria

of good agroforestry design; productivity, sustainability, and adoptability. The

need for improved productivity is self evident. The sustainability criterion

focusses on conservation objectives. "The 'adoptability' criterion means that

techniques and systems proposed for development should be capable of adoption

by a significant percentage of the intended users." Systems which call upon

resources of limited availability to farmers, or which are incompatible with

unchangeable features of existing land use systems must be avoided to meet this

criterion.

Filius (1982) employs economic tools in discussing these considerations. His

"socially optimal" agroforestry combinations include reference to possible crop

combinations, distribution of labour, land and capital, and other inputs. Scott

(1979) examines a socio-economic approach to managing forest occupancy,

showing a high degree of acceptance of introduced alternatives ro shifting

cultivation where socio-economic rewards are adequate. Okigbo (1984; 1984b)

advises great care in designing socio-economic acceptability into any introduced

systems.

Cost constraints are an important consideration. Subsistence level farmers,

by definition, have very low cash flow. Cash requirements for the establishment

of a system may prove prohibitive. Furthermore, the socio-economic rewards

must be clearly adequate and not delayed. Hoekstra (1985, 1985b) and Young
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(1986) discuss this.

Bentley et al (1986) discuss factors, both positive and negative, associated

with agroforestry systems and adoption by resource poor farmers, and conclude

that, on the whole, systems of this type are well suited.

Francis (1987) considers the implications of land tenure systems with

regard to agroforestry adoption, and shows the importance of rights to plant

trees, and to benefit from trees and other land improvements.

All of these considerations are important in designing agroforestry systems.

Toward this end, ICRAF have developed the Agroforestry Diagnosis and Design

(D&D) methodology (ICRAF, 1983; 1983b; 1986). This methodology srresses a

flexible, multi-disciplinary approach to designing agroforestry systems. The D&D

methodology seeks to identify production constraints through farming systems

diagnosis and to ameliorate these problems through appropriately designed

agroforestry intervention s.

The ICRAF approach is an iterative one, involving on-farm trials of

prototype systems (ICRAF, 1983; 1983b). The value of on-farm trials in

developing agricultural innovations for application in subsistence agriculture is

stressed by many, including such authors as Atta-Krah and Francis (1987),

Mutsaers et al (1986), and A¡ias (pers. com.).

2.6 SUMMARY

Food crop production in the humid tropics has undergone a rapid

intensification, resulting primarily from population growrh. This intensification

has lead to environmental degradation and a steady erosion of productive

potential. The effort to overcome problems associated with agricultural

intensification has lead to strong interest in a group of land management
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techniques commonly known as 'agroforestry systems'. The literature in this new

area of study is small but growing rapidly; it includes descriptions of systems,

trials, comparisons, and discussions of approaches toward enhancing acceptability

of the new systems. This review is, at best, a sampling of the available

literature. A more complete description of some of the agroforestry systems

follows, in chapter 5. Other important ideas from the literature are cited

throughout the practicum.



CHAPTER 3

METHODS

3.1 INTRODUCTION

Research was carried out in 'West Africa, based at the Institute of

Renewable Natural Resources, University of Science and Technology, Kumasi,

Ghana, from July through December, 1987. Two methodologies were utilized to

satisfy the objectives. Literature review and personal communication with

resea¡chers, both in Ghana, and at the International Institute of Tropical

Agriculture (IITA), in Nigeria, were used to document 'the state of the art' in

agroforestry. This component of the resea¡ch also provided a grounding in West

African traditional farming methods. The second research method, a qualitative

survey of farmers in the Ashanti region, was used to describe the specifics of

the food production systems currently employed, and to identify potential

constraints to adoption of the various improved systems.

3.2 LITERATURE REVIEW AND PERSONAL COMMUNICATIONS

Objective 1, "to document available agroforestry systems" was satisfied

through a review of current literature on agroforestry, and through personal

communications with researchers working in the area of agroforestryÆarming

systems research.

The major part of this work was carried out at the IITA, neil Ibadan,

Nigeria. IITA seeks, as one of their main goals, to develop alternatives to

shifting cultivation that will maintain the productivity of the land under

continuous cultivation in the humid and subhumid tropics. Their Farming

Systems Program includes a number of research projects which relate directly to

t9
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the development of appropriate agroforestry technology (with the emphasis on

alley cropping), along with a greater number of projects which offer

complementary research. As a Research Training Associate with this program,

there was oppornrnity to communicate with researchers involved in designing

innovations to farrning systems suitable to humid West-African cond.itions, and

to visit their research sites (both on-farrn and on-station).

Library research at IITA, utilizing materials described in Chapter Z (the

literature review), gave good grounding in the 'state of the art' in agroforestry

research and development.

As well, there has been a small amount of research done on agroforestry

in the Ashanti region of Ghana. Reports on this work ars not generally

available in the literature. Every effort was made to visit the researchers, and

their resea¡ch projects, in order to become familiar with their ideas, and with

their findings to date.

3.3 TFIE SURVEY AREA

The farmer survey (discussed below) was carried out in the Ashanti

(administrative) region of Ghana, in five villages in the vicinity of Kumasi (N

6.43, W 1.36). This region has a land area of 24,389 sq. km. and a population

density of 86/sq. km.. Of this land area, 3,724 sq. km. is forest reserye land.

Recalculating the population density to exclude forest reserve land brings the

population density up to 101/sq. km.

Much of the Ashanti region falls within the High Forest (geographicai)

region. The area was formerly covered by a closed crown semi-decid.uous forest,

primarily of the Celtis-Triplochiton association (Taylor, 1960). presenrly, the

climatic climax vegetation is represented only in porrions of reserved forests
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and in small scattered patches of unreserved forests. These unreserved forests

are often 'Fetish Lands', preserved by villages for cultural reasons (ancestral

burial grounds, spirit dwelling places, etc.). The rest of the area is under

perennial cash crops, staple food crops, or fallow vegetation on temporarily

abandoned food farms.

The area is within a relatively high rainfall zone, with total annual

precipitation of 1500 nìm. Precipitation is distributed bi-modaly, with a major

peak in May-June, and a minor peak in September-October (FAO, 1984). These

precipitation maxima correspond with the two growing seasons known

colloquially as the major season and the minor season. The region is classified

as having a "normal growing season (with dry period)" (FAO, 1984). On average,

there are 73 dry days, 101 intermediate days and 191 wet days, and a growing

season length of 293 days.

average of 25.5oC and a maximum

fall below 19oC., with the coolest

447o and evapotranspiration at I37L

Topographically, the land consists of a series of extensive plateau

surfaces, intemrpted by hills or mountains. Elevation above mean sea level at

Kumasi is 287 m.

The soils in the area are formed from two predominate parent materials;

Cape Coast Granite and Birrimian Phyllite. The soils, classified under the

FAO^INESCO system, are rhodic ferrasols, acrisols and dystric gleysols along

watercourses (Brookman-Amissah, 1985). The soil catenas common in the study

area: overlying the Cape Coast Granite, upper slope, lower slope and lowlands

respectively, are the Kumasi, the Akroso and the Ofin series; overlying the

Temperatures are high, with an annual

of a¡ound 30oC, in March. Minima rarely

period in July-August. Sunshine is given as

mm (FAO, 1984).
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Birrimian Phyllite, the Bekwai, Kokofu and Oda series. All of these soils are

sandy, with very low organic mamer contenr (l - l.5vo by weight). Soil pH

values are in the range of from 4.5 to 5.5 (Ankomah, pers. com.).

The villages included in the survey lilere all within a fairly close radius of

the U.S.T campus. These villages are: Kokoben, approximately twenty-two

kilometers south east of the U.S.T campus; Behenasi, forty-two kilometers

south-west of the Campus along the Lake Road; Bawuro, 13 kilometers east of

the campus, along the Accra road; Kubease, 28 kilometers east of the campus,

along Accra road; and, Amoaben, 40 kilometers north west of campus. population

census are not available for these villages, but, by rough estimation, the range

would be from a low of around seventy in Amoaben to a high of around five-

hundred in Bawuro.

3.4 FARMER SURVEY

The second method of research was a farmer survey, seeking qualitative

information on traditional farming systems in the Ashanti, and on constraints to

production and sustainability within these systems. As well, using information

from the ea¡lier literature research and personal communications, candidate

technologies appropriate as interventions in the traditional sysrem were

appraised. Special attention was given the identifîcation of potential barriers to

adoption of the various agroforestry systems.

This survey followed, loosely, the lines of the International Council for

Research in AgroForestry (ICRAF) Agroforestry Diagnosis and Design (D&D)

Methodology (ICRAF, 1983). This methodology consists of several srages of

investigation, designed to allow a rapid appraisal of the actual needs and

potentials of land use systems. These are the "pred.iagnostic,', ,,diagnostic',,
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"technology design", and "follow up planning" stages. For a rundown of the D&D

system, see appendix 1.

The fi¡st stage, analogous to the D&D prediagnostic stage, consisted of

discussions with agriculture researchers based at the University of Science and

Technology (UST) in Kumasi, and reconnaissance tours of farms and villages in

the area. Informal interviews were conducted with a total of nine farmers from

th¡ee villages. The purpose of this stage was the focussing of research needs,

and the selection of a target system of farming.

The majority of farmers in the area fall into a group which can be termed

'subsistence farmers'. Although many sell some portion of their produce, most

production is for home consumption. This group was selected as the focus of

the study.

The initial reconnaissance was followed by four weeks of research at IITA.

The diagnostic survey was commenced on returning to Ghana in early

September. The survey questions were modeled closely on the "suggested survey

techniques and interview guidelines" contained in ICRAF working paper No. 7.

However, because of the acute resource shortages faced by Ashanti farmers, a

large number of the questions referring to the use of inputs, mechanization,

etc., were inappropriate. The resulting modifîed survey was considerably shorter

than the original. Examples of survey questions are included as appendix 2.

Five villages in the Kumasi area were selected. An effort was made to

include villages which represented a range of values for such factors as

population size, accessability to Kumasi, soil type, etc. In making these

selections, advice was sought from staff at the IRNR.

Arrival in the villages was timed to coincide with the time ar which

farmers flust go to their fields. Where possible, permission was sought from the
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village chief, or a representative, to conduct interviews. Farmers were contacted

in the village, as they walked to their fields, or while working in their fields

(with assistance in locating them from the last farmer interviewed or from

curious, helpful yourhs).

On receiving the assent of the farmer (none refused), questioning was

initiated. In a full survey, questioning was canied out while walking to or from,

or while touring the fields. This approach served rhe dual purpose of making

the farmer feel more comfortable, and permining actual visual evidence and

illustration of farmers' answers.

In the five villages (Kokoben, Behenasi, Bawuro, Kubease, and Amoaben),

twenty farmers participated in a 'full survey'; that is, responded to a full set of
questions before, during and after tours of their farms. In addition, another

twenty farmers, encountered in the villages or along trails to fields,

participated in 'partial surveys', answering questions about their perceptions,

farming systems, and problems, without actually visiting their farms. The chiefs

of Kokoben and of Kubease also answered a number of questions about village

farming systems, customs and land tenure, and about their recollections of
changes over the years.

The survey was carried out on as informal a basis as possible, to minimize

any intimidation of respondents. This informal approach also allowed freedom to

fully explore unanticipated findings, and to delete questions to which answers

became predictable and redundant. An interpreter was present for all the

interviews, and was required for all but two.

In addition to the diagnostic survey proper, information on farming

systems was gathered in Ashanti and near-Ashanti villages further afield, while

visiting for other purposes. Thus, discussions with farmers in Temeran (while
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investigating the Taungya system), and in Asantemanso (while visiting an

archeological site, possibly representing a pre-agricultural society) in the

Ashanti region, and in Dwomo (while investigating some abandoned research on

improved fallow) in the Brong-Ahafo region, further rounded out my

understanding of farming systems in the region.

Data analysis was an ongoing, iterative process. As understanding of the

farming system in the Ashanti developed, so too did ideas about potential

agroforestry innovations. These ideas generated new lines of questioning, ffid

further refinement of ideas. The results, therefore, consist of a description of

the food production system of the Ashanti region, and descriptions of selected

candidate agroforestry technologies.



CHAPTER 4

AGzuCULTURE IN THE ASHANTI

4.1 SOURCES

This chapter, describing the food production system used by farmers in the

Ashanti region, is a synthesis of information collected from all sources. The

bulk of the information originates in responses given by farmers during the

survey and in personal observations made during survey visits. These are not

always referred to directly. However, supplementary information garnered' from

the literature and from personal communications is cited appropriately.

4.2 BUSH FALLOW

In the Ashanti region of Ghana, bush fallow (slash-and-burn) cultivation is

by fa¡ the dominant system of food crop production. Under this system, the

farmer cuts down most or all of the standing vegetation on a plot of land,

allows it to dry, and burns it. Crops (maize, cassava, yam, cocoyam, plantain,

etc.) are planted on the newly cleared land. Their growth in the typically

nutrient poor soils is dependent to a large extent on macro and micro-nutrients

released from the burned vegetation, and from the decomposition of

incompletely burned above-ground matter and subterranean material.

