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ABSTRACT: Collection of desert date (Balanites aegyptiaca L.), Zizyphus spina-christi, Adansonia 
digitata, Tamarindus indica and G, tenax fruits in Elsalam locality offered an important source of cash 
income and employment. This study was designed to test and identify the contribution of wild fruits to 
Household income, livelihoods, food security, fruits quantities return, collection days and optimum 
combination that maximize the small producers’ gross margin in Elsalam locality. 60 householders were 
selected purposively through field survey in 2013/2014 season. Sample farmers were obtained SDG 
18517.68 of fruits annual cash income fallowed by agriculture SDG 7,902. the total annual income was 
found to be SDG 26,419.67  as gross margin to cover all household expense. Study found that household 
net income was SDG 10,766. LP result showed that, a total gross margin was found to be SDG 27319.1. 
Five trees were tested in the area where optimum tree combination that maximized the small producers 
gross margin. The reallocation of resources of trees optimum combination was to cultivate 0.95, 1.73 and 
1.00 feddan of Balanites, zizyphus and Adansonia, respectively. The optimum gross margin makes an 
increment in the previous gross margin by 47%. The optimum under reallocation of resources indicated 
that, an improvement in gross margin and cash income per feddan by 47%. Partial budgeting indicated 
that, all fruits quantities gave positive returns except G. tenax quantities. The collection days provide 
employment between production seasons. The analysis showed that Adansonia fruits gross margin was 
found to be SDG 1695.5 while G. tenax was SDG (4). Household economy analysis showed that, 
Contribution of wild fruits to household income and expenditure was found to be 189% and 108%, 
respectively. Fruits collection is most important source of cash income and employment. The study 
recommended that fruits trees adoption and domestication increase their returns which contribute to 
household income and expenditure. 
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INTRODUCTION 
 

 Elsalam locality is located between latitudes 43° 76- 11° 85 N and longitudes 20° 6 8- 28° 51 E. Covering  area 
of 4006 KM2 with population around 78053 person (Elsalam Locality,2009). Z. spina-christi, B. aegyptiaca and 
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G.tenax are predominated in semi-arid in tropical zone. Their fruits are underutilized as wild edible plants in Ethiopia 
and other parts of Africa (Monges,2004). Non-timber forest products (NTFPs) define as plants or plant parts that 
have a perceived economic or consumption value to encourage their collection and removal from the forest (Ros-
Tonen, 2000), (Adepoju and Salau 2007). It also referred to resources or products that may be extracted from forest 
ecosystem, which are utilized within the use of household, marketing value or have social, cultural and significance 
impact (Robinson  2002). He added that forest goods are either timber or non-timber. NTFPs are harvested for both 
subsistence and commercial use and play a role in the livelihood of millions rural people (Feto, 2009). Majority of 
rural and urban households in Nigeria depend on forest products to meet their households' nutritional needs and 
incomes generation (Ocuche, 2011). Bringing of NTFPs to the markets is expensive, because of the transportation 
and marketing competition (Andel, 2006). Zizyphus spina-Christi tree grows in bush land as well as riverbeds, edges 
of cultivations and gardens (Feyssa  2010), (Ndoye and Sunderland 2004).  Its fruit is edible for human food and 
animal fodders (Monges, 2004), (Hussain and Sudhersan,2002). Desert date (Balanites) tree is available in semi-
arid areas of Ethiopia and other parts of Africa (Feyssa ,2010) and (Ndoye and Sunderland,2004). It's a major 
producer of fruits, locally the fruits are known "Laloub" that traded in large quantities in local markets in Kordofan, 
Darfur and Southern Sudan (Adam,2011). Baobab ( Adansonia. digitata L.) tree spreads in most Africa countries  
zones with 100 – 1000 mm annual rainfall and rocky hills (Adam,2011). It forms belts in central Sudan,  kordofan, 
Darfur, Blue Nile, Upper Nile, and Bahar Elghzal (Gebauer,2002). The tree is used primarily for its fruits that eaten 
fresh or processed for non-food uses. The mature plant produces more than 250 capsules (30kg) of fruits 
(Gebauer,2002). Tamarind (Tamarindus indica L.) is a multipurpose tropical fruit tree. It is used primarily for its fruit, 
which are eaten fresh or processed as a seasoning spice. The tree grown as a subsistence crop for meeting local 
demands and commercial purposes (Rudd,1991). It performs well in both semi-arid and humid climates, Individual 
trees produce up to 50kg fruit in west Africa, where rainfall less than500mm annually. While domesticated tree in 
those areas yields of 800 and 500kg respectively (Dalla Rosa,1993). International Centre for Underutilized Crops 
(2013) reported that tamarind tree can produce an annual fruit yield in the range of 150- 500kg/tree. Godeim (Grewia 
tenax) fruits are an important economical commodity, locally and internationally, moreover it is used as food, medicine 
and exported for food and pharmaceutical industries (Ebert  ,2003). El-Abass,2007) stated that, in Shiekan rural 
areas of North kordofan state  Z. spina-christi, B. aegyptiaca, A. digitata, T. indica and G. Tenax fruits were  most 
important as they gathered and used by different communities. Kalaba (2007) found that, NTFPs are considered 
important for rural livelihoods which diversify people activities and alleviating rural poverty. 
 

