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ABSTRACT

The study investigated farmers’ ecological knowledge and management relating to cocoa
agroforests in the Atwima district of Ghana, with the view to selecting and developing
the potential of native forest tree species for use as shade in multi-strata cocoa
agroforestry systems. More specifically, the study investigate farmers’ knowledge about
the ecology and management of multi-strata cocoa systems, with the view to identifying
native forest tree species preferred by farmers as shade for cocoa. Based on this
preliminary survey of farmer knowledge and preferences, eight indigenous forest tree
species were selected for field screening. Field studies involved: (i) assessment of their
natural distribution in different landuse systems, to determine natural regeneration
potential; (i1) evaluation of their phenological patterns and light regimes under their
canopies, with the view to determining their suitability for shade provision; (iii)
evaluation of growth performance, when planted as shade on cocoa farms; (iv)
determination of potential below-ground complementarity in resource use (particularly
water) between planted shade and the cocoa, through evaluation of root competitivity
indices for the planted species, as well as determination of water use by means of sap
flow measurement. The study also evaluated methods of seed pre-treatment to enhance
germination of 7. tetraptera seeds, which usually take a long time to germinate.

Farmers’ knowledge on site selection for cocoa cultivation was based on soil types and
biologtcal indicators. Their description of soil types was based on soil texture and colour.
Trees, shrubs, and herbaceous species are used as indicators of soil fertility status.
Farmers 1dentified over 50 forest tree species and their role in the cocoa farming system.
Eight of these were selected for screening on-farm and on-station. These included:
Albizia adianthifolia, Entandrophragma angolense, Entandrophragma utile, Newbouldia
laevis, Pericopsis elata, Terminalia ivorensis and Tetrapleura tetraptera. The natural
distribution of these species in mature cocoa farms, fallow lands and natural forest was
evaluated and their regeneration potential discussed. Results of phenological patterns and
crown characteristics of the shade tree species are presented and discussed with regards
to their temporal complementarity in light (PAR and Red/Far Red light) capture. Seed
pre-treatment and vegetative propagation techniques for T. tetraptera were investigated,
with results indicating a good potential for the use of locally grown Citrus jambhiri Lush.
(rough lemon) juice for seed pre-treatment. Auxin (IBA) application on leafy stem
cuttings, at concentrations of 0.2%, 0.4%, 0.8% and 1.6% produced good rooting
responses, compared to a control (0%), with 0.4% producing the highest response.
Growth performance of all the planted species was evaluated over a two-year period,
while root structure of, and rates of water uptake by, E. angolense, 1. ivorensis and T.

tetraptera, which appeared to be the most promising species in terms of initial growth
performance on the field, were also investigated. The results showed that T. ivorensis,

which appeared to be more shallow rooting than the others at this age (3 years), was
drawing more water from the soil than the other two species while 7. retraptera, with its
roots oriented more vertically, was using less water than the others. Above-ground
biomass, carbon and nutrient content, as well as litterfall, decomposition and nutrient
release patterns of a multi-strata cocoa-Gliricidia agroforest are also reported and
discussed.
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CHAPTER 1

INTRODUCTION

1.1. Background

The economy of Ghana is based mainly on agriculture, mining and forestry, with
tourism recently emerging as an important foreign income earner. More than 70% of
the country’s population is currently engaged in agriculture, producing food crops for
subsistence and cash crops for local and export markets, with cocoa as the main export
Ccrop.
\

Cocoa plays a very important role in the economy of the country as it constitutes the
largest source of revenue to the government and the main source of wealth to the
people of the forest region of Ghana (Anim-Kwapong, 1994). It accounts for about

two-thirds of the value of exports from the country and, as an industry, is the largest

employer of labour in the country (IFAD, 1986).

Cocoa cultivation 1in Ghana 1s restricted to the forest region where, as a natural
understorey crop which grows under the shade of taller trees, its cultivation in the past
has been based on thinning out the natural forest and planting the cocoa under the
restdual shade (Anim-Kwapong, 1994). Over time however, this has given way to a
practice where the forest 1s now clearfelled, burnt and the cocoa planted. Shade is
provided 1n this case by selectively managing coppice shoots of desirable tree species

as they come up, and by inter-planting plantain and food crops.

This method of cocoa establishment, which is practiced extensively in the country, has

been identified as a major cause of deforestation in Ghana (World Bank, 1987). Despite
the fact that some trees are left for shade, as the cocoa growing expands into virgin
forest, these areas eventually get depleted of trees (Ministry of Environment and

Science, 2002). Current deforestation rate stands at 22,000 ha per year or about 1.7%
with the current forest cover estimated at between 15,800 and 17,200 km®. This
represents between 10.9% and 11.8% of the original cover which was 145,000 km®

(Ministry of Environment and Science, 2002). The bulk of this was attributed to forest



clearance for farming. It has been noted that there is presently no unworked land in the
country outside the reserves, although there are extensive degraded uncultivated parcels
of land (Hepper, 1986; Agyemang and Brookman-Amissah, 1987). It has further been
estimated that less than 1% of the current forest cover in Ghana is found outside forest
reserves, with much of it in scattered patches 1n swamps and sacred groves
(Hawthorne, 1990). The traditional cocoa-growing areas are in many places denuded

and have been abandoned. Re-establishing cocoa in these areas has proven difficult due

to low soil fertility, bush fires, disecases and pest, and 1nappropriate vegetation cover to

provide shade for young cocoa (Adams, 1962; Ayanjala, 1983).

From a peak production in the 1960s, cocoa production in Ghana fell to its lowest level
in the early 1980s due to prolonged drought and widespread bush fires in 1983 that
swept through almost the entire country and destroyed most cocoa farms. Cocoa
production levels remained low through the early 1990s to the mid-1990s due to a
drastic fall in world prices of cocoa and withdrawal of government subsidies as part of
the World Bank and International Monetary Fund (IMF) conditionalities. These factors
resulted in many farmers either converting their cocoa farms into food crop farms for
quick cash returns or abandoning their cocoa farms to grow into secondary forest.

These food crop farms, cultivated on a slash-and-burn basis, have rendered most of the

land relatively degraded.

It therefore means that farmers have to re-establish their cocoa farms on such degraded

secondary forestland, which has a sparse tree cover and few trees suitable as cocoa

shade.

With the introduction of incentives, by way of improved producer prices being paid to
farmers and most recently by way of free government sponsored mass spraying of

cocoa farms, cocoa production levels have risen quite steadily from the all time low in

the 1980s to the present (Fig. 1).

o
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Figure 1: Trends in cocoa production in Ghana (1961 - 2002).

This increased production is accompanied by an increased clearance of forest land
resulting in further deforestation. To sustain the cocoa industry in the face of dwindling
natural forest, and to curtail further deforestation, there is the need to rehabilitate
degraded and abandoned old cocoa lands; particularly in the Ashanti, Eastern and
Western regions, where soils are considered suitable for cocoa cultivation. There is
therefore an urgent need to actively develop models for incorporating trees firmly in
the cocoa growing system and contribute to the rehabilitation of some of these areas to
contribute to developing sustainable farming systems and reduce the migration of

farmers to new forest frontiers.

1.2. Justification

While 1t has been shown that well established cocoa on good soils in a forest
environment can give very high yields (Murray, 1955; Cummingham and Arnold;

1962; Ahenkorah et al, 1974; 1987), it has also been found that shade

removal/reduction can lead to a number of deleterious effects prominent among which



are increases in mired, psylid and leafhopper damage (Entwistle, 1985). Other effects
include 1ncreases 1n mealybug (Homoptera) infestations (Campbell, 1984), and
Anthracnosis (Collectotrichum gloeosporioides) disease (Porras and Sanchez, 1991).
Higher weed growth and higher nutritive demands of the cocoa have also been
observed (Ahenkorah et al., 1974). Furthermore it has been reported that young and
unshaded cocoa produced a high percentage of small category G beans (Adu-

Ampomah et al., 1998).

Despite modernization efforts to maximise cocoa production by using fertilizer and no-
shade while substituting agro-chemicals for the beneficial role of the overhead trees,
cocoa yields have hardly increased, and average production levels have remained low,
in the order of 350kg dry beans per hectare (Wessel and Gerritsma, 1994). Although
shade limits cocoa yield, it provides several agro-ecological benefits (Beer et al.,
1998). The major physiological benefits that cocoa receives from shade trees can be

grouped into two main categories both associated with reduced plant stress namely;

. Amelioration of ¢climatic and site conditions through:
(1) reduction of air and soil temperature extremes;
(i1) reduction of wind speed;
(1i1) butfering of humidity and soil moisture
availability;
(1v) improvement or maintenance of soil fertility

including erosion reduction; and
2. Reduction 1n the quantity and quality of transmitted light and hence

avoidance of overbearing and/or excessive vegetative growth (e.g.
flushing 1n cocoa).

Shade also reduces nutritional imbalances and die-back (Beer et al., 1998).

It has also been pointed out that the relative yield advantage of unshaded cocoa may be
limited to: (1) ideal soil conditions; (ii) one or two decades of production, after which
environmental degradation, especially soil erosion and pesticide residues, may
seriously reduce productivity and/or environmental quality; (iii) frequently replanted
plantations since unshaded cocoa trees have a short economic life time (Ahenkorah et
al., 1974, Beers et al., 1998). Under sub-optimal conditions serious die-back diseases

and, in good environments, excessive vegetative growth at the expense of pod
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production has been observed under no-shade conditions (Wessel and Gerritsma,
1994). The inputs required for unshaded cocoa are also likely to be too expensive and

beyond the reach of smallholder farmers who produce the bulk of Ghana’s cocoa, thus

leading to poor yields.

The proper selection and proper management of permanent shade species can reduce
labour input and weeding cost considerably (de Silva et al., 1990), and these can

amount to 70% of all cost during the first two to three years of a cocoa plantation

(Corven, 1993 cited by de Silva et al., 1990).

In addition to modifying light availability, tree canopies also negatively affect light
quality (Wiley, 1975; Nair, 1979; Bainbridge et al., 1996). They also affect the spectral
composition of the light. This is because leat canopies preferentially absorb, and
therefore ‘filter out’, the visible wavelength used 1n photosynthesis, and different shade
tree species may filter out visible light to ditferent degrees and these differences could
occur between different types of forest trees (Coombe, 1975; Willey, 1975). Ong et al.,
(1996) also point out that shade affects the radiation environment experienced by
understorey crops by alte}ing not only the quantity of radiation received but also 1ts
spectral composition. Thus shade light tends to have a lower proportion of useful
wavelengths, or photosynthetically active radiation (PAR), and a greater proportion of
infra-red, the latter being the wavelengths largely responsible for raising temperatures
(Willey, 1975; Ong et al., 1996). For the selected forest tree species therefore, it will be

important, at least as part of the screening process, to investigate the extent to which

each species will affect the quantity and/or quality of light passing through its canopy

to reach the understorey cocoa crop.

The main physiological drawback with shade trees however is competition for light,

water and nutrients. Whereas there has been an appreciable amount of studies carried
out on competition for light (e.g. Asomaning et al., 1971; Hutcheon, 1981; Raja Harun
and Hardwick, 1987; Gerritsma and Wessel, 1994), competition within the root zone
for water and nutrients between the shade trees and the cocoa crop remains a relatively
unexplored area, yet this could be a critical determining factor for the use of shade for

cocoa establishment. Novel simultaneous agroforestry systems have generally failed to

deliver the sustainably increased crop yields which were expected of them (Sanchez,
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1995), while competition for resources rather than complementarity in resource sharing
has been frequently reported for simultanecous agroforestry. In semi arid sites in
particular, below ground competition can outweigh the perceived advantages of having
trees and crops simultaneously occupying the land (Ong et al., 1996). Competition for
water can occur, even in tropical forest areas, during short dry periods (Kozlowski,
1982). The influence of shade trees on water availability for the understorey crop in
seasonally dry zones is a very important research topic (Beer et al., 1998) as there i1s

currently a dearth of relevant information on this area (Anderson and Sinclair, 1993).

The rehabilitation of the cocoa agroecosystem in the study area can best be achieved
through the inducement of natural regeneration and enrichment planting of desirable
forest tree species which are relatively fast growing and capable of providing suitable
shade for cocoa all year round. Although a number of candidate forest tree species have
been identified as suitable shade trees for cocoa (Bonaparte and Danquah, 1985; Manu
and Tetteh, 1987), the germplasm base is still relatively narrow and there is a need to
broaden the range. This could be done through a survey of farmer knowledge and
preference and a search of the literature on the ecology of Ghanaian forest tree species

(e.g. Hawthorne, 1995; Swaine et al., 1997).

With the exception of a few species, very little 1s known about the artificial

regeneration potential of most of the potential forest tree species suitable as shade for
cocoa as they still remain largely undomesticated. For most of these native forest tree
species problems in the production of planting stock may limit their use in any

rehabilitation programme. There is currently a dearth of information on the propagation
of most of these commonly occurring forest trees encountered in the cocoa

agroecosystem.

Agroforestry 1s a promising landuse practice to maintain or increase agricultural
productivity while preserving or improving fertility (Schroeder, 1993). The trees in an
agroforestry system provide many benefits to the system including nutrient pumping
from deeper soil profiles, fixation of nitrogen, reduction of evaporation from the soil
surface, mitigation of soil erosion, improvement of soil organic matter levels,

improvement of soil nutrient status and improvement of soil structure (MacDaniels and

Leibermann, 1979; Myers, 1980; Campbell et al., 1990; Kamara and Hague, 1992;



Kessler, 1992). Trees can potentially improve soils by recycling nutrients from deeper
soil layers through litterfall and decomposition, among other processes. The rate of
nutrient return to upper soil layers through litter decomposition 1s influenced to a large
extent by the quality of the litter (Campbell, et al., 1994). Shade trees, by their
influence on soil and micro-environmental factors present an avenue for farmers to
achieve sustained yield while increasing diversity of products from their farms. Thus a
quantification of the rate of nutrient cycling in cocoa-shade tree agroforestry systems

will add to the knowledge of how such systems operate and what their potential
benefits are, thereby allowing us to be able to manipulate system composition and

configuration for enhanced production.

