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Abstract

Browse plants play an important role in feeding ruminants especially in dry seasons when
herbaceous forage is unavailable. This paper aim at developing models for leaf biomass estimating
for their rapid evaluation and the planning of the rational use conditions. For each of the three main
browse species, 25 trees were sampled. Dendrometric measurements such as girth at breast height,
total height, stem height, crown diameter and crown height were performed on each tree before
harvesting the entire leaf biomass which is then weighed. A sample of 200 g of leaves was taken per
tree to estimate the dry matter. Kruskal-Wallis test was performed to compare plant traits among the
three species. Relationship between plant traits and aerial fodder biomass was examined using a
stepwise multiple regression. Carrying capacity was determined for the dry season in the study area. 

Aerial fodder production varied among species. The best models that estimated leaf biomass
production of Afzelia africana and   Pterocarpus erinaceus were obtained with diameter at breast
height, a plant trait not directly affected by pruning as predictor. For   Daniellia oliveri the best model
uses the crown height as estimator parameter. Globally, the carrying capacity of each species is
about 0.05 to 0.09 TLU/ha/year for Afzelia africana; 0.03 to 0.08 TLU/ha/year for Pterocarpus
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erinaceus and 0.04 to 0.79 TLU/ha/year for Daniellia oliveri inin the dry season. The number of
animal that can sustainably be fed in the study area was 38497. The introduction of these fodder tree
species in afforestation/reforestation activities can improve the availability of leaf biomass to feed
animals.

Keywords:  carrying capacity, fodder, models, pastoralism, production

Introduction

In regions where drought reduces availability of food resources for herbivores feeding, fodder trees
are under high pressure. Fodder deficit was previously reported, as a major problem in many
countries of Africa, Asia, and Latin America, especially during the dry seasons (Bille 1980; Egan
1997; Upreti and Shrestha 2006; Hassen et al 2011; Ghimire et al 2013; Pariyar et al 2013; Mboko et
al 2017). Under such circumstance, survival of transhumance and sedentary herds depends mainly
on fodder trees. Hence, the carrying capacity (i.e., number of animals that can be fed) of resident
pasture lands becomes a function of the production of overhead forage. In a sustainable
management context, the assessment of tree forage harvests must take into account the rangelands
productivity. In this regards, it is very important to know the relationship between the leaf biomass
production and the level of animal feeding needs. This will make it possible to appreciate the
sustainability of the leaf biomass uses as fodder and to avoid a spiral of degradation. Leaf biomass
modeling is useful for the rapid evaluation of aerial fodder in order to project the number of animal
that can be sustainably fed. Ravichandran (2003) reported that pruning is an essential agronomic
practice in the production of leaves for the manufacture of black tea as it leads to enhanced
branching and hence a greater number of tender leaves. But some studies have noted that by
reducing the leaf biomass of a tree or shrub in the pruning or lopping, it directly reduces the surface
of the crown whereas the trunk circumference and often the height of the plant remain unchanged
(Bognounou et al 2008). Ghimire et al (2013) reported that leaves commonly harvested in the year,
contain more concentrated nutrients than those of the trees whose cutting frequency is lower. The
repeated and severe pruning reduce or totally hypothec fruit production and tend to obscure the
effects linked to the season, site or tree size of Faidherbia albida (Depommier 1998). Gaoue and
Ticktin (2010) noted that the bark and foliage harvest of Khaya senegalensis reduced its stochastic
population growth rates. The highest total polyphenol concentration was observed in unpruned plants
while the lowest was observed in apically pruned plants (Maudu et al 2010). Maudu et al (2010) also
noted no significant difference in tannin and antioxidants content between unpruned, apically pruned
and middle pruned of cultivated bush tea. Ortega-Vargas et al (2013) reported that the date of
pruning of Guazuma ulmifolia during the rainy season affects the availability, productivity and
nutritional quality of forage during the dry season. But the effect of the pruning on the leaf biomass
modeling is not yet documented. In fact, pruning affect some morphological trait on the trees such as
crown diameter, crown height whereas diameter at breast height, bole height are plant traits not
directly affected by pruning. The question is to know what can be the objective measure of the tree
forage and the carrying capacity of these regularly pruned trees?

The carrying capacity which is defined as the ability of a given area to support a number of animals
on a continuing basis (De Vos 1969) may be affected by long and short term variations in climate
parameters particularly precipitations (Phillipson 1975). It refers to the total number of animals that
may be safely supported by a rangeland in the long term (Caltabiano 2006). The concept of carrying
capacity is based on the assumption that plants and animals are in a state of balance or equilibrium.
Two different notions of carrying capacity can be identi?ed (Hiernaux 1982; Behnke et al 1993). The
ecological carrying capacity is reached ‘‘when the production of forage equals the rate of its
consumption by animals, and the livestock population ceases to grow because limited feed supplies
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produce death rates equal to birth rates’’ (Behnke et al 1993). The economic carrying capacity, on
the other hand, sets a theoretical limit, which marks the number of livestock units that pastoral
resources in a certain area can support in order to attain a certain management objective (e.g.,
optimal meat or milk production). In this article, the carrying capacity is the number of animal
expressed by Tropical Livestock Unit per ha (TLU/ha) that the trees’ forage of a unit rangeland can
feed sustainably in one year. The Tropical Livestock Unit (TLU) or " UnitÃ© de BÃ©tail Tropical"
(UBT) is an animal of 250 kg live weight (Hans 1982). This author also reported that the Tropical
Cattle Unit (TCU) is less commonly used and is supposed to be the equivalent of a bovine of 175 kg
live weight which, on the aggregate level; which is assumed to represent the average live weight of a
bovine. The carrying capacity can be quickly determined with a reliable biomass models.

Plant allometric equations allow managers and scientists to quantify the biomass contained in
associated vegetation communities without having to cut down large numbers of plants (Penderis and
Kirkma 2014). But in several biomass studies, forage from trees is often ignored because of the lack
of methods to estimate their biomass according to the regions and species. However, the destructive
methods (CissÃ© 1980; Zabek and Prescott 2006) and those non-destructive (Andrew et al 1976;
Montes et al 2000; Mizoue and Mascitani 2003; Savadogo and Elfving 2007) and the semi-
destructive methods (Bognounou et al 2008; 2013) were used to estimate the biomass of several
browse species in Africa. Leaf biomass equations were determined in Sahelian zone for some
species such as   Acacia senegal (Poupon 1976), Pterocarpus lucens (CissÃ© 1980), Daniellia oliveri
(Bognounou et al 2008), Afzelia africana andPterocarpus erinaceus (Bognounou et al 2008), Khaya
senegalensis and Pterocarpus erinaceus (OuÃ©draogo-KonÃ© et al 2008). The semi-destructive
method is less expensive in terms of human resources and equipment with minor damage on trees
(Bognounou et al 2008). For different parts of plants, a variety of methods have been developed for
biomass estimation, ranging from aerial photography and imagery to destructive sampling. However,
direct measurements involving destructive sampling are usually preferred for accurate estimations
(Lehtonen 2005), partly because browsed biomass depends on many interacting environmental
factors (Grote 2002; Maraseni et al 2005; Balehegn et al 2012). Several models to estimate plant
biomass exist (Brown 1976; Rutherford 1979; Zabek and Prescott 2006; OuÃ©draogo-KonÃ© et al
2008; Bognounou et al 2008). But no one of them takes into account the pruning effect on the
accuracy of the leaf biomass models. However, although fodder trees in the Guineo-Congolese /
Sudanian transition zone of Benin are exploited by transhumants from Niger, Burkina Faso, Nigeria
and local population, very little is still known about leaf biomass production and estimation
(Laamouria et al 2002). To fill in this gap, this paper aims to determine leaf biomass models to predict
fodder production of three browse species identified as main fodder trees for conservation
(SÃ¨wadÃ© et al 2016). The following questions are addressed:

1. Does the repetitive foliage harvesting by pastoralists suppress species-specific performance
in aerial forage production?

