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ABSTRACT

Three experiments were conducted on Tamarindus indica (Tamarind) and Ziziphus
mauritiana (Ber) in parkland systems in Mali between 2006 and 2009: 1) the effect of
Tamarind on yield and nutritional quality of African eggplant (Solanum aethiopicum L)
in comparison with sorghum (Sorghum bicolour (L.) Moench) was performed in
Siramana village; 2) methods of domesticating an improved cultivar of Ber on farms
through intercropping with African eggplant and sorghum were performed in
Sanankoroba and 3) methods of enhancing the growth of Tamarind and Ber seedlings
through mycorrhizal inoculation were performed in the nursery of Sotuba research
Centre. All the three sites are situated in South Sudanmian zone with annual rainfall
ranging from 900 to 1200 mm. The soils in Siramana and Sanankoroba have sandy clay
loan and sandy loan texture respectively. For the third experiment, nursery soil was used
which consisted of local soil (1/3), sand (1/3) and compost (1/3). Concerning the first
experiment, six adult trees of Tamarind were randomly selected 1n the collaborating
farmers’ fields. The area around each sample tree was subdivided into three concentric
zones: Zone A; Zone B and Zone C. A control plot (Zone D) was installed in an open
area. Crop production (eggplant and sorghum) in these zones was assessed over two
cropping seasons. Regarding the second experiment, an experimental plantation was
established with seedlings of the local variety of Ber half of which were grafted in-situ
with an improved cultivar of Ber called SEB. Crop production as well as the
performance of Ber was assessed in each experimental plot over two cropping seasons.
Concerning the experiment on mycorrhizas, three inocula were used: Glomus
aggregatum, Glomus fiscia and unselected nursery soil inoculum as a control. The
results of the study on the intercropping trial of Tamarind showed that Tamarind may

have a positive effect on yield of eggplant but a negative effect on yield of sorghum.
Tamarind had, however, no effect on nutritional composition of both crops. The results

of farmer’s feedback survey showed that growing eggplants under Tamarind has a great
potential for adoption by farmers in Mali because majority of respondents mentioned
that the tree-crop association tested was a good idea and should be promoted for making
more productive use of land under trees, improving crop yields and increasing farmers’
incomes. The results of the study on Ber domestication showed that SEB, the improved
variety as well as the local variety of Ber had no detrimental effect on either eggplant or
sorghum, both in terms of yield and nutritional quality, two years after establishment. In
fact a beneficial effect of trees was found on the performance of both crops (yield, dry
matter production) which suggest a complementarity of resource use. The high level of
fruit production of the improved variety of Ber observed on farms under rain-fed
conditions may be a source of additional income and diversification of diet for rural
communities in Africa. Therefore, the adoption by farmers of the agroforestry practice
of domesticating improved Ber varieties in association with food crops may help
considerably in alleviating poverty in the region. The results of the mycorrhizal studies
showed that VAM species differed in their ability to enhance plant growth. The growth
of Ber was significantly improved by G. aggregatum inoculum while the growth of
Tamarind was enhanced with nursery soil inoculum. The results on Tamarind suggest
the need for 1solating the local soil mycorrhizal fungi in future screening experiments.
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CHAPTERI:

INTRODUCTION

1.1. Background and summary of the present research project

In most of the countries of West Africa, the majority of the population is rural,
depending heavily on natural resources for nutrition and income. Living in drought-
prone areas, they have adopted livelihood strategies based on diversification and risk
avoidance, since relying on one crop type alone may be fatal. Indigenous fruit trees of
agroforestry parkland systems, in particular, play an important role in the livelihood of
local people in the region, because they provide food, important nutrients and vitamins
to diets that are dominated by cereals and a source of income through
commercialisation of a diversity of products (Teklehaimanot, 2004; Gausset et al.
2003; Boffa et al., 2000; FAO, 2001; Warner, 2007). They are also used in traditional
and modern medicine, provide a source of fire and construction wood and modify the
microclimate suitable for crop production (Vandenbeldt and Williams, 1992; Jonsson
et al., 1999: Rao et al., 1998; Ong et al., 1992; Buresh and Tian, 1998; Ong et al.,
2002; Jose, 2009). Traditionally, farmers in the region retain the indigenous trees that

they value most and those they know can modify microclimates on their farms when
converting original woodland to cropland (Teklehaimanot, 2008). The importance of
the two major native fruit species of agroforestry parkland systems in the region,
Vitellaria paradoxa and Parkia biglobosa, in the local diet and for the generation of
income is well-documented (Teklehaimanot 2004, Mertz 2000, Gausset et al. 2003).
Although many species of indigenous fruit trees of agroforestry parkland systems are
protected and consumed by rural people, their contribution to local livelihoods and
economy has not been properly quantified and this may be one of the reasons for their
under-prioritisation when development policies are made in the region. Good examples
are Ziziphus mauritiana Lam., commonly called Ber and Tamarindus indica L.,

commonly called Tamarind, which are subjects of the present research project.
According to socio-economic surveys conducted by ICRAF, Ber and Tamarind ranked

among the top 12 most important species in Mali, Burkina Faso, Senegal and Niger
(Bonkoungou et al. 2002).



Ber also known as Jujube (Ziziphus mauritiana Lam.) belongs to the family of
Rhamnaceae. It is a multipurpose fruit tree widespread throughout the arid and
semiarid regions of sub-Saharan Africa (Depommier 1988, Ouedraogo et al., 2006).

Ber has been reported to originate from Central Asia (ENDA, 2001) but it grows wild
in West Africa. It is a thorny tree or shrub reaching up to 4 m in height. Ber in West
Africa is an economically important species. It is highly valued for its fruits which are
edible and sold in local markets. Yet, it has never been domesticated in the region and
the fruits which are very small (1cm in diameter, 1-2 g in weight) are collected from
the wild. The leaves are highly preferred by animals and have been highly used by
farmers as browse species according to a survey conducted in Burkina Faso by Sanon
et al. (2007). The leaves, the bark and the roots are widely used in traditional
medicines. The anti-inflammatory and sedative properties of these plant parts have
been proven experimentally (Fortin and Maynart, 1990). The role of this tree in

improving soil fertility and microclimate has not yet been investigated but its

persistence in crop fields could help to control erosion and its extensive and deep root

system could recycle nutrients to the soil surface. Furthermore, Ba et al (2000) have

reported that Ber depends heavily on mycorrhiza and its high response to inoculation

motivated researchers to choose the tree as control for several mycorrhizal

Investigations on other tree species in West Africa.

