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ABSTRACT: Fodder trees are an important source of fodder for livestock in the dry season. Abu ziadforest provides 
browsing for range animal, which was located at East Nile Locality, Khartoum State. The study aimed to determine the 
main browsing source and browsing productivity of Abu ziad forest. The sampling in tree measurement was selected 
randomly, 1% was selected of the total forest area. The trees density was estimated using the near individual method. 
Browing level, tree diameter, crown area, twig diameter, and twig account were determined. The twig weight count 
method was applied to determine available browse at the site. Near Infra Red spectrometer was used to determine the 
organic matter component of the fodder trees. Data were analyzed by the SAS statistical analysis system, using Duncan's 
procedure. The study found that the Acacia ehrenbergiana was high density (120 trees/ha) than Acacia 
tortilissubspspirocarpa (38 trees/ha). There were highly significant differences between the species (0.002) in terms of 
browsing level. Acacia ehrenbergiana recorded a higher browsing level (2.68m) than Acacia tortilis browsing level 
(1.77m). The total browse productivity of tree species in Abu Zaid area recorded (372.2) kg/ha represented in (300) 
kg/ha for  Acaciaehrenbergiana and  (72.2)  kg/ha Acacia tortilissubspspirocarpa. The main dominant species in Abu 
Zaid area was Acacia ehrenbergiana. There was a variation of tree height among the two tree species. Acacia trees had a 
good nutritive value of browse fodder. The study recommended adopting sound management to ensure sustainable trees 
cover to providing browse for the livestock. 
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I. INTRODUCION 

Rangelands in the most of the developing countries are a dominant land type and critically important in livelihoods of a 
major portion of the population, [1]. These rangelands contribute to the livelihood of millions of people in the globe 
and are important providers of ecosystem services, [2]. Rangeland livestock production is an essential form of 
diversified agriculture, [3]. Sudan rangeland occupies an area of 31.5% million hectares and provides about 70% of the 
total animal feed requirement for national herds,[4]. The most important of the browse is universal throughout the 
tropic, where it serves as a major feed resource, especially in the drier regions and during dry seasons. Trees and shrubs 
as sources of feed for domestic livestock and wildlife,[5].During these periods’ grasses, which are the major feed 
resource for livestock, dry up and deteriorate both in quality and quantity.Browseisaterm referringtothetender 
shoots,twigs,andleavesof shrubs and treesthatareeatenbylivestock,[6]. So,the most importantroleof browsehasbeento 
provide fodder when grasses andother herbaceousisdry,anditprovides the onlysource of protein and energyduring 
drought [7]. Fodder trees are important feed source for livestock, meet the forage shortage and grow easy in a wide 
range, [8]. The importance of browse increase with increasing aridity especially in the dry seasons, when the most 
forage resource depreciates in quality and quantity, [9]. The Acacia tree isoneof themostpotential foddersources for 
livestockinSudan, [10]. The browsing is very important to provide forage for livestock, especially on period scarcity of 
understory during dry season. Due to limited of rainfall and seasonality of understory, the browse trees provide forage 
during the summer. This study is trying to understand the role of browsing trees to fulfill the gab of fodder in semi-arid 
areas, on East Nile area, Khartoum state. 
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II. MATERIALS AND METHODS 

1. Study Area:The study was conducted in Sharg El Neel locality, Khartoum state in Abu ziad forest, protected area 
about 1000 Feddan, which was fenced by State Department of Agriculture and Livestock, Administration of Range and 
Fodder, which is located between 15˚ 15̍-16˚ 13˚ N and 32˚ 37̍-34˚ 23̍ E. The area was classified as semi-desert zone 
with a  hot tropical climate, with amount rainfall about 75 to 160mm mainly falling during August and September. The 
temperature is between 21.6℃ in winter and 37.70℃ in summer, [11].   