2. Are plant traits not directly affected by pruning (diameter at breast height, bole height) more
accurate in predicting leaf biomass production than traits modified after defoliation by
pastoralists (crown height, crown diameter)?

3. What is the carrying capacity of rangelands in the dry season when tree defoliation is the
main forage source for cattle?

Material and methods
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Study area

Three forest reserves namely Monts KouffÃ© (179920 ha), Wari Maro (107500 ha) and OuÃ©mÃ©
SupÃ©rieur (177442 ha) in the Guineo-Congolese / Sudanian transition zone of Benin were surveyed
(Figure 1). The study sites were located between latitudes 8o 28’ and 9o 47’ North and between
longitudes 1o 40’ and 2 o 28’ East, within the Guineo-Congolese / Sudanian transition zone of Benin
transition zone (White 1983). It is characterized by one rainy season from May to October (1247 mm
per year on average) and one dry season (November to April). The annual mean temperature varies
between 26 to 27Â° C with extremes ranging from 21Â° C (December-January) to 40Â° C (February-
April). The relative humidity is low (10 to 40 %) in December and January, but high (85 to 98 %) from
July to August. The natural vegetation consists of gallery forests, woodlands, wood and shrub
savannas generally established on tropical lateritic and ferruginous soils. During the dry season, the
study area receives transhumant herds from North Benin, Nigeria, Niger and Burkina Faso (Teka et
al 2007).

Because the grassy forage is no more available after vegetation fires during the dry season,
pastoralists defoliate wood fodder species (e.g.Khaya   senegalensis, Daniellia oliveri, Pterocarpus
erinaceus and Afzelia africana)  toto feed cattle (Teka et al 2007; Gaoue and Ticktin 2008, 2010;
Gaoue et al 2013; SÃ¨wadÃ© et al 2016).

Figure 1.  Location of the study area

Data collection

Data were collected on three woody fodder species:Afzelia africana,   Daniellia oliveri and 
Pterocarpus erinaceus. These three species are among the top five most defoliated trees that provide
aerial fodder to animals in the region (SÃ¨wadÃ© et al 2016). The other two species which are not
included in this study are Khaya senegalensis andVitellaria paradoxa. Particularly Khaya
senegalensis is rare in the three forest reserves while V.   paradoxa is used to feed sheep. Previous
studies on biomass production by defoliated trees in tropical Africa used a sample size of 6 - 30
individuals per species (Bognounou et al 2008; Balehegn et al 2012; Goodman et al 2014; Penderis
and Kirkma 2014; Laminou Manzo et al 2015). In the current study, 25 trees were sampled per
species as follows.

In the field, 42 plots (50 m x 50 m) were established to count the number of individuals with a
diameter at breast height (DBH) bigger than 10 cm and assess the variability of DBH within each
species. Then, 25 individuals were sampled per species to reflect the variation in DBH. However,
when the leaves of the species are under high pruning or lopping pressure, the model becomes less
accurate and less reliable. Sampled trees were selected so as to account for this aspect in order to
have representative trees categories.

The following traits were measured on the sampled trees: DBH, bole height (BH), crown height (CH)
and crown diameter (CD). Stem traits (DBH, bole height) are not directly modified by defoliation while
pruning to harvest leaves reduced crown diameter and height. Once a tree was measured, its
branches were cut into pieces following the herder practice. The leaf biomass and edible twigs (<5
mm diameter) (Rutherford 1979) of each sampled tree were handpicked from January to March. After
their harvest, they were weighed in bags whose weight ranged between 10 and 12 kg. The total
weight of the fresh material (WFM) of each sampled tree is obtained by summing the weight of the
obtained bags per tree. After a good homogenization of the content of each bag, a 200 g sample was
taken every time. All samples of 200 g obtained from the different bags on the same tree were mixed
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again and well homogenized before taking a final sample of 200 g used to later quantify the dry
matter content in the laboratory. After drying the samples in an oven at 60o C to constant weight, the
dry matter content (DMC) per sample was calculated using the formula:

The total dry matter (TDM) of the leaf biomass per tree was determined by the formula:

WFM is the total Weight of Fresh Biomass per sampled tree.

Data analysis

With the measured Circumference (C, cm), the Diameter at Breast Height (DBH, cm) was calculated
for each tree using the formula:

All statistical analyses were performed using the R software (R Core Team 2016). After testing for the
normality of data (Shapiro-Wilk test), the analysis of variance (crown diameter, crown height) or a
Kruskal-Wallis test (DBH, bole height) was performed to compare plant traits among the three
species. The relationships between plant traits and aerial fodder biomass were examined using a
stepwise multiple regression within the R software environment. The correlation between plant traits
(DBH, bole height, crown diameter, crown height) were computed to avoid collinearity in the initial
models. The final models only include significant predictors. These models were ranked using the
coefficient of determination (R2) and Akaike’s Information Criterion (AIC) as recommended by Sileshi
(2014). The carrying capacity was computed per species by considering the daily forage need of a
Tropical Livestock Unit (TLU, 6.25 kg of dry matter) and the duration of the dry season when trees
are defoliated (180 days). To avoid over exploitation with subsequent impacts on life-history traits
(Gaoue et al 2013) and recruitment of seedlings (Bufford and Gaoue 2015), the carrying capacity was
obtained by assuming a harvesting pressure equaling to the half of the produced aerial fodder
biomass.

The carrying capacity (CC, TLU/ha) of each species was computed using the following formula:

The total aerial fodder biomass for each species is computed as density (tree ha-1) times the mean
aerial fodder biomass per tree (kg DM).

The Equivalent Rangeland Area (ERA, ha/TLU) is the area of rangeland needed to feed one TLU in
the year. It is calculated by the formula:

The size of livestock (N, TLU) that each species can feed during the dry season was computed as:

Results
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Variation of plant traits across species and species-specific response to repetitive defoliation

Table 1 summarizes the variation of plant traits across the three tree fodder species. No probability
associated with mean comparison was significant. No difference exists between the tree species
according to the measured traits.