Recently, the Sahel Regional Program of the World Agroforestry Centre (ICRAF) has
introduced three Indian cultivars of Ber to West Africa because of their precocity in
fruiting (6 months), the larger size of their fruits and good taste (Ouédraogo et al.,
2006). Grafting the local Ber with these cultivars has now become a priority research
of local research institutes in the West African region. The high performance of grafted
Ber makes it suitable for intensive production through plantations or agroforestry
systems and therefore a promising tree for the future. However, no studies have been

carried out so far to find out how the improved cultivars of Ber can be introduced on

farm as a component of agroforestry parkland system.

Tamarind (Tamarindus indica) belongs to the family of Ceasalpiniaceae (Fabaceae). It

is a large evergreen tree which is found in many parts of the tropics. The tree can reach
an average height of 20-25 m and trunk diameter (dbh) of 1 m. It has a wide spreading

crown, a short trunk and a deep and extensive root system (DAN IDA, 2000). The fruits



are usually between 5 and 14 cm in length and approximately 2 cm wide. The ripe fruit
contains a pulp which is sticky and used both in industry and domestically. Tamarind
has been reported to grow in most tropical/subtropical regions of the world (ICUC,
1999; DANIDA, 2000). Its onigin is Africa, where it grows wild (von Maydell, 1986;
DANIDA, 2000; Jama et al., 2008). Tamarind can produce an annual fruit yield in the
range of 150-500 kg/tree (ICUC, 1999; Jama ef al., 2008). The fruits have low water
content and the highest levels of protein and carbohydrate of any fruit. The pulp is high
in potassium, phosphorus and calcium; 1t also contains iron and is a good source of the
vitamins thiamine and niacin. Tamarind could therefore contribute significantly to the
nutrition of rural households (Jama ef al., 2008). The pulp of Tamarind has many
culinary traditional uses, for example, in porridges, drinks and juice. The fruit can also
be eaten fresh. Animals reportedly feed on Tamarind leaves (ICUC, 1999; Jama et al.,
2008). American pharmaceutical industries processes 100 tons of Tamarind pulp
annually and it is a common ingredient in cardiac and blood sugar reducing medicines
(ICUC, 1999; Maiti et al. 2004). Some African societies venerate the Tamarind tree as

sacred and many parts of the tree (bark, leaves, roots, fruits) are widely used in

traditional medicine (Morton, 1987).

Many trading routes of Tamarind have been reported including from Thailand into

Europe and from Mexico to North America and Europe (ICUC, 1999; Jama et al.,
2008). Although such exportations are common between West African countries (for
example from Mali to Senegal), there is no reliable statistical data. However, Tamarind
has never been cultivated in West Africa. So, fruits that are consumed by local
households and traded in local markets and exported to neighbouring countries are

collected from trees that grow in the wild (Jama et al., 2008).

There are two main varieties of Tamarind, sweet and sour. The Tamarind present in
West Africa is the sour variety but attempts are being done by ICRAF and National
Research Institutes to introduce the sweet variety from Thailand by grafting it onto the
local variety. Grafted trees are reported to fruit within 3 to 4 years (ICUC, 1999), while
the tamarind seedlings take 10-14 years before fruiting (Jama et al., 2008).

Due to over-cutting of trees for fuel and construction and expansion of mechanised

agriculture in the region both Tamarind and Ber as well as several other tree species of



agroforestry parkland systems are disappearing. Due to loss of tree cover, the

productivity of agroforestry parkland systems in West Africa is also declining

(Teklehaimanot, 2004). As the population of West Africa continues to rise, the need
for food will grow, and the availability of unutilised arable land will decrease.
Therefore, it is important to increase the productivity of land currently in use, using
sustainable methods. One such method that can help maintain favourable and stable

conditions needed for sustained food production on parklands is preserving and

managing existing indigenous trees and domesticating them on farms (Sanchez, 1995;
Rao et al. 1998, Young, 2000; Teklehaimanot, 2004).

The general aim of the present study is to contribute to knowledge in relation to the
enhancement of the productivity of agroforestry parkland systems based on Ziziphus
mauritiana (Ber) and Tamarindus indica (Tamarind). These tree species were chosen

because they are underutilised, they are local fruit tree species of high economic value

and they have not been objects of scientific study in West Africa until very recently.

The productivity of Ziziphus mauritiana will be assessed here through the introduction

of improved variety of Ziziphus (SEB); the measurement of Ziziphus growth
parameters; the evaluation of fruit production of both varieties of Ziziphus (improved

and local) and the evaluation of the performance of associated crop (sorhum and
cggplant) in terms of yield and above ground dry biomass. Nutritional quality of
associated crops will be assessed. Concerning Tamarindus indica the productivity will
be assessed through the performance of associated crops (sorghum and eggplant) in
term of yield and dry biomass, the nutritional quality of these crops. Correlation
analyses will be performed between the root length densities of Tamarind and the
associated crops as well as roots length densities and crops nutritional composition and

some soil chemical composition (N, P, K and C). It is important to mention that

Tamarind fruit production could not be assessed in the present study.

Considerable progress has been made lately in our understanding of biophysical
interactions between trees and crops in agroforestry parkland systems (Rao et al.

1998). In agroforestry parkland systems, reductions in crop yield under tree canopies

compared to open areas due to competition between trees and crops for light, water and

nutrients have been reported widely (Kessler, 1992: Kater et al., 1992: Bayala, 2002).



In Burkina Faso, Kessler, (1992) found that sorghum yields under karité (Vitellaria
paradoxa) and n€r€ (Parkia biglobosa) trees were reduced on average by 50% and
70% respectively while in southern Mali, Kater ef al. (1992) reported a yield reduction
of 60% under canopies of both species. Such a reduction in crop yield could, however,
be avoided by growing shade-tolerant crops immediately beneath the crowns of trees
and growing cereals which are shade-intolerant outside the shaded area if yield limiting
interactions are found to be above gound. All previous studies on tree-crop interactions
in agroforestry parkland systems were based on cereal crop production under tree
crowns (Rao et al., 1998; Bayala et al., 2002; Jonsson et al. 1999; Kessler, 1992).
Thus, information in literature on the performance of shade-tolerant crops under
parkland trees is scanty. The major aim of the present study was, therefore, to

investigate the effect of Ber and Tamarind on the performance of both shade-tolerant

and shade-intolerant food crops.