From the perspective of climate change and the global carbon cycle, Schroeder (1993)
points out that agroforestry hold an attraction for at least two reasons. The first 1s that
the tree component fixes and stores carbon from the atmosphere. Trees can function as
carbon sinks for periods of many years and continue to store carbon until they are cut
or die. The second interest in agroforestry is its apparent potential to reduce the need to

clear new forest land by providing an alternative to shifting cultivation

In the face of fluctuating cocoa prices and limited resources of cocoa farmers it will be
attractive to develop cocoa production systems which use low inputs and economically
beneficial shade trees that will provide such benefits as timber, fruits, fuelwood,
medicine, etc, in addition to the cocoa (Wessel and Gerritsma, 1994) in order to

diversify farmers’ benefits and income from the farm. There is considerable interest in

the carbon budget (sources and sinks of carbon dioxide) of individual countries and the
potential of various measures such as growing trees to offset the carbon dioxide
emission of individual corporations/countries. Even though the cocoa — Gliridia shade
tree system is a relatively short term sink an assessment of the carbon storage potential

of such a system will give us an idea of the potential of such shade tree systems to filter

the atmosphere of carbon dioxide and add to the much needed information on global

carbon balance.



1.2.1. Past Research

There has been some work done in the past on the identification of native forest tree
species and their suitability for inclusion in cocoa production systems as shade
(Bonaparte and Danquah, 1985; Manu and Tetteh, 1987). Both of these works list a
number of indigenous Ghanaian forest tree species found on the cocoa landscape and
comment on their suitability, or otherwise, as cocoa shade, especially with respect to
pest and disease incidence. However, their work was based largely on researcher
surveys on farmers’ fields and did not take farmers knowledge and perceptions into
account. There has been very little work done in identifying how much knowledge
farmers have about shaded cocoa systems and the interactions between, and
management of, system components. Thus the study in objective (i), which involves a
survey of farmers’ ecological knowledge of multistrata cocoa agroforestry systems was
aimed at augementing their earlier research. It will also complement and facilitate
comparison with, the results of a similar survey of farmers’ ecological knowledge of
multistrata cocoa agroforestry systems in Cameroun (Bidzanga, 2005), as well as
complement the study on the socio-economics of shaded cocoa systems in the Atwima

district of Ghana (Obiri, 2003).

Successful incorporation of native forest trees into cocoa farming systems will depend
largely on how well such species can regenerate naturally in fallow lands and in the
natural forest. Extensive work has been published on the distribution and population

structure of virtually all tree species in different forest types in Ghana (Hall and

Swaine, 1981; Hawthorne, 1990; 1995; Hawthorne and Abu-Juam, 1995). However,
apart from the work of Anim-Kwapong which reports on the population structure and
regeneration potential of Albizia zygia in different landuse systems — natural forest,
fallow land and cocoa farm - very little information exists that compares the
distribution and population structure of the different shade tree species in different
landuse systems. This kind of information is essential as it provides an insight into the
natural regeneration potential of the shade tree species based on which the species can

be manipulated to provide the required products and services.

One of the major premises of agroforestry systems is that of complementarity between

system components. However, inspite of reports from intercropping in savannah



systems which suggest that successful co-exixtence in mixed cropping systems depends
on temporal complementarity (Ong and Black, 1994), tree phenology is a neglected
aspect of agroforestry research (Broadhead et al., 2003a). There 1s some literature on
the phenological patterns of trees in agroforestry systems (Ong and Black, 1994;
Broadhead et al., 2003a & b; Okullo et al., 2004) and of various forest trees (Borchert,
1980; Reich and Borchert, 1984; Reich, 19935). With respect to multistrata cocoa

agroforestry systems, Bonaparte and Danquah (1985) report work done on the
phenological patterns of various cocoa shade tree species in Ghana. However, none of
these studies relates phenology, especially leat cover, to light interception; and there is

virtually no literature on work done 1n relation the relationship between light

interception and crown structural characteristics of the native forest tree species used as

cocoa shade 1n Ghana.

With regards to objective (iv), this work was carried out to address the peculiar seed
germination problem encountered in Tetrapleura tetraptera; all the other species
selected for the field studies did not have any problems with seed germination.
Difficulty in the germination of seeds of T. tetraptera and seed pre-treatment to
overcome this difficulty has been reported by Odoemena (1988) in Nigeria. Although
concentrated sulphuric acid treatment was identified as a good method for breaking
seed dormancy and enhancing germination, its inaccessibility to farmers as well as the
dangers involved in its handling calls for the need to explore and find alternative, easily
adaptable seed pretreatment techniques for this species. It was also decided to explore
the possibility of raising planting stock through vegetative propagation, and since there
is no report in the literature on this aspect for this species a study was conducted to

investigate the rootability of juvenile stem cuttings.

There are a number of reports on studies of species survival and growth performance in

planted agroforestry systems. For instance, Balandier and Dupraz (1999) reported on
the growth performance of widely spaced trees in young agroforestry systems in
France, while Deans et al. (2003) reported on the comparative growth of nitrogen-
fixing tree species In a semi-arid climate in Senegal. With regards to multistrata
perennial agroforestry systems, the work of Somarriba et al. (2001) report on the
survival, growth, timber productivity and site index of Cordia alliodora in forestry and

cocoa agroforestry systems in Costa Rica while Williams et al. (2001) reported on on-



farm evaluation of the establishment of clonal rubber in multistrata agroforests in
Jambi, Indonesia. In Ghana, Osei-Bonsu et al. (2002) have reported on the agronomic
and economic perspectives of a planted cocoa-coconut agroforestry system while
Anim-Kwapong (2003) has reported on the comparative growth performance of ten
Albizia species and Gliricidia sepium planted on screening trials at the Cocoa Research
Institute of Ghana. The growth performance of planted trees of the species used in this
study has not been evaluated in agroforestry systems in Ghana and the results from this

study will help in deciding on the suitability of the species for use as planted cocoa

shade.

On the issue of interaction between crops and companion trees in agroforestry systems,
there is a wealth of knowledge on below-ground interactions. A number of reports are
available on root structure and below-ground interactions between trees and crops in
various environments (e.g. Schroth, 1995; van Noordwijk and Purmonosidhi, 1995;
Lehmann et al., 1998; Rao et al., 1998; Ong et al., 1999; Schroth, 1999; Wahid, 2000;
Odhiambo et al., 2001; schroth et al.,, 2001; Smith, 2001; Mulatya et al., 2002;
Lehmann 2003). Substantial work has also been reported on the comparative water use
by trees in agroforestry systems (e.g. Allen and Grime, 1993; Lott et al., 1996; Howard
et al., 1997; Green and Clothier, 1999; Bayala, 2002; Lott et al., 2003; Deans and
Munro, 2004). However, most of these studies were conducted in semi-arid
environments and/or on exotic tree species. Little information exists on parallel studies
on indigenous forest tree species, as these have seldom been used in planted

agroforestry systems in Africa. Thus results of the study on objective (vi), as well

providing valuable information on below-ground complementarity between cocoa and
shade tree species, will add to, and complement, the body of knowledge on tree-crop

interactions in agroforestry systems in the tropics.

One of the main tenets of agroforestry is the maintenance of soil fertility by trees. In
spatially mixed systems such as coffee and cocoa plantations that include upper storey
trees, the trees are said to provide nutrients from litterfall and periodic prunings, in

addition to the shade provided to the lower storey tree crops (Heuvelop et al., 1988).
Several studies have reported the influence of trees on soil fertility (e.g., Campbell et

al., 1990, 1994; Belsky et al., 1989, 1993; Dunham, 1991; Isichei and Muoghalu, 1992;
Kessler, 1992; Buresh and Tian, 1998). There are a good number of studies

10



documenting the contribution of agroforestry trees to dry matter production and
nutrient cycling in various agroforestry systems (e. g. Lehmann et al., 1995; Palm,
1995; Sharma er al., 1995; Khanna, 1998; Mafongoya, 1998; Gillespie et al., 2000;
Salako and Tian, 2001; Nolte et al., 2003). A greater proportion of this published data,
however relates to natural systems and to alley cropping systems, with data and
literature on planted multistrata perennial agroforestry systems still very limited. Data

on dry matter production and nutrient dynamics in planted cocoa agroforestry systems,

especially in Africa, is still very limited. Thus this study (objective vii) was intended to
generate information on dry matter production, nutrient dynamics and carbon content
of a planted multistrata cocoa agroforestry system, to complement the wealth of data
for alley cropping and other agroforestry systems, as well providing valuable
information for the manipulation of such planted systems to enhance system
productivity. The choice of a Glicidia sepium-cocoa agroforestry system for this study
was mainly due to the fact that Gliricidia sepium is currently the most commonly

planted shade tree for cocoa in Ghana (Anim-Kwapong, 2003).

1.3. Study Objectives.

The general objective of this study was to select and develop the potential of native
forest tree species that have desirable qualities and are of socio-economic benefits to
farmers, for use as shade for cocoa agroforestry systems so as to ensure sustainable

cocoa production and diversified income for farmers, while helping to conserve forest

biodiversity and slow down the rate of deforestation in the country.

The specific objectives included:

(1) Identification of indigenous forest tree species that have potential for
use as cocoa shade trees;

(i)  Determination of the natural distribution of selected tree species in
different ecological systems;

(ii1)  Evaluation of the phenology and crown structure of some selected forest
tree species;

(iv)  Determination of alternative means of raising planting stock of some

promising tree species;
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(v)  Evaluation of the field performance of selected forest tree species;
(vi) Determination of the competitive effect of the selected forest tree

species on the cocoa crop on the field,;
(vii)  Evaluation of the contribution of a cocoa-shade tree agroforestry system

to nutrient cycling and the carbon budget.

1.4. Scope of the project

The project consisted of on-farm trials conducted on farmers’ fields in one major cocoa
producing village in the Atwima District of Ghana. There were also two on-station
trials, one at the research station of the Forestry Research Institute of Ghana (FORIG)

in South Formangso, in the Asante Akim South District, and the other at the
experimental farm belonging to the Ghana Cocoa Growers and Researchers

Association (GCGRA) in Bontomuruso, in the Atwima District.

It involved the identification of indigenous forest tree species considered by farmers as
suitable shade for cocoa cultivation, and subsequently selecting a number of them for
field trials. Species identification was carried out using Participatory Rural Appraisal
(PRA) techniques, augmented with a formal approach to the acquisition of local

knowledge using the methods outlined by Dixon et al (2001).

The on-farm trials involved seven (7) indigenous forest tree species while the on-

station trials examined five (5) species.

The criteria for the selection of species for the field trials were mainly based on

farmers’ preferred attributes of cocoa shade trees. These attributes include:

e Tree crown density
o Tree height
o Effect of the species on soil moisture levels

e Economic value of the tree and/or its products

Final choice was however influenced by the availability of seed for propagation at the

time of project initiation.
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Based on the above, the forest tree species selected for the field screening trials on-

farm included:

o Albizia adianthifolia (Schumach.) Wight

o Entandrophragma angolense (Welw.) DC.

o Entandrophragma utile (Dawe and Sprague) Sprague.
e Khaya anthotica (Welw.) C. DC.

o Pericopsis elata (Harms) van Meeuwen

e Newbouldia laevis (P. Beauv.) Seeman ex Bureau.

e Tetrapleura tetraptera (Schum. and Thonn) Taub.

The on-station trial species included:

o Entandrophragma angolense (Welw.) DC.
e Entandrophragma utile (Dawe and Sprague) Sprague

e Newbouldia laevis (P. Beauv.) Seeman ex Bureau

e Terminalia ivorensis A. Chev.

e Tetrapleura tetraptera (Schum. and Thonn) Taub.

1.5. The study sites

1.5.1. Location

The on-farm trials were conducted in Gogoikrom which is situated about 72 km from
Kumasi, the Ashanti Regional capital of Ghana, while one of the on-station trials was
located in Bontomuruso which is about 80km from Kumasi. In addition to Gogoikrom,
a second village, Kyereyease which is situated about 56 km from Kumasi, was selected
for the elicitation and compilation of farmers’ ecological knowledge on multistrata
cocoa agroforestry systems. All three villages are situated in the Atwima District which

is located between latitudes 6° 22’ and 6° 46’N and longitudes 1° 52’ and 2° 20°W in

the south-western part of the Ashanti Region of Ghana.
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The second on-station trial was located in South Formangso in the Asante Akim South
District, which is situated between latitudes 6° 23’ and 6° 41’ N and longitudes 0° 56’
and 1° 28’ W. It is about 95 km to the south-east of Kumasi (Figure 1.2).

1.5.2. Climate

Both Atwima and Asante Akim South Districts lie within the wet semi-equatorial
climatic zone, marked by double maxima rainfall. Mean annual rainfall ranges between
1700 mm and 1850 mm. The main rainfall season occurs from March to July with a
minor season starting from September and lasting until November. The main dry
season lasts from December to mid-March, during which period the desiccating

harmattan winds blow over the area.

Temperatures are uniformly high throughout the year, with mean monthly minimum
and maximum temperatures of 27°C and 31°C occurring in August and March

respectively. The relative humidity is generally high throughout the year.
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Figure 1.2: Map of Ghana showing location of the trial plots.

1.5.3 Vegetation and soils

The Atwima and Asante Akim South districts are located within the moist semi-

deciduous ecological zone, which is characterised predominantly by the Celris—
Triplochiton Floristic Association as described by Taylor (1960). This 1s the most

extensive of all the forest types in Ghana, and trees here become taller than in any other
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(Hall and Swaine, 1981). The vegetation in this zone is further divided into a slightly
drier North-west subtype (MSNW), within which Atwima district is located, and a

more moist South-east subtype (MSSE), where Asante Akim South district 1s situated.

Figure 1.3 shows the forest types in Ghana, and the location of the trial sites relative

Kumasi, the Ashanti regional capital.

(%fo\\“w”ﬂ
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(Adapted from Hall and Swaine, 1981).

Figure 1.3: Forest zones of Ghana — showings locations of study sites.