  

  Table 1.  Variation of plant traits (mean Â± Standard error mean) across species defoliated during the dry season  
  

  Plant traits 

  

   Defoliated tree species 
  

  Afzelia africana 

  

  Pterocarpus erinaceus

  

  Daniellia oliveri

  

  p

  

  Stem descriptors* 
  

  Diameter breast height, cm  

  

  30.3 

  

  23.4 

  

  31.1 

  

  0.06 
  

  Bole height, m  

  

  4.71 

  

  3.91 

  

  3.80 

  

  0.20 
  

  Crown descriptors** 
  

  Crown diameter, m  

  

  6.15 

  

  5.85 

  

  6.52 

  

  0.43 
  

  Crown height, m  

  

  7.30 

  

  7.92 

  

  7.90 

  

  0.69 
  

  Plant performance* 
  

  Aerial forage biomass, kg)  

  

  11.4 

  

  10.6 

  

  19.1 

  

  0.02 
  

  *Krukal-Wallis test and **ANOVA test 

However, the intra-class correlation (ICC) computed to quantify the existence of species-specific
performance in aerial fodder production was 0.22, a sizeable value and far from 0. Thus, there was a
correlation between observations coming from the same species. It confirmed the existence of
species-specific performance in aerial fodder production despite repetitive defoliation of fodder trees.

Importance of stem traits versus crown descriptors in modeling aerial forage production
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The initial variables of the models were derived from the correlation among tree traits (Table 2). The
initial models excluding collinear variables were DBH + BH and CD + CH + BH. The first one only
included stem descriptors while the last one encompassed crown and stem traits.

  

  Table 2. Correlation between plant traits  

  

  Tree traits 

  

  Diameter at breast height 

  

  Bole height

  

  Crown height

  

  Correlation

  

  p 

  

  Correlation

  

  p 

  

  Correlation

  

  p 

  

  Bole height  

  

  0.07 

  

  0.55 

  

  Crown height  

  

  0.62 

  

  0.00 

  

  -0.12 

  

  0.32

  

  Crown diameter  

  

  0.39 

  

  0.00 

  

  0.11 

  

  0.34

  

  0.17 

  

  0.0.14

Following variable selection, the final models (Table 3) only included stem traits (diameter at breast
height) or crown descriptors (crown diameter and crown height).  

  

  Table 3.  Regression models for aerial forage biomass production in relation to stem and crown traits  
  

  Defoliated tree
species 

  

Models/pramet
ers

  

 
Estima

te

  

  SE

  

  t
value

  

  p (>|t|)

  

  R2

  

  AIC

  

  Afzelia africana 

  

  Unique model 
  

  (Intercept) 

  

  2.13 

  

  2.24

  

  0.95

  

  0.35 

  

  0.42

  

  - 
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  Diameter 

  

  0.31 

  

  0.07

  

  4.30

  

  0.00 

  

  Pterocarpus
erinaceus

  

  Model 1 
  

  (Intercept) 

  

  4.87 

  

  1.42

  

  3.42

  

  0.00 

  

  0.42

  

  118 

  

  Diameter 

  

  0.25 

  

  0.06

  

  4.29

  

  0.00 

  

  Model 2 
  

  (Intercept) 

  

  5.47 

  

  1.96

  

  2.80

  

  0.01 

  

  0.21

  

  125 

  

  Crown height 

  

  0.65 

  

  0.24

  

  2.75

  

  0.01 

  

  Daniellia oliveri

  

Model 1 
  

  (Intercept) 

  

  5.79 

  

  4.01

  

  1.45

  

  0.16 

  

  0.34

  

  181 

  

  Diameter 

  

  0.43 

  

  0.12

  

  3.66

  

  0.00 

  

  Model 2 
  

  (Intercept) 

  

  1.29 

  

  4.65

  

  0.28

  

  0.78 

  

  0.40

  

  178 

  

  Crown height 

  

  2.25 

  

  0.55

  

  4.09

  

  0.00 
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Model 3 
  

  (Intercept) 

  

  -0.74

  

  6.99

  

  -0.11

  

  0.92 

  

  0.24

  

  185 

  

  Crown
diameter 

  

  3.04 

  

  1.04

  

  2.94

  

  0.01 

  

  AIC: Akaike’s Information Criterion  

Regarding the R2 values and the comparison of the AIC values for Pterocarpus erinaceus on the one
hand and Daniellia oliveri on the other, one model seems the best fit for each species. In the case of 
Pterocarpus erinaceus the model 1 including diameter at breast height is the best (AIC = 118; R2 =
0.42) whereas in the case of Daniellia oliveri  the model 2 realized with the crown height fits better
than the other models (AIC = 180; R2 ? 0.40). For Afzelia africana only one model elaborated with the
diameter at breast height is obtained with R2 = 0.42.

Figure 2. shows the relationship between diameter at breast height and aerial fodder biomass
production for Afzelia africana and   Pterocarpus erinaceus.

Figure 2.  Relationship between diameter at breast height and aerial fodder biomass production.
Points represent

the scatter plot of the diameter-biomass relation. The prediction lines for the biomass produced by
each

of the two forage tree species (Afzelia africana and Pterocarpus erinaceus) are drawn based
 on the intercept and slope of diameter taken from the regression models.

Regardless of these species, the diameter at breast height had a positive effect on the performance
of trees in biomass production. Figure 3 illustrate the relationship between crown height and the leaf
biomass production.

Figure 3.  Relationship between crown height and aerial fodder biomass production of Daniellia
oliveri. Points represent

 the scatter plot of the crown height-biomass relation. The prediction line for the biomass produced is
drawn

based on the intercept and slope of crown height taken from the regression models.

Carrying capacity of rangelands in the dry season

The carrying capacity was high for Daniellia oliveri, and very low for Afzelia africana (Table 4).

  

  Table 4. Carrying capacity (TLU/ha/year) and cattle charge that tree fodder species can feed during
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the dry season  
  

  Forest
reserves 

  

  Area
(ha) 

  

  Species 

  

  Density
(trees/ha)

  

  Biomass
  per tree
(kg DM)

  

  Total
Biomass
(kg DM)

  

  Carrying
capacity

(TLU/ha/year)

  

    Equivalent
rangeland area
(ha/TLU/year)   

  

  Capacity
(TLU) 

  

  Monts  

  KouffÃ©  

  

  179920  

  

  Afzelia africana 

  

  1.33 

  

  10.80 

  

  14.37 

  

  0.01 

  

  167 

  

  1149 
  

  Pterocarpus erinaceus 

  

  5.78 

  

  9.88 

  

  57.01 

  

  0.03 

  

  40 

  

  4559 
  

  Daniellia oliveri 

  

  9.33 

  

  19.08 

  

  178 

  

  0.08 

  

  13 

  

  14237 
  

  Wari-Maro  

  

  107500  

  

  Afzelia africana 

  

  1.55 

  

  12.34 

  

  19.13 

  

  0.01 

  

  111 

  

  914 
  

  Pterocarpus erinaceus 

  