There are several food crops that perform very well under the shade of tree crowns in
parklands. Root crops such as yam, sweet potato, cocoyam and cassava have been
reported to associate well with trees (Teklehaimanot, 1997). There are also several
indigenous shade tolerant vegetable crops such as African eggplants (Solanum
aethiopicum L.) that are used widely in West Africa, although predominantly grown on

a small scale in compound gardens, but could be grown successfully under crowns of

parkland trees.

African eggplant (Solanum aethiopicum L.) is a member of the family of Solanaceae.

It is found throughout the Savannah belt of West and East Africa. According to Horna

and Gruere (2006), the African eggplant (also called Garden egg) is one of the most
important vegetable crops in West Africa. It is not only consumed daily by rural and
urban families, but it also represents the main source of income for many rural
households in West Africa (Grubben and Denton, 2004, Owusu Ansah et al. 2001). It
can be grown on a wide range of well-drained soils with pH between 5.5 and 6.8. The

optimum temperature for the crop is 23-35°C. The solanaceous vegetable crops

(tomato, eggplants, and peppers) generally take up large amounts of nutrients.

However, the eggplant is very effective in making use of plant nutrients already
present in the soil, whereas tomato and peppers are not (Fawzy et al., 2007). Small

scale growers account for at least 80% of the total production of eggplants in many



countries of Africa (AVRDC, 2003). Farmers traditionally harvest the fruit before it
becomes ripe. The immature fruits are used as a vegetable and consumed in various
sauces. Fruits are sold in markets and can be sometimes eaten raw. Ripened fruits have
a reddish colour and are usually kept for producing seeds. If fruits are left on the
plants, seeds will develop and few new fruits will be formed (AVRDC, 2003). The
leaves of eggplants are also used for cooking and it is very popular in many African
cities. The fruit of eggplant has been reported to be rich in vitamin A (Sanaransy,
1995: Norman, 1974), calcium, iron, phosphorus, fibre and carbohydrate (Grubben et
al. 2004; Norman, 1992, Horna et al., 2006; Shei, 2008). Despite its importance, there
are limited investigations in to the production of African eggplants. The potential of
such a food crop to contribute to food security and poverty alleviation has not yet been
fully exploited. Research and development in Africa still focus on cereal crops such as
sorghum, millet, maize and rice. As a result, little is known about the nutritional value
of most of shade tolerant crops including African eggplants. Studies were carried out in
the present research to assess the performance of eggplant both in terms of yield and

nutritional quality in comparison with the common non-shade tolerant sorghum when

grown in association with Tamarind and Ber.

It is well known that the two targeted tree species Ziziphus mauritiana and Tamarindus

indica form mutualistic symbioses with soil borne arbuscular mycorrhizal fungi (AMF)

that have been proven to influence plant production and nutrient cycling, especially in

stressed environments (Michelsen and Rosendahl, 1990; Carrenho et al., 2002, Guissou
et al., 1996). Consideration of the relative mycorrhizal dependency (RMD) of plants
(the degree to which a plant responds to inoculation) is one of the most important

factors determining the magnitude of benefits from improved management of
abuscular mycorrhizal fungi (Azcon and Barea, 1997; Planchette et al., 1983, Ba et al.,
2000). Although many investigations have shown a great potential of these plant-

fungal associations in the domestication of wild fruit trees in semi-arid environments
(Antunes and Cardoso, 1991; Ba et al., 2000), there is a need to understand the impact
of the diversity and management of AMF on the performance of the trees at farm level.
Therefore, a study was conducted in the present research on Ziziphus mauritiana and

Tamarindus indica by comparing different AMF-based treatments. An indigenbus

AMF strain and two strains of inoculants (Glomus aggregatum and Glomus fiscia)



from commercial sources were tested to assess their effects on seedling growth of

Ziziphus mauritiana and Tamarindus indica.

Soils under trees of agroforestry parkland systems have been reported to have superior
fertility compared to soils in the open areas (Belsky et al., 1989; Tomlinson et al.,
19935; Boffa, 1999). For example, Kater ef al. (1992) and Bayala et al. (2002) found
higher C, total P and K under V. paradoxa crowns than in the open. Higher N, P, K and
Ca under crowns of A. digitata than in the open were also reported by Belsky et al.
(1989). Several factors contribute to the higher fertility status of soils under tree
crowns than in the open, the major one being litterfall from the trees (Belsky et al.,
1989; Tomlinson et al., 1995; Boffa, 1999). Bayala et al. (2004) demonstrated that by
pruning trees, which was done to reduce light interception by trees in order to enhance

crop yield, and applying the pruned materials as mulch could enhance further the

fertility of soils both under trees and in the open areas in parkland systems.

New approaches in elaborating strategies for improved agricultural productivity and

sustainability are based on closer interactions with farmers. These approaches have
been labelled the new ‘integrated natural resource management paradigm’ (Izac and

Sanchez, 1999). It is based on the assumption that future increases in productivity will

occur and be sustainable only if the research community is able to involve stakeholders

in the research process. This research project was, therefore, entirely participatory

involving local farmers.

1.2. Aims of the project and objectives
The specific objectives of present research project were:

1. To ellicit from local farmers their knowledge and practices on the use and

management of agroforestry parkland systems.

