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ABSTRACT

The objective of the study was to develop models dstimation of leaf and fruit biomasses of
Faidherbia albidaDelile, Prosopis africangGuill. Perrott. and Rich.) TautPiliostigma reticulatum(DC.)
Hochst Bauhinia rufescensam. andZiziphus mauritiand.am in the West African Sahel. Direct evaluation of
leaf and fruit biomass through destructive methas wsed to estimate the biomasses of fruits anddea
Diameter at breast height and crown diameter wanglidate explanatory variables and both were seagmt
(p<0.01) estimators of biomass for all species exEgdherbia albidapredicting leaf biomasg€0.33) and
Prosopis africangpredicting fruit biomasspe0.13). The model fit values for all models wéte0.80 other
than the foregoing two exceptions. The conclus@ated to the objective was that the models aré suitled
to estimate leaf and fruit production of the fivav@nnah species in the parkland ecosystem of thieaff
Sahel with the two exceptions.
© 2010 International Formulae Group. All rights esed.
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INTRODUCTION

In the Sahel region of West Africa,
trees play an important role in the lives of
human and animal populations. This role

Larwanou and Saadou, 2005). Trees are
selected and preserved on farm according to
farmers’ use based priorities. This has
changed the species composition on the farm

includes sustaining livelihoods through landscape (Bayala et al., 2002; Garrity et al.,
provision of food, shelter, medicinals, and 2010; Larwanou and Saadou, 2011).
feeds for animals. Trees also constitute In the Sahel, because of the

tangible assets for resource poor people predominance of livestock husbandry, some
(Belem et al., 2007; Faye et al., 2010). It is for trees like Faidherbia albida, Prosopis
these reasons that trees are preserved and africana, Piliostigma reticulatum, Bauhinia

managed by local communities in their farm mauritiana are
lands (Lykke, 1998; Boffa, 1999; IIED, 2003;

rufscens and Ziziphus
preserved because of the fodder they provide

© 2010 International Formulae Group. All rights exged.
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for animals through leaves and fruits
especially during the long dry season. Most of
the ruminants use the fodder from trees to
supplement their diet in terms of protein,
minerals and vitamins (Le Houerou, 1980)
and livestock herders preserve tree fodder
species in their farmers to collect leaves and
fruits or pods to feed their animals (Sanon et
al., 2007; Faye et al., 2010). Herders and even
sedentary people who hold their cattle and
other ruminants at home during the rainy
season feed their animals with biomass from
trees either through pruning or slashing. In
most cases, pruning is the principal method of
collecting animal feeds from trees (Ter-
Mikaelian and Korzukhin, 1997; Salis et al.,
2006). The pods or fruits are harvested by
shaking the tree or from the ground when they
fall naturally. Zero grazing during the hot dry
season and at the beginning of the rainy
season was shown to reduce overgrazing, and
increase manure production and grass re-
growth in a study from southern Mali (Bosma
et al., 1999).

The threat on some species lilk
africana is important and could be linked to
ecological, anthropogenic as well as economic
factors. The open access over-exploitation of
meager forest and tree resources, the
disappearance of fallowing, overgrazing, as
well as the general reduction of rain fall
observed during the last decades can explain
the significant loss of vegetation cover in
various agroecological zones of the Sahel in
general, and Niger in particular.

F. albida, P. africana and P.
reticulatum which are predominant in
parklands in Niger and Burkina are sources of
fertilizer for the annual crops (Bayala et al.,
2007; Larwanou etal., 2007). Farmers do
prune P. africana, Parkia biglobosand P.
reticulatumduring the rainy season to reduce
excessive shading of the annual crops and also
the leaves and other twigs are left in the field
to decompose and improve soil fertility.

Where trees grow in combination with
annual crops, like in the parkland systems, a
number of complex interactions arise,
resulting in both positive and negative effects
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on crop vyield. Most studies of these

interactions have been carried out in the
Soudano-Sahelian agroecological zone that
have relatively higher rainfall. However, the

studies in the Sahelian zone (Boffa, 1999;
Roupsard et al., 1999; Wezel, 2000; Wezel et
al., 2000; Bayala et al., 2005) also found that
scattered shrubs improved soil characteristics

and millet vyields. Studies of various
agroforestry technologies, such as alley
cropping, have also come to similar

conclusions. In the areas where farmers have
applied assisted natural regeneration (ANR),
the ideal number of trees per unit area for
optimal crop yield has been a matter of
interest. Unfortunately, there is little scientific
evidence so far to guide them.