The moderate rainfall within the moist semi-deciduous forest zone leads to more
depletion of soil nutrients than in types of lower rainfall. Base saturation is generally

high, however, (60 to 80%) providing a pH of about 5 — 6. Total exchangeable bases
(TEB) are generally below 10 m — equiv/100 g soil, but this appears adequate for the

considerable tree growth characteristic of the type. The type as a whole has only a
moderate elevation of 150 — 600 m, with higher elevations within the area carrying a

forest of distinct type — Upland Evergreen (Hall and Swaine, 1981).

The moist semi-deciduous forest zone is the most productive in the forest zone. The

soil here 1s 1deal for most of the forest zone crops, including cocoa. Cocoa and other
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farms are very much in evidence all over the Moist Semi-deciduous forest type, and
there 1s a great demand for more farmland. Although the type 1s well supplied with
forest reserves, most have been heavily exploited for timber (Hall and Swaine, 1981).

Pressure on these reserves from both timber contractors and farmers 1s 1ncreasing.

1.5.4 Agriculture

Agriculture i1s the main stay of the two districts. Farming here is generally at a
subsistence level with a few exceptions engaged in commercial farming. The hoe and

cutlass are the main farm implements used. The average farm size i1s 1 ha.

The major food crops grown by farmers 1n the two districts include cassava, maize,
cocoyam, yam and plantain. These crops constitute the staple foods in the districts and
are most often inter-cropped. Rice i1s cultivated on a minor scale. Production of
vegetables like tomatoes, okra, garden eggs., pepper, cabbage, etc., particularly for the
urban markets in Kumasi and Accra is currently gaining prominence in the two
districts. In Atwima, cocoa 1s the major cash crop grown while o1l palm and citrus are
produced on a minor scale. In the Asante Akim South district, on the other hand, cocoa
1s also the major cash crop but cola 1s produced, 1in addition to the o1l palm and citrus,

as the minor cash crops.

1.5.5 Landuse pattern

Much of the available land surrounding the project villages i1s under cultivation. This
forms the farmland, which was initially derived from virgin forest off reserve but
currently, derived mainly from secondary torests. Much of the secondary forests have
been derived from old and/or abandoned cocoa farms of 20 or more years old.
Currently much of these forests are being converted into cocoa farms, most of which
are in the establishment phase, and mixed with food crops such as plantain, cocoyam
and cassava as nurse crops. These young cocoa farms eventually mature into cocoa

plantations with few timber and fruit tree species casting shade for the cocoa.

In Gogoikrom, where the on-farm trials were carried out, cocoa is the major crop of the

village. O1l palm appears to be relatively recent and is preferably established in moist
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or valley areas. Few pockets of citrus stands may be found near cocoa plantations. Very
old cocoa farms (over 50 years and no more productive) may be converted into food

crop farms or new cocoa farms, or they may be abandoned to eventually grow into

secondary forests.
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CHAPTER 2

LITERATURE REVIEW

2.1 Cocoa production in Ghana

Cocoa is perhaps the most important export crop for countries in the forest zone of

West Africa and is the main source of foreign exchange for some of them, including
Ghana (Padi and Owusu, 1998). In Ghana cocoa occupies a key position in terms of
foreign exchange revenues and domestic incomes, as well as being the major source of

revenue for the provision of socio-economic infrastructure (Cocoa Board, 199)J).

Production is dominated by smallholder farmers with average farm holdings ranging

from 0.4 ha to 4.0 ha (Cocoa Board, 1998).

For sixty six years (i.e. from 1910 — 1977), Ghana retained world leadership in cocoa
production with market share ranging from 30-40% of the world’s total production
(Bateman, 1988). This production peaked at 566,000 tonnes in 1964/65 but dropped to
159,000 tonnes in 1983/84 and has since then fluctuated over the past years between
150,000 and 350,000 tonnes per annum, with Ghana losing her first position to Cote
d’Ivoire (Gill and Duffus, 1989; Jaeger, 1999). A survey carried out by a Government
of Ghana Task Force in 1995 showed that majority of farmers were producing less than

250 kg dry beans of cocoa annually, with productivity of land estimated at about 390
kg per hectare (Cocoa Board, 1995). This yield rate was found to be less compared to

countries like Cote d’Ivoire and Malaysia, with their yields of 600 kg and 800 kg per

hectare respectively.

The total area under cultivation to cocoa in Ghana is estimated at 1.2 million hectares
(Cocoa Board, 1998). This value represents a decline of 0.6 million hectares compared
to the area of productive land in the sixties. In addition to this, production of dry cocoa

beans has declined from an average of 400,000 tonnes in the 1960s and 1970s to a

stagnated average of 370,000 tonnes from 1995 to 2000, even though there are reports

that output is increasing (Cocoa Board, 2000).
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2.2 Cocoa cultivation in West Africa

Cocoa (Theobroma cacao L.) is an understorey tree that is traditionally cultivated
under the canopy of shade trees that may be remnants of the original forest or may have
been deliberately planted (Wood and Lass, 1985; Power and Fletcker, 1998; Ruf and
Zadi, 1998; Whinney, 1998; Klein, et al., 2002; Anim-Kwarpong, 2003). It has been
cultivated by smallholders in the shade of primary or secondary forest trees for

generations throughout the tropics (Purseglove, 1968). The dominant cultural practice
of cocoa cultivation in the humid west and central Africa involves planting cocoa trees
in secondary forest or forest fallow, selectively cleared and planted to various food
crops for one or two seasons (Duguma et al., 1990; Duguma and Franzel, 1996). When
land is cleared, indigenous fruit, medicinal and timber tree species are deliberately
retained both for their economic value and to provide shade for the cocoa plant.
Clearing is done manually (with the exception of the use of chain saw to fell big trees)
which, together with the no-tillage method used when planting, causes minimum or no
disturbance to the fragile soils (Duguma, et al., 2001). The system may be enriched by
planting additional tree crops such as mango (Mangifera indica), avocado (Persea
Americana), coconut (Cocos nucifera), orange (Citrus sinensis), cola (Cola nitida)
mandarin (Citrus reticula) and oil palm (Elaeis guineensis), depending on the density
of the retained natural tree species and the mortality of the cocoa seedlings (Oladokun,
1990; Amoah et al., 1995; Duguma et al.,, 2001). As the cocoa tree and the other
components grow to maturity, the agroforest becomes a more diverse and structurally
complex, closed-canopy multi-strata system that resembles natural forest (Duguma et
al., 2001). Such systems exhibit a high degree of habitat heterogeneity, and they appear
to serve as good surrogates of natural forest for many faunal species (Terborgh, 1989,

Perfecto et al., 1996). These systems are long-lived, remaining productive for many

decades (Power and Flecker, 1998).

According to Wessel (1987) the major management requirements for cocoa agroforests
are shade control, weeding, pest and disease control, harvesting of pods and processing
of beans. He points out that the role of shade in the management of cocoa agroforests 1s
rather complex as it bears an impact on several other growth factors, such as reduction
in light intensity, temperature, air movement and relative humidity, and these all

indirectly affect photosynthesis and the incidence of pest and diseases. The level of
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shade required for cocoa may vary significantly, depending on the age of the cocoa
tree, the location of the farm or even the provenance of the cocoa trees (Duguma, et al.,
2001). However, it has been suggested, in the past, that optimal growth and
productivity is promoted by a level of shading that allows 20 to 30% of full sunlight to
reach the cocoa (Okali and Owusu, 1975), though this position has changed over the

years.

Among the most important problems facing cocoa farmers in the region are the ravages
caused by pests, especially capsids (Heteroptera: Miridae), and diseases, such as
swollen shoot caused by the swollen shoot virus and black pod caused by the fungi
Phytophthora palmivora and P. megakarya (Ollennu et al., 1989; Anon, 19935; Freud et
al., 1996; Duguma, et al., 2001). Bakala and Kone (1998 cited by Duguma et al., 2001)
estimated yield loss due to disease to be 10 to 80% in West Africa, 10 to 30% 1n Cote
d’Ivoire, 30 to 50% in Ghana and Togo and 50 to 80% in Cameroun. Cocoa yield
losses due to black pod disease in Ghana previously caused by P. palmivora alone, was
estimated at 4.9 — 19% (Dakwa, 1984). Recently, however, an outbreak of a more
severe disease caused by P. megakarya caused losses due to black pod disease in
Ghana to rise dramatically to 60 — 100% (Dakwa, 1987). Present recommendations for
the control of the black pod disease in Ghana involve spraying to protect apparently
healthy pods with copper-based fungicides at four weekly intervals, about 6 — 7
applications per year during the rainy season (Hislop and Park, 1960). This measure,
though effective, has major drawbacks. Apart from the concern about the amount of the
copper-based fungicides which may end up in the soil, the average Ghanailan cocoa
farmer finds the repeated application of fungicides unaffordable and the majority of
farmers either do not treat their farms at all, or do only one or two applications per

year, thus incurring heavy crop losses every year (Henderson, et al., 1994; Opoku, et

al., 1997).

With regards to capsids, also known as mirids, recent studies have indicated that about
25 — 30% of the national cocoa acreage in Ghana has significant mirid damage, with an
annual crop loss of about 100,000 tonnes (Owusu-Manu, unpublished information).
Climatic factors, mainly light and humidity are believed to influence the abundance of

cocoa capsids (Gibbs, et al.,, 1968). Control of capsids in Ghana, as in other West

African countries 1s mainly by spraying with synthetic insecticides, mainly Gammalin
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20 (Lindane) and Unden 20 (Propoxur) (Collingwood, 1971). Other pest and parasite
problems of cocoa farmers include termites, which have gained economic importance
in some parts of Ghana in recent times, rodents (i.e. rats and squirrels) which cause

damage to pods, and parasitic mistletoes and nematodes (Taylor, 1961; Asare-Nyarko

and Owusu, 1981; Ackonor, 1995; Appiah and Owusu, 1997).

Depending on the prevailing climatic conditions i1n a given area, chemical, cultural
practice or biological control methods can be used to control cocoa pest and diseases.
Enhancing air circulation through regular weeding and pruning, ensuring there is
adequate drainage, and removing pod husks immediately after harvesting and

extracting the beans are some of the cultural practices that have been recommended by

Maddison and Griffin (1981). Duguma et al (2001) have also pointed out that
developing cost effective and environmentally sustainable integrated pest and disease
management is a strategy likely to promote cocoa agroforests. They also emphasise the
importance of the need to minimize farmer’s risk of crop failure at times of drastic

institutional changes and fall in commodity price.

2.2.1 Shade in cocoa plantations

The World Commission on Forests and Sustainable Development (WCFSD) has
pointed out that about 14 x 10° ha of forests have been lost each year since 1980 as a
result of changes in landuse from forest to agriculture (WCFSD, 1999). The rapid rate
of deforestation has resulted in a race among conservationist to protect remaining
forested land. Often overlooked, however, 1s that conversion of tropical forest for
agricultural use is rarely complete, and often not permanent. Within the agricultural
landscape, one can find a significant amount of forested area in the form of managed
multi-storey agroforestry systems, or agroecosystems, whose features of structural
complexity microclimate buffering, and diversity of canopy food plants retain high
biodiversity and contribute to the protection of forest biota (Beer, 1987; Alcorn, 1990;
Michon, 1995; Perfecto, et al., 1996). Plantations of cocoa and coffee constitute one of
the most important forms of landuse and are of enormous economic importance for
developing countries (Graaff, 1986; Wood and Lass, 1985). These crops are usually

grown under shade trees in agroforestry systems based on two or more perennial

species (Nair, 1993).
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Traditionally in West Africa, cocoa shade relates to the density of forest trees left in the
field after the 1nitial clearing of the forest. Growing cocoa under shade stems from the
belief that cocoa, being a second storey tree, thrives best under heavy forest shade
(Padi and Owusu, 1998; Ruff and Zadi, 1998). It has been suggested that the main
objective for growing cocoa under heavy shade, in the past, was to lengthen the
economic life of the cocoa tree, with other reasons having to do with the technical

difficulty of cutting down large trees due to absence of the necessary equipment in

those days, or for socio-cultural reasons (N’Goran, 1998; Ruff and Zadi, 1998).

However, this earlier notion of cocoa thriving best under heavy forest shade has given
way to a prescription of mild shade, for both yield levels and precocity (Paddi and
Owusu, 1998). In Ghana the recommendation 1s to reduce overhead shade down to a

maximum of 10 large and 15 medium sized trees per hectare or 4 trees per acre (Oseti-
Bonsu and Anim-Kwarpong, 1997). In Cote d’Ivoire, however, the recommendation i1s

to plant cocoa without shade (Freud et al., 1996; Ruff and Zadi, 1998). A study by

Freud et al (1996) into the levels of permanent shade in cocoa farms in Ghana and Céte

d’Ivoire showed that about 50% of the total cocoa area in both countries was under
mild permanent shade whilst an average of about 10% in Ghana and 35% in Cote
d’Ivoire was under no shade; indicating a gradual shift towards eliminating shade trees

from the cocoa agroecosystem.

There are different forms of shade management systems employed in cocoa cultivation.

Whilst Ruff and Zadi (1998) recognise that mature cocoa farms can be classified into

six types of shade management systems, viz;

1. Selected jungle trees saved by selective cutting and partial burning. In
this case, the shade trees form a stratum 20 — 40 metres above the cocoa

groves,

1. Spontancous and selected regrowth of jungle trees previously cut down
(and burnt but the fire does not destroy the entire root system). The

shade stratum is much lower than in the previous case,

23



11, Trees planted by farmers. The most frequent are leguminous trees

supposed to have a positive impact in terms of shade and nitrogen

supply,

iv. Tree-crops such as various fruit trees planted for direct agricultural and

V1.

economic purposes but which may also provide some shade and wind

breaks to cocoa,

Plantains and bananas which are supposed to provide only temporary

shade to young seedlings but in a number of situations mats regenerate

every year,

‘Zero shade’ systems or strict monoculture after complete forest clearing

and regular elimination of any shoots during weed control,

Greenberg (1998) and Rice and Greenberg (2000), however, identify three basic shade

management systems in cocoa, namely:

1.