  5.55 

  

  11.14 

  

  61.82 

  

  0.03 

  

  37 

  

  2954 
  

  Daniellia oliveri 

  

  6.22 

  

  15.47 

  

  96.21 

  

  0.04 

  

  23 

  

  4597 
  

  OuÃ©mÃ©
SupÃ©rieur  

  

  177442  

  

  Afzelia africana 

  

  1.07 

  

  10.38 

  

  11.01 

  

  0.01 

  

  200 

  

  868 
  

  Pterocarpus erinaceus 

  

  1.60 

  

  11.71 

  

  18.74 

  

  0.01 

  

  125 

  

  1478 
  

  Daniellia oliveri 

  

  3.47 

  

  19.08 

  

  66.02 

  

  0.04 

  

  23 

  

  7743 

The mean Equivalent Rangeland Area was two to eight times higher for Afzelia africana than 
Pterocarpus erinaceus and Daniellia oliveri. Globally, one TLU needs for its annual nutrition based on
the exploitation of each species 159 ha of Afzelia africana; 67.3 ha for Pterocarpus erinaceus and
19.5 ha of Daniellia oliveri.

Considering the cattle carrying capacity, this is lower for Afzelia africana than for Pterocarpus
erinaceus.  But the highest value was noted for Daniellia oliveri. The same tendency is observed
respectively for the forest reserves in the order Wari-Maro, OuÃ©mÃ© SupÃ©rieur and Monts
KouffÃ©. The study area can sustainably support 38497 TLU with the three fodder trees species.

Discussion

Species-specific performance in aerial forage production

Our question was to know whether repetitive foliage harvesting by pastoralists suppresses species-
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specific performance in aerial forage production. In this study species-specific performance in aerial
fodder production (intra-class correlation (ICC) greater than 0) was not affected by repetitive
defoliation by herders. Species-to-species differences could be imputable to intrinsic post stress
regrowth capacity of target species (Geta et al 2014). Observed species-to-species discrepancies
could also result from specific micro-climatic conditions, anthropogenic regimes disturbance life
stories of censused trees, genetic traits, exposure to fire and foraging pressures, etc. (Bognounou et
al 2013). Exploitation stresses, even on non-reproductive plant parts significantly affect physiology,
growth, survival, and population dynamics of trees (Snyder and Williams 2003, Ticktin 2004, Gaoue
et al 2011). Improving our understanding of process underlying observed differences and accuracy of
developed models would however require further endeavors towards testing influence of these
specific factors.

Establishing reliable biomass models

The established models in this study revealed the R2 values ranged from 0.40 to 0.42 (best fitted for
each species). Savadogo and Elfving (2007) reported also for Acacia dudgeoni a value of R2 less
than 0.50. Many biomass estimation models and particularly leaf estimation models were performed
on shrubs and bushes in other countries (Bognounou et al 2008; OuÃ©draogo-KonÃ© et al 2008).
The morphology of these shrubs and bushes facilitates leaves harvesting and the data collection on
several samples with a limited human resources, material and financial support. With the same mean
the number of sampled trees that can be covered is very limited. This illustrates the difficulties we
would have if we take a large number of sample trees per species. Bognounou et al (2008) noted that
in an ecosystem facing seasonal bush fires, different methods and estimation models of leaf biomass
of some fodder tree raise problems. These authors also reported that the bole of these trees are quite
delicate, making the use of some measurements very subjective (e.g. tree mutilation). Indeed,
accounting for difficulties to access the leaves of the great and height trees, Bognounou et al (2008)
limited the height of their sampled trees to 0.5-5 m (shrubs, bushes) with a number of trees between
6 and 30. But in the context of our study, 25 trees for each species were considered, with an average
height of 12 m. This mean that the obtained results from this study could be deemed as more reliable
as a sufficient number of sampled fodder trees were used. Biomass estimation models also depend
on species as well as ecological growing conditions (Bognounou et al 2013). Several studies reported
the role of human pressure on species, soil, and climatic conditions in the variation of biomass
estimation models (Devineau 1999; Sanon et al 2007; Bognounou et al 2008; Bognounou et al 2013).
Strong relationships between the foliage biomass and the physical parameters of trees such as
circumference of the crown for other agro ecological zones have been linked with the form of the
canopy, thus the foliage (OuÃ©draogo-KonÃ© et al 2008). In contrast, the weak R2  observed in our
finding should be an indicator of the perturbation faced by the sampled trees used in this study. It
also leads to the idea that they are other predictive covariates that were not taking into account in our
models. Similar trends (small R2 values) were reported in several leaves biomass estimating models
(Petit and Mallet 2001; Sinsin et al 2004). Anthropogenic factors are supposed to have influenced the
current morphological characteristics of the crown and the height. Among several potential factors
(e.g. water, diseases, nutrient availability, light, and human disturbances) (Hiernaux et al 1994;
Devineau 1999; Seghieri and Simier 2002; OuÃ©draogo-KonÃ© et al 2008) that could affect the
relationship between foliage biomass and the physical parameters of the tree, the human
disturbances seem to be the principal factor of the used trees to build the leaf biomass. In fact, Crown
traits (CD and CH) affected directly by leaves harvesting (pruning) could lead to a less accurate leaf
biomass models. In the present study, best leaf biomass estimation models of the three fodder
species were linear models and very simple to apply, i.e., each of them included one predictive
parameter (DBH, not affected directly by defoliation). In Burkina Faso, Bognounou et al (2008)
developed exponential equations and obtained the best predictive power for leaf biomass with the
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crown area of Afzelia africana, Daniellia oliveri,   Ficus sycomorus subsp. gnaphalocarpa and 
Pterocarpus erinaceus, with trunk circumference of Ficus sycomorus subsp.   gnaphalocarpa; with
the total height of Sterculia setigera and   Pterocarpus erinaceus. These differences may be related
to the morphology of trees. The use of a single dendrometric parameter to build the estimation
models of forage biomass in this study corroborate the work of Brown (1976) on several fodder
shrubs that showed that basal diameter was a good predictor of shrubs leaf biomass production.
Rutherford (1979) reported that stem diameter was highly correlated with plant biomass of Burkea
africana, Terminalia sericea and other species, whereas Laamouria et al (2002) found that basal
diameter was enough to establish a significant linear model to predict Acacia cyanophylla biomass
production in North-West Tunisia. But pruning activities can modify some of these plants traits with a
possible influence on the model accuracy.