Also, the fruits of many tree species
like Z. mauritiang P. africana and P.
reticulatumare used for human consumption
and complement the diet of low income
families. For all these uses, it is fundamental
to understand the quantity of leaf and fruit
biomass produced by the various tree species
preserved in the farms for better management.
The purpose of this study is to provide useful
tool for predicting biomass of five Sahelian
tree species that are used for food, fodder, and
soil fertility improvement. The findings could
serve as guide for extension services as well
as farmers, especially in the arid and semi-arid
zones, to better manage trees in parkland
systems.

MATERIALSAND METHODS
Study site

The study was conducted in Kollo
district, situated 30 km South-West of Niamey
(2°18'28" E, 13°15'00" N), Niger. The mean
annual precipitation at the station is around
500 mm, with a long dry season from October
to May. The mean annual temperature is
approximately 28 °C. The soil is sandy and
low in Nitrogen.

The natural vegetation type in the area
is dry savannah with trees, dominated by
Guiera senegalensis, P. reticulatunB.
rufescens Z. mauritiana, F. albida, P.
africana, etc. (Larwanou et al., 2005). The
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mean tree density is estimated between 20-40
trees/ha (Larwanou and Saadou, 2005).
According to a survey conducted by INRAN
in 1994, farmers in this study site ranked
albida, P. africana, P. reticulatum, B.
rufescensand Z. amuritianaas the preferred
species because they provide green manure
and fodder as well as their ease of availability.
These tree species are scattered in farmed
fields and are given due attention by farmers
when preparing for crop production.

The local population practiced both
farming and livestock husbandry in the
parkland system. In this district, there are
virtually no natural forests and both economic
activities are carried out in farmed lands.

Tree species characteristics

Faidherbia albida(syn. Acacia albida
Delile) is a species oFaidherbia native to
Africa and the Middle East, formerly widely
included in the genudécacia It is a thorny
tree growing up to 6-30 m tall and 2 m in
trunk diameter and grows in areas with 250-
600 mm/year of rain (http://www.fao.org/
docrep/006/Q2190E/Q2190E10.htm). The
species occurs as scattered individuals or in
groves in a wide range of habitats, ranging
from the vegetation on alluvial soils fringing
perennial or seasonal water-courses to open
Savannah wood and cultivated lands. It
prefers deep sandy soils where the water-table
is accessible to the tree roots and it is
therefore independent of local rain once
established. This tree is particularly valued in
agricultural areas on account of its unusual
habit of retaining its leaves during the hot
weather and dropping them during the rains
(FAO, 1974a). The pods and leaves are very
good fodder and the pods, prolific crops of
which are produced annually, can be stored.
The pod and leaf fall, together with the dung
and urine of cattle that seek the shade of trees
in hot weather, improve the nutrient status and
organic content on the soil near established
trees, so that yields of sorghum and other
agricultural crops cultivated during the rains
are considerably increased. The cattle-
carrying capacity of the land is also improved
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where this tree is present, because of the
excellent leaf and pod fodder produced at a
time when grass is scarce. It is therefore an
important tree in village economy and, in
some regions, is declared a protected tree. It is
among the most preferred species by farmers
in the Sahel because of its soil fertilizing and
fodder providing roles.

Prosopis africana(Guill. Perrott. and
Rich.) Taub. has been considered as important
to farming and pastoralist communities in the
Sahel region of West Africa because it
provides several essential products and
services. The fruit is fed to animals, while the
seeds are fermented to make a protein-rich
condiment. The wood is dense and resistant to
termites and fungi (Nygard and Elving 2000;
Gérardin et al., 2004) and is valued for
firewood (Pasiecznik et al., 2004; Sotelo et al.,
2009). The tree has been reported to increase
soil fertility and fix nitrogen (Halliday 1984;
Larwanou, 1994). The leaves and pods of this
species are used for fodder and highly
appreciated by big ruminants (Weber et al.,
2008). It is among the most preferred trees in
the parklands in the Sahel.