Rustic cocoa management: This is widespread in humid West Africa
and local in Latin America and 1s characterised by the planting of cocoa

under the canopy of thinned or older secondary forest;

Planted shade systems: These vary widely and range from :
a. Traditional polycultural system - having multiple species of

planted shade trees with occasional remnant forest species,

b. Commercial shade — where other crop trees are interspersed

amongst planted shade trees and the cocoa,

C. Monocultural specialized shade — where the shade is dominated
by one or a few tree species or genus (genera). Some indigenous
shade systems are truly diverse agroforests. However in most

planted systems where a multitude of shade species i1s found,
generally one or a few species comprise the “backbone” shade in

which other fruiting and timber species are inserted. In some
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areas, cocoa is grown under or intercropped primarily with fruit

trees:

iii. Zero-shade cocoa or technified cocoa systems without shade -

cultivation, without shade, 1s common in Malaysia and is becoming

more widespread in parts of Colombia and Peru.

N’Goran (1998) identified two main types of cocoa shade management in Cote

d’Ivoire. These are: (1) cultivation under shade trees, and (i1) cultivation without shade.

The first method is widely employed by small-holder cocoa farmers in West Africa and

entails three shade management techniques, described by N’Goran (1998):

1.

i1.

111,

Cultivation on the cleared forest floor. This involves clearing all the
undergrowth on the forest floor, and then eliminating certain species of
trees that are harmful to cocoa trees, either through their competition for
water, especially in areas of low rainfall, their role as host to insects and
diseases that threaten cocoa trees, or because their foliage is too dense or
too low. This method 1s similar to the rustic shade management method
described by Greenberg (1998) and Rice and Greenberg (2000) and that
described by Ruff and Zadi (1998);

Cultivation in areas of natural regrowth. This entails clear-cutting forest
land several months before planting and managing the regenerating trees

for shade;

Cultivation under artificial shade. This method consists of planting

shade trees according to a specific plan involving the clear-cutting of

forest land, thereby eliminating all harmful species, and introducing new
local or exotic ones. N'Goran (1998) however, points out that unlike the
first two methods above which have been researched in Cote d’Ivoire;

no research has been conducted on this method.

N’Goran (1998) however pointed out that over the last few years, the lack of remaining

forest land has forced farmers into making use of their last alternative: cultivating
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cocoa trees 1n former orchards or on land left fallow and colonised by Chromolaena

odorata, which blocks or greatly inhibits forest regeneration.

The origin of the use of shade 1s usually attributed to early cultivators mimicking the

natural sub-canopy environment of wild cocoa trees 1n the forest (Murray, 1958) of the

upper Amazon and Orinoco river basin (Simpson and Ogorzaly, 1936).
2.2.2 The importance of shade in cocoa

A number of reasons have been outlined in support of the maintenance of shade trees in
perennial cropping systems. In the first instance, traditional, shade-grown cocoa has
tended to be well integrated with local agricultural practices and traditions, and
compatible with biodiversity conservation (Young, 1994; Perfecto et al., 1996; Beer et
al., 1998). Being a natural understorey tree in humid tropical forests, a multi-layered
forest system continues to be the optimum environment for the cultivation of cocoa as
well as for its sustainability. Cocoa grown in this type of system holds enormous
potential for environmental and cultural conservation in regions under intense pressure

from logging, development and conventional, monocrop agriculture (Whinney, 1998).

The use of shade in cocoa 1s an ancient practice dating back to the domestication of the
crop. As the use of leguminous shade trees such as Gliricidia sepium for cocoa occurs
at what are generally considered to be the points of domestication, it was generally

assumed that shade trees, and more especially leguminous shade trees, were essential

for the cultivation of the crop (Sanchez, et al., 1990). Consequently permanent shade

trees in tree crop plantations have been a traditional package (Webster and Wilson,

1969).

2.2.2.1. Shade and cocoa productivity

In Ghana, cocoa ts usually cultivated under the shade of thinned forest (Wood and
Lass, 1985). This agroecosystem is apparently ideal for the cultivation of the crop since
the leaves of cocoa have low light saturation point of 400 1 E m™ s and a low
maximum photosynthetic rate (7mg dm™ h™') at light saturation (Hutcheon, 1981). Raja

Harun and Hardwick (1988) state that the photosynthetic rate of the crop is known to



decrease if the photosynthetic apparatus is exposed to light intensities exceeding 60%
full sunlight, while prolonged exposure to high light intensities damage the

photosynthetic mechanism of the leaves.

While the use of shade appears to have been a universal practice formerly, in this
century the shade requirement of the cocoa tree has been questioned and the practice
has been subject to wide experimentation. In the 1950s and 1960s the controversy over
cocoa shade and productivity intensified with the emerging worldwide availability of
agrochemical technologies, and, most importantly, the development and introduction of
new cocoa varieties that require little or no shade. Efforts to incorporate these

technologies were largely guided by state sponsored research in Latin America and
Africa. A principal line of inquiry was to uncover whether shade was an 1nnate
requirement of the cocoa tree itself or whether it serves a secondary role by
maintaining appropriate soil, insect population, and other conditions for the cocoa
plant; conditions that could be potentially maintained with the application of suitable

chemical inputs (Johns, 1999).

It has been noted that on the most appropriate sites, the production of cocoa generally

increases if shade 1s decreased (Murray, 1958; Cunningham and Lamb, 1959;
Cunningham and Arnold, 1962; Willey, 1975; Alvim, 1977; Johns, 1999). It has also

been found that shade or low light intensity decreases or suppresses flower production
in cocoa trees, and that light levels under 1800 hours per year have a considerable
depressing effect on production, all other factors set aside (Asomaning et al., 1971;
Gerritsma and Wessel, 1994). Such changes, however, bring on other problems (Alvim,
1977). The increased yield under no-shade conditions is usually followed by yield
decline due to a number of factors such as: high loss of exchangeable bases 1n the so1l;
damage by insect pests; increased soil moisture evaporation and excessive leaf

transpiration (Ahenkorah et al., 1974; Bonaparte, 1975).

Trees on croplands bring about microclimate changes under their canopies by reducing
soil and air temperature, irradiance and wind speed. These changes will have direct
influence on sotl water evaporation and humidity, which in turn may significantly
affect crop growth, depending on the climate (Rao et al., 1997). The reduced radiation

load and wind speed under canopies reduce water demand by crops and soil



evaporation, which are particularly important during drought periods (Rao et al., 1997).
Wallace (1996) noted that trees contribute to loss of rainfall through evaporation of
canopy interception, and modify conditions under canopies by shading and
redistribution of intercepted rain through stem flow and canopy drip. Working in a
semt-arid site in Kenya, Wallace et al (1997) predicted that the reduction in soil
evaporation under tree canopies would be sufficient to offset the increased losses due to

canopy interception, depending on rainfall intensity and annual total rainfall amount.

Shade reduces photosynthesis, transpiration, metabolism and growth and therefore, the
demand on soil nutrients and so enables a crop to be obtained on soils of lower fertility
(Purseglove, 1968). Depending on the species involved, shade trees can also fix
atmospheric nitrogen and hold it within the soil layer (Beer, 1987). Young cocoa trees
benefit from the protection of shade trees and the influence shade has on growth form.
The shade trees also serve to reduce the winds at or near the ground level within the
cocoa agroforestry system (Rice and Greenberg, 2000). In Ghana, Ahenkorah et al
(1974) evaluating the outcome of shade and fertilizer experiments, found that shade
promotes greater long-term production of older cocoa plants with low levels of
fertilization. While shade is invariably recommended for the establishment of cocoa it
has also been recommended that the shade should be gradually removed on optimal
sites as the cocoa becomes self-shading (Cunningham and Arnold, 1962; Alvim, 1977).
Willey (1975) however points out that in cases where intensive management,
particularly the regular application of fertilizers, can not be guaranteed, some shade

trees should be retained for cocoa. The extra expenditure associated with clear-felling

and growing unshaded cocoa with large amounts of fertilizers would probably be

justified only when yields of 3,360kg/ha and over are obtained (Cunningham, 1963).

2.2.2.2. The Role of Shade in Biodiversity Conservation

Globally, there is growing evidence of the effects that cocoa cultivation has on
biodiversity conservation (Rice and Greenberg, 2000). Firstly, forest clearance for
cocoa threatens biodiversity by degrading both the physical structure and species
diversity of the canopy, and increasing the fragmentation of the landscape. Once forests
are cleared, however, cocoa farms have positive benefits especially when grown under

the shade of secondary forest or other species-rich tree canopies because they provide a
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wider array of ecological niches for wildlife than do many other cultivated landuses
(Leakey and Tchoundjeu, 2001). In terms of their architecture and ecology, many

traditional shaded coffee and cocoa plantations resemble natural forest more than most

other agricultural systems (Beer et al., 1998).

Considerable research has been directed at the potential for shade crops, such as coffee

and cocoa in maintaining otherwise lost biodiversity in deforested landscapes (Estrada
et al., 1997; Perfecto et al., 1996; Greenberg et al., 1997; Parrish ef al., 1998; Power
and Flecker, 1998; Greenberg et al., 2000; Reitsma et al 2001). Such habitats can
enhance the existence and maintenance of biological diversity by providing additional
habitat and resources for organisms visiting from intact forest, or they can support
forest-dependent organisms throughout the annual cycle. In the latter case, shade crops
provide a refuge for biodiversity in areas that have lost most or all of their natural
forests. In the former, shade crops could be useful as a buffer zone crop for forest
reserves (Greenberg et al., 2000). Greenberg et al (2000) also point out that planted
coffee and cocoa ‘forests’ are a mode of reforestation that could provide both revenue
for local land owners as well as wildlife habitat. Cocoa 1s sometimes cultivated under
thinned forest canopy (rustic cocoa), but more often it 1s found beneath a diverse
canopy of planted shade trees (planted shade) and these alternative systems probably
support very different level of diversity of tropical forest organisms (Greenberg et al.,
2000). They can serve as pathways or stopover points for the migration of animal
species between natural reserves (Beer et al., 1998; Rice and Greenberg, 2000). When

native trees are used as shade trees in a buffer zone, a larger gene pool of these species

can be maintained than would be possible in the protected area alone (Beer et al,

1993).

Referring to shade in coffee, it has been proposed that the shaded tree crops can serve
as refuges for biodiversity because they can potentially preserve high diversity of
organisms such as birds, arthropods, mammals and orchids (Gallina et al 1996;
Perfecto et al., 1996, 1997; Greenberg et al., 1997). The floristic and structural
diversity of shade grown coffee and cocoa farms provides habitat for native fauna
(Siebert, 2002). He noted that farmers in Sulawesi, Indonesia, have reported that small
mammals, deer, wild pi1gs, macaques and other forest fauna are regularly observed and

occasionally hunted in their shaded coffee and cocoa farms, as opposed to no birds and
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the rarity of forest animals in full-sun farms, even where these farms are adjacent to
shade farms and remnant primary forest patches. According to Greenberg et al (1997),
canopy height and structural complexity (i.e., number of layers) are often associated
with increased bird species diversity to the increased foraging and nesting opportunities
such vegetation provides. A diversity of vegetation types and structure also modifies
microclimatic conditions, thereby providing a wide range of niches for other plant,
animal and insect communities. In addition, flora and fauna may interact to maintain

and even enhance biological diversity (Siebert, 2002).

A wider diversity of tropical forest organisms occurs in shaded cocoa plantations than
in most other lowland tropical agricultural systems. Rustic plantations incorporating
natural forest shade trees are probably the best in this regard. However, to the degree
that these rustic systems are not stable, they may not provide in the long term. Cocoa
grown under planted shade may provide the best long-term protection for tropical
forest biodiversity (Rice and Greenberg, 2000). Monocultural, high yield production
systems also require high rates of nutrient addition, typically through the use of
chemical fertilizers. These chemicals can have significant effects on the highly diverse
community of soil micro organisms and invertebrates that regulate nutrient cycling in
ecosystems. Minimizing the use of agrochemicals can result in the conservation of
beneficial organisms and conservation of functional processes such as decomposition
and nutrient cycling. Thus the conservation of biodiversity within the agroecosystem

affects plant and soil processes that can, in turn, affect crop productivity (Mason et al.,
1997).

Structurally diverse forest farms that provide sites for birds and bats to feed and perch
may enhance seed dispersal and establishment of woody vegetation. They may also
provide connectivity between isolated primary forest fragments (Galindo-Gonzales et
al., 2000 cited by Siebert, 2002). Canopy height is a function of forest age, but also of
the history and intensity of cultivation. Some of the trees planted in agroforestry farms
are long-lived species that reach 2040 m in height. Thus, both canopy height and
structural diversity may increase with time, enhancing the biodiversity conservation
value of these farms. Furthermore, even when young and relatively low in height and
structural complexity, agroforestry farms provide a much more diverse range of

biophysical conditions (1.e., niches) than full-sun farms (Siebert, 2002). Rice and
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Greenberg (2000) therefore advocated two approaches to enhancing the impacts of
cocoa on biodiversity: (1) the continuation in existing cocoa farms of the practice of
using a diversity of shade trees rather than the change to monocultures or low-diversity
shade systems, and (11) in deforested areas, the promotion of cocoa establishment under

a wide range of shade species.

The loss of biodiversity thus has a range of negative ecological and societal
consequences. More immediately, loss of biodiversity can have significant impacts on
ecosystem function within agroecosystems and economic returns from the cropping
system. Thus the conservation of biodiversity provides a number of benefits to

agriculture (Andow, 1991).

2.2.2.3. The Role of Shade in Pest and Disease Control

The equilibrium 1n natural undisturbed systems does not permit one or more species to
cause major damage as a large number of predators will be present. In a disturbed
system such a balance may not exist because the reduced plant diversity and the
absence of trees do not provide sufficient resources and niches for predators and
antagonist. According to the ‘natural enemies hypothesis’ (Altieri and Smith, 1986;
Russell, 1989) agro-ecosystems with high floristic and structural diversity have low
abundance of phytophagous species. Alternative food resources in such systems may
support higher populations of entomophagous arthropods, and a shade canopy may

enhance predator populations that would not survive in unshaded plantations

(Greenberg et al., 2000).