2. A. To investigate the effect of Tamarindus indica (Tamarind) on yield and

quality of intercropped African eggplant (Solanum aethiopicum) in comparison

with sorghum (Sorghum bicolour);



B. To clanfy and test the efficiency of using “tree tolerant” understorey crops

in the semi arid areas of the study with respect to mature Tamarind;

3. To test methods of domesticating an improved cultivar of Ziziphus mauritiana

(Ber) on farms through intercropping with African eggplant and sorghum;

4. To enhance the growth of Ziziphus mauritiana and Tamarindus indica

seedlings through mycorrhizal inoculation;

Definitions:

e Shade tolerance: Wong (1991) defined shade tolerance agronomically as the
relative growth performance of plants in shade compared to that in full sunlight
as influenced by regular defoliation. It embodies the attributes of both dry
matter (DM) productivity and persistence. Stiir (1991) stated that shade

tolerance is normally used to describe those species which grow relatively

better than other species in shaded habitats, such as plantations. A common

characteristic is that they are better able to maintain their yield with decreasing

light than less shade-tolerant species.

e Yield advantage: The commonest measure of yield advantage was that there

was an advantage in mixed cropping if the tree crop yield was unaffected and

the yield from the understorey was comparable to an average for an area

(Newman, 1985). The most appropriate index to evaluate yield advantage is the
land equivalent ratio (LER).

o Relative yield: The relative yield in an intercropping system is expressed as a
percentage and 1s equal to the intercrop yield divided by the sole crop yield (e.g.

an intercrop currently yielding 2 t/ha with a sole crop yield of 4 t/ha would
have a relative yield of 50%).

e Land Equivalent Ratio: The most appropriate index of yield advantage
appears to be the land equivalence ration (LER).
LER= yl/ys*a +yi/ys*b



Where;

yi = yield per unit area for intercrop

ys = yield per unit area for sole crop

a=Ccrop a

b=cropb

According to Newman (1985), a value of 1.3 would indicate that 30% more
land is needed to obtain the same yield in monoculture. One of the advantages

of this index is that systems containing more than two crops can be analysed
(Newman, 1985).

e Tree effect or crop yield reduction: Tree effect is expressed in percentage as

((subcanopy yield - open field control yield)/ open field control yield X 100

e Harvest index of crops: the harvest index is the ratio of grain weight to the

total plant weight

1.3. Study areas

The study was conducted in two villages: Siramana and Sanankoroba (Figure 1.4).

Both villages are located in the South Sudanian zone of Mali. -

The Sudanian zone of Mali is characterized by an annual mean rainfall varying from
700 mm to 1200 mm. The vegetation is woody savannah with few scattered trees. The
dominant trees are karité (Vitellaria paradoxa), néré (Parkia biglobosa), baobab
(Adansonia digitata), tamarind (Tamarindus indica), Ber (Ziziphus mauritiana), oil
palm (Eleais guineensis), sebe (Borassus aethiopum), sanan (Daniella oliverii), s6

(Isoberlinia doka), kolokolo (Prosopis Africana), diala (Khaya senegalensis) and

ngucnou (Pterocarpus erinaceus).

According to Young (1976) and Hoefsloot et al. (1993), soils that are the most

characteristic of West African Sudanian zone are Ferric luvisols (FAO soil

classification) or Alfisols (US soil taxonomy). Pieri (1989) and Young (1976) reported
that soils in this zone have low CEC and pH is normally >5.5. The structural properties

of these soils are poor which explains their sensitivity to degradation. Soil organic
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matter content is very low and varies from 1% to 3% under natural vegetation and

drops rapidly to 0.5- 1% after putting the land into cultivation (Jones, 1973).

In the South Sudanian zone, the farming system 1s a combination of traditional
practices and modern farming techniques which have not been well adopted. Thus,
crop production level is very low and a subsistence economy still persists. Maize and
sorghum are the main food crops cultivated. Millet is cultivated to a lesser extent. Rice
is cultivated in river plains and in valleys. Minor crops cultivated include peanuts,

beans, eggplants, hot peppers, okra, sweet potatoes, yam and cassava. Most of these

crops are cultivated manually. There is a very small fraction of land under cotton

cultivation as oxen traction has not yet been fully adopted (Hoefsloot et al., 1993).

Compared to the North, the ecosystem stability of the South Sudanian zone is not

threatened (Hoefsloot et al. (1993). Many villages have large areas in fallow and
shifting cultivation can still be found. But this trend is changing due to the
overexploitation of trees for charcoal production for town consumption. This

overexploitation of trees has expanded over the past years and will continue to do so.

The study on intercropping of Tamarind was conducted in Siramana village while the

domestication of the improved cultivar of Ber was carried out in Sanankoroba village.

Sanankoroba was chosen for the domestication study because of its proximity to

Bamako, because the domestication study required intensive follow-up of fieldwork

activities.

1.3.1. Siramana

Siramana is a village situated 140 km from Bamako, located at an altitude of 354 m
above sea level, at 11°77° N latitude and 8°12° W longitude. It is situated in the south
Sudanian zone where the annual rainfall lies between 1100 and 1200 mm. It belongs

to the commune of Tiakadougou Dialakoro which is situated in the Koulikoro region.

Four (4) types of soils were identified in Siramana according to the FAQ-UNESCO
system of classification (PIRT, 1987):
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1) Cuirustults: This extensive unit of soil occupies eroded, laterite slopes, almost flat to
moderately steep in the sub-humid moist zone of the study area. Parent material 1s
essentially laterite colluviums. Soils are often reddish 1n color, gravely, and moderately
deep to cuirasses; gravels and laterite blocks frequently litter the surface. The soils
support a dense vegetation of medium trees, large shrubs and perennial grasses. Even

on steep slopes the unit is cultivated for millet, sorghum and peanuts; otherwise, the

unit is used for pasture.

2) Mollic Cuirorthents: This very extensive unit occupies eroded, latenzed surfaces,
flat to gently sloping, in the sub-humid and humid zones of the study area. The soil is
very gravely and very shallow to cuirasses, generally well drained and often high in
organic matter. Gravels and laterite blocks frequently litter the surface. Moderately
dense patches of small trees and large shrubs are scattered throughout the unit. Burning
orasses after the rainy season leave a large to extremely large bare gravelly surface.
Though the unit primarily is used for pasture, some flatter portions in the south are

infrequently used for rice production.

3) Petroferric Haplustults: This unit occupies flat to gently sloping laterized surfaces

covered with a sandy alluvium and colluviums. In the humid zone of the high Bani-

Niger (granites region), soils are medium to moderately fine textured and are

moderately deep to shallow over hard laterite. They are generally cultivated, with a
long fallow period, mainly for millet, sorghum, maize and peanuts but sometimes for

tubers and other minor crops. Where not cultivated, the units support a moderately
open vegetation of medium trees, large shrubs and perennial grasses.