The vast majority of land under subsistence cultivation is rainfed cropland.

No instances of irrigation were observed or otherwise discovered on subsistence

lands in the Ashanti Region.

The cultivation period is normally restricted to two years or less (cassava

may be left to grow for up to 24 months), though the farmer may return to the

plot for up to four years to harvest plantain and volunteer cocoyam. After the

26
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harvest of the cassava, weeding is discontinued and the plot allowed to revert

to fallow. The fallow vegetation restores soil ferrility through nutrient cycling,

litter-fall, and through its positive influence on soil temperature, moisture and

microorganisms. V/eed growth is inhibited by shading from the oversrory

vegetation. In the surveyed villages in the Ashanti, fallow periods range from as

low as three years up to eight years or more.

4.3 CROPS

The most important staple food crops in the Ashanti region are maLze (Zea

mays L.), cassava (Manihot esculenta Crantz), yam (Dioscorea rotundata),

cocoyam (Xanthosoma spp. and Colocasia spp.), and plantain (Musa spÈ). They

are typically grown as intercrops, and it is corilnon to find all of these crops

represented within an individual plot (plate 1). In addition to their food crops,

some farmers cultivate specialty crops, such as fruits and vegetables (tomatoes,

peppers, garden eggs, oranges, etc.) or cocoa.

4.3.1 Maize

Maize is the most important cereal crop in the Ashanti (plates 1, 2). It is

primarily grown in the major season, most commonly as an intercrop with

cassava. The maize seeds ¿ìre planted by hand, in holes prepared with the tip of

a cutlass, in mid April (timed to coincide with the commencement of the major

rainy season). Harvest time is dependent on the variety planted. Maturity in the

varieties used ranges from one hundred to one hundred and twenty-fîve days.

Thus, harvest of mature muze normally occurs sometime in August. However,

early maturing varieties are sometimes harvested green, as early as seventy five

days after germination, if there is an urgent need for food.
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Plate 1

A typical intercrop of cocoyam (imrnediate
foreground), cassava (palmate leaf, midground)
and 

- maize, with 8 year fallow in background.
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PIate 2
Kokobin, with salvaged maize, in

field of cocoyam (foreground)
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Stunted maize cobs,
and disease.

Plate 3
showing the effects of drought, self-pollination

Plate 4
Cassava trading, Behenasi.
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Cassava harvest. Hired
sold 'in the ground'.

Plate 5
labourers harvest a cassava crop which was

,{IFÅ

Farmer with cutlass and
cocoyam and planted cassava.

Plate 6
cocoyam corïn

r i-r, L\,.1

ÌI s
ñR= if :s\--:-\.,¡

in intercrop of volunteer
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Maize is most commonly used as the sour tasting Kenkey, a steamed

fermented dough. It may also be roasted on the cob.

4.3.2 Cassava

Cassava (plates 4, 5) is a long-matuting root crop which forms the basic

starchy element of the diet in the region. Cassava is planted, from cuttings,

simultaneous with planting, or coincident with germination of the intercropped

muze. Except under conditions of hunger, roots are not harvested until

approximately nine months after planting, and then only for home use. For sale,

cassava is normally left to mature longer. It may be left for up to twenty-four

months, to allow continued tuber growth. Cassava roots cannot normally be

stored for much more than th¡ee days, so harvest is typically done only on an

'as required' basis.

Fresh cassava contains varying ¿Lmounts of cyanide which must be removed

by processing before the cassava is consumed (Hahn and Keyser, 1985). In the

Ashanti region, cassava is eaten either as gari (the tuber is peeled, grated and

fermented, the liquor squeezed out, and the meal dried; it may be stored for

longer periods in this form) or as fufu. In fufu, boiled and pounded cassava is

eaten with a broth, alone or blended with other roots and tubers, such as yam

or cocoyam, or with plantain.

Cassava is able to grow even in relatively nutrient poor soils. It has an

extremely high efficiency of food production from solar energy; Coursey and

Booth (1977) report that, in tenns of calories fixed in edible carbohydrate per

hectare per unit time, cassava can out-yield all other food crops except sugar

cane (and, more recently, some high yield varieties of sweet potatoes developed

at IITA). For these reasons, cassava is extremely important in Ashanti region
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agriculture and diet.

4.3.3 Yam

Yam is another starchy tuber. They too are intercropped with the

maizelcassava, with planting in April. Grown from tubers, cultivated yams

produce vines between 2 and 7 metres long. The vines are usually supported on

long poles. The plants ¿ìre relatively shade tolerant. Tubers aÍe manre in six to

eight months after planting. The new yam festival, held October first, marks

the 'time of some early harvesting for domestic use. After harvesting the tuber

from a plant, as much as possible of the stem and leaves are replanted to

produce new tubers for planting material.

Yam production requires high inputs and is labour intensive. Weeding is

required for four to five months. Mounding is required, as is staking, and good

quality staking material is not always easily available. The most frequently cited

constraint to further production of yams, though, was insufficient and costly

planting material.

Yams are boiled and eaten like potatoes, or may be pounded and eaten as

yam fufu. Yams are very popular, and are preferred to cassava. However, far

less yam than cassava is grown in the Ashanti, reflecting the fact that yam

production is laborious, expensive, and difficult.

4.3.4 Cocoyam

Cocoyam (plate 6) is propagated vegetatively from small corïns, cornels,

and stem cuttings. In many of the farms visited, the majority of the cocoyams

were reported to be volunteers. The naturally regenerated plants may be ready

for harvest as early as September, if the early rains were adequate. prior to
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harvesting the conns, young leaves, petioles and flowers may be used as

vegetables. The corms are commonly added to cassava fufu.

4.3.s Plantain

Propagated from shoots, plantain plants are common in the intercropped

fields of Ashanti farmers. With substantial vegetative gïowth and a spreading

shape, plantain offers signifîcant light competition to other crops, so farmers

limit the number of plants within a f,reld.

Maturity, and harvest, takes place in September/October. plantain fetches

a relatively high price per volume, making it an attractive market crop in spite

of the transportation difficulties faced by farmers. A large proportion of that

grown may be sold.

Plantain is eaten fried or roasted, or may be blended with cassava in fufu.

4.4 LAND USE

4.4.1 Tenure

Most land in the Ashanti is subject to a system of proprietary arrangement

in which absolute ownership of the land is vested in the Stool (i.e. the ,,th.rone,,

of the Asantehene); such land is known as "Stool land". The Asantehene (the

king or paramount chief of the Ashantis), demands and receives annual homage

from every subchief within his domain (Adegboye, lg77). The land of a

particular village has been apportioned to the chief of that village. These

village chiefs (the subchiefs of the Ashanti) in turn assign right of usage to
heads of families, or individuals for the use of families (Acquay and Murphy,

1973).

Once assigned to a particular family, land is treated as if it were owned
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by the family, except that there are strong prohibitions against. selling. There is

security of tenure such that the benefits of improvements made to the land,

including the planting of trees, will accrue to the family. In practice, the bulk

of the useable land has been assigned to individual families in the pasr. Re-

assignment of land occurs if a family moves away or dies off. Land may be

rented out, normally with payment made in clearing labour on land to be farmed

by the landowner, or, less commonly, in produce. The most important form of

land transfer, though, is inheritance. Ashanti society is matrilineal. Land is

owned by women, and child¡en inherit from their mothers (Adegboye,1977).

Individual plots may be quite irregularly shaped, though it is coûrmon to

have some straight borders. The average plot size seems to range from about

.25 to .5 ha.. Each family within a Stool will 'own' several plots of land. These

may be in one contiguous unit or scattered throughout the Stool. An individual

may choose to farm only in one location in a given year, or may plant in

several locations. Nevertheless, the family 'owns' sufficient land such that a

given plot may be allowed to revert to fallow for some minimum period of time

while other plots are farmed. Lands perceived to be particularly productive, and

lands near to the village site are often farmed more intensively than less fertile

and more distant lands, such that the fallow to crop ratio on an individual

family's lands will not be uniform.

Proprietary rights over naturally occurring valuable trees revert to the

Stool. However, planted trees on family land are felt to belong to the planter.

Planting trees has implications for long tenn use of the land, and those with

only temporary rights in tand are normally prohibited from doing so.
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4.4.2 Fallow

In the surveyed villages in the Ashanti, fallow periods range from as low

as three years up to eight years or more. There is variation in fallow period

length between farms in a given village, and even between different plots of a

single farmer's (or family's) land. However, there is normally a pattern within a

single village's land, with some average fallow period length employed by the

majority of farmers. This average tends to vary from village to village. For

example, every farmer interviewed in Kokoben reported using 8 years of fallow.

In Behenasi the average seemed to be around 5 years and in Kubease, some

reported using only two years of fallow, but the average was closer to th¡ee.

In all villages except Kokoben (where eight year fallows are srill

practiced), village elders reported that fallow periods had been shortened over

the years. Memories of seven and eight year fallow periods were common.

4.4.3 Cropping Calenda¡

A typical cropping calendar in the Ashanti begins with clearing of fallow

vegetation, from December to January, or even as late as February (depending

on the density and composition of the fallow vegetation). Burning is caried out

in March. Immediately following the burning, unburned stumps and underbrush

are cleared and set afire again. As well, some seed bed preparation is carried

out at this time (eg. preparing mounds for yams; beds for tomatoes).

The major season rains begin about mid April. At this time planting is

initiated. Typically, rows are not used. Rather, plants are intercropped. A

second, minor season crop may be planted following the muze harvest, in late

August.

Following a fallow period of adequate duration (i.e. enough to allow



$owth of a ground shading woody fallow

required until June. V/ithout such a fallow,

an ongoing process.

Harvest of crops may begrn as early as

years of food shortage, green mf.dlze is used)

after planting (cassava). The muze crop is
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community) weeding may not be

weeding must begin sooner, and is

seventy-five days after planting (in

and continue until up to 24 months

normally han¡ested over a short

time. Root crops, typically, are harvested as needed, over a longer period.

4.5 LABOUR

The operations of a shifting cultivation system may be classified as follows

(after Ruthenberg, 197 l):

1) Clearance of wild vegetation. This is the most strenuous, labour intensive

activity. In the system employed in the Ashanti, standing vegetation is cut,

allowed time to dry, and burned. Unburned material is then gathered up and set

afire again. Unwanted trees too large to fell are killed by girdling or by serring

a fre at the base, and removed by burning over one or more clearing periods.

2) Land preparation and planting. Very little soil preparation is used by Ashanti

farmers, except in growing yams, where mounding is required. planting is

accomplished by digging small holes with a cutlass tip and inserting the maize

seed or cassava cuttings.

3) Weeding. Theoretically, the fallow suppresses the growth of weeds, and after

fue the soil should be weed free (Ruthenberg, lgTl). However, under the

reduced fallow conditions employed, the fallow vegetation is often dominated by

weeds such as Eupatorium odoratum (Acheompong weed). This particular weed

has an extensive root system which is left relatively unscathed by either the

cutlass clearing method or the fire, and regrowth from root stock is extremely
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vigorous.

4) Harvest, transport of harvest, and processing. Together with clearing,

harvesting is the most labour demanding task. This is particularly true of the

root crops, and especially cassava, in which transportation is very time

consuming.

Similarly, Ruthenberg's generalization of labour division reflects; fairly

accurately, the situation in the Ashanti. Family labour is the most important

over the cropping season, with some employment of hired labour for clearing

and sometimes for harvesting.

There is a division of labour with respect to different crops and with

respect to different jobs. Cash crops ¿ìre normally farmed by men; only one

woman survey participant had a cash crop (cocoa). Food farming is normally

done by women, though this division is less clear. Approximately 30Vo of survey

participants were men. In these cases where men were doing the food farming,

their wives were otherwise occupied, usually in trading activities. Within food

farming systems, clearing and burning is typically done by men, while planting,

weeding and harvesting are more usually done by women. Housework and

collecting fluewoodfetching water are the responsibilities of women and

children (exclusively), while men are responsible for construction and other

heavy work. In many cases, men were absent from the village for extended

periods, employed in wage jobs.

Extended family units often cooperate in terms of food production, with

sharing of produce. Still, most respondents reported employing hired labour for

clearing operations (due, in part, to the absence of husbands to do the work). A
smaller number hired labour to help with the harvest. A practice common with

cassava crops is for the farmer to reserve a portion of her crop for herself,
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and sell the rest of the crop in the ground (unharvested). The buyer, using

hired labour, harvests the entire crop at once, usually transporting it to a

larger market (i.e. Kumasi). This practice seems to be a response on the part of

the farmer to three main factors: 1) need for cash; 2) labour restrictions; 3)

transportation difficulties. These are discussed later.