Genetically uniform monocultures are often more vulnerable to pest and diseases and
therefore require higher inputs of pesticides (Power and Flecker, 1998). Agrochemicals
are commonly used to control pests, diseases and weeds in cocoa holdings (Soule et al.,

1990 cited by Rice and Greenberg, 2000). In addition to the health and environmental

problems this may engender, the chemicals themselves often induce resistance in target
species. Capsids developed resistance to aldrin and lindane in the early 1960s in Ghana
(Rice and Greenberg, 2000). Also, Gordon (1976) reports that in the early 1920s cocoa
farmers on the African islands of Fernando P6 and Sao Tomé, then among the leading

world producers, cut much of their cocoa canopy in an effort to boost production.
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Shortly thereafter, however, most of these farms were wiped out by insect attacks. In
Bahia, Brazil, serious leaf burns caused by severe attacks of insect pests, particularly
thrips (Selenothrips rubrocinctus) and monalonia (Monalonian spp.), on cocoa under

low shade conditions have also been reported by Alvim (1960 cited by Johns, 1999).

On the other hand excessive shade has been found to have negative effects on the
disease and pest status of cocoa farms. Phytophthora palmivora (black pod disease of
cocoa) and other pests and diseases are reported to be favoured by increased humidity
due to increased shading (Ahenkorah et al., 1994; Dakwa, 1974; Smith, 1981; Akrofi et
al., 2003). In Brazil and Ghana, a reduction i1n the fungal black pod disease of cocoa
was also recorded under low shade conditions (Dakwa, 1974 Smith, 1981). Excessive
shade increases the incidence of other economically important fungal diseases,
especially in very moist situations such as river sides or valley bottoms (Beer et al.,
1998). However, the positive aspects of reduced shade can be offset by several
deleterious effects, the most prominent of which are the increases in mirid, psyllids and
leafhopper damage, and increases in mealybug (Homoptera) infestations (Campbell,
1984; Entwistle, 1985). These are the reasons why cocoa monocultures are not

economically justified despite the initial production advantage (Ahenkorah et al.,

1974).

Increasing crop diversity through the use of polycultures can augment the resources
available to pollinators and to pest natural enemies such as parasitic wasps, resulting in
higher populations of these beneficial organisms (Andow, 1991). The use of shade can
lessen a farmer’s dependence on chemicals, and 1s thought to affect the physiology of
the cocoa plant and the physical environment as well (Rice and Greenberg, 2000).
Several authorities have suggested that the removal of shade and the spraying of
insecticides are two major contributing factors in the development of pest species in
cocoa (Leston, 1970; Wood and Lass, 1985). Beer et al (1998) however suggest that

the provision of more or less shade to help control these diseases must seek a balance

since they occur together in many plantations, while Rice and Greenberg (2000) also
suggest that the manipulation of the cocoa habitat in order to retain the co-evolved
ecological relationships characteristic of natural forest should be the first approach to

be taken to prevent disease or pest problems.
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2.2.2.4. The economic value of shade trees

The significance of diverse shade vegetation 1n providing secondary products such as
fruits, medicine, spices timber/building material, animals (protein), root crops,
firewood and other materials, and thereby providing a diversified diet and income for
small-holder cocoa and coffee farmers has been noted by a number of people (De Row,
1987; Herzog, 1994; Escalante, 1985 Beer et al 1998; Whinney, 1998; Peeters et al.,
2003). For instance, Herzog (1994) points out that in C6te d’Ivoire cocoa producers
make use of some 27 mostly wild forest species as shade, 13 of which provide
fuelwood and medicine, 11 provide food products and 6 are used in construction. The
advantage of these economic shade trees is that they have a low maintenance cost and
are considered a ‘saving account’ that can be realized at times of low prices or failure
of the underlying crop (Mussak and Laarman, 1989; Somarriba, 1992; Beer et al.,
1998). Also, it has been pointed out that income from fruit trees, timber and fuelwood,
and other perennial crops used as shade for cocoa can be significant, and may result 1n
better financial performance than would occur in plantations using conventional,

leguminous, shade trees (Glover, 1981; Kajomulo-Tibaijuka, 1985; O’ktin’ati and

Mongi, 1936).

Referring to Cordia alliodora in coffee plantations, Beer et al (1998) give a
conservative estimate of the merchantable timber increment from 100 trees ha™' to be 4
-6 m” ha' yr', and posit that the earnings from the timber could compensate for lost

coffee yields of 17% when coffee prices are high, 33% when prices are intermediate,

and up to 100% of any lost production when prices are low, and assumed similar
earnings could apply to cocoa. Peeters ef al (2003) have noted that insecurity in prices
does not always allow farmers to obtain profits, hence counting on a permanent timber
stock for their own use or local selling can help to cope with lack of housekeeping

funds. The practice of perennial tree crop intercropping is an attempt to spread the

financial risk in cocoa farming (Benneh, 1987).

Research has shown that low-input cocoa systems that include commercial fruit
production fare quite well during periods of low cocoa prices and that the break-even
cocoa price for these virtually chemical-free holdings is just over 50% the price needed

to break even in cocoa without fruit trees (Duguma et al., 1998). Beer et al (1997, cited
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by Peeters et al., 2003) state that in a coffee plantation producing 1380 pounds of
coffee/ha (626 kg/ha) and shaded with Cordia alliodora, a timber species, profits from
the timber are higher than profits from the coffee if its price sinks below US$60/100
pounds. It has also been pointed out that 1 ha of cotfee plantation with a diverse shade
vegetation covers all the necessities of timber, firewood and fruits of a seven-person
peasant family in Costa Rica, and that simplifying these plantations would be

economically disadvantageous for them, even if coffee production increases (Espinoza,

1986 cited by Peeters et al., 2003).

2.2.2.5. Shade trees and nutrient cycling

The greatest long-term incentives for promoting the management of a diverse shade
canopy can be found in the ecological and agronomic services provide by the shade
trees (Beer, 1987). One of the major biophysical factors that contribute to the
sustainability of these systems is the nutrient cycling facilitated through the leaf litter
from the overstorey trees (Long and Nair, 1999). Other advantages arise from the
higher soil organic matter from litterfall, the provision of soil mulch, and the reduction

of soil erosion made possible by the presence of continuous plant cover (Hadfield,
1981; Glover and Beer, 1986; Beer et al., 1998; Long and Nair, 1999).

The leaf litter provides mulch and a supply of organic matter for the soil. This, in turn,
can increase aeration, infiltration, and drainage, as well as result in a slow and steady
release of nutrients into the mineral soil. The decaying litter provides resources for a
greater diversity of soil and litter organisms, which may be critical in nutrient
breakdown and cycling (Beer et al., 1998, Rice and Greenberg, 2000). Soil organic
matter content may increase with time under agroforestry systems of cocoa. For
example, over a 10-year period following conversion of sugar cane fields to cocoa

plantations 1n Costa Rica, Beer er al (1990) found that soil organic matter had increased
by 21% under pruned leguminous Erythrina poeppigiana and by 9% under unpruned
non-leguminous Cordia alliodora. Nair and Rao (1977) found that the association of

cocoa with coconuts increased the number of bacteria and fungi in the coconut

rhizosphere, and attributed this positive effect to increased litter inputs.
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Palm (1995) points out that nutrient cycling within intercropped systems will be
directly affected by the type of shade species, since these species differ significantly in
aboveground biomass productivity, rate of biomass decomposition and fine root
biomass turnover. Also, according to Beer (1987), depending on the species involved,
shade trees can fix atmospheric nitrogen and hold it within the soil layer. However, the
level of nitrogen fixation by leguminous shade trees in cocoa plantations is influenced
by management practices (Wood and Lass, 1985). Shade trees in many plantations are
allowed to grow freely while in more intensively managed areas several pollardings per
year may be carried out. Pruning residues may be left around the trees, chopped and
spread around the ground, or exported for fodder and firewood. All of these practices
will affect levels of Nj fixation and N availability in plantations (Beer et al., 1998).

Citing literature, Beer et al., (1998) however conclude that there is a relatively low
contribution of N through N> fixation from shade trees in cocoa plantations, while Beer
(1988) suggest that the ability of a shade species to produce large quantities of organic
material, as litter and pruning residues, can be more important than N> fixation because

of the positive effects on soil chemical and physical properties.

In many regions, cocoa is traditionally grown under the shade of timber and fruit tree
species, which are either retained when clearing the forest or specifically planted.
Through their litter, throughfall and stemflow, timber trees contribute to the cycling of
organic matter and nutrients (Schroth et al.,, 200la). For instance, Beer (1988)
mention 5.7 tons of leaf litter ha™ yr' containing 114 kg N, 7 kg P and 54 kg K, from a
Cordia alliodora shade trees in a Costa Rican coffee plantation, while Murray (1975)

talks of S tons of leaf litter ha' yr'' containing 79 kg N and 4.5 kg P in a typical cocoa
farm shaded by forest trees in West Africa. Trees with deep roots can take up subsoil
nutrients that are beyond the reach of crops and recycle them to the surface through
litterfall (Buresh and Tian, 1998). Deep nutrient capture by trees increase the total

nutrient availability of the system. However, an important difference between fallow
systems and tree-crop associations is that, in the latter, the nutrients in the tree biomass
do not necessarily become available to the crops. The nutrients are released from the

trees into the soil through prunings, litterfall and dying roots, or is leached from the

crown by throughfall and stemflow (Schroth et al.,., 2001b).
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Schroth et al., (2001b) point out that landuse systems based on tree crops, such as
multistrata agroforestry systems, have clear advantages over annual cropping systems
for the maintenance soil fertility in the humid tropics. These include permanent soil
protection, a more favourable environment for soil biological processes that affect litter
decomposition and soil structural improvement, and more efficient nutrient cycling.
The diversification of output through association of different species for domestic use

and commercialization, including valuable timber trees, can increase the access to

external nutrient sources and thereby help to equilibrate the nutrient balance of the

system. The reduction of nutrient leaching and recycling of subsoil nutrients by deep-
rooting trees can improve the availability of nutrients in the system and reduce negative
environmental impacts. Beer (1987), however, points out the potential for the shade

trees to compete with the cocoa for nutrients, and the potential export of nutrients from

the system through the removal of wood or fruit products as harvests.

Schroth et al., (2001a) assert that information about the spatial and temporal patterns of
water and nutrient availability is required to design effective measures, such as optimal

spacing of trees, inclusion of additional crop species, altered management of a cover

crop, or reduced quantities and altered distribution of fertilizer.

2.3. Resource capture and use.

The relative importance of the different effects of shade trees, and hence the need for
shade, 1s strongly affected by site conditions (Willey, 1975; Beer, 1987). Trees and
crops interact wherever they are grown in close temporal or spatial proximity, and the
effect of this on crop growth can be separated into positive interactions such as those
which improve soil fertility or microclimatic conditions and negative interactions such
as competition for resources (Vandenbelt et al.,, 1990). A number of positive and
negative interactions have been postulated for the tree and crop components of
agroforestry systems, and the direction and magnitude of these interactions are
determined by the patterns of resource sharing (Gillsepie et al., 2000). By changing
resource availability trees can either increase or reduce plant productivity of the
understorey (Belsky et al., 1993; Anderson et al., 2001). Scholes and Archer (1997)
have noted that trees affect nutrient, light and water availability of the understorey

vegetation. It has been pointed out that growing trees with crops is only of benefit
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when trees use resources that the crop cannot acquire and/or provide substantial value

per unit of resources obtained in competition with the crop (Cannelll et al.,, 1996;

Vandermeer et al., 1998).

Howard et al (1997) have suggested that the degree of competition, and ultimately crop
yield, in multi-species systems is dependent on the partitioning of resources such as
light, water, and nutrients. The success of a complex multi-species system depends
primarily on minimising the negative interactions between trees and crops both
aboveground, mainly for light, and belowground, for water and nutrients (Jose et al.,
2000; Friday and Fownes 2002). Friday and Fownes (2002) point out that in
agroforestry systems competition for light, water and nutrients between trees and crops
1s a major constraint. Nair (1993) has also stated that the presence of overstorey trees
may result in reduced radiation availability and buffered temperatures in the
understorey and altered plant water relations. Aboveground competition for light 1s
likely between taller trees and shorter crops under humid conditions, while
belowground competition for water may predominate in semiarid conditions. It has
been suggested that competition can be reduced by selecting trees species which have
limited lateral root extension and/or are deep rooted than crops, by root pruning the tree
roots to reduce their density under the crop and by pruning the tree crowns (van
Noordwijk an Purnomosidhi, 1995; Schroth, 1995). Knowledge of the specific
mechanisms of competition would allow for the development of optimum management

strategies and avoid technologies which have little chance of success in a given locale

(Friday and Fownes, 2002).

Menalled et al (1998) have suggested that the selection of species to combine in mixed
plantings demands more attention to the compatibility of growth characteristics. The
concept of competitive exclusion suggests that if two species are identical in their
growth characteristics (1.€. there 1s complete overlap in their ecological niches) one will
be more successful in a given habitat and exclude the other thus, it is necessary to
combine species that differ in such characteristics as height growth, shade tolerance,
crown structure, phenology, or rooting depth. If the species differ sufficiently, they will
capture growing space and use resources differently when grown together in mixture.
Such species will be able to coexist and are said to have complementary characteristics

or ‘ecological combining ability’ (Harper, 1977 cited by Menalled et al., 1998). The
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intensity of interspecific competition in such mixtures is likely to be less than that of
intraspecific competition, and this has been found in some cases to lead to greater
overall productivity in the mixtures than in monocultures of the component species —
an outcome referred to as the competitive production effect or competitive reduction
(Vandermeer, 1989; Kelty, 1992; Menalled er al., 1998). However, the opportunity for
complementarity of resource use between species is restricted by the fact all plants are
competing for the same, usually finite, resources, such as light, CO,, water and

nutrients (Ong et al., 1996).

Ong et al (1996) point out that the components of agroforestry systems often differ
greatly 1n size, with the result that the growth of the smaller understorey species may
be inhibited by shading, and possibly by competition for water and nutrients.
Competition for light 1s the primary limitation when water or nutrient availability rather
than light is the major limiting factor. They, however, point out that it is not always
straightforward to establish which 1s the primary limitation when more than one factor

1s marginal.