2. Sampling Procedure:The measurement was taken in Abu zaid forest located in East Nile, Khartoum State. The 
samples of trees measurement were selected randomly. The sample size of about 10 Feddan (about 4.2 ha) which 
represented 1% of the total area of Abu zaid forest, and the ssamples were distributed systematically a long line 
transect.   

3. Browsing Measurements: 

A. Trees Density:The base line transects of 1000m was established to determine total trees density and species density 
using near individual method. Two trees were selected along the line transect with 20 meter interval, then recorded 
species name and distance in specific sheet. The following formulas were used to determine the density: 

D‾ = 𝛴𝐷𝑛    (Equation 1). 

d = 
10000𝐷‾²  (Equation 2).  

Where: 

D‾ = the mean distance. 
D = distances. 
n= number of samples. 
d= total tree density (tree/ha), [12]. 

Relative density = 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠𝑎𝑙𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑛𝑢𝑚𝑏𝑒𝑟  𝑋 𝑡𝑜𝑡𝑎𝑙 𝑡𝑟𝑒𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (Equation 3). 

B. Browsing Level (BL):According to the dominant animal browsing species and previously browse, to determine 
height level that animal can reach.  

C. Diameter at Browsing Point (DBP):The diameter of twig at browsing point was determined by using vernier to 
measure the twigs that were consumed by browsing animal at past browsing season. 

D. Determination of Browsing Productivity:It was use diameter at browsing point (DBP), the height and browsing 
level (BL) to estimate browsing productivity of selected trees. .Twig weight count method was applied to determine 
available browse at the site. Three twigs from each of the three randomly selected trees in the circular samples within 
the three plots were cut at the prescribe DBP (2.5mm) then will dry in oven for 48 hours on75 C˚ then  weighted to get 
the average weight/branch,[13].  

Productivity =  
𝑇𝑤𝑖𝑔 𝑤𝑒𝑖𝑔ℎ𝑡𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑤𝑖𝑔𝑠 𝑖𝑛 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑡𝑟𝑒𝑒 × Trees density     

E. Crown Area:Crown area was estimated to give an indication of the extent of tree cover.Three trees were selected 
for each species. Then tape measurement was taken along two directions and took the means to calculate the average of 
the crown area. 

F. Stem Diameter:The stem diameter was measured to give the dimension of the stem. Three trees were selected for 
each species to determine stem diameter by using caliper. 

4. Determination of Organic Matter of Browse:Firstly, all twigs were dried,grinded and 100 g of the sample was 
taken to determine organic components by using (NIR) device to determine the organic matter component such as CF 
(Crude Fibre), CP (Crude Protien), ASH (Menirals), ADF (Acid DetergintFibre) and NDF (Neutral DetergintFibre).  
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5. Data Analysis:The results were analyzed by the SAS statistical analysis system, using Duncan's procedure to 
separate the means, and determined organic components by using Near Infrared (NIR) device. 

III. RESULTS AND DISCUSSIONS 

1. Trees Density at Abu Zaid Area: The results in Table (1) showed that the relative density of Acacia 

ehrenbergianawas high density it was about (120) tree/ha, in contrast, Acacia tortilissubspspirocarparecorded less 
density, was only (38) trees/ha. As for the total tree density in Abu Zaid area, it amounted only 158 trees/ha. The 
density of trees it may be affected by the intensive use of browsing tree by animals, especially in the dry season due to 
the fact that the area is located in arid area and thus is characterized by a lack of fodder in most days of the year. The 
intensive browning has a negative effect on natural regeneration and tree density. According to [14], reported that the 
species richness, diversity and natural regeneration affected negatively in disturbed sites in the Dinder Reserve due to 
the intensive browsing of animals. Tree density is one of the most important indicators that help predict tree fodder 
production. The important result found by [15], there was strong relationship between trees density and browse 
availability. 