4) Oxic Haplustults: On moderately well drained plains and valley bottoms throughout
the sub-humid zone of the country, this unit is widespread and extensive. The unit is
usually gently sloping and often occupies the outer areas of alluvial plains in
association with units. Elsewhere it may be the main constituent of a valley floor or
plain where drainage is adequate, as in the case of a narrow valley with a well-
developed stream. The soils are normally deep and moderately fine textured, well
drained and yellowish red in colour in at least the upper part of the profile to 75 cm.
The lower part of the profile is often imperfectly drained with hydromorphic mottling.
In general, the soils of this unit have the highest potential for rainfed agriculture. They
are normally under continuous or short rotation cultivation for a wide range of crops.

The general aspect of this landscape is gently sloping cultivated plains with scattered
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trees (especially Vitellaria paradoxa, Parkia biglobosa, Tamarindus indica). Fallow

areas support a wide variety of large shrubs.

Figure 1.1 shows the maximum and minimum temperatures at Bougouni weather

station between 1991 and 2000. Bougouni 1s a town situated in the south Sudanian
zone and the weather station is representative of the two study sites. The temperature is

characteristic of south Sudanian climate where the minimum are observed in

December and January (15- 16 °C) and the maximum in April and May (37- 38°C).
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Figure 1.1: Maximum and minimum temperatures in Bougouni from 1991 to 2000

In Figure 1.2, the monthly rainfall in Siramana in 2007 and 2008 is shown. The rainfall

is uni-modal with the mean annual rainfall of about 1197 mm.
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Figure 1.2: Monthly rainfall in Bougouni (Siramana) in 2007 and 2008

Majority of the population of Siramana is the Bambara ethnic group but some other
ethnic groups including Malinké, Peulh and Dogon are also found. Agriculture is by
far the main activity, but hunting, gathering, vegetable gardening, sedentary animal
husbandry and apiculture are also practiced. In this village and surrounding areas,
cutting of trees for charcoal production is a lucrative activity; the environmental
degradation it causes is overlooked by the immediate financial return. The most
cultivated food crops are maize, sorghum and millet. The cash crop cultivated in the
village is mainly cotton. But this practice is declining due to the cotton crisis in Mali

(privatisation of the sector). The minor crops cultivated in the area are: peanut, beans,

okra, African eggplants and pepper. Livestock is composed of cattle, sheep, goats and

donkey. Women collect seasonally shea, néré, tamarind and Ber fruits for home

consumption and for sale in local markets. All these fruits are either eaten raw or

processed into other products such as butter from shea fruit and soumbala from néré

fruit.

1.3.2. Sanankoroba

Sanankoroba is a village situated in the south Sudanian zone at 35 km from Bamako,
capital of Mali. It is located at an altitude of 364 m above sea level, at 12°38° N



14

latitude and 7°92° W longitude. The annual rainfall lies between 1000 and 1100 mm.

Sanankoroba is a commune situated in Koulikoro region.

Among the four (4) soil types identified in Siramana, three (3) are present in
Sanankoroba. The only difference is that the Petroferric Haplustults is replaced by the
Plinthic Haplustalfs in Sanankoroba. Plinthic Haplustalfs is mostly found on flat
alluvial plains, and forms a total of 2.2 % of the study area. The soils of this unit are
developed in moderately fine textured alluvium and are characterized by imperfect
drainage and the presence of plinthite concretions, usually along with hydromorphic
mottles in the lower horizons. The unit is often under fairly continuous cultivation,
with a flat visual appearance. Cultivated areas have a light gray surface and scattered

large trees (mainly Vitellaria paradoxa, Parkia biglobosa, Daniellia oliveri and

Tamarindus indica).

In Figure 1.3, the monthly rainfall in Sanankoroba in 2007 and 2008 1s shown. The

rainfall is uni-modal with the mean annual rainfall of about 988 mm.

400

350
300

g_zso
= 200
= 150
100
50

il N

S L s e

R
3
D
N
N
E:‘S
X
N\
N
Al ]
W

. . e .-""'_,.-"' . ..r""'
e e

e

——r—

| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

Figure 1.3: Monthly rainfall in Bamako-Senou (Sanankoroba) in 2007 and 2008

The population of Sanankoroba village is also predominantly of Bamanan ethnic group

but some other ethnic groups such as Peulh, Malinke, Soninke, Sonrhai and Dogon are
also found. The population is estimated at 33,060 inhabitants. Agriculture is the main

activity, but gathering, vegetable gardening, sedentary animal husbandry and
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apiculture are also practiced. A few traders, handcrafters and government employees
are present in the village. Due to its proximity to Bamako, the village is expanding;
therefore many economic activities are being developed. The most cultivated food
crops are maize, sorghum, millet. The minor crops are peanut, beans, okra, African
eggplants and pepper. Livestock in this village is composed of cattle, sheep, goats and
donkey. Women seasonally collect shea, néré, tamarind and Ber fruits for home
consumption and for sale in local markets. In recent years, a decrease in soil fertility

has reduced agricultural production and increased food insecurity (OHVN, 1996).
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Figure 1.4: Location of the study sites (Sanankoroba is situated near Bamako and

Siramana is situated south of Bamako).

1.3. Thesis structure

This thesis has seven (7) chapters. Chapter 1 presents this introduction and description
of the study sites. Chapter 2 concerns the review of literature on parklands systems and
consists of 4 subchapters. Subchapter 2.1 presents the contradiction between modern

agriculture and agroforestry parkland systems. In subchapter 2.2, a description of