Despite the apparent simplicity of the principles involved in resource capture, few
attempts have been made to quantify resource capture in intercropping or agroforestry

systems, largely because of the technical difficulties and expense involved in intensive

studies of light and water use (Ong et al., 1996).

2.3.1. Light capture

2.3.1.1. PAR interception

Light 1s a primary source of energy for plants (Stuefer and Huber, 1998) and its capture
by plants depends on two factors: first the fraction of the incident photosynthetically
active radiation (PAR) that 1s intercepted by each species, and second the efficiency of
conversion of the intercepted radiation by photosynthesis (Ong et al.,, 1996). Shading
may nfluence crop growth by reducing the supply of PAR, and hence assimilate
production (Lott et al., 2000). PAR has been defined by several workers as radiation in
the visible part of the spectrum from 400 — 700 nm (McCree, 1981; Alados et al., 1996;
Ross and Sulev, 2000; Bellow and Nair, 2003; Finch et al., 2004). It is the source of
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energy for the photosynthetic reduction of carbon dioxide to carbohydrates by plant
canopies, and a critical determinant of the amount of PAR available for photosynthesis
is the ability of the individual plant or the canopy to intercept the incident radiation.
Intercepted PAR (IPAR) is, therefore, an important variable in canopy photosynthesis
and net primary production, and can be expressed as the product of incident PAR and

the fractional interception efficiency (fpar) of the canopy (Hanan and Bégué, 19935).

According to Ong et al (1996), intercepted radiation (S;) 1s normally simply taken as
the difference between the quantity of solar radiation incident upon the canopy (S) and
that transmitted to the soil (S;). They, however, point out that this method of
determining S; does not make allowance for the fraction of incident radiation that
reflected from the canopy surface. Light interception by crops growing in different
climatic regions may be best compared by using the ratio Si/S to describe the fractional
interception ( f ), rather than the absolute values for intercepted radiation, as these
absolute values vary between regions (Ong et al., 1996). For monocrops, they defined a

relationship between fractional interception leaf area index (L) for environments where

water is not a limiting factor, by the expression:

f=1-exp(-kL)

where k is an extinction coefficient for the canopy which is dependent on leaf angle and
distribution. Fractional interception therefore increases as k£ and L increase. Based on
this model, they point out that light penetration into the canopy is greater when the

leaves are erect (low k value) than when they are horizontally oriented (high & value).

Values for k differ greatly between species with different canopy structures.

2.3.1.2. Canopy shape and crown architecture

It has been pointed out that canopy shade not only reduces light quantity but also
changes light quality and often represents one of the most important ‘stresses’ that
plants experience in competitive environments, and that photosynthetic rates decrease
with decreasing light intensity (Méthy and Roy, 1993). They suggest that because
green leaves preferentially absorb red and blue light, the spectral composition of light

under canopies is different to natural radiation and is particularly rich in far-red
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wavelengths. The red:far red ratio (R:FR ratio), which is the photon flux density ratio
in 10 nm bandwidths, centred, respectively, in the red (655 — 665) and far-red (725 —
735) wave bands, 1s considerably reduced, depending on the optical properties of the
plant canopy (Smith, 1982; 1994). In general the effects of a low R:FR ratio are similar
to those of a reduced PAR, and a combination of a low R:FR ratio and low PAR
normally has a greater effect than those caused by either factor alone (Smith, 1982;
Deregibus et al., 1985; Casal et al, 1986; Méthy and Roy, 1993). In multistrata
agroforestry systems, transmitted PAR is often a limiting factor for the establishment,
growth and yield of annual and perennial intercrops. Knowledge of the radiative
climate under a given stand 1s thus of major interest for the management of multi-strata

agroforestry systems (Mialet-Serra et al., 2001).

Crown structure represents an important factor atfecting individual tree and stand-level
growth (Cannelll et al., 1987, Dalla-Tea and Jokela, 1991). Many factors, such as
inclination and orientation of leaves and geometric properties of twigs and branches,
can contribute to variations in crown characteristics (Wang and Jarvis, 1990). Shoot
morphology and the distribution of shoot types within the branching framework of a
plant contribute to the characteristic form or architecture of that plant (Seleznyova et
al., 2002). Crown characteristics, which are atfected by many factors such as
inclination and orientation of leaves and the geometric properties of twigs and

branches, influence the interception of photosynthetically active radiation (Stenberg et
al., 1994; McCrady and Jokela, 1998).

Hallé et al (1978) proposed that tropical trees could be described in terms of 23
architectural models, based on the behaviour of apical meristems in producing
branching systems. Subsequent studies have shown that leaf placement and branching
angles are highly efficient for light interception in equitable environments of the humid
tropics (Chazdon, 1985; Ackerly and Bazzaz, 1995; Pearcy and Yang, 1996), but that

crown shape and branch proportions may vary widely within a particular architectural
model (Fisher and Hibbs, 1982; Fisher, 1986).
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2.3.1.3. Tree phenology

Woody perennials are commonly classified as ‘deciduous’ or ‘evergreen’, according to
whether or not the canopy is retained or shed (usually seasonally). Evergreen species
are sometimes called ‘leaf-retainers’ as this highlights a wider range of functional
consequences (Huxley, 1996). These categories, however, are not distinct and a species
may behave in a more deciduous fashion as the aridity of the site increases (Huxley,
1996 citing Richards, 1952 and Longman and Jenik, 1974). It has been pointed out that
an increasing proportion of tropical species become deciduous as the intensity of the
dry season increases, while both evergreen and deciduous species often produce leaves
episodically (Reich, 1995). Citing Lieth (1974), Broadhead et al., (2003b) define
phenology as the study of (i) the rhythm of repetitive biological events, (ii) the biotic
and abiotic causes of these events, and (111) the relationship between the periods during
which specific phenological events occur (phenophases) for individual or different
species. Huxley (1996) has pointed out that the regulatory mechanisms that evoke these
phenological responses are poorly understood, although there is probably a simple
underlying control that initiates shoot growth phases, and that once a phenophase has

started its continuation will depend on the availability of environmental resources.

The most obvious way in which phenological events will have an impact is in
determining the trees’ ability to capture resources successfully. The time of

development and duration of the canopies of taller deciduous trees will clearly affect
the environment, and hence the resource capture of lower storey crops in many ways.

They can also diminish water loss from the soil surface, which may represent a large
fraction of rainfall (Huxley, 1996). Spatial separation of resource use by trees and crops
offers the possibility of reducing competition in agroforestry (Broadhead et al., 2003a).
The importance of temporal separation of resource capture has been demonstrated for
pigeon pea/sorghum mixtures, for which seasonal light interception was greater than in
equivalent sole crops due to intrinsic differences in the duration and timing of canopy
development (Willey er al, 1986 cited by Broadhead et al, 2003a). Temporal
complementarity between trees and crops minimises competition for water and

nutrients and increases the utilization of off-season rainfall (Broadhead et al., 2003Db).
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Despite evidence from intercropping in savannah systems that successful co-existence
in mixtures depends on temporal complementarity (Ong and Black, 1994), tree
phenology is a neglected aspect of agroforestry research (Broadhead et al., 2003a).
Huxley (1996) also noted the paucity of research concerning the importance of tree
phenology in agroforestry systems, despite its potential impact on understorey crops,
while Broadhead et al., (2003b) emphasised that elucidation of the leafing patterns of
trees relative to the prevailing climatic conditions and growth periods of associated
crops is essential for a full understanding of the functional aspects of agroforestry, and
that detailed information regarding the nature and origins of seasonal changes in

leafing patterns would allow experimental results to be extrapolated to other climatic

regions and provide criteria for selection of suitable genotypes.

2.3.2. Water and nutrient uptake

While the presence of trees diversifies farm income and provides alternative sources of
revenue when crops fail, the trees also tend to compete with crop plants for resources
(Deans and Munro, 2004). Agroforestry systems offer the opportunity for spatial and
temporal complementarity of water use, resulting in an improved exploitation of
available moisture relative to sole crops. However the opportunity for significant
complementarity is likely to be limited unless the component species differ appreciably
in their rooting patterns as this would permit exploitation of different soil reserves (Ong

et al., 1996). Cannell et al., (1996) also argued that agroforestry may increase

productivity provided the trees capture resources which are under-utilised by crops.

The vertical uptake and distribution of water and nutrients from soil is an important
study topic because soil resources are not equally distributed throughout the soil profile
(Lehmann, 2003). Van Noordwijk et al (1996) stated that in mixed cropping systems
with trees, the knowledge of the vertical distribution of roots is crucial for the optimum
utilization of resources, while it has been emphasised that the ability of trees to access
subsoil nutrients and water depends on several factors such as tree species, soil
physical and chemical properties, tree management and the cropping system (Lehmann,
2003). According to van Noordwijk ef al (1996), trees with deep roots can potentially
intercept nutrients leaching down soil profiles and ‘capture’ nutrients accumulated in

subsoil below the rooting depth of crops.
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In annual cropping systems it has been stated that tree roots can extend beyond the
rooting depth of the annual crops (e.g. Stone and Kalisz, 1991; Torquebiau and
Kwesiga, 1996; Mekonnen et al., 1997). Concluding from a review of literature,
Buresh (1995) highlighted that the potential of trees to retrieve subsoil nutrients is
generally greatest when (1) trees have deep rooting systems and high demand for
nutrients, (i1) water and/or nutrients stress occurs in the surface soil and (iii)
considerable reserves of plant-available nutrients or weatherable minerals occur in the

subsoil.

Recent studies have shown that considerable amounts of plant-available nutrients and
water can be present below the subsoil (more than 10 — 30 cm) or even below 1 m
depth, and that these resources may be used by plants (Stone and Comerford, 1994).
Numerous studies have also shown that soil moisture can be equal to or higher in the
subsoil than in the topsoil. The ratio of subsotil-to-topsoil moisture varies greatly, but is
generally higher with larger evaporation and with access to ground water (Lehmann,
2003). Quoting other workers, Lehmann (2003) highlighted that water use and
phenology of several multi-purpose trees in tropical dry forest such as Albizia
guachepele, Gliricidia sepium, Cordia alliodora and Gmelina arborea is dependent of
subsoil water availability. He concluded that subsoil water use controlled tree crop

performance. Less obvious than water availability are the amounts of subsoil nutrients

available to plants and their role in tree crop production. Soil organic matter contents
are usually higher in the topsoil and are responsible for the retention and release of
nutrients. Also, nutrients added to soil by litterfall and fertilization usually accumulate
at the topsoil. High precipitation and temperature lead to rapid mineralization leaching,
which transports nutrients down in the profile in many regions. These nutrients
constitute an important resource for the cropping system but are usually percolation
below the root zone of the tree (Lehmann, 2003). According to van Noordwijk et al

(1996), trees may intercept percolating nutrients and act as ‘safety net’ against

excessive nutrient losses by leaching.

Root distribution 1s laterally not homogeneous, as roots seek areas where they can grow
easily and frequently follow water and nutrients in the soil (Lehmann, 2003). Deep
nutrient capture by trees increases the total nutrient availability in the system. Unlike in

fallows, however, the nutrients 1n the tree biomass in tree-crop associations do not

43



necessarily become available to the crops. Nutrients are released from the trees into the
soil through prunings, litter and dying roots, or is leached from the crown by
throughfall and stemflow (Schroth et al., 2001b). However, the trees compensate these
losses through uptake of nutrients to produce new leaves and roots. Therefore, the
integration of deep-rooting trees into a system only increases the nutrient availability in
the topsoil 1f the quantity of nutrients taken up from beneath the crop rooting zone is
greater than the quantity stored in the tree biomass and in undecomposed tree litter
(Willey 1975). Schroth et al., (2001a) point out that this is only most likely to occur in
soils with high subsoil fertility (which are rare in the tropics) or if the crops compete
efficiently with the trees for nutrients in the topsoil. According to them, competitive

crops may force the trees to take up a large part of their nutrients from the subsoil and

may then scavenge these from nutrients from the decomposing tree litter.

The total volume of soil explored by a root system is particularly important when
considering uptake of mobile resources such as water and nitrogen (N). Horizontal
exploration by crop plants i1s constrained by competition with their neighbours, and so
the volume explored can only be effectively increased by increasing rooting depth
(Rowe et al., 2001). The benefits of deep rooting derive from acquiring a strongly
limiting resource, which is likely to be water in arid environments but may be N in
humid environments subject to rapid N leaching (Rowe et al., 2001). A favourable
effect of deep nutrient uptake is most likely to occur in the case of leguminous ‘service
trees’, whose nutrient-rich leaf and branch biomass is regularly returned to the soil, and
the net nutrient accumulation in the trees is small. For timber and fruit trees, which are
not regularly pruned, low competitiveness is particularly important. If these trees are
more competitive in the topsoil than the tree (crops), their integration into a cropping

system will reduce rather than increase nutrient availability (Schroth et al.,., 2001a).

The most formidable problem 1n managing simultaneous agroforestry is how to retain
the positive effects of tree canopies and roots on soil physical and chemical properties
while reducing the negative effects of below-ground competition for limited resources
(Ong and Leakey, 1999; Schroth, 1995). A number of workers have stressed that a
better knowledge of belowground interactions between trees and crops is needed before

the real benefits of agroforestry associations can be fully exploited (Gregory, 1996;

Rao er al 1998; Sanchez, 1995). Odhiambo et al (2001) have also pointed out that the



complementarity, either spatial or temporal, in the location of tree and crop root
systems 1s a key issue in agroforestry. It has been suggested that exploiting the different
rooting depths of trees and crops could increase resource capture in agroforestry
systems without introducing intense below-ground competition (Huxley, 1983). For
instance, Grevillea robusta, which is a valuable multi purpose agroforestry tree popular
with farmers in east Africa, is believed to be deep rooting and to posses few superticial

lateral roots (Mwihomeke, 1993). Recent sap flow studies in the roots of this species

have shown that its root system is capable of extracting 80% of it water from below the
crop rooting zone which suggests good potential for below-ground complementarity

(Lott et al., 1996; Howard et al.,, 1997). Huxley et al (1994) discovered that the

clumped distributions of trees roots within the soil, as seen in the proteoid roots of
Grevillea robusta, might also reduce interspecific competition. A number of studies
have, however, shown that most tree roots, especially those of fast growing species,
exploit the same soil depths as crop roots (Jonsson et al., 1988; Daniel et al., 1991; van
Noordwijk et al., 1996). Studies in east Africa and elsewhere also led Ong et al (1999)
to conclude that in drylands, competition between trees and crops was most serious
below ground and was largely for water. In perennial tree crop systems, current studies
of root competition between coffee and Eucalyptus deglupta, a fast growing timber
species, and Erythrina poeppigiana, a traditional service tree, are challenging the claim
that tree roots generally develop below crop roots and, hence, recycle nutrients to the
crop through above-ground litter fall (Somarriba er al., 2001). Quoting other sources,
they stated that E. deglupta fine roots in coffee plantations are mostly found at 0 - 10

cm depth, while Coffea Arabica roots dominate lower depths. Lack of information on

below-ground dynamics occurs mainly because it is either too costly or too destructive
for the conventional methods (soil cores, ingrowth cores, and trench profiles) of fine
root assessment to provide information on root production, mortality and longevity

aspects at the necessary high frequency (Heereman and Juma, 1993; Gregory, 1996).