Table (1): Relative trees density in Abu Zaid area 

Species Tree density (tree/ha) 

Acacia tortilissubspspirocarpa 38 

Acacia ehrenbergiana 120 

Total density 158 

 

2. Browsing Level: 

The results represented in table (2) revealed that there were high significant differences between two Acacia species 
(0.002) in terms of browsing level. Acacia ehrenbergiana) recorded higher browsing level (2.68m) compared to Acacia 

tortilissubspspirocarpabrowsing level (1.77m). The variation in the browsing level of trees may be due to the 
differences in the trees characteristics, it was found that the Acacia ehrenbergiana tends to grow vertically in contrast 
to the Acacia tortilis, which tends to grow horizontally. Through this result, it is clear that Acacia ehrenbergiana trees 
are suitable for camel browsing because they can reach up to 3 meters if it compared to other browsing animals. This 
finding indicated that camels are dominated in the area while goats as intermediate selective feeders. The browsing 
level is closely related to the tree height and that can also affects the available biomass of browse trees.  In that manner 
[15] found that there was a positive relationship between trees height and biomass yield. 
 

Table (2): Browsing level of selected tree species 

Species Means of Browsing Level (Meter) 

Acacia tortilissubspspirocarpa 1.77b 

Acacia ehrenbergiana 2.68a 

Pr>F 0.002** 

** Means there are high significant differences. 
Means with the same letter are not significantly different at alpha 0.05. 
 

3. Twig Diameter:It was found that in table (3) there were no significant difference between the two species diameter 
at browsing point of selected trees (0.07) at Abu Zaid area. Means of Diameter at Browsing Point (DBP) for Acacia 
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ehrenbergiana was (1.87) while (1.6) for Acacia tortilissubspspirocarpa. This could be similar twig diameter for two 
species Acacia ehrenbergianaand Acacia tortilissubspspirocarpa. The twig diameter was the important factor for the 
browsing fodder. [16], found that the twig thickness affects the dry matter yield of fodder trees. On the other hand the 
thin twig diameter is a good property of fodder quality, this agreed with [17], who stated that the thinner stem diameter 
is a preferable characteristic of fodder which increases the forage quality, intake and digestibility. 

Table (3): The diameter at browsing point of selected trees at Abu Zaid area 

Species Means Diameter at Browsing Point (mm) 

Acacia tortilissubspspirocarpa 1.6a 

Acacia ehrenbergiana 1.87a 

Pr>F 0.07Ns 

Ns means there are not significant differences. 
Means with the same letter are not significantly different at alpha 0.05. 
 

4. Number and Weight of Twigs of Selected Tree Species:The result in table (4) shows that there were no significant 
difference existed among the number and weight of twigs of selected tree species in the study area. The twig number of 
Acacia tortilissubspspirocarpa recorded (555) and (311) for Acacia ehrenbergiana. The twig weight of Acacia 

ehrenbergianawas (8.75) and (3.62) for Acacia tortilissubspspirocarpa. The weight of the twig is closely related to its 
diameter, as the diameter increases, the weight increases. Also, the increase in the twigs number is a good indicator of 
fodder productivity. This result indicates that Acacia tortilis produces many branches, and in contrast, Acacia 

ehrenbergianahas a thick branch diameter. There is a strong relationship between twig diameter and browse fodder 
productivity, [18]. 
 

Table (4) Average of Twig Number and Twig Weight: 

Species Means 

Twig N Twig W (g) 
Acacia tortilissubspspirocarpa 555 a 3.62a 

Acacia ehrenbergiana(Salam) 311 a 8.75a 

Pr>F 0.2 Ns 0.07Ns 

Ns means there are not significant differences. 
Means with the same letter are not significantly different at alpha 0.05. 
 