Many farmers complained of labour shortages. They felt that, with more

labour, they could cultivate more land (though this would mean even greater

abbreviation of fallow periods). This paradox of seasonal agricultural labour

shortages in the face of rapid population growth and land fragmentation is

explained by several factors. Primary among these ¿ìre the large out-mi$ation

of able bodied men seeking wage-jobs in urban centres (in response to genuine

requirements for cash and learned prejudices against farming), and the trend

among women to 'commute' to urban areas to participate in trading activities.

The result is that villages tend, more and more, to be populated by the very

old and the very young. Able, productive individuals remaining in the villages,

facing a breakdown of traditional labour divisions, find their time fragmented.

Coupled with reduced productive potential per hectare of land (higher labour to

produce ratios), simultaneous shortages of labour and of land are indeed real.

4.6 OTFIER RESOURCES

4.6.t Livestock

Of the twenty farmers participating in the full survey, only five had any

livestock at all. One of these had only a few fowl, while the others had some

combination of fowl, goats and sheep. All of the livestock owners reported

extremely high mortality due to disease (at least 50Vo in sheep and goats), and

many of the respondents who did not keep animals cited disease as a major
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constraint.

Most animals are kept penned or tied and are fed peelings and waste from

household vegetable preparation and cut and carry fodder from shrubs. In one

village (Kubease) there was a set time period during which animals could be

released to free range feed. Apparently, animals loose outside of this time

period could be appropriated by a finder.

Farm families normally eat only what they are able to produce. These

difficulties of animal husbandry, and general cash shortages, make meat in the

diet something of a luxury item. Meat makes up a small part of the diet, and

what is eaten is as likely to be 'bush meat' (wild animals) as domestic meat. In

already meagre diets, protein deficits are common.

4.6.2 Farm MachineryÂmplements

All clearing, land preparation, weeding, and harvesting, is done by hand

(plate 7). None of the farmers used &aft power for any pafi of their

operations, and the only report of machine usage was by two farmers who had

hired "Dolmars" (Sachs-Dolmar Chain Saw) and operators to remove very large

trees. This is relatively expensive and only used when absolutely necessary. The

only tool used in cultivation is the cutlass.

4.6.3 Inputs

Except for planting material, no purchased inputs are regularly employed.

Land and labour are by far the biggest input costs. Planting material may be

saved from previous crops or purchased through either the Ghana Seed Company

or the Grains and Legumes Development Board (GLDB). Except in the case of

intensively farmed vegetables (for market), fertilizers are very rarely used. Only
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two participants in the survey reported ever having used fertilizers, and none

had used fertilizers in 1987. Use of fertilizers is very costly, but in many cases

farmers did not seem to feel it was necessary anyway. No irigation is used.

4.7 CURRENTAGROFORESTRYPRACTICES

The bush fallow system is, by any definition, a true agroforestry system.

Trees and crops are alternated, temporally, with the trees serving to regenerate

the soil.

Some attempt was made to determine attitudes of farmers toward trees

within crops, and to understand farmer's conceptions of soil fertitity and of the

process by which bush fallow works, with varying success.

Many farmers disliked having trees amongst their crop plants. The most

frequently cited reason was that trees shade the crop and so reduce yields.

There was also concern that tree roots interfere with planting, and that there

is more labour involved in trying to retain some trees than in clearing all.

Farmers will expend extra effort to kill species of trees known to be

commercially valuable. This is because they have no proprietary rights to the

trees on their land, and experience has shown that timber concessionaires who

come to take the trees cause a great deal of damage to crops and offer no

compensation.

While some farmers kept their fields completely treeless, others allowed

and even encouraged certain trees. The reasons for keeping trees were much

more numerous than the reasons for not keeping them. There are: trees which

are thought to be beneficial to crop plants in some way; trees which have

medicinal uses (a wide variety); trees which provide valuable products (wood,

fruit, palm wine); and, trees which are kept for shade.
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4.8 CONSTRAINTS TO PRODUCTION

Constraints to production are many and varied within this system of crop

production. A list of the main physical, biotic and socio-economic constraints

within farming systems in West Africa was compiled by Okigbo (1984):

A. Physical Constraints
i. Climatic

a) unreliability of rainfall in onset, duration and intensity;
b) unpredictable periods of drought and flood;
c) reduced effective rainfall in sandy soils and steep slopes;
d) high soil temperature for some crops and biological processes (eg. N

fixation)
e) high rates of decomposition and low organic matter level;
f¡ cloudiness and reduced photosynthetic efficiency;
g) acute moisture deficits during several months of the year where dry

months exceed 3 months;

ii. Soil: Most soils of the humid and sub-humid tropics are:
a) weathered, sandy, low in clay;
b) of low carion exchange capacity (CEC), hence colloidal complex

less active;
c) of low inherent fertility;
d) high in soil acidity;
e) subject to multiple nutrient deficiencies and toxicities under

continuous cultivation;
fl high in P-fixation;
g) subject to intense leaching and of high erosion hazard under

prevailing rainstorms.

B. Biological Constraints
a) unimproved crops and livestock;
b) low yields - low potential;
c) susceptibility to weeds and pests;
d) high incidence of diseases, pests, weeds due to favourable

envlronment;
e) drastic environmental changes resulting from human activities with

adverse effects on ecological equilibrium or balance in nature.

C. Socio-Economic Constraints
a) small farm size more drastically reduced by population pressure;
b) unfavourable land tenure systems often resulting in fragmentation of

holdings;
c) shortage oflabour;
d) lack of credit, low income;
e) poor marketing facilities and pricing structure;
f) unavailability and high cost of inputs;
g) poor extension services;
h) illiteracy and superstition sometimes hampering adoption process;
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i) poor transportation facilities;
j) until recently, lack of package approach to production systems,

technology, design, evaluation and use;
k) lack of effective farmer organizations and political 'voice'.

Most of these factors, to one degree or another, act to timit output to

labour ratios within farnring systems employed in the Ashanti. There is a

general feeling among tropical agriculture researchers that increasing

populations and the resultant intensification of land use is leading to decreasing

productive potential of the land through soil degradation and increased

incidence and severity of the various types of pests and diseases (FAO, lg}4,

I984b, 1985; Clarke, 1976). Although no statistical corroboration was obtained,

most farmers reported noticeably declining yields over the years. Only the very

young farmers were unable to make this observation. Some of the more

important factors from the above list, and those for which there seems some

potential amelioration throu gh agrofore stry interventions, include the followin g.

4.8.1 Soil quality

Soil quality is something of an abstract concept, involving such things as

organic matter content, cation exchange capacity, base saturation (nutrient

status), soil structure and moisture holding capacity (a function of organic

content and soil structure). These factors are all highly interrelated, existing in

a dynamic equilibrium.

It is known that bush fallow systems employing short fallow periods, as

commonly practiced in this region, contribute to soil degradation and

progressive loss of productive potential (Ruthenberg, 1971,; Okigbo, l9g4: FAO,

1984, 1984b, 1985). No quantitative data were obtained, but personal

observations confirmed that the quality of the soil in most farmer's fields is

very poor. Organic content is low and soil structure poor. Marked differences
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V/eeding beneath plantain.
with the cutlass.

Plate 7
All clearing, planting and weeding is done

Erosion channel in farmer's ,rJrf'" Irrn intercrop of plantain (right
midground), yam (far left) and cassava.
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were obvious between cassava gro\ilth in the fields of Kokoben (with 8 year

fallows) and the fields of Bawuro. Even within the fields of a single village,

obvious differences in soil fertility could be seen, manifest in much more

vigorous vegetative growth in far fields as compared to more intensively

cultivated close frelds. Cassava tubers and cocoyam coÍns harvested from short

fallow fields were very small as compared to crops from less intensively farmed

lands. And again, most fa-rmers complained of progressively falling yields.

V/ith regard to soil fertility, the availability of nitrogen is the paramounr

limiting factor in crop production in humid West Africa (Greenland, 1984).

4.8.2 Erosion

Closely related to the concept of soil quality is erosion. In a dynamic,

positive feedback mechanism, soil erosion reduces soil quality which in turn

leads to increased vulnerability to erosion (through impaired soil structure and

absorptive capacity of the soil, and reduced cover vegetation).

In all fields, some evidence of erosion was visible. In some, particularly in

sloping areas, substantial erosion channels were present (plate 8).

4.8.3 Soil Moisture

Another of the results of the reduced organic matter content of these

soils, and of the degraded soil structure, is a reduced soil moisture status. Less

moisture is retained in the soil at its saturation point üd, because the soil is

relatively unprotected (by vegetation and/or organic material), evaporation

quickly reduces the moisture content.

N4zu:ze production in the Ashanti region \ilas very poor in 1987. Most

muze crops failed due to moisture shortage. It is likely that the problem would
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have been less severe on less degraded soils.

4.8.4 Weeds

Weeding, under conditions of reduced fallow, becomes a very considerable

labour drain (plate 7), and abandonment of a plot of land may be due as much

to weed infestation as to nutrient depletion (Clarke, 1976). Weeds compete

efficiently with crop plants for light, moisture and nutrients, and can

significantly reduce yields on a per hectare and per unit of labour basis.

The short fallows curently employed in the Ashanti are often insufficient

to satisfactorily reduce weed populations. In fact, frequently, even a four or

five year fallow will be dominated by acheompong weed (Eupatorium odoratum)

at the time of clearing. Although it is quite easy to clear to ground level, it is

very difficult to remove the root stock, and farmers report that the above

ground vegetative mass regenerates extremely quickty from the root stock.

Almost immediately after clearing and burning a plot covered with acheompong

weed, regrowth appears.

A further problem with acheompong weed is that it tends to d.y out

during the dry season to the point that it will burn readily. Large bushfires

result, leaving unprotected soil on plots that are intended to be under

regenerative fallow vegetation.

4.8.5 Pests

Hahn (1985) identifies pests and diseases as "the most serious

factor in root crop production" on the African continent. Most important

Ashanti are those which affect cassava, notably cassava mosaic disease

and bacterial blight (cBB), and grasshoppers. Both cMD and cBB were

limiting

in the

(cMD)

present
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fields, but the farmers themselves identified grasshoppers

problem.
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many farmer's

their biggest

4.8.6 Other Constraints

The list of production constraints compiled by Okigbo (1984) includes

several socio-economic factors. All of these ¿ìre effective in the Ashanti region,

some more so than others.

Capital shortages are extreme among small scale farmers. Many farm

barefoot, unable to afford a pair of rubber boots. Several complained of being

unable to replace worn out cutlasses (their only tool). None of those

interviewed were able to afford fertilizer or pesticides (except for use in

specialty crops). This has important implications in developing innovations.

As well, small scale farmers in the Ashanti region face very serious

transportation limitations. This difficulty plays a large role in marketing of
produce.

At the vitlage level, fooþaths link fields to the village. Harvested produce

is head-loaded from the fields.

At the national level, there is an obvious shortage of motor transport.

Lorries and smaller trucks are routinely, dangerously, overloaded. Vilage

farmers must depend on the irregular 'schedules' of lorry drivers who may or

may not come through the village on a given day and who may or may not have

room for a farmer and his produce. In one case, several farmers were observed

waiting, with a small ha¡vest of maize, for two consecutive days for transport

to Kumasi. This was reported not to be unusual.

This routine inconvenience leads to an enonnous \flaste of time. In the

ln

as
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high heat and humidity common to the region, it may also lead to lost produce

through spoilage. It probably leads to some change in farming and marketing

practice as well. There will be some prejudice against heavy, bulky, low priced

crops. Several farmers cited transportation difficulties as a main contributing

factor in their decisions to sell cassava crops in the ground. This practice

shifts wealth from already poor farmers to wealthier traders with available

capital and/or transportation.

4.9 FARMER INTEREST

Many farmers expressed concern over increased pest and weed problems

and falling yields. They were interested to know if we could make suggestions

to help them, and expressed a willingness to try new methods. This willingness

was borne out by several farmers who had participated in a survey, examining

tree species makeup in fallow vegetation, in late 1986/early 1987. During the

course of the survey, the researcher, a staff member of the IRNR on study

leave, had suggested to the farmers: that they try leaving more trees within

their crop land; and, that they use cut weeds as mulch rather than removing

them from the field. Several farmers had taken up the suggesrions. These

farmers had more trees within their crops and were leaving cut weeds on their

fields, though in at least one case the farmer had piled them at the bases of

trees rather than mulching with them (plate 9). Nevertheless, that farmers are

willing to try new approaches on the basis of so little 'extension' is very

encouraging.

4.10 STIMMARY

The bush fallow system remains the predominant food production system in
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the Ashanti region. l:$da:ze and cassava are the most important crops,

intercropped with a variety of others. Fallow periods ile declining, as

throughout the moist tropics, to as little as two or three years in some villages.