Despite the importance of roots, little is understood about their morphology and
architecture. Studies of roots have lagged behind those of the shoot because of the
tedious and time-consuming labour involved in quantifying and observing roots in their
natural arrangement (Masi and Maranville, 1998). Additionally, traditional methods
used to describe root systems, based on root biomass or length distribution in space,

have not proven beneficial in quantifying morphology with respect to root
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branching/architecture and its relation to root function (Fitter and Stickland, 1991).
Furthermore, the lack of suitable techniques with which to descnibe root morphology

objectively is another difficulty hampering research efforts in this area (Masi and

Maranville, 1998).

2.4. Indigenous knowledge as a tool for technology development

Traditional resource use strategies are often described as not only sustainable, but as an
appropriate foundation upon which to develop a modern conservation strategy
(Rajasekaran and Warren, 1994). However, this new approach to conservation 1s based
largely on the untested assertion that indigenous people, because of their long
association with the land, have developed lifestyles or adaptations that allow them to
live in “balance” with their environment (Thomas, 2003). According to this line of
reasoning, indigenous people actively manage their lands to maintain environmental

equilibrium (Harns, 1974).

In the past, agricultural and natural resource management development projects were
often based on top-down transfer of expert knowledge from research institutions to the
‘intended beneficiaries’, with new farming packages being introduced with a limited
notion of farmers’ practices, knowledge, needs and constraints, while farmers’
reluctance to adapt new technologies was blamed on their 1gnorance, which could be
overcome with a higher input of extension activities. In developing countries where
farms are small and many different crops and animals species are reared typically in
less than 2ha, improvements in farming outputs have traditionally not benefited from a
top-down, researcher-led approach (Goma, et al., 2001). Chambers (1933) also blamed
the poor adoption of land evaluation output directives by local communities on the top-
down approach often employed by central government agencies. This has made it
abundantly apparent that a bottom-up participatory evaluation of farmer practices and
constraints and shared monitoring of new approaches to farming based upon the
indigenous knowledge of farmers will achieve greater uptake of the identified
technologies (Gandah, et al., 2000). Nowadays, it has become clear that local
knowledge is a valuable resource for sustainable development and it should play a

central role in any development programme.
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Over the past two decades there has been a shift in the manner in which agricultural
development 1s researched and implemented towards participatory approaches (Okali et
al., 1994). This process of involving farmers 1n research has been described by
Douthwaite et al (2002, citing van Veldhuizen et al., 1997) as one by which outside
facilitators and rural people interact to enable the target groups to have a greater
capacity to adapt a new technology to their conditions and the facilitators to have a
better understanding of the traits and characteristics of the local farming systems.
Involving farmers in the process is important because as the potential users of new
technologies, their knowledge and preferences are critical (Haugerud and Collinson,
1990). Cornwall and Jewkes (1995) stress that local people involvement as participants
in research and planning has been shown both to enhance effectiveness and save time

and money in the long term. Since the 1980s, non-traditional approaches to planning
research, based on the participation of the stakeholders at every stage of the planning
process have evolved, and are now being proposed as a viable alternative for resource
management (Lanyon, 1994; Ashby et al., 1996). This approach, termed “participatory

assistance” (Lanyon, 1994) has been found to promote innovations in farming and

research.

In conventional research and extension, inappropriate recommendations have often
followed from a failure to take account of local priorities, processes and perspectives
(Tumwine, 1989; Agyepong, 1992). In contrast, in participatory research the emphasis
is on a ‘bottom-up’ approach with a focus on locally defined priorities and local
perspectives (Rahman, and Fals-Borda, 1991; Chambers, 1992). The importance of
taking account of farmers’ perspectives in the development process is now increasingly
recognised by researchers and development professionals around the world (Chambers
et al., 1989; Warren and Cashman, 1988). In the process of technology development,
knowledge of the indigenous livelihood system 1s an indispensable resource which is
possessed and can be managed by the community. According to Farrington and Martin
(1987), indigenous knowledge 1s not abstract like scientific knowledge, but is concrete
and relies strongly on intuition, historical experiences and directly perceived evidence.
The participatory process of technology development based on indigenous knowledge
provides the 1nitial self belief and confidence needed to counter the fatalism of poverty

and leads to some form of self development (Mcall, 1987).
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2.4.1. The importance of indigenous knowledge

Indigenous knowledge has been defined as conststing of facts, experiences, practices,
resource management strategies, and production systems developed through trial and
error during several millennia In a given community, nation, or region. It i1s a
component of traditions and cultures of people that should be the starting point of
science and technology directed at developing more sustainable crop and soil
management systems to address changing circumstances of population pressure and
problems faced by farmers (Burgesh and Cooper, 1999). Oudwater and Martin (2003)
also define indigenous knowledge as the complex of practices and decisions made by
local people. It is based on experience passed from one generation to the next, but
nevertheless, it changes, adapts and assimilates new i1deas. While Joshi, et al. (2001)
define it as the sum of experience and knowledge of a given ethnic group, that forms
the basis for decision-making in the face of familiar and unfamiliar problems and
challenges. It can be quite specific to location and may vary between individuals from
different social groups according to the differentiating factors such as age, gender,
wealth, ethnicity and occupation (Oudwater and Martin, 2003). Ecological knowledge
on the other hand is defined as knowledge about organisms, interactions amongst

organisms and between them and their environment (Joshi et al 2001).

The value of indigenous or local knowledge in agriculture, agroforestry and rural
development has become increasingly recognised over the past decade (Walker, et al.,
1995). Rural indigenous people are often very knowledgeable about plant and animal
species, including their identification and ecology (Redford and Padoch, 1992). The
most common approach to collection of indigenous knowledge about biodiversity is
through an ethnobotanical survey, which focuses on the traditional uses of given
species (Hellier et al 1999). A number of participatory tools are now available which
may be used to incorporate indigenous knowledge in the resource management process,
including semi-structured interviews with key informants, transect walks, preference
ranking and participatory mapping (Carter, 1996; David-Case, 1990; Dixon et al 2001;
Freudenberger, 1994; Martin, 1995). However not much has been done in the
assessment of the cocoa agro-ecosystem. Although agroforestry practice is not new to
farmers, agroforestry 1s new as a science. Hence scientific understanding of complex

agro-ecosystems such as traditional agroforestry practices is still weak. However it is
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now known that farmers and local communities who have been managing different

traditional agro-ecosystems have gathered a lot of knowledge from their experience and

from deliberate experimentation (Joshi et al 2001).

Owing to: (i) the need to target research to farmers’ needs more effectively to produce
technology more appropriate to farmers; (11) the growing importance of farmer
participation in defining research agendas and technology generation and (iii) the
realisation that local knowledge is a useful resource which can be complementary to
scientific knowledge, recognition of the existence and value of local knowledge, often
collected over generations, as well as the need for its effective integration into
development, have grown immensely in the last two decades (Walker et al., 1995).
There has been a growing consensus among professionals that different farmers have
very different types and depths of knowledge. Although some local knowledge may be
without clear logic or explanation, there is a large amount of knowledge among farmers
about the ecology of the systems they are using, and it 1s possible to articulate and use

this knowledge explicitly in development 1nitiatives (Joshi et al 2001).

Three broad approaches for integrating local knowledge and perspectives into
development programmes have been identified by Walker et al., (1995), among which
is the investigation of local knowledge about ecological functions and processes taking
place in the field, and using that knowledge 1n objective assessment and evaluation and
in promoting effective integration with scientific knowledge. This approach requires a
much more rigorous analysis of indigenous explanations of ecosystem functioning,
which also requires that farmers articulate their knowledge in detail. A comprehensive

and explicit representation of local knowledge is therefore required (Joshi et al., 2001).

2.4.2. Indigenous knowledge of cocoa shade trees

There is ample literature on studies of indigenous knowledge in relation to vegetation
(Berlin et al 1974; Warren, 1991; Mathais-Mundy et al 1992). Investigating indigenous
knowledge about the management and use of farmland tree fodder in the eastern hills
of Nepal, Thapa (1994) found that farmers possessed a detailed ecological knowledge
of tree-crop interactions, tree fodder quality and management techniques which they

used in making decisions concerning fodder management and feeding strategies.

49



Few studies, however, are found that specifically consider indigenous systems for the
management of natural resources in Ghana, and virtually no study has been carried out

to specifically investigate indigenous knowledge in relation to cocoa-shade trees in

Ghana.

2.5. Description of the shade tree species

2.5.1. Albizia adianthifolia (Schumach.) Wight (Leguminosae - Mimosoideae -

Ingeae).

2.5.1.1. Morphology and phenology.

Albizia adianthifolia 1s a medium to large sized deciduous tree characteristic of
secondary forest, forest edges, roadsides, etc (Hawthorne, 1995). It is usually short-
boled and unbuttressed. Branching is low, and the crown i1s an inverted cone, flat on
top, wide and thin, with a general architectural model conforming to that described by
Troll (Taylor, 1960; Hall and Swaine, 1981). It has dark-grey bark which is almost
smooth till the tree is old, when it may be slightly rough (Taylor, 1960).

The leaves are alternate, bipinnate, with about 6 pairs of opposite pinnae, but
sometimes more, and stipulate. The leaves are about 15 ¢cm long and 10 cm broad, with
about 6 — 15 pairs of opposite, close leatlets occurring on each pinna. The leaflet is like
a parallelogram 1n shape, entire, sessile, with a diagonal midrib, and slightly pubescent
below. The terminal leaflets are unequally oblong-elliptic, often with small raised

glands between the last two pairs of leatlets on the upper side of the secondary rhachis

(Taylor, 1960).

The capitate inflorescences are conspicuous because of their long red stamens, about 3

times the length of the small, pubescent perianth (Taylor, 1960).

The pod 1s straw-coloured, papery, pendulous, about 19 cm long and 2.5 cm wide, and

contains from 4 — 12 black seeds on long funicles. Fine veining is visible on the outside

of the pods (Taylor, 1960).
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Individual trees may be deciduous for short periods, from mid December to early
March. Often the flush of new leaves appears before all the old ones have dropped.
Flowering occurs from mid February to April and covers the crown of the tree with
conspicuous red flowers, with pods maturing between November and March. Pods
usually open on the tree and the light half pod with its seed is carried quite a long way

with the wind, ensuring efficient dispersal (Taylor, 1960).

2.5.1.2. Distribution

Albizia adianthifolia is very common in Ghana and widespread in Africa. It is common
in secondary forest, abandoned farms, forest edges, etc., and occasionally grows on to
become a larger tree in late secondary forest. It 1s somewhat commoner in dry, infertile
sites, which is usual because most dry forest trees favour fertile soils (Hawthorne,
1995). It is indigenous to tropical Africa, with distribution ranging from Senegal to
South Africa (Hall and Swaine, 1981). Figure 2.1 shows a detailed map of the
population distribution of this species in Ghana, produce by Hall and Swaine (1981).

The species is a chorological transgressor, widespread throughout the forest zone,
particularly in secondary forest where it occurs alongside Albizia glaberrima and
Albizia zygia. It is fairly common in good high forest of the Celtis — Triplochiton and

Antiaris — Chlorophora Associations (Taylor, 1960; Hall and Swaine, 1981).

2.5.1.3. Natural regeneration

From March onwards, plentiful regeneration can be seen in any gaps in the High Forest
Zone. It is not usually found in the denser parts of the forest. At first, full light is not
required, but this condition is necessary for its proper development. Growth is rapid

and a height of 1 — 2 m in a year is usual (Taylor, 1960).
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(Source: Hall and Swaine, 1981).

Figure 2.1: Population distribution of Albizia adianthifolia in Ghana.

2.5.2. Entandrophragmma angolense (Welw.) DC.

It is a member of the genus Entandrophragma (Meliaceace), and is commonly referred

to as African mahogany.

2.5.2.1. Morphology and phenology

Entandrophragma angolense is a large deciduous tree with high buttresses (Hall and
Swaine, 1981; Hawthorne, 1995) and spreading surface roots (Hall and Swaine, 1981).
It is one of the emergent trees in the high forest, with a girth of about 4.6 m above
buttresses. The stem is usually not as straight as the other Entandrophragma species.
The buttresses are thick but not usually above 1.8 m high. Large surface roots run out
from the buttresses and may be some 38 cm above ground (Taylor, 1960). The crown is
usually not as large as the huge bole might suggest (Hawthorne, 1995), and the general
architectural model conforms to that described by Rauh (Hall and Swaine, 1981). It is

dark and branches are heavy. The bark has a smooth, grey and brown blotchy
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appearance cause by the large, rregular, smooth, thin scales, which peel off in large

pieces on the older trees. The slash 1s thick, red, not scented, and bitter to the taste

(Taylor, 1960).