Impact of pruning on the accuracy of the leaf biomass modeling

The second specific question aimed to know whether plant traits not directly affected by pruning
(diameter at breast height, bole height) are more accurate in predicting leaf biomass production than
plant’s traits that are directly modified after defoliation by herders (crown height, crown diameter).
Our expectations were confirmed by results. Established models with DBH which is a stem traits
unmodified directly by leaf harvesting were more accurate for Afzelia africana (R2 = 0.42 and AIC
value not evaluated because only one model was significant); and for Pterocarpus erinaceus (R2 =
0.42 and AIC value = 118.21) than the models including crown height which is a plant trait directly
modified after pruning (R2 = 0.21 and AIC value = 125). Contrary to that, the most accurate model to
estimate leaf biomass of Daniellia oliveri was obtained with the crown height. This can be explained
by the variability of the pruning methods. For example, SÃ¨wadÃ© et al (2016) observed in the study
area that different intensities of pruning are applied while harvesting aerial forage for animal feeding.
As such, species like Daniellia oliveri  are pruned after herders have finished using available forages
of   Afzelia africana, Pterocarpus erinaceus and Khaya senegalensis. Conversely, Gaoue and Ticktin
(2009) noted that, in order to facilitate foliage regrowth, certain Fulani people use to leave on the  
Khaya senegalensis trees the meristems called "sopoodo" representing regrowth organ in Fulani
culture. Other sociolinguistic groups (Bariba and Nago) suggested regulating pruning to a maximum
harvest limit of 25-50 % of foliage pruned every two or three years in the Guineo-Congolese /
Sudanian transition region of Benin (sÃ¨wadÃ© et al 2016). But in the Sudanian region, herders did
not mention any speci?c percentage canopy pruning that would be necessary for sustainability; they
pointed out reducing the pruning frequency per tree (Gaoue and Ticktin, 2009). Yet, recently,
SÃ¨wadÃ© et al (2016) reported that 41 % of Fulani people assert pruning all the available leaves on
the trees whereas 45 % of them removed 75 % of the total leaf biomass. All this illustrate the
variability on the threat faced by the fodder trees and its impact on the variability of plant traits that
are directly affected after pruning. Wittig et al (2002) noted that trees species forage harvesting
method consist mainly of slaughtering young subjects or pruning young branches. Young shoots are
also directly grazed by animals and all this combined with the high frequency of wildfires especially
late fires prevent fruiting (Sinsin 1993), thereby compromising species regeneration (Teka et al 2007;
Gaoue and Ticktin 2008). This situation can be due to the intensity, the frequency and the regular
pruning of the trees to feed animals particularly in the dry season. OuÃ©draogo-KonÃ© et al (2008)
noted also that probable previous pruning of the trees could partly explain the weak relationship
obtained with the circumference of the trunk and the height of the Afzelia africana and Pterocarpus
erinaceus trees in the biomass estimating models. Bognounou et al (2008) had established to Afzelia
africana an estimating equation of leaf biomass from the total height. In this study, no model for
estimating leaf biomass has integrated the total height. The lack of relationship between leaf biomass
and height of some species is explained by the fact that these trees are severely trimmed, often
headless for livestock feeding (Bognounou 2004). Height is not suitable in estimating leaf biomass of
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a species whose crown is severely and regularly exploited. However, when the crown is not severely
exploited, a strong relationship between leaf biomass and total height has been obtained for Sterculia
setigera and Daniellia   oliveri (Bognounou et al 2008);  Balanites aegyptiaca (L (L.) Del (Cisse 1980).
An accurate leaf biomass modeling is a tool for the carrying capacity determination.

Role of the carrying capacity in rangeland management

The carrying capacity observed in this study depended on the species and forest reserves. This
carrying capacity derived from the produced biomass for each species. Daniellia oliveri had highest
aerial forage production, whereas Afzelia africana had the lowest.  Similar trends were noticed for
size of livestock (N, TLU) that each species can support during the dry season. Genetically driven
intrinsic differences could partially explain some of these results. However, human pressure and
environmental factors could accentuate observed variability in fodder production. Depending on the
severity of the dry season, with the possibility of two cuts of the same tree in the year, total biomass
production may vary. It seemed to be the case of A. africana, P. erinaceus and K. senegalensis.
Ghimire et al (2013) showed that trees whose leaves are harvested quarterly in the dry season give a
total production of leaf biomass higher than those whose leaves are harvested by half in the same
period of time. Similarly, these authors noted that leaves commonly harvested in the year contain
more concentrated nutrients than those of the trees whose cutting frequency is lower. Thus, the
second or the third cut made by some Fulani herders in the study area could help secure good
nutrients supply for their livestock.

In some pastoral systems in Africa, it is suggested to adapt animal number to vegetation condition
but the ecological conditions of the vegetation make their responses more complex than equilibrium
models would suggest (Vetter 2005). The importance of carrying capacity is associated with the
ecological regulation between the leaf biomass production and its sustainable utilization by the
herders. The need for livestock keepers to adhere to a de?ned carrying capacity in order to conserve
rangeland resources and to achieve economic development remains an institutionalized fact
(Benjaminsen et al 2006). They also need to be sensitized on the necessity to define a rational policy
in the fodder trees utilization based on the carrying capacity of their rangelands. This can be done by
evaluating the quantity of aerial fodder needed to feed each animal and the number of animal the
global leaf biomass production should feed normally and durably.

Limit of the study

The use of 180 days as the length of the dry season when aerial fodder is supposed to be used is a
pessimist scenario because, at the beginning of the dry season, herders use crop residues or
available dry herbaceous fodder to feed their animals. Because of climate variability, herders began
using herbaceous fodder when rainfall precocity make them available. Other limit is that leaf biomass
estimating models established in this paper did not take into account plants whose diameter at breast
height are less than 10 cm even if they can be consumed by animals without pruning. However, due
to their state of development, the amount of leaf biomass produced by these plants are usually very
small. Some Fulani herders, especially the trans-border transhumant, entirely defoliate the tree of K. 
senegalensis (Gaoue et al 2007), A. africana, P.   erinaceus, D. oliveri. This behavior directly affects
the leaf biomass production and reduces the potential capacity of trees to produce seed because the
critical biomass production required to initiate the seed production will not be reached before the next
pruning (Gaoue et al 2007; SÃ¨wadÃ© et al 2016). Gaoue and Ticktin (2010) noted that the bark and
foliage harvest of Khaya senegalensis reduced its stochastic population growth rates.

The environmental, seasonal, and climatic variations could have some influence on foliage growth
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and so could have some effect on the validity of the leaf biomass estimating model established. Thus,
the biomass of the sampled trees used in this study depended on the climate conditions and the use
story faced by the trees, and other factors that determine their current biomass production level. In
fact, when the duration of the dry season is long, the pressure on the fodder trees could be high as
they are then the only source of fodder. Finally, the determination of the size of livestock and the
carrying capacity concerned only the three fodder trees which cannot express the total leaf biomass
production potential of the study area. Although this study presents the above mentioned limitations,
it provides a very useful models to evaluate rapidly, the fodder production potentiality of some
rangelands. It also takes into account the real use conditions of the forage harvesting as herder
practices were applied to collect leaf biomass data. This leads to some tools which have implications
for the fodder resources evaluation and the planning of the rangelands sustainable management.