Piliostigma reticulatum(DC.) Hochst
is a tree frequently preserved in cultivated
field and fallow lands, evergreen shrub or
small tree with a twisted bole to 9 m high,
with a bushy spherical canopy (Aubreville,
1950). It is found on various kinds of soils
from sandy to clay and lateritic and
throughout the Sahelian and Sudanian
ecozones from Mauritania to Sudan,
extending to East Africa, up to 2,000 m
elevation (Le Houerou, 1980). The leaves are
pounded while pods are boiled to make local
drinks. The bark is used for cordage while
twigs and leaves are consumed by cattle,
sheep and goats, the latter prefer pods
(Burkill, 1995).

Bauhinia rufescendam. is deciduous
in drier areas and is an evergreen in wetter
areas. It is often found in dry Savannah,
especially near stream banks. It is found in the
entire Sahel and adjacent Sudan zone, from
Senegal and Mauritania, across North Ghana
and Niger to central Sudan and Ethiopia. It
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can thrive in the mean annual rainfall range
from 400-1000 mm and found on poor, arid,
sandy, stony soils, as well as on deep clays
(Orwa et al., 2009). The green and dried fruit
and the leaves and shoots are valuable forage,
favoured by many species of wild and
domestic animals, which may cause the
extinction of B. rufescens in regions
overstocked with livestock. In Sudan, the pods
are said to be the most valuable forage for
camels. PlantingB. rufescensin dunes can
help stabilize and control ther. rufescens
provides a good, impenetrable, browse-
resistant live fence; useful for protecting
gardens, fields and compounds.

Ziziphus mauritianaLam. is a spiny,
evergreen shrub or small tree up to 15 m high,
with trunk 40cm or more in diameter;
spreading crown; stipular spines and many
drooping branches. Fruit quality is best under
hot, sunny and dry conditions, but there
should be a rainy season to support extension
growth and flowering, ideally leaving enough
residual soil moisture to carry the fruit to
maturity (Orwa et al., 2009). The tree is
remarkable in its ability to tolerate water-
logging as well as drought and can grow
where annual rainfall ranges from 300 to
500 mm. Commercial cultivation usually
extends up to 1000 m and beyond this
elevation, trees do not perform well, and
cultivation becomes less economicak.
mauritiana is a fast-growing species. Under
favourable conditions, height increment on
loose soil is 75 cm in 1 year and 1.2 m in 2
years; growth is stragglier by the 3rd season,
when under similar growth conditions plants
are thick and bushy, up to 1.5 m high. Fruit is
eaten fresh or dried and can be made into a
floury meal, butter, or a cheese-like paste,
used as a condiment. Also used for candy
making and pickling, the fruit is a good source
of carotene, vitamins A and C, and fatty oils.
A refreshing drink is prepared by macerating
fruits in water. In Indonesia, young leaves are
cooked as a vegetable. In parts of India and
North Africa, the leaves af. mauritianaare
used as nutritious fodder for sheep and goats.
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Experimental design and data collection

In the study area, 3 plots of 100 m X
100m (1 ha) were laid randomly in the farms
and tree inventory was carried out. The
following parameters were measured on each
mature tree of a given species: total height
(TH), the diameter at breast height (DBH) (1.3
m above ground), the mean crown diameter
(MCD). A mature tree in this study is any tree
of a given species that bore fruits at the time
of the study and had reasonable height and
diameter. After the inventory, five main tree
and shrub species were identified as follows:
P. africana, F. albida, P. reticulatum, B.
rufscensand Z. mauritiana.The data for these
species were assorted and diameter at 1.3 m
and corresponding crown diameter were
determined and classified accordingly. Each
tree of a given species was given a number
and based on that, the diameter classes were
determined for each species. Three diameter
classes and their corresponding crown
diameter classes were used for each species.
All trees having diameters that fell in the
range of a given class were sorted together
and used to obtain the mean value (Table 1).