The leaves are alternate, exstipulate, paripinnate and up to about 30.5 cm long. There
are about 14 pairs of opposite or sub-opposite leatlets. The leaflet is simple, oblong-
elliptic, and about 8 cm long and 4 cm broad, entire, apiculate, rounded at the base,

dark green and shiny, and with a petiolule about 1 cm long. There are about 7 — 10

pairs of nerves, which are yellow, raised below and looped. The midrib is also raised

below. The rhachis and leaflets are glabrous except for some pubescence on the

underside of the midrib (Taylor, 1960)

The flowers are in large, lax panicles and are small, scented and greenish-white. There
are 5 sepals, 5 petals, 10 stamen inserted on top of a staminal tube and a S-locular

superior ovary with up to 8 ovules in each loculus (Taylor, 1960).

The fruit is a pendulous, elongated, woody capsule about 18 cm long, opening from the
base by 5 valves. It is almost black on the outside and smooth, without prominent
lenticels, and inside it 1s brown and flecked with darker brown. There is a central,
sessile columella, attenuated at the base, bearing about 6 winged seeds along each of its
5 faces. The seed is almost rectangular, with a prominent hilum and an elongated wing,
about 8 cm long and pointed at the farther end. The valves fall off as a unit joined at the

apex, and the naked columella 1s left hanging on the tree for some time (Taylor, 1960).

The deciduous period is from about mid September to November, although individual
trees begin to drop their leaves in August (Taylor, 1960). Flushing of new leaves start
in December, along with flowering which last until February, although some flowering
can be seen after this Taylor 1960; Hawthorne, 1995). The capsules begin to ripen in
July and the fruiting season is over in November. In some years, however, fruiting is
more or less over in September. Taylor (1960) points out that in such a year almost all
the trees flush in October. While the tree 1s leafless the pendulous, opened fruits are
conspicuous. Seed dispersal 1s by wind (Taylor, 1960; Hall and Swaine, 1981;
Hawthorne, 1995), but the seeds do not travel far from the mother trees (Taylor, 1960).
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2.5.2.2. Distribution

It 1s common in Ghana, particularly in better-drained sites, throughout the Moist Semi-
deciduous forest zone, but i1s also found elsewhere (Hawthorne, 1995). Distribution is
wide, from Guinea to Angola (Hall and Swaine, 1981). Figure 2.2 shows a detailed
map of the natural distribution of the species in Ghana. According to Taylor (1960),

this species 1s rare in secondary forest. In its first year or two the seedling requires

shaded conditions, but the shade must not be too dense. Thereafter, overhead light is
required for proper development. It prefers reasonably well-drained sotls and avoids

moist situations where drainage is poor (Taylor, 1960).
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(Source: Hall and Swaine, 1981).

Figure 2.2: Population distribution map of Entandrophragma angolense in Ghana.

2.5.2.3. Natural regeneration

This is fairly common in good forest where there is sufficiency of mother trees. The

seedling 1s strong and a vigorous grower. This is particularly noticeable in the saplings,
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which are robust-looking, straight, unbranched and with an annual height increment of
often about 0.6 m. 1t was successfully regenerated under the Tropical Shelterwood

System in Ghana. The gradual opening of the canopy is particularly favourable for its

regeneration (Taylor, 1960).

Hawthorne (1995) classified this species under the red star conservation status. This
implies that although it is presently common 1n the country’s forest, it is under pressure
from exploitation. He stresses the need for careful control and some tree by tree and

area protection, to ensure successful conservation.

2.5.3. Entandrophragma utile (Dawe and Sprague) Sprague.

It belongs to the genus Entandrophragma (Meliaceae) and is also commonly referred

to as the African mahogany.

2.5.3.1. Morphology and phenology

It is a large tree with straight, cylindrical bole, often bifurcating into two huge branches
at the top (Taylor, 1960). It has large buttresses and deeply fissured bark (Hall and
Swaine, 1981; Hawthorne, 199)5).

The crown consists of large branches and 1s spreading but not dense, as the leaves are
grouped at the ends of the branches and the leaflets droop (Taylor, 1960). The crown
architectural model conforms to that described by Rauh (Hall and Swaine, 1981). The
bole is characteristic because of its light stlver-grey bark and long, regular vertical
scales, 2.5 cm or more 1n width. The slash is brown in the outer layer and then bright

pink-red below. It 1s slightly scented (Taylor, 1960).

It bears highly clustered leaves, borne at the tips of stout twigs (Hawthorne, 1995). The
leaves are alternate, paripinnate, exstipulate and about 40 cm long, with about 8 - 12
pairs of sub-opposite leatlets. The leaflet is simple, about 9 cm long and 4 cm wide,
oblong-ovate, gradually acuminate, more or less rounded at the base and with unequal

sides. The petiole 1s very short, with the midrib and nerves raised below and pubescent.
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The lamina is dull green on the upper side. Terminal buds are covered with brown

tomentose hair (Taylor, 1960).

It bears small white, scented flowers. The fruit 1s an elongated woody, pendulous
capsule, about 20 cm long — the biggest among the Entandrophragma spp. 1t is
broadest at the apex and on the outside 1s dark brown with small warts. The § thick
valves open at the apex and remain attached to the columella at the base. On the inside

they are shiny brown. The columella 1s sessile and bears about 6 winged seeds on each

of its 5 faces. The wing is about 12 cm long and 2.5 cm wide, brown and papery. the

seed is not rectangular and is borne towards the straighter side of the wing, near the

oblique base (Taylor, 1960).

Individuals are deciduous at various times from November to February. Flowering
takes place from about December to March (Taylor, 1960). It bears white, medium
sized, monoecious flowers with the young leaves, some time during the dry season
(Taylor, 1960; Hall and Swaine, 1981; Hawthorne, 1995). The fruits are woody
capsules and take a year to develop, ripening with the flowers (Hall and Swaine, 1981).
The species releases wind-dispersed seed, winged seeds in the dry season, a year after
flowering (Hawthorne, 1995). Seeds germinate in shade, but development to saplings

requires thinning of the canopy (Hall and Swaine, 1981).

2.5.3.2. Distribution

It 1s common in Ghana and, like the E. angolense, is a valuable (class 1) timber tree
(Hawthorne, 1995). According to Hawthorne (1995), this species is less widespread
than the others, being commonest in the Moist Semi-deciduous, North-West subtype,
vegetation zone. It seems to be more drought-tolerant than others in the genus

(Hawthorne, 1995). It has a Guineo-Congolian wide distribution, stretching from Sierra
Leone to Angola and Uganda (Hall and Swaine, 1981). Figure 2.3 shows the natural

distribution of the species in Ghana.

56



254

----l_

-"‘ of

100 KM

O"WEWE UE MS OS SW §0

(Source: Hall and Swaine, 1981).

Figure 2.3: Distribution map of Entandrophragma utile in Ghana.

2.5.4. Khaya anthotheca (Welw.) C. DC., genus Khaya (Meliaceae).

2.5.4.1. Morphology and phenology

This species is a large, emergent tree with buttresses (Hall and Swaine, 1981;
Hawthorne, 1995). The crown 1s rounded and the branches are stout (Taylor, 1960),
with the general architectural model fitting that described by Rauh (Hall and Swaine,
1981). Quoting Voorhoeve (1965), Hawthorne (1995) points out that the stem of this
species is slender with a small crown, until the upper canopy is reached whereupon it
diverts much of its energy to lateral growth. The bark is light coloured, almost silvery

erey. The slash is red and scented but not as strongly as in K. ivorensis. A clear gum
exudes from wounds (Taylor, 1960). It 1s a class 1 timber species (Hall and Swaine,

1981) and the wood 1s used 1n making furniture (Taylor, 1960).

The leaves are alternate, paripinnate, exstipulate, and there are 2 — 4 pairs of opposite,

glabrous leaflets. The leaflet is thin, elliptic, about 10 cm long and 6 cm wide, entire,
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broadly apiculate, almost rounded and unequal at the base, and with a slender petiolule

about 1 cm long. The fine midrib and very fine nerves are raised below and the

venation 1s reticulate (Taylor, 1960).

It produces small, white, monoecious tlowers, but flowering is not clearly seasonal
(Hall and Swaine, 1981). The flowers are paniculate and are usually tetramerous — 4
sepals, 4 petals, 8 anthers on a staminal tube and a superior ovary of 4 loculi with many
ovules (Taylor, 1960). Its woody capsulated fruits contain very large, winged seeds

which are wind dispersed (Hall and Swaine, 1981).

According to Hawthorne (1995), it is evergreen but Hall and Swaine (1981) observe

that it is sometimes briefly deciduous. The main period of flowering is from June to

July and the ripe fruits are available from December to March. However, there are

individuals which flower and fruit out of season ( Taylor, 1960)

2.5.4.2. Distribution

It is a common species in Ghana, and has a widespread distribution in Africa, occurring
from Sierra Leone to Angola and Uganda (Hall and Swaine, 1981). Taylor (1960) puts
the approximate extent of this species in Ghana in an area bounded by latitude 6° 10’ N
and 7° 15’ N. and from 1° 20° W to the western frontier. Quoting Aubréville, he states
that K. anthotheca requires more light than K. ivorensis and also its growth is more
rapid at the start. Figure 2.4 shows the natural population distribution map for K.

anthotheca in Ghana.
The species can regenerate in shade (Hall and Swaine, 1981).

Khaya anthotheca is an important class 1 timber tree, with the trade name of

anthotheca (Hall and Swaine, 1981).
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Figure 2.4: Population distribution of Khaya anthotheca 1n Ghana.

2.5.5. Newbouldia laevis (P. Beauv.) Seeman ex Bureau.

It belongs to the family Bignoniaceae. In Ghana its common name is Sesemasa (Hall

and Swaine, 1981; Hawthorne, 199)5).

2.5.5.1. Morphology and phenology

It is a medium-sized tree with pinnate leaves. Its crown architecture conforms to the
model described by Scarrone. Leaflets are mesophyllous and toothed. The flowers are
large, purple and bell-shaped, and produce fruits which are in the form of long

capsules. The seeds are large, winged and wind-dispersed (Hall and Swaine, 1981).

2.5.5.2. Distribution

N. laevis belongs to the high forest zone, although it is occasionally found in derived
savannah woodland (Taylor, 1960). In Ghana this species is usually left standing on

farms, during land cultivation, when other trees are cut down, and is commonly planted
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in villages. It has a Guinea wide distribution, which stretches from Senegal to
Cameroun (Hall and Swaine, 1981). Figure 2.5 shows the natural population

distribution of the species in Ghana.
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(Source: Hall and Swaine, 1981).

Figure 2.5: Distribution of Newbouldia laevis 1n Ghana.

2.5.6. Pericopsis elata (Harms) van Meeuwen.

Synonym: Afromosia elata (Harms).

Common name: Kokrodua, Afromosia. It 1s a member of the family Papilionaceae

(Hall and Swaine, 1981; Hawthorne, 199)5).

2.5.6.1. Morphology and phenology

P. elata is a large tree, with spreading branches, graceful foliage and a rather flat
topped, triangular crown. The bole 1s characterised by small, red patches. It has high or

no buttresses merging into slight flutes (Hawthorne, 1995). The bole is straight and

often not exceeding 365 cm girth. The bark is light coloured, but peels off in thin,
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irregular scales to leave dull rusty blotches which give the bole a diagnostic

appearance. The slash 1s very thick; the outer layer 1s green and the remainder a pale

yellow-brown which soon discolours to dull red (Taylor, 1960).

The leaves are alternate, imparipinnate, about 15 cm long and stipulate. There are about
9 leaflets with fine stipellae. The leaflet 1s oblong-lanceolate, about 6 cm long and 3 cm

wide, entire, light bluish-green below, with a short acumen and usually a rounded base

(Taylor, 1960).

The flowers are about 1 — 2 cm wide and in panicles and consist of 5 sepals, pubescent

on the exterior, 5 white petals, 10 stamens and a unilocular superior ovary (Taylor,

1960).

The pod is about 11 cm long and 2.5 cm wide, flat, thin almost papery, light brown,
with a marked ridge close to each margin and irregularly reticulate. There 1 — 3 seeds

in each fruit. The seed is reddish-brown, almost rectangular, about 1 cm across, with an

irregularly notched margin (Taylor, 1960).

The species flowers between April — May but flowering does not appear to be plentiful.
The light, pendulous pods are to be seen in May, but are not ripe till August to

November (Taylor, 1960).

2.5.6.2. Distribution

It is a timber tree which was once common in the Dry Semi-deciduous and Moist Semi-
deciduous, north-west sub-type forest of Ghana (particularly in the Brong Ahafo
region), but is now threatened with extinction as a consequence of excessive logging. It
also occurs naturally in the Ivory Coast, Cameroun, Nigeria and Zaire (now
Democratic Republic of Congo). The species is gregarious in the Moist Semi-
deciduous north-west sub-type forest zone, but is widely dispersed in the rest of

tropical Africa (Hawthorne, 1995). Figure 2.6 shows the natural of the species in
Ghana.
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It regenerates mainly in gaps and along roadsides, but also regenerates under light
shade (Hall and Swaine, 1981). Seed germination 1s apparently normal, or rather rapid.

Saplings generally have a rather spreading, bushy habit (Hawthorne, 199)).

(Source: Hall and Swaine, 1981).

Figure 2.6: Distribution of Pericopsis elata in Ghana.

2.5.7. Terminalia ivorensis A. Chev.

This species belongs to the genus Terminalia and family Combretaceae.

2.5.7.1. Morphology and phenology

It is a large deciduous tree not uncommon in secondary forest, with black bark and
graceful, spreading crown of whorled boughs and clustered leaves. Large trees of this
species have flat tops, and ascending lower boughs, whereas small trees have
horizontal boughs. Lower branches °‘self-clean’, leaving a clear bole even in open

conditions. The base of older trees has high, but small buttress, merging into slight
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flutes (Hawthorne, 1995). The general crown architecture conforms to the model
described by Aubréville (Hall and Swaine, 1981).

The leaves are crowded spirally at the ends of the branches. The leaf 1s obovate, about
8 cm long and 4 cm wide, entire, with a short acuminate apex or acute, cuneate, and
with a petiole about 1 cm long. The midrib and nerves are prominent. The petiole and

lamina are pubescent but this character disappears in time (Taylor, 1960).

The tree 1s deciduous towards the end of February and continues in March. The flush of
new leaves appears in April and with them come the flowers. Flowering c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>