16

agroforestry parkland systems is given. Subchapter 2.3 describes the different types of

agroforestry parkland systems and subchapter 2.4 presents tree-crop interactions in

agroforestry parkland systems. In this last subchapter (2.4), the following aspects have
been reviewed: 1) etfect of trees on light, 2) effect of trees on soil fertility, 3) effect of

trees on water balance, 4) the effect of tree-crop interactions on crop yield, 5) the effect
of trees on the nutritive quality of crops, 6 the trade-offs between crop productivity,
tree products, and environmental functions and 7) the management options to minimise
tree-crop competition for resources. Chapter 3 reports the base line survey carried out
to illicit farmer’s knowledge on use and management of agroforestry parkland systems.
Chapter 4 presents the study of the Tamarind intercropping experiment carried out in
Siramana village and consists of four subchapters. Subchapter 4.1 is an introduction to
the intercropping of tamarind with shade-tolerant and shade-intolerant crops. In
subchapter 4.2, the materials and methods are presented. Subchapters 4.3 and 4.4
concern the results and discussion. Chapter 5, which deals with the trial on
domesticating of Ber in Sanankoroba village through grafting and intercropping, is
divided into four subchapters. Subchapters 5.1, 5.2, 5.3 and 5.4 present the
introduction, the material and methods, the results and the discussion, respectively.
Chapter 6, which is concerned with enhancing the productivity of Ber and tamarind
through mycorrhizal inoculation, is also divided in four subchapters. Chapter 6.1 is an
introduction whilst subchapter 6.2, 6.3, 6.4 are the material and methods, the results
from these studies, and the discussion, respectively. Chapter 7 is a general discussion

on all the results of the different chapters and presents general conclusions and

recommendations of the present research.
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CHAPTERII:

LITERATURE REVIEW

2.1. Agroforestry parkland systems vs. modern agriculture

The first agricultural scientific bodies were based on mono-crop cultivation which is

called modern agriculture. Farmers were encouragéd to cut down trees on their

farmlands when they had to practice modern agriculture, where trees did not have any
place (Boffa, 1999, Gumbo et al., 1990). This has been the basis of Western agriculture
for a long time and was also considered appropriate for the less developed countries,
which did not have any choice but to accept what was considered more productive than

many traditional agricultural practices (Agraval, 2004). Despite the spread of modern
agriculture, many traditional practices still exist in different parts of the world. One

good example is the traditional agroforestry parkland systems of West Africa. When

farmers were persuaded by extension agents to adopt modern mono-crop agriculture,

they always used to say ‘we have been practicing this for a long time, our fathers and

grandfathers used to do so, and we inherited this from them; we know how literate you

are but you cannot make us abandon our traditional practice’ (Personal Experience).
This explains why farmers continue practicing agroforestry parkland systems in West
Africa. Farmers, for a long time, knew the role of trees on their farmlands. They knew
the ecological, social and economic role of each tree species on their land and that is
why they kept them (Ong et al., 1999; Jama et al., 2008; Louise, 1990). For this reason,
the role of agroforestry researchers is nowadays focused on describing the multipurpose
functions of trees and exploring options for their sustainable management in

agroforestry parkland systems (Nair, 1987).

2.2. Description of agroforestry parkland systems

The agroforestry parkland system is an old and traditional cropland management

system where scattered trees are left permanently in the field after clearing the original

savannah woodland to cropland (Bayala, 2002; Nair, 1993). This agroforestry system
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has been functioning throughout sub-Saharan Africa for centuries (Ong and Leaky,
1999; Nair, 1987; Baumer, 1994; Boffa, 1999; Samba et al., 2001). According to Nair

(1993), agroforestry parkland systems are one of the most widespread traditional land

use systems in Africa.

Wild multipurpose trees are retained on farmlands because they provide valuable
products and services for farmers. Most of the trees in parkland systems yield
marketable non-wood products both for local and international markets
(Teklehaimanot, 2004; Boffa, 1999; Leaky and Simons, 1998; Jama et al., 2008).
Parkland trees are important sources of food and nutritional security, producing fruits,
oils, leaves, nuts and spices that are main components of local people’s diets
(Bonkoungou et al. 1998, Bayala et al. 2002, Teklehaimanot, 2004). Trees are
providers of wood for domestic use and also feed for livestock (Teklehaimanot, 2004;
Bonkoungou et al., 1998). Trees can reduce wind erosion during periods of drought and
control water erosion during the rainy season (Bonkoungou et al. 1998). Ecological
functions, such as microclimate and soil fertility ameliorations of parkland trees, are

well recognized (Bayala et al. 2002; Boffa, 1999; Leaky and Simons, 1998;
Teklehaimanot, 2004; Jose, 2009).

The coexistence of woody plants, pastures and crops in parklands is currently of great
scientific interest due to the rate at which relative tree abundance is declining by human
Interference especially through the use of fire, grazing and bush clearing to create more
crop fields (Bayala et al. 2007). Knowledge about the diversity of the plant species that
occur in the different types of parkland systems and their respective functions is

indispensable for scientifically documenting this threatened traditional system and also

for enrichment and rehabilitation purposes.

2.3. Types of agroforestry parkland systems

There are many types of agroforestry parkland system in West Africa. The use or
management of parklands depends upon their type, which is related to the type of soil,

the climate, the farming systems adopted by farmers and the dominant tree species

retained.
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Table 2.1.Types of parklands found in the Dori region in Burkina Faso with an

annual rainfall of 300-400 mm

Parklandtype = %oftotalarea
Faidherbia albida 30
Faidherbia albida- Hyphaene thebaica 25
Balanites aegyptiaca 15

Hyphaene thebaica- Balanites aegyptiaca 10
Hyphaene thebaica 8
Others 12

Source: Bonkoungou et al. (1998)

Table 2.2. Types of parklands in the middle Bani-Niger River basin with an

annual rainfall of 700-800 mm

Parkland type % of total area
Vitellaria paradoxa 27.04
Sclerocarya birrea- Vitellaria paradoxa 26.39
Borassus aethiopum 943
Sclerocarya birrea-Prosopis africana 7.67
Vitellaria paradoxa-Adansonia digitata 7.14
Faidherbia albida 6.4
Vitellaria paradoxa-Prosopis africana 4.07
Vitellaria paradoxa- Faidherbia albida 3.06
Prosopis africana 2.48
Faidherbia albida- Adansonia digitata 1.56
Adansonia digitata 14
Adansonia digitata- Prosopis africana 1.01
Combretum micranthum/ghazalense-Prosopis africana 0.79
Parkia biglobosa- Terminalia avicenioides 0.62
Adansonia digitata- Sclerocarya birrea 0.55
Borassus aethiopum-Hyphaene thebaica 0.22
Pterocarpus erinaceus- Faidherbia albida 0.1
Faidherbia albida- Hyphaene thebaica 0.07

———__________“_
S

ource: Bonkoungou et al. (1998)
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The dominant tree species and the climate have, however, been used as the main basis
for classification. According to ICRAF scientists (Bonkoungou ef al. 1998), five types
of parklands have been identified in places where mean annual rainfall is between 300

and 400 mm, and 18 types in places where mean rainfall 1s between 700 and 800 mm.