This mean value was used to identify
the tree that had more or less this dimension.
In each diameter class and its corresponding
crown diameter, 9 trees were randomly picked
and constituted sample trees for each species
on which the leaf and tree biomass data were
collected (Table 1).

To evaluate the leaf and fruit
biomasses, a destructive method was used
with the permission of the land owner. In
order to reduce the loss and mutilation of the
trees, 1/3 of the crown of a given sample tree
was cut. The leaves and the fruits for each tree
were meticulously removed separately by
laborers and weighed immediately. Five per
cent of the weight of both leaves and fruits
were taken to the laboratory for sun drying for
one week and oven dry for 48 hours at 70
degrees centigrade to obtain constant weight.
This constant weight is then extrapolated to
the whole tree of a given species. The mean
weight from 9 trees were then calculated for
both leaf and fruit biomasses.
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Data analysis

The Statistical Package for Social
Sciences (SPSS) software was used to
determine the mean values of DBH and MCD,
as well as the weight of leaves and fruits.
Based on mean values of DBH and MCD the
measured samples trees were classified into
three size classes. For each species, the size
classes were regressed against weight of
leaves and fruits. Relationships among tree
parameters were investigated using correlation
and regression analysis. A simple linear
regression model was used to obtain the
regression equation (y = ax+b; with a
intercept and b = coefficient), so that for each
species:

Leaf biomass (KG) = a + b(size class),

Fruit biomass (KG) = a + b(size class),

Regression parameters for a straight
line model (Y = a + bx) are calculated by the
least squares method (minimization of the
sum of squares of deviations from a straight
line). This differentiates to the following
formulae for the slope (b) and the Y intercept
(a) of the line:

> (x -3, -T)

h= =1
E (x — }j:
i=1

a=Y —bx

The data was tested to satisfy the
regression assumption that leaf and fruit
weight is linearly related to size class, so no
transformation was necessary. Residuals
followed normal distribution and had uniform
variance, as well.

The coefficient of determination tR
and the correlation coefficient between
species and tree size classes, and, the
coefficient of correlation (R) among tree
parameters within each species were
determined. For this analysis, tree size (DBH
and MCD) was considered as fixed factor for
a given species and the leaf and fruit
biomasses as dependent variables.
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RESULTS
L eaf and fruit biomasses

The leaf biomass increases with tree
size for P. africang P. reticulatumand Z.
mauritiana from 67.52 + 44.85 - 100.48 +
37.84,12.4 + 3.6 - 23.32 £ 15.27 and 22.45 +
13.4 - 33.42 + 14.22 respectively. For both
F.albida and B. rufescens the mean leaf
biomass for class 2 was slightly lower than in
class 1 (Table 2).

With regards to fruit biomass, except
for P. africang there is an increase with tree
size for the other four species. The trees from
class 1 irP. africanaproduced more fruit than
the others from classes 1 and 2 with 92.38 +
64.78, 7152 + 69.75 and 84.67 + 67.3
respectively (Table 2).

The differences in both leaf and fruit
biomasses between species are due to the
morphological feature of the species. The
species characteristics revealed that DBH and
MCD were different form one species to
another and based on that the following
descending order was obtainéd:albida> P.
africana > P. reticulatum> B. rufescens Z.
mauritiana(Table 1).

Relationships between species and tree size
for leaf and fruit biomass production

P. africana the regression equations
between tree size and the tree product®.of
africana indicated that the relationship
between tree size vs leaf biomass and tree size
vs fruit biomass accounted for 88 and 13%
respectively (Table 3). For this species, the
relationship between tree size and fruit
production is very low as reflected in the
mean fruit production.

F. albida the relationship between tree
size and leaf and fruit biomass indicates 33
and 99% respectively revealing a low
correlation between the size of the tree and the
corresponding leaf production (Table 3).

P. reticulatum Coefficients  of
determination of 87 and 80% were obtained
respectively for leaf and fruit biomasses
indicating a strong relationship between the
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size of the tree and these parameters for this
species (Table 3).

B. rufescens 86 and 85% of
coefficients of determination were obtained
between tree size and leaf and biomass
production in this species.