This decline has lead to local environmental deterioration in the form of soil

erosion, increased incidence and severity of weed and pest infestations and

disruption of local water budgets. These and other environmental factors, along

with a number of socio-economic factors conspire to limit productive potential

in the region. Returns to labour are very low as a result. Farmers are

concerned about these problems and appear to be receptive to new ideas.



CHAPTER 5

AGROFORESTRY SYSTEMS

5.1 INTRODUCTION

A wide variety of Agroforestry Systems have been described and classified.

Certain of these are unsuitable for application in the Ashanti region for

climatic and environmental reasons. Others contain elements which are

incompatible with the socio-cultural envi¡onment of the Ashanti. Still, several

systems remain which seem to have potential for adoption; systems which may

be integrated with the existing food production sysrems with little disruption of

traditional practice and which offer socio-economic incentive and low risk.

Following are descriptions of system types selected as approaches which

seem to offer the most promise for use in the Ashanti, based on the criteria of

adoptability, sustainability and productivity. One of these sysrems, the alley

cropping system, has received considerable attention to date, and is easily the

best researched of any of these systems. The Taungya system has actually been

employed in the region for some sixty years, and its strengths and weaknesses

have been manifest. Others are still at the design stage and their potential must

be evaluated on the basis of considerably less knowledge.

5.2 ALLEY CROPPING

The alley cropping system (plates 11, 12) is a crop production strategy

which incorporates trees with food

by hedgerows of trees or shrubs.

ILCA's "Alley Farming" system, in

the basic alley cropping model.

crops; food crops are grown in alleys formed

A variant of the alley cropping system is

which livestock production is integrated with

That is, hedgerow species are managed to

49
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provide high-protein fodder for livestock, in addition to green manure and

mulch.

Typically, hedgerows are single lines of shrubs, spaced, within rows, from

10 to 100 cfl, depending on the species employed. Alley widths (between rows)

from 1.5 to 5 m have been used experimentally (Sumberg et al, 1985). While

narrower alleys permit higher tree populations and more foliage production, they

also demand more labour for pruning and increase competition with crop plants.

Kang et al (1984), and Sumberg et al (1985) recommend 4 metre alleys as

appropriate to conditions in humid West Africa. This spacing allows maintenance

of traditional crop populations, demands less in pruning labour and causes less

crop shading than n¿urower alleys.

Light competition with crop plants is minimized by orienting alleys in an

east-west direction where possible. The hedgerows are cut back at planting

(recommended heights range from 25 cm to 1 m) and kept pruned during

cropping to prevent shading and to reduce competition with food crops. pruning

intensity depends on the hedgerow and crop species used. V/ith fast growing

plants such as leucaena (Leucaena leucocephela) and gliricidia (C]i¡cr¿þ

seBium), pruning is required every five ro six weeks during cropping (Kang et

al, 1984). When there are no crops, trees within the hedgerows are allowed to
grow freely. The shade thus provided helps reduce soil temperatures (to the

benefit of valuable soil organisms) and inhibits weed growth.

Crop composition and spatial arrangement of crop plants are dictated, to a

certain degree, by the alley cropping system. CTops should be planted in rows,

rather than randomly as in the traditional system, to maximize efficiency of use

of solar radiation. With regard to crop composition, the emphasis in research

has definitely been on maize and cowpea. Root crops, which make up the bulk
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of the Ashanti diet, are long to mature (18-24 months), and overlap with the

next major season. Certain difficulties may be encountered as a result. These

are broached in chapter 6.

The potential benefits of alley cropping, as listed by Kang er al (1984),

include the provision of:

1) green manure or mulch for companion food crops (in this way plant
nutrients are recycled from deeper soil layers);

2) prunings applied as mulch, and shade during fallow, to suppress weeds;
3) favorable conditions for soil maffo and microorganisms;
4) a barrier to control soil erosion, when planted along contours of sloping

land;
5) prunings for browse, staking material and fîrewood; and,
6) biologically fixed nitrogen for the companion crop.

As well, soil moisture retention, organic matter content, exchangeable K,

Ca, Mg, and nitrate levels in soil solution were improved under alley cropping

(Kang et al, 1985). Mulching with prunings reduced soil temperatue and

enhanced soil biological activity (Kang et al, 1984). The mulch also provides a

mechanical barier to reduce erosion.

Research has shown that nitrogen from leucaena, and other leguminous

tree prunings, can be added in excess of that lost during cropping, such that

yields may be improved over time. For example, Sumberg er al (1985) calculated

that leucaena, in an alley cropping system utilizing trees seeded every 10 cm

within rows spaced 4 meters apaït (for a tree density of 20,000 trees/ha.),

would contribute 3000 kg/ha of foliage dry matter annually (beginning in year

2). At a nitrogen content of 3.5Vo, this foliage contains 105 kg of N/halyr. With

surface application of foliage (mulch), they estimate that 20 kg/ha of mulch-N

are required to maintain base level muze yields. So, up to 85 kg/ha of nitrogen

is available to enhance the soil and/or improve yields. Of course, erosion and

volatization losses will remove a large percentage of this, but with other

enhancements of soil quality, some of the contribution will be maintained.
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Sumberg et al (1985) generated a muze yietd increase of 425 kglha, or better

than 40Vo.

Few species have actually been tested for their performance as hedgerow

species, but the list of potentially suitable species is a long one. To date, the

legumes leucaena and gliricidia have received the greatest attention. A number

of other nitrogen-fixing legumes, as well as some non-leguminous species, are

being investigated (Kang et al, 1984; Quashie-Sam, pers. com.).

Kang (1984) lists criteria for suitability for alley cropping trees/shrubs.

The list includes:

1. Easy establishment
2. Rapid Growth
3. Deep root system
4. Heavy foliage production
5. Rapid regeneration after pruning
6. Good coppicing ability
7. Easy to eradicate
8. Useful by-products.

Of course, it is difficult to find a tree which meets all of these

requirements, and certain disadvantages are encountered with most.

In establishing an alley plot, very much the same procedure is followed as

in establishing a plot in the traditional bush faltow system; the fallow bush

must be cleared and the land prepared for seeding. However, in addition to the

planting of crop plants, the hedgerow species must also be established. This is

done most easily and cheaply by direct seeding.

A recommended method of establishing leucaena (Leucaena leucocenhela, a

popular hedgerow species) hedgerows is by direct seeding in the same row as a

crop such as muze (Kang et al, 1984). V/ith this method there is no extra

weeding cost. Other species, or other soil and/or climatic conditions may

require alternative establishment methods, such as by cuttings or transplanting

of bare root seedlings.
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Seedlings from direct seeding require careful protection. The seeds of some

species, particularly the legumes such as Leucaena leucocephela, require

scarification for good germination. Establishment from seeding is too difficult

with some other species, and planting from cuttings, or as seedlings may be

required.

In an economic assessment of the implications of alley cropping with

respect to labour utilization, crop yields and overall benefits, Ngambeki (1985)

calculated benefit-cost ratios ranging from 1.23 to 1.32. Sumberg er al (1985),

compared a traditional bush fallow system with an alley cropping model at three

base maize yields and five levels of annual muze yield decline. In all cases, the

Net Present Value (ltIPV) of alley cropping was found to be greater than the

that of the fallow system, with the advantage ranging from L4Vo to 59Vo.

Sumberg et al (1985) also modeled an alley farming system, with livestock,

which assumed that the primary goal was to maintain crop yields (maize) at a

designated base level. That is, calculations were made to determine the

percentage of total foliage from alley trees required, as mulch, for yield

maintenance. The remainder then could be used to supplement small ruminant

feeding with high quality fodder. The NPV of alley farming with goars or sheep

was calculated to be 80Vo - 93Vo and 877o - lll7o, respectively, of the NPV of

alley cropping (without livestock).

On-farm trials have been initiated by workers at IITA and at ILCA (Humid

Region), in Nigeria. In Alabata, a village north of lbadan, nTA scientists have a

large, on-farm, researcher managed trial and several farmer managed trials.

In the researcher managed trial, established on a sandy, sloping, and very

nutrient poor soil, alley cropping with Leucaena leucocephela and Gliricidia

sepium gives much better crop productivity than control plots, and erosion and
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Plate 9
Intercrop at Bawuro.
and has piled slashed
verbal advice.

The farmer has left
weeds at the base

some trees in her cropland
of the trees in response to

Plate 10
Alley plot, IITA, Nigeria. Hedgerows of Leucaena leucocephela.
Within the alleys is crop residue from major season maize.



55

Alley
from

plot, IRNR, Kumasi.
Gliricidia sepium in

-*,!.((r

Plate 11
A worker mulches the field with prunings

preparation for a minor season cowpea crop.
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weed problems are reduced (Palada, pers com). Some difficulties were observed

in the farmer managed trials though. In one, the farmer had had trouble in

establishing the hedgerow trees, and they were very sparse. Nevertheless, she

reported harvesting fire and staking wood from the leucaena. Others had had

better success.

On a tour of ILCA on-farm trials in the villages of Owu-Ile and lwo-

Ate, varying management practices and varying levels of success were observed.

On some farms, establishment of alley trees has been less than complete,

leaving some large gaps. Although advice was offered to the contrary, at least

one farmer chose to orient his alleys down instead of cross-slope. Thus, the

erosion reducing effect of the trees is minimized. One farmer we spoke with

was very happy with the wood yield, useful for staking. Another said he

believed crop yields were improved.

Although the actual practice is new, the concept is not entirely foreign in

this area. Farmers here already plant in rows and traditionally leave trees in

their fields. These are left to improve soil fertility and as staking posts. A good

deal of spontaneous adoption has taken place in the area. There are at least

thirty farmers who have taken up the use of alley farming or intensive feed

gardens on their own initiative, and many more have expressed an interest and

want to get seed.

5.3 ROW CROPPING

Another variant on the alley cropping theme is row cropping, currently

under investigation by Dr. R. Chachu of the Ghana Forestry Department. Within

this system, up to six lines of trees are planted in a band, and these bands of

trees alternate with cropped plots of equal size. Some pruning is done, but the
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emphasis in this system is on wood production for fuel. Nitrogen production and

soil protection are seen as secondary benefits. Following two or three years of

cropping, wood is harvested from the bands, and crop plots and band areas are

reversed.

This system offers less in the way of contribution to or protection of the

soil than alley cropping. Its major advantage is in the production of fuelwood.

It is not particularly attractive for use in the Ashanti, and will not be

discussed further.

5.4 IMPROVED FALLOV/

The concept of improved fallow encompasses a wide variety of practices,

ranging from a system very like the traditional bush fallow system to something

approaching the organization of alley farming. This approach to 'improvement'

of the traditional system is attractive in that it demands tittle change from

established methods, while offering latitude for progressive, incremental changes

to suit the individual.

In an improved fallow system, certain tree species, selected for their role

in nutrient cycling, soil maintenance, weed suppression, or for their commercial

or domestic value, are: deliberately saved during the clearing of bush fallow;

fostered as seedlings or coppices during the cropping period; and/or, planted, as

seeds or seedlings during or at the end of the cropping period. Particularly

valuable are certain fast growing nitrogen fixing species (eg. Albezia falcataria,

Cassia siamea).

Like alley cropping, an improved fallow system provides a number of

services. These include: the provision of green manure and/or mulch; prunings

and shade to reduce weeds, during both the cropping and the fallow periods;
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improved conditions for soil organisms; protection against soil erosion; provision

of staking material, fire and structural wood; improved nutrient cycling; and,

provision of biologically fixed nitrogen (when N fixing species are used).

The ability to fix atmospheric nitrogen is an important consideration in

selecting tree species for use in an improved fallow. Over a fallow period,

assuming a cover of woody legumes (eg. Cassia siamea), incorporation and

cycling of nitrogen should result in a higher conservation of N than under alley

cropping. This would arise as a simple functional relationship to the higher

standing, N-fixing biomass on the improved fallow land. Burning of cleared

vegetation, though, results in very large instantaneous losses of nitrogen and

other plant nutrients, along with organic material.

Other criteria, similar to the criteria for alley species, are: ease of

establishment; rapid growth; deep rooting; heavy foliage production; good

regeneration after pruning; good coppicing ability; useful by-products; and,

special adaptive characteristics (e.g. promiscuous nodulation; cultural

acceptability; history of local use, etc.).

In establishing an improved fallow, clearing takes place as within the

traditional bush fallow system. Extant useful fallow species should. be protected.

Along with the crop plants, seeds of selected tree species are planted. The

seedlings are protected during the regular cropping cycle, and by the time the

field is abandoned, will have reached a height where they will have a

competitive advantage over invading weed species. Over the fallow period, the

selected species will dominate the fallow vegetation and, if the fallow period is

long enough, shading should minimize herbaceous and grassy weeds.

At the time of the next clearing, care must be taken not to kill the

improved fallow species. Rather, they are cut back to about .75 metres. If slash
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is not concentrated around the standing trunks, these trees should survive

burning well. The food crops are then planted, in the usual way, amongst the

selected trees.