5. Stem Diameter and Crown Area of Tree Species at Abu Zaid Area:Based on the results in a table (5) there were 
no significant difference existed between the stem diameter and crown area of the two tree species in Abu Zaid area.  
Stem diameter in Acacia ehrenbergianarecorded (8.75) cm and (8.1) cm for Acacia tortilissubspirocarpa. Crown area 
for Acacia tortilis  was (14.17) m² and (2.95) m² for Acacia ehrenbergiana. The crown area is closely related to the 
available browse of fodder trees. This result may indicate the morphology and shape of the plant species. According to 
result found by [12], there were strong positive correlations between browse biomass productivity and crown area and 
it consider the main parameter to predict browse productivity.The stem diameter is an important characteristic of fodder 
trees, which reflects the trees ability to resist browsing stress and twig removal resulting from browsing process. It is 
observed that the average stem diameter of the two species in the Abu Zaid area is relatively thin, and therefore the 
ability of trees to resist browsing utilization will be weak. 
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Table (5): Stem diameter and crown area of tree species at Abu Zaid area 
Species Means 

Steam Diameter (cm) Crown Area (m²) 
Acacia tortilissubspspirocarpa 8.1a 14.17a 

Acacia ehrenbergiana 8.75a 2.95a 

Pr>F 0.12Ns 0.14 Ns 

Ns means there are not significant differences. 
Means with the same letter are not significantly different at alpha 0.05. 
 
6. Browsing Productivity:The result in table (6) showed that the available browse of tree species in Abu Zaid area.  
Browse productivity for Acacia ehrenbergianawas (2.5) kg/tree and Acacia tortilissubspspirocarpa (1.9) kg/tree. The 
total browse productivity of tree species in Abu Zaid area recorded (372.2) kg/ha represented in (300) kg/ha for Acacia 

ehrenbergianaand (72.2) kg/ha Acacia tortilissubspspirocarpa. The browse productivity is effectively contributes to 
feeding livestock in the East Nile rangeland, especially in the dry season when annual forage plants are absent. Fodder 
trees an integral part of ruminant production, feeding browse has become an essential practice especially in the dry 
season, [9]. 
Table (6): Browse productivity of tree species in Abu Zaid area. 

Species Available Browse 

Browse Productivity kg/tree Browse Productivity kg/ha 
Acacia tortilissubspspirocarpa 1.9 72.2 

Acacia ehrenbergiana 2.5 300 

Total 4.4 372.2 

 
7. Nutritive Value of Browse:Table (7) illustrates the nutritive value of selected species, browse in the study area.  
Organic component represented in protein (17.02), ash (12.39) and fat (2.9) for Acacia ehrenbergiana(Salam) while 
Acacia tortilissubspspirocarpa  crude protein (15.07), ash (10.98) and fat (5.17) respectively. Otherwise, fiber and 
moisture the same in two plant species Acacia ehrenbergiana  Acaciatortilissubspspirocarpa.A significant variation in 
crude protein (CP) content occurs between species of trees and shrubs and even between edible parts of the same plant. 
[19], reported that A. tortilis, A. mellifera and A. ehrenbergiana may have potential value for a supplementation of 
energy or protein, if they were harvested at the early period of the dry season. Compared with understory plants, a tree 
fodder has higher protein content. [20], found that the tree fodders contain high crude protein, minerals and more 
digestion rate. According to [21], there are variations of crude protein in dry matter among tree species. 

Table (7): Organic Matter of Selected Species Browse: 

Organic component Acacia ehrenbergiana Acacia tortilissubspspirocarpa 

Ash 12.39 10.98 

Fat 2.9 5.17 

Fiber 26.87 26.26 

Moisture 5.14 5.48 

Crude Protein 17.02 15.07 
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IV. CONCLUSIONS 

Total trees density in Abu Zaid Area is 158 trees/ha represented in Acacia ehrenbergiana(Salam) and Acacia 

tortilissubspspirocarpa. The main dominant species in Abu Zaidarea wasAcacia ehrenbergiana. There was variation of 
tree height among the two species, and there was slight difference between the total browse productivity. Acacia trees 
had good nutritive value of browse fodder. Acacia ehrenbergiana records high value of Ash and crude protein while 
Acacia tortilissubspspirocarpa reached a higher percentage of fat. The study recommended protecting, conserving 
Acacia ehrenbergianaand Acacia tortilissubspspirocarpa. Adopt sound management to ensure sustainable trees cover 
to providing available browse for the livestock. 
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