Z. mauritiana for this species, there are
high coefficients of determination between
tree size and leaf and fruit production of 99
and 81% respectively.

Relationship among tree parameter s within
a species

In terms of tree parameter within a
given species, Table 4 below indicates the
followings:

P. africana there was a highly
significant correlation (p<0.01) between leaf
biomass and tree size (r = 0.94) and a negative
correlation between tree size vs fruit biomass
indicating that fruit production is not related
to the size of the tree. Also, there was weak
correlation between leaf production and fruit
in this species (r=-0.03) (Table 4).

Table 1: Diameter classes for the 5 species.

F. albida significant (p < 0.05) and
highly significant (p < 0.01) correlations were
obtained between tree size vs leaf and tree
size vs fruit production in this species with r =
0.57 and r = 99 respectively. The correlation
between leaf and fruit was significant (p <0.05
and r = 54), revealing that for this species, leaf
bearing is fundamental for fruit production.

P. reticulatum the correlations
between leaf vs tree size and fruit vs tree size
are highly significant (p < 0.01) and
significant between leaf and fruit production.

B. rufescens:this follows the same
trend likeP. reticulatum This result suggests
that the 2 species behave the same way
physiologically and could be expected
because they belong to the same family.

Z. mauritiana strong correlations (p <
0.01) existed between all the parameters for
this species denoting that leaf and fruit
production follows the tree size and that fruit
production depends on the quantity of leaf that
bears a particular tree species.

Species Classes Diameter BH (cm) Mean crown
diameter (m)

Faidherbia albida 1 25 -39 14 - 17

2 40 - 59 18- 20

3 60 > 20>
Prosopis africana 1 30- 40 8-11

2 41 -59 12 -17

3 60 > 18 >
Piliostigma reticulatum 1 12 -19 8 -12

2 20- 30 13-17

3 31> 18 >
Bauhinia rufscens 1 10-15 3-4

2 16 -20 5.-6

3 20 > 7>
Ziziphus mauritiana 1 9-12 3-4

2 13-20 4-5

3 21> 5>
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Table 2: Mean leaf and fruit biomasses for the speciesrdaug to tree size class.

Species Treesize class* Leaf biomass(kg)  Fruit biomass (kg)
Faidherbia albida 1 46.89 + 23.17 52.6 +41.9
2 34.99 £ 22.15 89.2+214
3 62.86 + 46.16 122.03 + 20.65
Prosopis africana 1 67.52 + 44.85 92.38 + 64.78
2 73.61 £29.01 71.52 £ 69.75
3 100.48 + 37.84 84.67 £ 67.3
Piliostigma reticulatum 1 22.45+134 13.18 £ 15.42
2 24,19 £ 8.23 21.9+13.35
3 33.42 £ 14.22 22.53 £ 14.29
Bauhinia rufescens 1 23.1+16.9 12.3+11.1
2 22.1+19.1 19.05+11.1
3 32.12+16.2 20.13+£10.65
Ziziphus mauritiana 1 12.4+ 3.6 9.10+5.3
2 16.89+12.3 20.6 £12.75
3 23.32 £ 15.27 21.63+11.35

* Diameter at 1.3 m and its corresponding crovantéter
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Table 3: Simple regression equations and coefficients tdrd@nation between species and tree size classésaf and fruit biomass

production.

Species L eaf biomass Fruit biomass
Equation Coefficient of Equation Coefficient of
determination (R?) determination (R?)
Faidherbia albida y = 7.985x + 32.277 0.33 y = 34.715x + 18.513 0.99
Prosopis africana y =16.48x + 47.577 0.88 y = -3.855x + 90.567 0.13
Piliostigma reticulatum y =5.485x + 15.717 0.87 y = 4.675x + 9.8533 0.80
Bauhinia rufescens y =7.61x + 7.4867 0.86 y =3.915x + 9.33 0.85
Ziziphus mauritiana y =5.46x + 6.6167 0.99 y = 6.265x + 4.58 0.81
Table 4: Correlation relationships among tree parametetisinveach species.
Regression relationship Correlation coefficients (r) for the different species
Faidherbia Prosopis Piliostigma Bauhinia Ziziphus
albida africana reticulatum rufescens mauritiana
Leaf biomass Vs Tree size class 0.57* 0.94** 0.93** 0.93** 0.99**
Fruit biomass Vs Tree size class 0.99** -0.37 0*89* 0.92** 0.90**
Leaf Vs Fruit 0.54* -0.03 0.67* 0.71* 0.85*