A further refinement of this system would be to reduce or eliminate

burning. As mentioned above, the practice of burning results in huge nutrient

losses to volatization, and to increased soil erosion. Farmers could be

encouraged to mulch with leaves, succulent gowth and smaller woody stems,

and to harvest a portion of the larger woody material. Research will be required

to ensure adequate nutrient supplies for crops with this particular approach.

Still, the possibility for improvement illustrates the versatility inherent in the

system.

Over the course of the cropping period, pruning is required to reduce light

competition from trees retained in the field. The prunings should be added to

the soil, as mulch or as green manure. The cropping cycle continues from here,

with the biggest changes being the protection of certain trees during clearing

and the pruning of the trees during the cropping season.

Determination of spacing of trees within the plot will require ¡esea¡ch.

Very little quantified data are available on agronomic, economic or other

implications of employing improved faltow techniques. However, some anecdotal

information is available.

In several areas of southeastern Nigeria, selective retention of certain tree

species has resulted in an indigenous improved fallow system. Four species now

predominate in the bush fallow in the areas of Akwa and Ikot-Eþene;

Alchornea cordifolia, Acioa barterri, Anthonata macrophylla, and Dialium

guineense (Getahun et al, 1982). In the ar:ea of Agunze, in Imo state, fallows of

virtually pure stands of A barterri were observed, and near Ajata lbeku, in
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Ikumo local government area, fallows of pure Mellinia apoensis.

An abandoned researcher-managed experiment in improved fallow species

has developed into a farmer-managed trial in at least one village in the Brong

Ahafo region of Ghana. The experiment, initiated in 1978, had three species of

leguminous trees GaSSta siameq Albezia falcataria. and Albezia lebbeck) planted

at spacings of 3m x 3m and 5m x 5m. These were established on farmer's lands,

in the villages of Dwomo and Nchiraa (not visited), and control plots were

established at the FPRI experimental farm at Mesewam. The experiment, which

was to monitor soil changes under the improved fallow, crop yields, etc., was

abandoned as a result of the coup d'etat in 1979. The farmers, though, kept

their agreements to leave the trees. Many were still standing, untouched, when

visited in November, 1987 . These stands had partial crown closure, heavy leaf

litter with some incorporation of organic matter to the soil, evidence of a

healthy earthworm population and a very low incidence of weeds. Other plots

had only recently been cleared and cropped. Some had cleared the land

completely, and were farming in the traditional manner, with reportedly very

good yields. At least two farmers had, on clearing their plots, cut the trees

back to about 1 meter, allowing them to live. These trees were coppicing (plate

12) and on abandonment, the fields could be expected to revert to fallows

dominated by the selected species.

This system has proven popular among the farmers of Dwomo. As

mentioned above, soil condition and crop yields on lands formerly under planted

fallow are good. Furthermore, the trees themselves are regarded as useful;

reports of thefts of standing trees attest to this. Interest by farmers is such

that a delegation visited FPRI in 1985 asking for more trees (particularly Cassia

siamea), though this request could not be met.
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5.5 TATINGYA SYSTEM

The Taungya system is a system of forest establishment, which has been

employed in Ghana for some sixty years (Brookman-Amissah, 1984). This sysrem

of agroforestry, also in use in many other tropical countries, is normally

administered by government forest services (Scott, 1979, 1981; Wiersum, I}SZ).

Farmers are allocated plots on forest reserve land (in Ghana, plots 40 m x ZO

m), which they are permitted to farm for two years in exchange for nurnring

seedlings of commercially valuable trees. In the third yaffi, the farmers are

assigned new plots and the established trees ¿ue left to mature.

The Taungya system has proven to be a valuable technique for

afforestation on cleared land, while providing cultivable land in regions with

land shortages. From an agronomic viewpoint though, the system is far from

perfect. There is no incentive for farmers to undertake soil conservation or

improvement measures. Monoculture Teak (Tectona grandis) plantations

established in Ghana under this system are examples of disastrous soil

deterioration. Apparently, the Teak does not provide adequate soil protection on

its own, but other species are virtuatly eliminated. Furthermore, the Teak trees

tend to lose their leaves over a very short period during the dry season,

creating conditions which encourage frequent ground fires (Chachu, pers. com.).

As well, there are a number of socio-economic disadvantages to this system, as

discussed by Wiersum (\982) and Brookman-Amissah (1984).

A modified version of this system could be used by farmers, on their own

lands, to establish woodlots/commercial timber stands if sufficient land could be

freed to permit an adequate rotation period. Otherwise, it is of nominal value

as a system for use on stool lands.
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5.6 MULTI-STORYGARDENING

Multi-story gardening (home gardens; tree gardens; multi-story

intercropping; compound farms) refers to a method of gardening in which a

mixture of annual and perennial species of various growth habits , are

intercropped to form stratified layers. That is, within a single plot, a variety of

fruit trees, plantain/banana plants, vegetable plants, etc. are grown. The high

species diversity and layered structure results in a very ecologically efficient

system, with maximum exploitation of available light, moisture and nutrients and

a high degree of soil protection (Gliessman, 1982). An important result of this

diversity is the production of components with multiple uses. Requirements for

fuel and fibre may be partly satisfied with produce from the mutli-story garden.

Different plants (or animals) contribute to dietary variety. Furthermore,

variability in maturity contributes to ha¡vest throughout the year.

Systems of this sort have been developed in many areas of the densely

settled tropics (FAO, 1984). For example, Wiersum (1,982) discusses 'rree

gardening' in Java, and distinguishes three types, based on location and

component species. Similarly, Snelder (1987) describes two major types of

compound farms in south eastern Nigeria. One is a tree based system,

predominant in the less densely populated regions. This system is complex in

structure, stable, and provides year round food production. The other system is

food crop based and is predominant in the more densely populated regions. It is

less complex, incorporating less trees, and less species overall, with production

concentrated on food/vegetable crops. It showed a higher level of soil

degradation and lower nutrient levels in the soil.

Normally, the multi-story garden is cultivated in addition to, and not in
exclusion of, other farming systems. For example, one of the three systems
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reported by Wiersum (1982) was found to occupy around 20Vo of the arable land.

As well, these systems are usually cultivated near the home, making convenient

the incorporation of domestic refuse as fertilizer and mulch.

Compound type farms in Ghana were observed primarily in urban areas, as

back-yard gardens. No instance of compound farming was noted in any of the

farming villages, with one exception. This was a tree based system in which

ceftain fruit and frbre bearing trees were grown, but no understory food crop

was present. Presumably, farmers do not enjoy the use of lands within the

village suitable for the establishment of such a garden. This was not fully
researched however. Further examination in this area may reveal that barriers

to this system can be overcome, paving the way for a potentially valuable

means of food supplementation.

5.7 LIVE FENCES

The fast growing legumes, and especially leucaena, can be woven into an

existing fence, or used independently to form the structure of a fence. As the

trees grow, they become very strong, and form, by some claims, "pig-proof,

barriers. These fences are utilitarian in themselves and offer as a bonus a
source of high protein fodder and/or nitrogenous mulch, as well as a source of
fuel wood. one established at the ILCA research plots near Ibadan is used to
enclose a fodder garden. As an enclosure for animals, or food or fodder

gardens, this system might have use in the Ashanti. However, establishment is

fairly laborious, and protection of the fence is required during the establishment

period. There is no urgent need for research, but some effort at extension

might be fruitful.
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5.8 INTERCROPPING IN TREE STANDS

Along the lines of an alley cropping or row cropping system, this approach

sees farmers planting crops between stands of commercially or domestically

valuable trees. However, in the Ashanti, the primary concern is that land

pressure and agricultural intensification is undermining productive potential. In

the vicinity of most villages, unless permanent or semi-permanent cropping were

adopted simultaneously, the land under tree stands would be required for food

crops before the trees matured. This system will not be examined further.

5.9 INTEGRATED FARMING SYSTEMS WITH PLANTATION CROPS

Some farmers, or farm families in the Ashanti curently maintain

plantation crops (oranges, cocoa) along with food crops. This approach is not

reliant on research or extension for further adaptation. Rather, the expenses in

capital outlays (fertilizers, pesticides) and in land and labour requirements are

prohibitive for most.

5.10 WOODY PERENMALS AS SOIL CONSERVATION TIEDGES, SITELTERBELTS

AND V/INDBREAKS

This approach could be valuable in the Ashanti, parricularly if the hedge

species had other uses. For example, nitrogen fixing legumes could provide

fodder and/or mulch. Fast growing species could provide fuelwood, staking

material and even structural material. The major difficulty would be in

extending this system; the incentive is inadequare
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5.11 wooDY MULCH AND GREEN MANURE wooDlorS; AGROFORESTRY

FUELWOOD PRODUCTION

To extend the idea of multi-purpose

woodlots could be established specificatly

and green manure, fodder (the intensive

This approach might be better done on a

the village chief, though cerrainly there is

application.

hedgerows and shelterbelts, separate

for the purpose of producing mulch

feed garden idea), or for fuelwood.

communal basis, under the control of

potential for individual farmer/family



CHAPTER 6

DISCUSSION

6.1 INTRODUCTION

A large number of social and economic factors come into play in any

attempt to introduce interventions to traditional farming systems. Farm level

adoption of agroforestry innovations will occur only if low risk systems offering

improved yields at low cost aÍe offered. Some of the systems which have been

developed (described in Chapter 5) offer potential for the Ashanti region. Ar

this time, the two most promising systems for the Ashanti appeil to be the

alley cropping technologies developed at IITA (Kang er al, 1981), and some

variation (or variations) on the improved fallow system. Others, though offering

benefits, have certain attributes which make them unsuitable for wide-scale

extension and so for intensive research. Nevertheless, some of these approaches

should be encouraged, and could well be included in focussed extension

packages.

In this chapter, following a brief tecap of the criteria by which an

innovation should be assessed, some of the better potential systems will be

examined. Research needs for the development of particular agroforestry

methods as improvements for farming in the Ashanti region will be discussed,

with emphasis on criteria for adoptability. The importance of on-farm research

will also be touched oû, as will the need for effective extension, likely to be

the strongest limiting factor to improvement in subsistence level farming.

6.2 CONSIDERATIONS

Low and decreasing returns to labour are the most significant tangible

66
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effects of the intensification of farming in the Ashanti region. The causal nexus

includes factors such as decreased fallow periods, increased weed and pest

infestations, physical and chemical soil erosion and deteriorating water budgets,

all leading to reduced productive potenrial.

The production constraints faced by subsistence level farmers in the

Ashanti region have been discussed earlier. An improved system must overcome,

at least in part, eroding soil quality, inadequate moisture absorbtion and

retention, and weed and pest problems. These are general problems widely

associated with agricultural intensification in the tropics.

In responding to these changing conditions, Ashanti farmers are

constrained by factors including extreme cash shortages, labour shortages 1nd

land shortages as well as poor education and inadequate exposure to

technological alternatives.

6.3 THE SYSTEMS

The main focus in designing agroforestry innovations for Ashanti region

farmers should be on production systems proper. Secondary bush regeneration,

although inhibited, has not been impaired to a critical level in the region. That

is, with adequate time, abandoned plots are protected by cover vegetation.

Erosion on fallow lands is not as severe a problem as is erosion on cropped

plots.

Farmers are feeling the effect of decreasing productive potential and

increasing labour requirements. While there is value in the several systems

described above which utilize hedgerows, shelterbelts, windbreaks, etc, the need

is insufficient to stimulate widespread adoption. Labour is shorr, so

establishment costs would be high. Fuel wood is still relatively cheap, so market
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potential for that commodity is limited. The disease problems inherent ro the

region's small ruminant husbandry limits the value of these plots as fodder

gardens. And, the management costs of plantation crops would prohibit adoption

by most subsistence level farmers.

Obviously, certain of these problems could b€ overcome in part if credit

progr¿ìms were made available to farmers, and if veterinary services were made

available to combat the disease problems in livestock. For this discussion,

however, it must be assumed that these will not be soon forthcoming.

So, these systems which are not directly inte$ated with crop production

and which therefore offer no direct incentive/reward for the expense of

establishment üe, for now, set aside. They should be examined and some

extension effort may be fruitful. However, it would seem inefficient to sink too

much effort into them.

The multi-story gardening approach, though potentially rewarding in tenns

of food, fibre and other production, and in soil conservation, is not practical as

an intervention over large areas of farmland. Labour and financial costs of

establishment are beyond the means of subsistence level farmers. Management

requirements may be too demanding for the average farm family over a large

area. Furthermore, high output muze (and other staples) production would not

be possible with high competition for light. This system does, however, offer

potential, and incentive, for use by farmers on near-village fîelds and especially

for back-yard gardens. That is, small, manageable areas could be converted, at

fairly low establishment cost, to multi-story gardens. Here, the most important

barrier to adoption appears to be land tenure ¿urangements within village

compounds, though this needs further examination.