The parklands are named after the dominant tree species as shown in Tables 2.1 & 2.2.

The dominant tree species and the climate have, however, been used as the main basis
for classification. According to ICRAF scientists (Bonkoungou et al. 1998), five types
of parklands have been identified in places where mean annual rainfall is between 300

and 400 mm, and 18 types in places where mean rainfall is between 700 and 800 mm.

The parklands are named after the dominant tree species as shown in Tables 2.1 & 2.2.

Baumer (1998) used another approach for classifying agroforestry parkland systems.
He suggested that parkland may be residual, selected or constructed based on the
number of species present in the parkland and the degree of human selection. Residual
parks resulted from the elimination by farmers of non-desired species and enrichment
of useful species already present on the land. In constructed parklands, the selection is
very high, well thought-out and elaborated; the number of species could be limited even
to one species. Selected parklands are intermediate between residual and constructed

and have less number of species compared to residual parklands. Baumer argued that
the concept of parkland should be applied only to a stand of trees or by extension to

shrubs based on a strong selective influence of farmers in the choice of few species

having the following characteristics:
¢ Dominant trees having discontinued strata;
e Trees having open canopies;
¢ Trees having a positive ecological function on soil fertility,

e Trees having an important economical function for human nutrition or fodder

for animals;
e Soil cultivated under trees;
e Soil used as pasture after crop harvesting.

The parkland systems found in the Sahelo- Sudanian zone according to Baumer are:
e Parklands of Vitellaria paradoxa,

e Parklands of Faidherbia albida;
e Parklands of Parkia biglobosa;
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o Parklands of Borassus aethiopum; and

e Parklands of Elaeis guineensis.

Agroforestry parklands are generally dominated by few species, but they also contain a
wide range of other species depending on the pre-existing vegetation, the needs of
farmers, and local ethnic groups’ knowledge of the uses of these species (Boffa, 1995;
Bayala, 2002; Samba et al., 2001). For example, Samba et al., (2001) conducted studies
on Cordyla pinnata parkland in Senegal. He found that the parkland contained 687
trees of 38 different species where four species accounted for over 80% of the total. C.
pinnata [(A. Rich.) Milne-Redh] was the dominant tree species (60%), followed by

Lannea acida (A. Rich.) (12%), Anogeissus leiocarpus [(DC.) Guill. Perrot.] (6%) and
Tamarindus indica (L.) (2.5%).

Identification of parkland types according to soil is also of great importance but
resecarch in this field is scarce. Currently agroforestry researchers are just analysing

soils at the field or station level but large-scale soil studies are very expensive and

theretfore are not yet well-documented in parkland systems.

Although the advantages of parkland systems are numerous, strong competition has
been observed between trees and annual crops, which reduce crop yields significantly
(Sanchez, 1995; Kater et al. 1992; Bayala, 2002; Lehmann et al., 1998; Kessler and
Breman, 1991). The competition for light, nutrients and water and the positive

microclimate improvement and the buffering ability of trees have been well elucidated

by previous workers (Kater et al. 1992; Bayala, 2002; Lehmann et al., 1998; Kessler
and Breman, 1991)

2.4. Tree-crop interactions in agroforestry parkland systems

Interaction is defined as the effect of one component of a system on the performance of
another component and/or the overall system (Nair, 1993; Rao et al., 1998).

One of the objectives of tree-crop interaction studies is to find out how agroforestry can

improve the efficiency with which existing land and water are used and how to reach
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sustainable production and resource use. Exploitation of interactions between woody
and non-woody components 1is the key to the success of all agroforestry systems (Rao et
al. (1998). Quantifying the magnitude of interactions over a range of species, soil,
management and climatic conditions will help determine the biophysical limits of the
system (Rao ef al. (1998). Rao et al. (1998) have stated that the interaction effect (I) on
crop yields in the two major groups of AF systems can be expressed as follows:
Simultaneous systems: I = F+C+M+P+L+A and

Sequential systems: I = F+M+P+L+A

Where soil fertility (F) includes soil chemical , soil physical and soil biological
interactions; competition (C) includes competitive interactions for soil water , soil
nutrient and radiation ; microclimate (M), pest and diseases (P) includes interactions

related to weeds , insects and diseases , soil conservation (L) and allelopathy (A).

The absence of (C) in sequential systems constitutes an important difference between

the two groups of Agroforestry systems.

This literature review focuses on the parkland system which 1s a simultaneous
agroforestry system with scattered or dispersed trees in croplands. Farmers’ objectives

for maintaining trees in these systems are to provide products such as fodder, fruits, and

leaves as vegetables, poles and fuel wood and to reduce famine risks.

In parkland systems, according to Louppe et al., (1996); Rao et al. (1998) and Bayala
(2002) three interaction zones can be found:

1. A zone under tree crown where light and root competition occur;
2. A zone beyond the tree crown where root competition predominates;
3. Open cropped areas that are relatively free from the competition of trees.
An understanding of the functioning of these zones could help to determine the

maximum tree density, to develop appropriate pruning regimes in order to maximise

resource use and productivity of the systems.

Trees improve soil fertility and modify the microclimate under their canopies. These
effects depend on tree species, root characteristics, age and size of trees which in tumn
depend on soil and climatic conditions. The overall productivity of parkland systems

according to Rao et al., (1998) depends on: (1) the complementarity of resource use by

trees exploiting zones which cannot be reached by crops, (2) the efficiency of nutrient
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cycling and (3) the net value of tree products compared to the net value of crop loss. It
1s also important to bear in mind that most of the trees left in parklands have products
that reduce farmers’ risks in drought periods when crops fail. The flour of néré (Parkia

biglobosa) and baobab (Adansonia digitata) fruit and leaves of baobab constitute

substantial meals during famine in semiarid zones of Africa (Teklehaimanot, 2004).

The main tree-soil-crop interactions that affect crop yield in parkland systems are

related to soil fertility (chemical, biological and physical), water balance and

microclimate, especially light.