**Significant at the 1% level; *Significant at tH6 level
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DISCUSSION

The leaf and fruit biomass production
for tree species in the parklands of the Sahel
region are determined by a number of factors
including the soil type, rainfall distribution
and intensity, the intrinsic characters of the
species as well as the management or human
intervention. The method used in most cases
for assessing leaf and fruit biomasses is
usually destructive method, but indirect
methods using regression equations based on
more easily measured variables of the trees
are frequently utilized for predicting
biomasses. These approaches are widely used
in forestry, either for the estimation of above-
ground biomass (wood, branches, leaves)
(Ter-Mikaelian and Korzukhin, 1997; Salis et
al., 2006), or to assess the available browse
for wildlife or domestic animals (Paton et al.,
2002; Said et al., 2005). The method used for
this study in estimating the leaf and fruit
biomasses was also used by some authors. In
the Sahelian area single regression models for
a few browse species have been developed
(Bille, 1980; Cisse, 1980). Regression models
and correlation can help established the
relationships between tree parameters and also
predict what could be obtained in a given
forest or parkland system. The measurement
carried out, especially for estimating the
crown diameter is very easy in a Sahelian
environment because of the open crown in the
farmed field. Some other methods have been
reported to be wuseful in the arid zone
especially the canopy area and use of trunk
diameter at breast height and height (Breman
and Kessler, 1995).

The results obtained on these species
are in accordance with those obtained by
Savadogo and Elfving (2007) in a study that
examined the possibility of using ground-
based photographs to estimate browse
production ofAcacia dudgeonand Balanites
aegyptiacain Burkina Faso. The results from
the regression analysis indicated that all
models were significant (all p values < 0.05)
for the two species but the predictive power
was low forAcacia (> < 0.50) compared to
Balanites(r* > 0.75). Cisse (1980) in a study

2253

of the browse production of some trees of the
Sahel and the relationships between maximum

foliage biomass and various physical
parameters, obtained highly significant
correlations between biomass and

circumference of the trunk fdf. albida and

Z. mauritianawith r = 0.98 for both species.
This result is similar to what it is obtained for
Z. mauritianawith r = 0.99 but different foF.
albida with r = 0.57. For the leaf biomass, the
results were slightly different from those
obtained in this study. FoF. albida Cisse
(1980) obtained for the same class of diameter
44.6, 54.8 and 67.2 against 46.89 + 23.17,
34.99 + 22.15 and 62.86 * 46.16 kg for
classes 1, 2 and 3 respectively. F@r
mauritianag the results obtained in this study
are higher in terms of leaf biomass.

Some authors obtained different results
in different ecological conditions. For
instance, Dunham (1990) in a study to
evaluate the fruit production By. albidatrees
in Zambezi riverine woodlands estimated that
a tree could produce between 5.4 kg to 290.1
kg depending on the year. This production is
influenced by a series of factors among which
insect and animal attacks. Predicting biomass
and fruit production of Sahelian tree species is
influenced by many other factors in addition
to these already determined by various authors
like the influence of human activities and
climatic factors.

Conclusion
The determination of foliar and fruit

biomasses of tree species in the Sahel is an
important opportunity to provide this highly
needed information to various users of
parkland systems. The beneficiaries from this
type of information are the extension agents to
advise the farmers for managing their trees in
the farm, scientists and farmers themselves.
The models developed are very simple to be
used by all actors. This study could be a good
management tool that will help better
exploitation of tree resources in farmed fields.
It can assist in extrapolating the mean leaf and
fruit production in a given parkland for better
exploitation of the tree resource in similar
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agro-ecological conditions. Considering the

diversity of tree species in different agro-

ecological zones in the Sahel, research of this
nature have to be undertaken in order to
provide information for better management of

trees by local users.
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