In spite of its potential for improving dietary quality for resource poor
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farmers, this system too will be set aside as inappropriate as a fundamental

innovation. Its value as a component in the overall production system should be

investigated further.

The food crop integrated systems which remain are: an improved

traditional system; an improved fallow system; and, alley cropping. These

systems will be examined in more detail, discussing changes from the traditional

to the respective improved systems, along with the benefits and the

disadvantages of each.

6.4 IMPROVED TRADITIONAL FARMING

The easiest and possibly the most effective change possible for Ashanti

food production systems would be an extension effort aimed at improving

traditional farming practices. In all but a few cases, farmers ¡emoved all cut

weeds to the perimeter of their fields. And, with the exception of certain

valued species, and very large trees too difficult to fell, all woody vegetation is

killed and burned. Thus the soil is robbed of valuable nutrient sources, and is

left unprotected from the erosive powers of rain and wind.

A simple extension effort aimed at educating farmers in the fundamentals

of mulching practice, and at overcoming the traditional antipathy for trees in
crops' could go far to ameliorating some serious problems. If farmers were

educated and encouraged to exploit the soil and water conservation and weed

suppression benefits of trees and mulching practices, soil degradation and

erosion of productive potential could at least be slowed. Trees left and/or

planted within crops could provide other services as well, and. would improve

the fallow vegetation.

The only costs to the farmer associated with this approach are those
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involved in protecting some trees during the burning of a cleared fallow, in

planting (if desired) of woody species, and some pruning labour to minimize

competition from retained trees. These costs are small. Benefits would accrue

within the first year, in reduced weeding and improved crop yields. In later

years, clearing costs might also be reduced (with a reduced weed presence in

fallow vegetation).

The eagerness with which farmers were willing to try suggestions

regarding mulching and tree maintenance (chapter 4) shows the potential for

this approach. That it has not been done clearly illustrates the biggest weakness

which will confront any of the improved systems; extension. Most farmers

rarely, if ever, see an extension agent. When they do, the information they are

given stresses the use of expensive inputs which are too costly and too risky

for the average farmer.

Much of the blame must go to researchers who fait to recognize this

fundamental problem. Effort goes into developing new systems while traditional

systems are virtually ignored.

Research is required to maximize potential in this area. Needed is some

quantification on desireable densities and spatial arrangement of trees within

traditional intercrops. The tradeoffs include soil conservation, enhanced nutrient

cycling and weed inhibition on the one hand, and light and moisture competition

with crop plants on the other. Work is required to determine the best tree

species for inclusion in crops. Such trees would have many of the same

characteristics as are desireable in other agtoforestry systems, including easy

establishment, deep roots, minimal crown spreading, tolerance to pruning, and so

on. Additional benefits would be reaped if nitrogen fixing species and/or if

trees with valuable products were utilized. Tolerance to burning would be an
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asset as well. More specialized research might identify species with other

valuable qualities. For example, the Neem tree is reputed to be effective as an

insect repellant.

Fur"ther benefits may be realized if farmers were encouraged to ¡educe

burning of fallow vegetation in addition to increasing mulching. To facilitate

this type of change, work is required in overcoming weed and pest problems

which might come about with such a change.

In addition, effort should be directed at developing effective education and

extension techniques specifically for small scale farmers. Most importantly,

effort should be applied to actually extending information to farmers.

Finally, it must be recognized that this system cannot fulty satisfy the

criterion of sustainability. Under the prevailing short fallow periods,

environmental degradation can, at best, be slowed by this, or any other system

which incorporates frequent burning of cover vegetation. Nevertheless, as a

stop-gap approach, it offers the potential for improved yields and reduced soil

deterioration at low risk to the farmer. And, it includes an important

educational component, a foundation for future innovation, at a relatively low

cost in research and extension.

6.5 IMPROVED FALLOW

A more structured approach to the improvement of traditional bush fallow

practices, and one which seems appropriate to the Ashanti region, is an

improved (planted) fallow system. This approach also allows for incremental

modifications, and involves low risk, perceived or real, for the farmer.

Traditional crop composition and planting patterns are maintained.

In the yeú of establishment of an improved fallow plot, planting and



protection of fallow species will be

requirements. This 'establishment cost'

plots.

fallow species.

The improved fallow system

without demanding fundamental shifts
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additional to regular bush fallow labour

will b€ required on each of a farmer's

offers strong potential for improvement

in farming practice. Its design is such

Once established, a managed, improved fallow will cost less in clearing

labour than does a natural, weed-infested fallow. In many cases in the Ashanti

region, the cover vegetation on even five year fallows was still predominantly

made up of acheompong weed. Clearing and maintaining land covered with this

weed is very laborious. With an improved fallow system, there will be a shift in

labour requirements; less in actual clearing and weeding; more in pruning and

mulching. This pruning and mulching labour is less concentrated than pure

clearing, though not as diffuse as is the labour involved in alley cropping.

Weed control is also one of the big potential advantages of an improved

fallow system. On abandonment of the plot, there is already an established

population of desireable tree species. These coppice quickly after pruning

(coppicing ability is one of the major criteria upon which these species should

be selected) and so inhibit weed gowth in the reversion to fallow. Through

sexual and vegetative reproduction, they help to repopulate the plot with

desireable species. Also integral to this system is mulching and gleen manuring,

to reduce weed infestation during the cropping season.

Research needs for this system are similar to those of the above approach.

Work is needed in selecting and perhaps developing good fallow species. Optimal

densities and spatial arrangement of fallow trees should be identified. Priority

should be given the design of low cost approaches to establishment of improved
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that progressive, incremental, changes could be made over time, gradually

increasing the use of woody plants. This system is not receiving the attention it

seems to deserve, however. At the small resea¡ch stations in Ghana, there is a

bias in favour of alley cropping research. This is due, no doubt, to the

availability of information on the system provided by workers at IITA. However,

there is some danger of a synonomous treatment of 'agroforestry' and 'alley

cropping', to the detriment of research into alternative approaches.

Again, as with improvements to the traditional system discussed earlier,

the criterion of sustainability may not be fully satisfied under this system, at

least in areas with very short fallow periods. In villages, such as Kokobin,

where eight year fallows are still possible, this system might prove sustainable.

More importantly, even in areas where very short fallows are the norïn, a

program extending an improved fallow system might be very valuable. That is,

such a system offers a low risk transition from 'traditional' bush fallow toward

something approaching a permanent production system incorporating trees (i.e

alley cropping). By arranging the fallow trees in alleys, and reducing and

eliminating burning, a farmer can move at his or her own pace toward a more

peñnanent production system. In the meantime, crop production and soil, water,

and weed management may be enhanced through extension efforts which also

serve to educate farmers in the value of trees as agtonomic tools.

6.6 ALLEY CROPPING

Of the modern agroforestry systems, alley cropping is receiving by far the

most attention by researchers in Nigeria, particularly at [ITA, and in Ghana, in

a few on-station experiments. On-station experiments have shown good results

with regard to crop yields and soil conservation; the criteria of sustainability
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and productivity have been met in these experiments. However, there are some

potential barriers to widespread adoption of this system. These constraints, as

well as benefits of the system, can be illustrated through a comparison of alley

cropping with the traditional bush fallow system.

Changes are required in planting with the alley cropping system, in sparial

alrangement, and even in crop composition. With alley cropping, crops should be

planted in rorws, rather than randomly as in the traditional system, to maximize

efficiency of use of solar radiation. The farmer may be encouraged to change

the composition of his crop to better suit the system. Because the root crops

which make up the bulk of the Ashanti diet are so long ro marure (18-24

months), planting of maize (the major cash crop) in next major season in the

same plot is impossible.

The root crops, and especially cassava, are extremely important in the

Ashanti diet. In order to utilize the alley cropping system and conrinue ro

produce cassava, an individual farmer would have to modify the alley cropping

system in one of several ways. Intercropping within the alleys would be possible

only if two alley plots were used. In this way, a new plot would be cleared for

the second year's muze. Beginning in the thhd yoil, the farmer could begin

rotating maize crops back and forth between the two plots, while the last

yeal's cassava matures in the other.

Other alternatives include reducing or discontinuing cassava production and

switching to maize-maize or maize-cowpea production within alley plots, or

using alley plots for grain crops, with root crop production on non-alley plots.

Although there is an effort being made in Ghana (within the ministry of

agriculture) to encourage the production of high protein crops, any rapid

abandonment of cassava is unlikely.
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With its long matu¡ation period and the customary in-ground storage

practice, not to mention its high nutrient uptake (and soil depletion)

capabilities, cassava cultivation prohibits annual cropping of a single plot.

Farmers utilizing alley cropping and cultivating cassava, regardless of the

spatial arrangement (i.e row or inter-cropping) chosen, will require a cultivated.

land area approximately equal to that currently employed (i.e. twice the area

planted annually). In light of the importance of cassava in the Ashanti dier, the

potential benefits of alley cropping should be exploited for cassava as well as

for grain and legume production. So, for this discussion, the two-plot atley farm

design, with cassava, will be assumed.

At this point, it should be noted that a shift from intercropping to row

cropping and single-crop plots may be encouraged in light of certain agronomic

advantages. For example, the problem of self-pollination is minimized in single-

crop plots. This is of particular importance among resource poor farmers who

may use seed from their own crop for their next planting. The reduced vigour

of the these self-pollinated strains further reduces overall productivity. Other

advantages of row cropping over intercropping, such as improved fertilizer and

pesticide management, are of dubious value to individuals who cannot afford

these inputs.

Some of the most important benefits from agroforestry accrue as

reductions and reversals in soil degradation, as reductions in weed and pest

competition with crops and in redistribution of labour. These benefits ü€, to a

large extent, theoretical, ffid extremely difficult to quantify. Discussion is

further complicated by the dynamic nature of the changes. At this stage in the

development of these improved farming systems, it is possible, at best, to

conduct a comparative analysis, point by point, on a qualitative basis.
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6.6.1 Labour

In the Ashanti region, labour is the main va¡iable input into farming, and

labour availability may act as the primary limiting factor in production. This

limitation comes into effect during periods of peak labour demand; mainly

felling and burning of fallow. Most farmers reported hiring tabour for this

operation (at a market rate for farm labour of 2N cedVday). Difficult to

quantify, but important to consider, is that the valuation of family labour may

be quite different from the market value of hired labour.

In the yeil of establishment of an alley farm, the labour required wilt be

equivalent to that required under a bush fatlow system, with the additional

requirement 'of planting (or transplanting) and protecting hedgerow species. In

year two, if the farmer has opted to grow both maize and cassava, a second

plot will need to be cleared and hedgerow species established. In addition,

pruning will be required on the fîrst plot.

In subsequent years, clearing labour is not required. Rather, preparing the

plot for planting land will demand pruning and mulching labour. This shift of

labour requirement, from intensive (clearing and burning fallow) to extensive

(pruning and mulching over the cropping season), may reduce the farmer's need

to hire labour in later years. Once established, the alley cropping system offers

reduced labour requirements, and labour demand is less concentrated than in the

bush fallow system. However, it is the establishment itself which may provide a

barrier to adoption.

Weeding under conditions of reduced fallow becomes a very considerable

labour drain, and abandonment of a plot of land may be due as much to weed

infestation as to nutrient depletion (Clarke, 1976). Aside from the positive

contribution to soil condition, a long fallow period allows the development of a
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closed crown and gtound shading, minimizing weed (grass and herbaceous)

growth through light competition. The short fallows currently employed in the

Ashanti are often insufficient to satisfactorily reduce weed populations. In fact,

frequently, even a four or five year fallow will b€ dominated by acheompong

weed (Eupatorium odoratum) at the time of clearing. Although it is quite easy

to clear, to ground level, it is very difficult to remove the root stock. Farmers

report that the above ground vegetative mass regenerates extremely quickly

from the root stock. Almost immediately after clearing and. burning a plot

covered with acheompong weed, regrowth appears.

Weeding costs will be reduced under alley cropping. The shad.ing effect of

the standing hedgerow species, particularly during the non-cropping season,

inhibits weed growth. In addition, the mulching which is an integrat part of the

system, acts as an effective barrier to weed growth. Hoekstra (1935)

extrapolated from Ngambeki's (1985) data to conclude that mulch and shading

under alley cropping would reduce weeding requirements by 4ghrlha. A

complication in labour quantification is found in that, whereas mulching reduces

weed grorwth, it also makes weeding somewhat more difficult mechanically. As

well, some small increase in planting rabour may be expected due to

interference from mulch, plant roots and standing vegetation.