Implications

The knowledge of browse species production is important for a sustainable management and
exploitation of rangelands. An excessive carrying capacity can lead to an overgrazing and
degradation of the rangeland (Abel 1993), but the herders’ strategy within non-equilibrium systems is
to sequentially move their livestock across different environments (Behnke et al 1993). Herd
management must aim at responding to alternate period of high and low productivity, with an
emphasis on exploiting environmental heterogeneity rather than manipulating the environment to
maximize stability and uniformity (Behnke et al 1993). The local and cross-border transhumance
accentuated that situation in the Guineo-Congolese / Sudanian rangelands of Benin. However, the
herders’ awareness on the possibilities of fodder trees production and rational use will permit them to
take into account the limits and the availability of the aerial biomass to use in the dry season. This will
decrease the pressure of overexploitation of natural resources. Biodiversity will be better off handled
through its rational exploitation.

Leaf biomass estimation models of fodder trees can help estimate the total aerial forage production
with easily measurable biomass predictors. Management strategy can focus on species that are quite
available (e.g.   Daniellia oliveri) and limit to a restrictive use of the fodder trees such as Afzelia
africana and Pterocarpus erinaceus for livestock feeding. Prediction of potential carrying capacity
depend on uncertain events in the future such as forest exploitation and climate change
phenomenon. One possible application of the trees’ browse biomass estimates can be the
quantification and the monitoring of carbon sequestration in the context of global climate change as
reported by Penderis and Kirkma (2014).

We suggest (i) sensitizing local herders and identify with them further steps to ensure rational use of
the three priority browse species; (ii) helping to situate herders responsibilities of non-compliance in
the restrictive use of fodder tree species such as Afzelia africana  and Pterocarpus erinaceus, and
the possibility of a zoning of the rangeland areas to be entrusted to groups of herders; (iii) the use of
priority species in afforestation, reforestation, and plantation activities for its better production of
aerial forage of priority browse species in the rangeland.

However, cross-border (foreign) transhumance could upset the natural course of use strategy, hence
the need to strengthen surveillance measures for the strict respect of the herd’s corridors. Herders
could manage forage deficits created by restrictions on use of the two priority browse species by
selecting other lower priority species.

Conclusion
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The results of this study indicated that in the contest of regular use, fodder trees’ leaf
biomass can be modeled using dendrometric parameters directly measurable as predictors.
For each species, simple linear model is obtained in the leaf biomass estimation. The best
models were obtained with Stem traits namely DBH which is not directly affected by pruning.
So diameter at breast height was the best predictor parameter of Afzelia africana
and Pterocarpus erinaceus whereas the crown height suit more for Daniellia oliveri in the leaf
biomass estimating modeling. The models obtained respectively with crown height of 
Pterocarpus erinaceus; diameter and crown diameter of Daniellia oliveri were less accurate.
Despite the low power (R2 =0.42), the models constitute a primary way to evaluate
nondestructively the availability of fodder for animal feeding in the studied region. Our leaf
biomass estimation models will allow to determine the overall aerial forage production by
measuring only the DBH of Afzelia africana, Pterocarpus erinaceus trees and the crown
height of Daniellia oliveri. The calculation of the number of animal based on the Carrying
Capacity is a useful sustainable rangeland management tool.

In order to ensure growth level needed to produce seed for regeneration in the natural
environment, herders should adopt a rotary leaf biomass harvesting of each tree. It will also
be good to take into account, especially in the Guineo-Congolese / Sudanian transition zone
of Benin, the feed potential of fodder trees in order to ensure their sustainable use by
developing more realistic management plans.

Acknowledgements

This work was financially supported by the program “   Formation des formateurs du MinistÃ¨re de
l’Enseignement SupÃ©rieur et de la Recherche Scientifique ” of Benin through a PhD fellowship to
ClÃ©ment SÃ¨wadÃ©. We thank GÃ©dÃ©on Anagonou, Lucien Imorou, Alassan A. Seidou,
Mohamed Aloumaadjo and Fiacre Gnanmi and all Fulani who collaborated with us during data
collection in the field. We also thank Jean Maboudou and Christian Tiando who granted permission to
undertake field work in the three forest reserves. Finally, we are very grateful to Roland A. Y. Holou
who reviewed the earlier version of this pepper.

Bibliography

Abel N O J 1993  Reducing cattle numbers of southern African communal rang: is it worth it? in:
Behnke R H, Scoones I and Kerven C, Range ecology at disequilibrium: New models of natural
variability and pastoral adaptation in African savannas. Overseas Development Institute and
International Institute for Environment and Development. London.

Andrew M H, Noble I R and Lange R T 1976  A non-destructive method for estimating the weight of
forage on shrubs.  Australian Rangeland Journal 1, 225-231.

Balehegn M, Eniang E A and Hassen A 2012  Estimation of browse biomass of  Ficus thonningii,
an indigenous multipurpose fodder tree in northern Ethiopia.   African Journal of Range and Forage
Science 29, 25-30.

Behnke R H, Scoones I and Kerven C 1993  Range ecology at disequilibrium: New models of
natural variability and pastoral adaptation in African savannas, eds. Overseas Development Institute
and International Institute for Environment and Development, London.

                            15 / 20



 
Benjaminsen T A, Rohdew R, Sjaastad E, Wisborg P and Lebertz T 2006  Land Reform, Range
Ecology, and Carrying Capacities in Namaqualand, South Africa.  Annals of the Association of
American Geographers 96, 524-540.

Bille J C 1980  Measuring the primary palatable production of browse plants, in: le HouÃ©rou H N
(Eds) Browse in Africa: the current state of knowledge. International Symposium on Browse in Africa.
ILCA, Addis Ababa, 8-12 April, pp. 185-196.

Bognounou F 2004  CaractÃ©risation et gestion de ligneux fourragers dans les systÃ¨mes de
production agro-pastorale du terroir de Dankana en zone Sud soudanienne du Burkina Faso.
MÃ©moire, universitÃ© de Ouagadougou.

Bognounou F OuÃ©draogo O Zerbo I Sanou L Rabo M Thiombiano A and Hahn K 2013 
Species-specific prediction models to estimate browse production of seven shrub and tree species
based on semi-destructive methods in savannah.  Agroforestry Systems 87, 1053-1063.

Bognounou F Savadogo M Boussim I J et Guinko S 2008  Ã‰quations d’estimation de la
biomasse foliaire de cinq espÃ¨ces ligneuses soudaniennes du Burkina Faso.  SÃ©cheresse 19 (3),
201-205.

Brown J K 1976  Estimating shrub biomass from basal stem diameters. Canadian Journal of Forest
Research 6, 153-158.

Bufford L J and Gaoue O G 2015  Defoliation by pastoralists affects savanna tree seedling
dynamics by limiting the facilitative role of canopy cover.   Ecological Applications 25, 1319-1329.

Caltabiano T 2006  Guide to the factors influencing carrying capacities of Queensland’s rangelands.
  www.nrw.qld.gov.au/factsheets/pdf/land/l80.

CissÃ© M I 1980  The browse production of some trees of the Sahel: relationship between the
maximum foliage biomass and various physical parameters, in: le HouÃ©rou H N (Eds). Browse in
Africa: the current state of knowledge. International Symposium on Browse in Africa. ILCA, Addis
Ababa, 8–12 April, pp. 205-210.