2.4.1. Effect of trees on light

It is assumed that competition for light is a main limiting factor for crops under tree
canopies and that competition for water and nutrients could be the major factor beyond
the crown (Rao ef al., 1998). Competition for light is likely to be a problem under large
trees such as néré and Kanté (Vitellaria paradoxa). Kessler (1992) reported that
photosynthetic active radiation (PAR) transmission increased from 43% near the base
of trees to 90% outside their crown. This light reduction under the canopy of big trees
could cause a crop reduction up to 50%. The light reduction under tree crowns is
species-specific and it is very much important for tree species with large and deep

canopies with many leaves. Light competition is moderate for tree species with a small

crown diameter or open canopies with less leaves.

The results of a study conducted by Bayala et al. (2002) on crown pruning showed that
total pruned trees gave the highest millet production due to the reduction of the effects
of large tree crowns on PAR transmission below crowns. They observed a reduction of
47% and 38% of the incident PAR under karité and néré, respectively. The study also
shows that PAR under total-pruned karité and néré was reduced by up to 70% and 62%
of the incident PAR, respectively. The PAR also increases from the base of trees to the
outside and was 29%, 52% and 70% of the incident PAR respectively under Zone A

(from the base to middle of the tree crown, B (from middle to the edge of the crown)

and C (from the edge to 3 m away). The findings of Bayala et ql. (2002) are in
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accordance with other workers like Jonsson et al. (1999) who reported a reduction of

PAR to 24% of incident PAR under unpruned crowns of both karité and néré. These
findings support the hypothesis that the reduction of crop production under trees

crowns 1s correlated with reduced light intensity.

Competition for light is unlikely to be a major problem under the following tree species

in agroforestry parkland systems:

e Faidherbia albida because of its reverse leaf phenology (The tree is in leaf
during the dry season and defoliated during the rainy season, then competition

with associated crops growing during the wet season is minimized);

e Prosopis africana, Pterocarpus erinaceus, Pterocarpus lucens because of heavy

lopping of these species for feeding animals;

e Tamarindus indica because of lopping branches for harvesting fruits in some
parts of Mali.

2.4.2. Effect of trees on water balance

Under certain conditions, trees improve microclimate under their canopies through the

reduction of air temperature, irradiation, soil erosion and wind speed. These changes
will positively affect soil water evaporation and humidity, which in turn could influence
crop growth. Vandenbeldt and Williams (1992) reported that Faidherbia trees in the
Sahel lowered soil temperature at 2 cm depth by 5° to 10°C depending on the
movement of the tree shade. A reduction of 10°C in soil temperature can highly reduce

the detrimental effect of high temperature on crop establishment, mostly in arid and

semiarid areas where soil temperature can reach up to 50- 60°C at the beginning of

rainy season. In the dry season in the arid regions, trees shade is the best, or the only

shelter for humans and animals in daytime because the air temperature can reach up to
45°C 1n open areas and 35- 40°C in the shade. The reduction of temperature under the

tree crown area depends on the size of trees. A study in Burkina Faso showed that top

soil temperature under big trees (néré and karité€) was lower than that of small trees
(Jonsson et al., 1997). Tree canopies lowered the wind speed, particularly in the later
part of season, which is dominated by the desiccating Harmattan winds (Jonsson et al.,
1997; Rao et al., 1998). The dryness of the atmosphere measured as vapour saturation
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deficit is closely related to temperature, since it increases when temperature is increased
and /or when relative humidity is decreased. According to Sharkey (1984) and Sands
and Mulligan (1990), plants are known to be less productive when vapour saturation is

increased, because of its effect on assimilation rate via stomatal conductance. Soil
water deficit is also a parameter which controls plant growth (Sands and Mulligan,

1990). Rook et al., (1977) found that stem diameter and root growth of radiata pine

were reduced by soil water deficit before transpiration and photosynthesis were
affected. At greater soil water deficits, photosynthesis and other processes are directly

inhibited and assimilation is also reduced due to stomatal closure (Sands and Mulligan,
1990). Sands and Mulligan (1990) reported that many studies show that fertilization 1s
most effective when trees are not water-stressed, and that irrigation is most effective
when nutrients are not scarce. In other words, roots in nutrient-deficient soil will be less
efficient at water uptake because of reduced root hydraulic conductivity, and roots 1n

dry soil will have reduced rate of nutrient uptake. This shows the strong relationship

between nutrients and water.

Lal (1991) and Breman (1997) have reported that degraded lands in sub-Saharan Africa
are often unproductive because of nutrient imbalance and inadequate water supply. The
soil water-holding capacity is closely linked to its structure, texture and organic matter

content (Hillel, 1980; Zougmoré et al., 2004). Ouédrago et al., (2001), stated that soil

organic matter (SOM) improves the soil structure and then affect its water reserve.

Trees are the main source of SOM in parkland agroforestry systems in West Africa
since crop residues are removed from the fields. Therefore, maintaining trees means
maintaining SOM which affects water reserves and this is a key component of

sustainable land use management in arid and semi-arid zones of West Africa.

Some researchers (Cannell et al. (1996) argue that agroforestry may increase

productivity provided that the tree captures resources which are not utilized by annual
crops. In annual, unimodal rainfall systems like in the Sahel region, the remaining

water in the soil after harvest and off-season rainfall are often unused, particularly in

bare lands. The hypothesis that agroforestry may increase productivity by capturing a
larger proportion of the rainfall was supported in a study by Ong et al., (1992) which

demonstrates that a maximum of 40% of the annual rainfall is utilised by the most
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effective cropping systems and the remaining water is lost as run-off (26%) or deep
drainage (33%).

Water use by plants i1s determined by measuring their transpiration rates. Transpiration
has been measured on a wide number of species in parklands. The results showed that
when rainfall is below average, maize yields were negatively correlated with the

amount of water transpired by the trees. Crop failures were observed when tree
transpiration exceeded 100 mm (Anon, 1997).

It has also been reported that where groundwater is accessible, tree roots can take up
water from moist zones of soil, transport 1t through the root system and release it into
drier soil (Dawson, 1993, Ong et al., 1992; Kizito et al., 2007). Therefore, the temporal
and spatial complementarity of agroforestry in areas where significant rainfall occurs

outside the normal cropping seasons is important -because they compensate for

competition for other resources. Studies done by Kizito et al., (2007) on soil water
balance of annual crop-native shrub systems in Senegal, revealed higher soil moisture
storage 1n crop-shrub treatments than in sole crop plots in the upper portion of the soi<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>