6.6.2 Land

One of the fundamental advantages of the alley cropping system, as

advocated by its proponents, is that it requires less land to maintain stable

production than do traditional bush fallow systems. If two plots under

continuous production can be used to provide food, with marketable surpluses,

some portion of the family's land should be available to be put ro some
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alternative use. Ideally, it could be left fallow for an extended period, resulting

in soil improvements on that land, and the opportunity to produce potentially

valuable forest products (structural and fuel woods, etc.) A number of more or

less intangible benefits may result here as well, with a reversal in local

environmental degradation.

6.6.3 CTop Yields

Under the short fallow widely practiced in the Ashanti, without the input

of chemical fertilizers and pesticides, crop yields are declining progressively.

Under research farm conditions, contributions from alley cropping have

been sufficient to maintain and even improve yields over time. Although the

data are not available for farm level results, at least in the Ashanti, the

potential for maintenance and possible improvement of yields is there.

Improved yields result due to a variety of facrors. The biggest limiting

factors to crop production are nitrogen availability and weed infestations. These

conditions and a number of others are improved with alley cropping.

6.6.4 Soil Quality

Soil quality is something of an abstract concept, involving such things as

organic matter content, cation exchange capacity, base safuration (nutrient

status), soil structure and moisture holding capacity (a function of organic

content and soil texture). These factors are all highly interrelated, existing in a

dynamic equilibrium. Insufficient data are available on the changes which are

manifest in these various factors under different agroforestry systems. However,

it is known that the short fallow now commonly practiced contributes to soil

degradation and progressive loss of productive potential. On the contrary, alley
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cropping has been shown to have a positive influence on soil.

6.6.5 Sociat Considerations

The long term economic benefîts seem to outweigh economic costs of
changing from a traditional bush fallow sysrem to attey cropping in research

station trials. However, other factors which may significantly swing the balance

remain to be considered.

To begin with, almost atl alley cropping research utilizes maize-maize or

maize-cowpea cropping regimes, with muze planted again in the next major

season. The authors compare a single altey plot to a single traditional plot.

However, if cassava and other long-maturing root crops are intercropped with

maize in the fîrst Y€tr, or are otherwise incorporated in the alley cropping

regime, a major season muze crop in that plot in the following year becomes

impossible. So, the farmer would have to clear a second plot and establish

another set of alleys the following year. If she could afford the increased

labour costs, overall production would be increased. But, there would be large

increase in labour required in the spring of the second yetr, with pruning

required as well as clearing of the second plot. This would result in a labour

bottleneck at an already busy time of the year.

The distribution of labour requirements is a very important consideration

for subsistence level farmers. Where labour demand is concentrated, a farmer

may be forced to hire labour, even though she may have unoccupied time later.

Many felt that they did not get good value for their money in hiring labour,

but where the operation was critical, felt they needed to hire. Furthermore, a

large number of farmers complained of being unable to afford to hire labour,

even when they felt they needed help with clearing. So, an innovation which
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reduces labour peaks is beneficial.

There is a muze bias in the research which ignores the importance of root

crops in the diet of West African fa¡mers. Fufu (pounded cassava) is a

preferred food in the Ashanti. Alley cropping works best with crops planted in

ro\rys' to maximize efficiency of use of insolation. So, even if the farmer were

willing to utilize two alley plots, intercropping of root crops with muze would

reduce the productive capacity of the system, rendering the research station

yietd measurements meaningless. This is not to say that productive improvements

will not result with a system such as alley cropping. On the conrrary, as

discussed above, the soil and water conservation benefits would undoubtedly

have positive influence on crop yields. However, the benefit cost data so fa¡

available are inadequate, from a farmer's standpoint, to justify adoption of alley

cropping. The barriers to adoption are strong.

Finally, the perceived risk for a subsistence farmer experimenting with a

new system is very high. A failure, a drop in yield, or a red.istribution of labour

requiring an increase in costs, could mean a hungry year.

It appears that alley cropping is a system with strong potential. However,

the focus on alley cropping has undoubtedly proceeded at a cost; reduced

attention to the point of almost total inactivity in researching other tree based

methods of improving yields/soit conservation. In Ghana, three institutions at

UST (Kumasi) currently maintain alley plots in which replications of ¡ITA style

trials are conducted, atl within a few kilometers of one another. Such

duplication of effort is partly institutional, but owes also to the inordinate

attention given alley cropping.

Once established, the alley cropping system offers reduced labour

requirements, and labour demand is less concentrated than in the bush fallow
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system. However, it is the establishment itself which may provide a barrier to

adoption. A strong resea¡ch effort has already been directed at alley cropping.

What is required in the Ashanti region is on farm testing, first in researcher

managed trials and later in farmer managed trials. This approach is discussed

more fully below.

6.7 ON-FARM RESEARCH

Only through fîeld testing under farm conditions can these modifications

and innovations be accurately evaluated. The objective of on-farm testing is,

with the cooperation of farmers, to identify problems, potentials, and desireable

modifications in a farming system. The level of research required obviously

increases with the level of sophistication of the system to be introduced. The

approach depends on the system, and the degree to which it differs from that

traditionally practiced. A balance must be achieved; farmer participation should

be encouraged, but every effort must be made to minimize risk to, and costs

incuned by participating farmers.

For small changes within an existing system, testing could be carried out

within an active farmer's fîeld. Any extra costs should be assumed by the

researcher (i.e. through hiring labour for tree establishment). For larger

modifications, initial testing should not be carried out on a farmer's field. The

danger is that the farmer may either bear the risk of the research, and suffer

in the event of a failure, or, perceiving the risk, endeavour to minimize it by

cropping other land, and compromise the field test. Rather, land should, be

leased and work undertaken by a salaried worker.

Field testing of approaches to improvements in traditional systems would

mean providing good extension services. The risk is negligible and the costs, to
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farmers, minuscule. Under the present circumstances in Ghana, good extension is

no small undertaking. However, it is fundamental to the success of any approach

to improving food production

The improved fallow system is simple in concept, though a great range of

variabiliry in approach is possible. Resea¡ch is required to derermine, for

example, optimal tree densities and ¿urangement. Some of this may need to be

done on station, but wherever possible, on-farm researcher managed and farmer

managed trials should be employed.

Farmer satisfaction with the planted fallow in the aborted FpRVIDRC

experiment indicates little danger in directly testing versions of this approach.

The establishment costs for the trees should be assumed by the researcher

though. This will reduce perceived risk to the farmer and will help ensure good

establishment. Later, when more is known, farmer establishment should be

encouraged. Encouraging farmers to leave trees may be less easy. However the

risk is small, and it should be tried by farmers.

Alley cropping technology is much more foreign in its approach. It would

be unfair to the farmers involved and unwise from a research standpoint to go

immediately to direct testing. This is a technology which would be better

introduced to a village's farmers on village land, cultivated by a salaried

worker. Seeing the system in operation will allow farmers to draw from it what

they feel is useful. Later, if and when it has proven itself under village

condirions, farmers will be more easily convinced to take it up.

EXTENSION

Some discussion has already been given to extension,

success of any of these improvements. It is a highly

the ultimate key ro

important aÍea though,

6.8

the
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and deserves more attention.

The current deficiencies in the extension system in Ghana owe to a

number of factors. Primary among these is the sorry state of the Ghanaian

economy, and the insufficient funds which are directed at extension. Officers

are poorly paid and have no transportation provisions. Just travelling to the

villages demands much in the way of time and energy, and the incentives are

insufficient.

The very low level of extension services presently available to Ashanti

farmers suggests that this may represent the most important constraint in any

program of farming system innovation. Research into agroforestry systems, or

any other agronomic innovations for subsistence level farmers, are of negtigible

value until this is overcome.

6.9 CONCLUSION

A program of research, development and extension of alternative farming

systems has a very large responsibility. First and foremost, it must meet the

criteria, discussed earlier, of adoptability, sustainability and productivity. The

introduced system must not be rigid. Rather, it should be flexible, allowing

adaptation as well as adoption; allowing incremental changes which can, on an

individual basis, be managed to minimize risk, both perceived and real. And,

importantly, the system itself and the program of introduction should be

designed to foster an understanding of the principles of sustainable agriculture.

Farmer responses to questions regarding soil fertility, the function of the fallow

period or of fertilization in the survey underscored a large gap in

understanding. A rudimentary knowledge of soil fertility and moisture cycles, by

farmers, would do much to improve farming practices, even if widespread
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adoption of extended systems did not immediately råke place.

The approaches to innovations in farming systems discussed here are really

just three stages on a continuum of change from the status quo towa¡ds a

pennanent cropping system. The difficulties associated with the change increase

with the degree of change. Similarly, the resea¡ch requirements preced.ing on-

farm research and extension increase. However, each of these three approaches

demand quite low resource inputs, and each offers potential for the reversal or,

at worst, a slowing of the trend of environmental deterioration. The educational

approach of the improved traditional system, and incremental change required by

the improved fallow system makes these two approaches well suited for

immediate extension and on farm testing. Atley farming requires more

fundamental change, but it is already well tested under research station

conditions. This system too is ready for testing under farm conditions, but the

approach needs to be somewhat more cautious.



CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

7.T REVIEV/

It is evident from the literature research, and from the farmer survey

conducted in the course of this investigation, that some action is required to

halt and reverse the trend of diminishing returns to labour for subsistence

farmers in humid West Africa. Soil degradation, aggravated weed and pest

infestations in food crops, and inhibition of the regeneration of woody fallow

vegetation are both symptoms and problems in a dynamic feedback system.

Current practices can only be expected to exacerbate the problem.

Changes are required in the methods used by farmers in the Ashanti

region. Research has shown that a system of crop production incorporating trees

serves well to ameliorate some of the difficulties associated with agricultural

intensification (the main source of the problem). The services include:

protection against soil erosion; the provision of green manure and/or mulch;

improved nutrient cycling; provision of biologicatly fixed nitrogen (when N

fixing species are used); improved conditions for soil organisms; and, prunings

and shade to reduce weeds, during both the cropping and the fallow periods.

Traditional practice in the food production system of the region is to

discourage trees, with the exception of certain domestically valuable species,

from growing within a cropped field. Other practices which have an overall

negative effect on soil quality, moisture budget, and productive potential include

the burning of all vegetation from a cleared field, and the complete removal of

weeds during the growing season, when mulching might be appropriate.

Education is necessary to improve local farming practices.

85
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In addressing the need for improvement to farming practice in the Ashanti,

a range of approaches is possible. This discussion focussed on agroforestry

systems. From within this general grouping were selected a range of systems

appropriate to the environmental condiúons of humid V/est Africa. These

systems were outlined in chapter 5. From this smaller group, three systems (or

types of systems) were selected on the basis of their potential for meeting

three basic criteria: productivity, sustainability and adoptability. These were

further discussed in chapter 6, with some emphasis on the changes required by

a farmer employing one or the other of these approaches, the costs of adoption,

and the constraints. As well, some consideration was given to the resea¡ch

needs for each of the systems, to the concept of on-farm testing of new

technology, and to extension.

7.2 SELECTED SYSTEMS

The three selected approaches represent stages on a continuum from zeÍo

change toward more complete alteration of traditional farming practice. These

are: improvements to the traditional system; an improved (planted) fallow

system; and, alley cropping. Each of these focusses on the main crop production

lands.

The research requirements, and the approach to extension of information,

depends on the sophistication of the system itself and the degree to which the

introduced technology differs f¡om the traditional practice. The greater the

deviation, the greater the risk (real and perceived) for farmers undertaking to

change to the new system. Researchers have a responsibility to 'prove' a

system's potential, under farm conditions, before asking farmers to assume the

risks associated with adoption. Furthermore, farmer managed trials may nor
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adequately test a system if the farmer's response to a perception of risk leads

her to hedge, and allocate insufficient effort to the trial.

The approach employed will differ also with the effort and resources

commined to developing and extending innovations. Under the present

circumstances, very little .progress can realistically be expected. The weakness

in extension capacity within the country presents a very strong barrier.

However, there is some hope for change in this aÍea. The ministry of

Agriculture has recognized the potential of agroforestry as a means to
improving farming practice in the country. A national agroforestry committee,

though not very active as yet, is a start. The Institute of Renewable Natural

Resources, at the University of Science and Technology, is currently

undertaking some agroforestry research, and has plans to implement a post

graduate diploma in agroforestry. And, there is a plan to invest some

international development aid money in agroforestry development in Ghana.

Basic improvements within the existing system are feasible even without an

investment in research. IVhat is needed is effort toward the extension of sound

agronomic practices. Some incorporation of trees within the crops would be

beneficial, though resea¡ch is required to determine optimum species mix and

spacing.

Further refinement of the traditional bush fallow system, in the form of

planted or 'improved' fallow, offers a means of improving crop yields and

conserving/improving local environmental conditions, without requiring large

changes by farmers. As with an attempt to incorporate trees in traditional

cropping, research is necessary on appropriate species mix and spacing. As well,

as planting labour will be required, effort should be devoted to designing low

(labour) cost establishment procedures as well as appropriate management
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techniques.