De Vos A 1969  Ecological conditions affecting the production of wild herbivorous mammals on
grasslands.  Advances in Ecological Research 6, 137-183.

Depommier D 1998  Etude phÃ©nologique de Faidherbia albida : effet de l'Ã©mondage, du site et
de la dimension de l'arbre sur les phÃ©nophases de l'espÃ¨ce au Burkina Faso. In: Campa C,
Grignon C, Gueye M et Hamon S (eds.). L'acacia au SÃ©nÃ©gal. Paris: ORSTOM, pp. 159-179.

Devineau, J-L 1999  Seasonal rhythms and phenological plasticity of savanna woody species in a
fallow farming system (south-west Burkina Faso).   Journal of tropical Ecology 15, 497-513.

Egan A R 1997  Technological constraints and opportunities in relation to class of livestock and
production objectives, in: Renard, C. (eds.), Crop Residues in Sustainable Mixed Crop/Livestock
Farming Systems. pp 7-24.

Gaoue O G and Ticktin T 2007  Patterns of harvesting non- timber forest product from the
multipurpose tree Khaya  senegalensis in Benin: variation across climatic regions and its impacts on

                            16 / 20

http://www.nrw.qld.gov.au/factsheets/pdf/land/l80
http://www.nrw.qld.gov.au/factsheets/pdf/land/l80


 
population structure. Biological Conservation  137, 424-436.

Gaoue O G and Ticktin T 2008  Impacts of bark and foliage harvest on   Khaya senegalensis 
(Meliaceae) reproductive performance in Benin.    Journal of Applied Ecology 45, 34-40.

Gaoue O G and Ticktin T 2009  Fulani knowledge of the ecological impacts of Khaya senegalensis
(Meliaceae) foliage harvest in Benin and its implications for sustainable harvest.     Economic
Botany 63, 256-270.

Gaoue O G and Ticktin T 2010  Effects of Harvest of Nontimber Forest Products and Ecological
Differences between Sites on the Demography of African Mahogany.    Conservation Biology. 24 (2),
605-614.

Gaoue O G, Horvitz C C, Ticktin T, Steiner U K and Tuljapurkar S 2013  Defoliation and bark
harvesting affect life-history traits of a tropical tree.  Journal of Ecology 101 (6), 1563-1571.

Gaoue O G, Lemes M R, Ticktin T, Sinsin B and Eyog-Matig O 2014  Non-timber Forest Product
Harvest does not Affect the Genetic Diversity of a Tropical Tree Despite Negative Effects on
Population Fitness.  Biotropica 46(6), 756-762.

Gaoue O G, Sack L and Ticktin T 2011  Human impacts on leaf economics in heterogeneous
landscapes: The effect of harvesting non-timber forest products from African mahogany across
habitats and climates.  Journal of Applied Ecology 48, 844-852.

Geta T, Nigatu L and Animut G 2014  Evaluation of potential yield and chemical composition of
selected indigenous multi-purpose fodder trees in three districts of Wolayta Zone, Southern Ethiopia. 
World Applied Sciences Journal 31 (3), 399-405.

Ghimire R P, Devkota N R and Tiwari M R 2013  Seasonal Productivity of Flemingia Macrophylla
under Different Defoliation Frequencies.  Global Journal of Science Frontier Research Agriculture
and Veterinary  13 (14), 13-18.

Goodman R C, Phillips O L and Baker T R 2014  The importance of crown dimensions to improve
tropical tree biomass estimates.  Ecological Applications 24 (4), 680-698.

Grote R 2002  Foliage and branch biomass estimation of coniferous and deciduous tree species.  
Silva Fennica 36, 779-788.

Hans E J 1982  Livestock production systems and livestock development in tropical Africa, first ed.
Kieler Wissenschaftsverlag Vauk. Postfach.

Hassen A, Ebro A, Kurtu M and Treydte A C 2010  Livestock feed resources utilization and
management as influenced by altitude in the Central Highlands of Ethiopia.   Livestock Research for
Rural Development. Volume 22, Article #229.  Retrieved March 23, 2017, from    
http://www.lrrd.org/lrrd22/12/hass22229.htm.   

Hiernaux P 1982  Methods of evaluating feed potential of Sahelian rangelands proposed by
researchers from the International Livestock Center for Africa, in: Breman, H. (ed.), Carrying capacity
of Sahelian rangelands for the pastoral systems of the region: proceedings of the round table. Center
for Agrobiological Studies. Wageningen.

                            17 / 20

http://www.lrrd.org/lrrd22/12/hass22229.htm
http://www.lrrd.org/lrrd22/12/hass22229.htm
http://www.lrrd.org/lrrd22/12/hass22229.htm


 
Hiernaux P H Y, CissÃ© M I, Diarra L et de Leeuw P N 1994  Fluctuation saisonniÃ¨re de la
feuillaison des arbres et des buissons sahÃ©liens. ConsÃ©quences pour la quanti?cation des
ressources fourragÃ¨res.  Revue Elevage et MÃ©decine VÃ©tÃ©rinaire des Pays Tropicaux 17(1),
117-125.

Laamouria A, Chtouroua A and Salemb B H 2002  PrÃ©diction de la biomasse aÃ©rienne
d’Acacia cyanophylla  Lindl. (Syn. A. saligna (Labill.) H. Wendl) Ã  partir de mensurations
dimensionnelles.  Annals of Forest Science 59(3), 335-340.

Laminou Manzo O, Moussa M, Issoufou H B-A, Abdoulaye D, Morou B, Youssifi S, Mahamane
A et Paul R 2015   Equations allomÃ©triques pour l’estimation de la biomasse aÃ©rienne de
Faidherbia albida (Del.) Achev dans les agrosystÃ¨mes d’AguiÃ©, Niger.     International Journal of
Biological and Chemical Sciences   9, 1863-1874.

Lehtonen A 2005  Estimating foliage biomass in Scots pine (Pinus sylvestris) and Norway spruce
(Picea abies) plots.   Tree Physiology 25, 803-811.

Maraseni T N, Cockfield G, Apan A and Mathers N 2005  Estimation of shrub biomass:
development and evaluation of allometric models leading to innovative teaching methods.  
 International Journal of Business and Management Education  (Special Issue: Postgraduate
Research in Innovative Methods of Teaching and Learning): 17–32.

Maudu M, Mudau F N and Mariga I K 2010  The effect of pruning on growth and chemical
composition of cultivated bush tea (Athrixia phylicoides D.C).  Journal of Medicinal Plants  
Research 4(22), 2353-2358.

Mboko A V, Matumuini F N E, Tendonkeng F, MiÃ©gouÃ© E, Lemoufouet J, Akagah A A,
Boukila B et Pamo E T 2017  Composition chimique d’arbustes fourragers (Albizia lebbeck,
Leucaena leucocephala, Morinda lucida, Senna siamea  ) en saison sÃ¨che au Gabon.   Livestock
Research for Rural Development. Volume 29, Article #3.   Retrieved August 22, 2017, from    
http://www.lrrd.org/lrrd29/1/mbok29003.htm.