Several steps further on this continuum of change is the pennanent

production approach of altey cropping. Unlike the improved fallow sysrem,

considerable effort has already been invested in researching and refining this

system. It is, according to its authors, ready for on fann testing.

These three systems share a great deal in their fundamental approach. The

research requirements are quite similar from one to the other, though the

emphasis will vary. Following is a list of research needs which should be

addressed, and ¿m outline of an approach to extension which may have value in

this region of Ghana.

7.3 RESEARCH NEEDS

7.3.1 Tree Species Investigarion.

Determination of species valuable as companions within traditional crop

mixes is required. Emphasis should be given to indigenous species. Toward this

end, researchers could investigate species traditionally retained within crop land.

Criteria for selection might include: easy establishment; rapid $owth; deep root

system; heavy foliage production; rapid regeneration after pruning; good

coppicing ability; easy to eradicate; useful by-products. These criteria were

suggested by Kang (1984) for use in alley cropping. For bush-fallow application,

fire tolerance would be desi¡eable as well-

7.3.2 Management Techniques.

Development of management techniques which optimize the benefits from

trees is also needed. Included should be work on pruning, mulching and so on.

Much of this work has been done for leucaena and gliricidia in alley cropping
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available in the way of management techniques for trees within

cropping sequences. Optimal spacing and pruning regimes need to

in order to strike a balance between contributions to crop and soil

inhibition of crop by trees.
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Very little is

bush fallow

be developed

by trees and

7.3.3 Pest Suppression Techniques.

Certain of the practices advocated within these systems may complicate

both weed and pest control. Mulching is in fact designed partly as a weed

control strategy. However, although a mulch may inhibit weed growth, it may

also provide a mechanical barrier to efficient weeding with a cutlass. Mulching

with slashed weeds is avoided by some farmers because certain species (eg

Eupatorium odoratum) are reported to take root from cuttings. If this is so,

some technique may be devised to reduce the problem. And, mulch may provide

an undesirable refuge for pest species. This too should be investigated and an

effort made to overcome the problem.

Further refinement of farming practices toward reducing and eliminating

burning by farmers will intensify the need for good pest control strategies.

7.3.4 Socio-Economic Investigations

More accurate information is required on markets and marketing strategies

for produce, cash-flow for individual families and on the various components of

the farming Sysleno, where the system is viewed as a whole.

7.4 EXTENSION

The key to each of these approaches is the inherent simplicity of the
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system and the low cost associated with adoption, from a farmer's perspective.

Adoptability is one of the three main criteria of selection. However, adoption

can only follow extension of the idea to the farmers. Extension capacity within

the Ashanti region has been identified as a fundamental weakness.

'Extension through demonstration is undoubtedly the best approach. The

demonstration may be managed by a technician hired for the puq)ose, or by a

farmer. The demonstration serves a further purpose, in its provision of on-

farm testing of the farming system.

Each of the approaches discussed above is ready for extension/on-farm

testing. The relatively novel approach of alley cropping demands that initial

village level testing/extension be conducted as researcher managed trials. This

will be discussed below. The other two systems, improvements on the traditional

system, require fairly small changes by farmers and present low risk. For

certain improvements to the extant system, no testing is required. These

improvements are as simple as encouraging farmers to leave more trees within

crop land (pruning will reduce light competition during the critical crop

establishment and early $owth) and to mulch with slashed weeds. As mentioned

above, research could be directed to further improve the efficiency of these

approaches.

The Improved (planted) fallow system has, as its most important barier to

adoption, the cost associated with establishing the fallow species. On-farm

testing by farmers poses no real risk to farmers if this establishment cost is

not assumed by them. To facilitate adoption then, labour should be provided by

the researcher to plant seedlings. When the time comes for the first clearing of

improved fallow vegetation, resea¡chers and/or extension agents should be on

hand to instruct and encourage farmers to protect a proportion of the fallow
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trees. If and when the system catches oD, effort can be given to reducing

burning by farmers.

Alley cropping demands considerable modification of farming practices.

Potential bariers to adoption have been identified and initiat on-farm tesring

should definitely be undertaken as researcher managed triars.

A major difficulty may be encountered in employing technicians to manage

test plots. That is, it may not be possible to provide adequate incentive to

ensure that such a technician wilt devote sufficient energies to maintaining the

test plot. Low yields, weed infestations or even a bad appearance on a test plot

would be counterproductive in tenns of extension, and may do irreparable harm

to the perception, by villagers, of that system.

An alternative to hiring might be to organize a women's group within a

village to manage a trial. On village land 'donated' by or rented from the

village chief (it was my impression that most would be willing to allow the use

of village land for such a purpose), the trial would be carried out. Other inputs

should be provided by the researcher. Produce from the triat would be allocated,

as incentive, among the farmers who provide labour. This approach requires

careful instruction and monitoring by the researcher. It offers the dual benefit

of direct testing by farmers (at low cost and low risk ro them) and of direct

teaching of the system to farmers. Difficulties reported by them and

modifications introduced by them should prove very valuable in the continuing

development of the system.

7.5 OTHER

Above and beyond these specific research and extension needs, certain

policies, be they government or other, are important in facilitating improved
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agricultural practices by Ashanti region farmers. Some of these are listed here

as suggestions. Some aÍe beyond the scope and authority of this study, but are

included here for consideration.

1) As a part of an overall progr¿rm, attention should be given to producing

useful multi-purpose species seeds/seedlings for planting by farmers. Distribution

should be adequate to all villages in the target area and should be available at

no cost to farmers.

2) Any incorporation of trees within crop lands will require pruning to minimize

competition. The provision of a simple pruning tool as part of an extension

package would improve farmer reception of the ideas of tree incorporation,

pruning and mulching.

3) Ashanti chiefs command considerable respect. They have land at their

disposal ild, in many cases, are very responsive to new ideas and initiatives.

Their cooperation in any extension pro$am will be invaluable.

4) Agricultural extension in Ghana is inadequate. However, the temptation to

by-pass the regular agricultural extension in favour of a separate agroforestry

extension system should be overcome. Rather, the existing agdcultural extension

service should be overhauled and agroforestry extension incorporated with it.

5) Change is required in tree tenure regulations and in rules governing

compensation requirements on foresters for damages caused farmers during tree

harvest. These changes are necessary to provide incentive for farmers to

tolerate and even to encourage commercially valuable species on their lands.

6) The IRNR are presently undertaking agroforestry resea¡ch. As their program

expands, and in particular the post graduate diploma program, a large

contribution could come out of well directed student research. Research

problems such as testing species mixes and spatial arrangement of trees in crop
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and designing/improving establishment procedures are well suited to

student research.

7) International Non-Government Organizations (NGO's) have proven very

effective in many areas of international development. The skill and dedication

demonstrated in work by these groups in primary health care, appropriate

technology extension and agricultural improvement could go far in extending

some of these agroforestry technologies. A major agroforestry initiative in

Ghana would do well to include the NGO's in their planning.

7.6 FINAL NOTE

This research and discussion has had as its focus subsistence level farming

practices in the Ashanti Region of Ghana (and more generally in humid West

Africa), and agroforestry approaches to overcoming some of these problems. The

agroforestry 'solutions' have strong potential, but are severely limited without

corresponding improvements in a host of other areas. Poverty and rapid

population growth top the list, but many other difficulties face subsistence level

farmers. Furthermore, the agroforestry approaches discussed here are limited to

agronomic practices. Other approaches to agroforestry may be appropriate in

efforts toward reversing the decline in timber production through reforestation,

in fuel wood production, in wildlife management, and so on. Similarly, other

agricultural innovations with resource poor farmers as their target group (since

this group represents a majority of the population) have the potential ro

enhance the productive capacity of the region. The linking purpose must be to

reverse the self-perpetuating trend toward increasing environmental degradation.
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APPENDIX 1

The ICRAF Diagnosis and Design Methodology.

ICRAF has developed an interdisciplinary Diagnostic

methodology for agroforestry to assist in identifying priorities

generating research. The methodology stresses the identification

potentials of existing land use systems.

and Design

for technology-

of needs and

The D&D process includes four stages and a total of twelve steps. These

are as follow (from ICRAF working paper No. 6);

Prediagnostic Stage (steps 1-3)

This stage covers: 1) background description of the study area, including

diagnostically relevant aspects of the biophysical and socio-economic

environment; 2> differentiation and selection of land use sytems within the

study area for further D&D attention, and; 3) preliminary description of

diagnostically relevant aspects of the selected systems.

Diagnostic Stage (steps 4-6)

This stage includes: 4) diagnostic survey of the selected systems and

relevant aspects of the environmental setting; 5) diagnostic analysis and

identification of major land use problems and potentials, and; 6) derivation of

specifications for appropriate technology (including non-agroforestry options but

with special attention to agroforesbry potentials).

Technology Design Stage (steps 7-9)

This stage involves: 7) appraisal and selection of candidate technologies for



possible inclusion in the design; S) synthesis of a general design concept for an

improved land use system and development, if possible, of initial 'best bet'

designs for component technologies, and; 9) ex ante evaluation and refinement

of the proposed design. The activities of this stage may involve reiteration of

the above steps.

Follow-up planning stage (steps 10-12)

This stage covers: 10) identification of research needed to develop and/or

tesr the identified agroforestry technologies; 11) identification of areas needing

further D&D artenrion in a foliow-up stage, and; t2) development of a detailed

project implementation plan to carry out the envisaged R&D programme.

The ICRAF D&D methodology is completely outlined in ICRAF working

paper No. 6, Guidelines for Ag¡oforestry Diagnosis and Design (ICRAF, 1983),

and the companion document, working paper No. 7, Resources for Agroforestry

Diagnosis and Design (ICRAF, 1983b).
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APPENDIX 2

SAMPLE SURVEY QUESTIONS AND CFIECK-LIST

(adapted from ICRAF Diagnosis and Design methodlogy)

LAND USE HISTORY

How long has the fanner been living in the area?

How long has helshe been farming on this particular land?

What form of land use was practiced at the beginning of the period? IVhat
changes in land use have occured? V/hy?

What was the condition of the land at the beginning of this period? What
changes in land condition (including vegetation changes, etc.) have occurred in
the meantime?

2 RESOURCE ENDOWMENT AND UTILIZATION

2.ILand
Land Tenure?
How Many Plots currently cultivated?
Problems (land shortages)?

2.2 Crops and Production
Food CTops?
Cash CTops?
Sales;

of food cash crops?
of surplus food?
what proportion of production?
harvested or 'in the ground'?

Seasonal Food Shortages?
how often (years)?
what foods?
what season(s)?
yield changes over time?

Problems?
weeds?
insect pests?
animals?
soil fertility?
climatic?
topographic?

lll



2.3 Bush Fallow
How long a fallow period?
Is average fallow period changing?
Woody or herbaceous fallow vegetation?
Clearin g difficulties?

2.4 Labotn
Family: Adult Male

Adult Female
Children

Hi¡ed: How Many?
How many days?
Rate of Pay?

Division of Labour?
Problems (labour shortages)?

2.5 Inputs
Fertilizer?
Pesticides?

2.6 Other Resources
Livestock: What Kind?

How Many?
Use or Purpose?
Feed type and Source?
Problems?

Farm MachineryÂmplements

Observations re Crop Production Limitations

land shortage?
labour shortage?
draught power?
moisture deficiencies?
short growing season?
unreliable timing of rains?

midseason moisture stress?
poor infiltration of rain?
low water holding capacity?

poor rooting conditions?
shallow soils?
poor structure/consistency?
poor drainage/aeration ?

tillage problems?
workability?
rocks, stones, roots?

soil nutrient deficiencies?

1V



soil erosion?
gullY?
sheet?
wind?

other hazards?
fl oodin g/waterlo g gin g?
salinization?
weeds?
crop diseases?
insect pests?
other Pests?
theft?

inadequate supply of inPuts?
inadequate knowledge or skill?
other factors:

3.2 Other
Water Supply

inadequate drinking water?
inadequate water for other uses?
lack of water soulce on farm?
time and distance to water source?
poor allocation of water resources?
poor watershed management?
deforestation?
inadequate runoff control?
poor infiltration?

Energy
firewood?
charcoal?
crop residues?
dung?
kerosene?
gas?
electricity?

Location of Woodfuel (fuewood, cha¡coal) sources?

How much time is spent in meeting household energy requirements?

Is the household using what it considers to be infe¡ior energy sources?
whv?

Are supply, time or cash expenses requiled^ for meeting energy needs

consideréã to be a problem by the person(s) responsible?

Are energy shortages anticipated in the future?



Income
sale of cash crops?
sale of surplus foods?
sale of livestock?
sal_e of cottage industry products?
off farm employment? 

-

gifts and remittances?
others?

4. Farmer's Assessment of Agroforesbry potential

what role can a treelsh¡ub play to sorve some of the problems you have?

What kinds of trees would you plant and where?

Why have you not planted them yet?

vl