Mizoue N and Masutani T 2003  Image analysis measure of crown condition, foliage biomass and
stem growth relationships of  Chamaecyparis obtusa.   Forest Ecology and Management 172(1),
79-88.

Montes N, Gauquelin T, Badri W, Bertaudiere V and Zaoui E H 2000  A non-destructive method
for estimating aboveground forest biomass in threatened woodlands.  Forest Ecology and
Management 130(1-3), 37-46.

Ortega-Vargas E, LÃ³pez-Ortiz S, BurgueÃ±o-Ferreira J A, Campbell W B and Rodriguez J J
2013  Date of pruning of  Guazuma ulmifolia during the rainy season affects the availability,
productivity and nutritional quality of forage during the dry season.  Agroforestry Systems 87(4),
917-927.

OuÃ©draogo-KonÃ© S, KaborÃ©-Zoungrana C Y and Ledin I 2008  Important characteristics of
some browse species in an agrosilvopastoral system in West Africa Salifou.  Agroforestry
Systems 74(2), 213-221.

Pariyar D, Shrestha K K and Poudyal R 2013  Package of practice for year round forage production

                            18 / 20

http://www.lrrd.org/lrrd29/1/mbok29003.htm
http://www.lrrd.org/lrrd29/1/mbok29003.htm


 
for commercial goat farming in different agro-regions- Workshop Proceeding, of the National
Workshop on Research and Development Strategies for Goat Enterprises in Nepal, Nepal:
Kathmandu, pp 42-55.

Penderis C A and Kirkma K P 2014  Using partial volumes to estimate available browse biomass in
Southern African semi-arid savannas.  Applied Vegetation Science 17(3), 578-590.

Petit S et Mallet B 2001  L’Ã©mondage d’arbres fourragers dÃ©tail d’une pratique pastorale.   Bois
et ForÃªts des Tropiques 4, 35-45.

Phillipson J 1975  Rainfall, primary production and "carrying capacity" of Tsavo National Park,
Kenya.  East African Wild Life Journal 18(3-4), 171-201.

Poupon H 1976  La biomasse et 1’Ã©volution de la croissance d’Acacia senegal sous une savane
sahÃ©lienne (SÃ©nÃ©gal).  Bois et ForÃªts des Tropiques.  166, 23-38.

Ravichandran R 2003  The impact of pruning and time from pruning on quality and aroma
constituents of black tea.  Food Chemistry 84 (1), 7-11.

Rutherford M C 1979  Plant-based techniques for determining available browse and browse
utilization: a review.  Botanical Review 45(2), 203-228.

Sanon H O, KaborÃ©-Zoungrana C and Ledin I 2007  Edible biomass production from some
important browse species in the Sahelian zone of West Africa. Journal of Arid Environments   71(4),
376-392.

Savadogo P and Elfving B 2007  Prediction models for estimating available fodder of two savanna
tree species (Acacia dudgeoni and   Balanites aegyptiaca) based on ?eld and image analysis
measures.   African Journal of Range and Forage Science 24(2), 63-71.

Seghieri J and Simier M 2002  Variations in phenology of a residual invasive shrub species in
Sahelian fallow savannas, south-west Niger.  Journal of Tropical Ecology  18(6), 897-912.

SÃ¨wadÃ© C, Azihou A F, Fandohan A B, HouÃ©hanou D T et Houinato M 2016  DiversitÃ©,
prioritÃ© pastorale et de conservation des ligneux fourragers des terres de parcours en zone
soudano-guinÃ©enne du BÃ©nin.    Biotechnologie Agronomie SociÃ©tÃ© Et Environnement. 20(2),
113-129. Retrieved July 07, 2016, from    http://popups.ulg.ac.be/1780-4507/index.php?id=12823.

Sileshi G W 2014  A critical review of forest biomass estimation models, common mistakes and
corrective measures.  Forest Ecology and Management 329, 237-254.

Sinsin B 1993  Phytosociologie, Ã©cologie, valeur pastorale, production et capacitÃ© de charge des
pÃ¢turages naturels du pÃ©rimÃ¨tre Nikki-KalalÃ© au nord-BÃ©nin. ThÃ¨se de doctorat, UniversitÃ©
Libre de Bruxelles, Belgique.

Sinsin B, Eyog-Matig O, Sinadouwirou T and Assogbadjo A 2004  Dendrometric characteristics
as indicators of pressure of   Afzelia africana  Sm. Dynamic changes in trees found in different
climate zones of Benin.  Biodiversity and Conservation 13(8), 1555-1570.

Snyder K A and Williams D G 2003  Defoliation alters water uptake by deep and shallow roots of   

                            19 / 20

http://popups.ulg.ac.be/1780-4507/index.php?id=12823
http://popups.ulg.ac.be/1780-4507/index.php?id=12823


 
Prosopis velutina (Velvet Mesquite).   Functional Ecology  17(3), 363-374.

Teka O, Vogt J et Sinsin B 2007  Impacts de l’Ã©levage sur les ligneux fourragers et contribution
Ã  la gestion intÃ©grÃ©e de  Khaya senegalensis et   Afzelia africana, deux espÃ¨ces menacÃ©es
d’extinction dans la rÃ©gion des Monts-KouffÃ© au BÃ©nin.     Bulletin de la Recherche
Agronomique du BÃ©nin 55, 25-35.

Ticktin T 2004  The ecological implications of harvesting non-timber forest products.  Journal of
Applied Ecology 41(1), 11-21.

Upreti C R and Shrestha B K 2006  Nutrients contents of feeds and fodder of Nepal. Animal
Nutrition Division, NARC Kathmandu, Lalitpur.

Vetter S 2005  Rangeland at equilibrium and non-equilibrium: recent developments in the debate
around rangeland ecology and management.    Journal of Arid Environment 62(2), 321-341.

White F 1983  The vegetation map of Africa south of the Sahara. 2nd ed. Paris : UNESCO.

Wittig R, Hahn-Hadjali K, MÃ¼ller J et Sieglstetter R 2002  La vÃ©gÃ©tation actuelle des
savanes du Burkina Faso et du BÃ©nin - Sa signification pour l’homme et la modification de celle-ci
par l’homme (aperÃ§u des rÃ©sultats d’un projet de recherche durÃ© des annÃ©es) - Etudes
Floristiques VÃ©gÃ©tales du Burkina Faso.   Frankfurt Allemagne 7, 3-16.

Zabek L M and Prescott C E 2006  Biomass equations and carbon content of aboveground lea?ess
biomass of hybrid popular in Coastal British Columbia.    Forest Ecology and Management 223(1-3),
291-302.

Received 27 March 2017; Accepted 30 August 2017; Published 3 October 2017

Go to top

Powered by TCPDF (www.tcpdf.org)

                            20 / 20

http://www.tcpdf.org