MATERIALS AND METHODS 
 

 The area selected for this study was Elsalam locality in western localities of South Kordofan state. Where NTFPs 
offering opportunities for fruits collection and trading.  60 of fruits collectors were selected purposely from 6 villages. 
Ten collectors were selected purposely from each village. Secondary source of data were also used. The main job 
for the people in the area is agriculture (crops production and livestock) and local trading beside fruits collection. 
NTFPs are source of cash income during the dry seasons.  Which provide employment through fruits collection 
marketing?  
 
2.1. Descriptive statistics analysis 
 It was used to estimate fruits average returns, percentages and tabulation.  
 
2.2. Partial budget method. 
 Partial budget is used to estimate fruits quantities, quantities costs and fruits collection days as well as fruits 
returns. 
 
2.3 linear programming methods. 
 As table (5) showed that linear programming model is a method determining the area to be used for different 
trees mixture for maximum combination. The model was specified in terms of its objectives function, activities and 
constraints under normal conditions to determine the optimum resources allocation for specific activities for improving 
the income level at the household level. Stated that linear programming requires the information of, the NTFPs 
options with their respective resource requirements and any constraints on their production, the fixed requirements 
and other maximum, minimum constraints that limit family production, cash costs, and returns of each activity and 
defined objective function. In this context a linear programming model has been developed to determine the area to 
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be used for different trees for maximum combination and for improving farmers' income. The model expressed as 
follows: 
Z= maximization function following constraints; 
Labour (man-days)  
Capital (SGD) or collected quantities cost 
Productivity /kg or tree or (man-day). 
Activities (fruits collection of the following trees): 
Ziziphus spina christi (Christ thorn)            = X1 
Tamarindus  indica   (Tamarind)                 = X2 
Grewia tenax             (Gaddeim)                  = X3 
Balanities  aegyptiaca (Desert date)           = X4 
Adansonia  digitata     (Baobab)                  =X5 
-Labor (man-days) 
∑Mdij <  D 
X1i +X2i +X3i +X4i +X5i < D                                      (3.1) 
X1j +X2j +X3j +X4j +X5J < D 
Where: 
D = is the available man-days for wild fruits collection (hired) activities 
Mdij = is the amount of required man-days for wild fruits collection activities. 
Working capital = SDG 
∑kijxj ≤ WK 
X1ki + X2ki +X3ki +X4ki +X5ki < wk                                 (3.2) 
X1kj +X2kj +X3kj +X4kj +X5kj <   wk 
Where: 
Wk  = is the amount of available working capital for fruit collection 
Kij   = is the amount of working capital required for fruit collected quantities  
 kg/tree or (man-day) and non productive activities. 
Working capital is the value of inputs(labor) allocated for fruit collection. The cost of working capital is the benefits 
that farmer trying to allocate  for Zainelabdeen,2007), (Osman,2007).)fruits collection  
Fruit collected quantities kg/ man-days or kg/tree: 
∑aijpD > PD 
Where: 
 aijpD = is the amount of fruit collected (productivity) available with the sample farmer. 
P = is the amount of fruit quantities required for collecting activities. 
Maximize objective function: 
Z =  ∑cjxj+ ∑cj* xj*  objective function                               (3.3)                            
X1j+ X2j +X3j +X4j +X5ij                                            
Subject to constraints 
∑aijxj < bi constrain equation 
Xj and xj  >  0 
Where:                           
Z= gross margin. 
Cj = price of collected fruit 
Cj*= price off-farm production 
xi= unit price of fruit collected. 
Xj= level at collection activity 
Aij= resources required 
Bi=resources available 
Number of resources(activities). 
Constraints: 
Man-day > 0 
Tree number > o. 
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2.4 Household economy analysis 
 Household economy analysis was used to calculate household annual income, expenditure and the contribution 
to H. H income and expenditure. 
 

RESULTS AND DISCUSSION 
 

Fruits collectors demographic characteristics. 
 Descriptive statistical results showed that 40% and 60% of fruits collectors were male and female, respectively. 
The same table(1) shows that 10%, 50%, 13%and 27% of fruits collectors have ages of < 25, 25-35, 36-45 and 46-
55 year and above, respectively. Table 1 explained a variation in education level among fruits collectors,  a large 
percentage were illiteracy(33%), 50%, 13% and 4% have khalwa, primary and secondary education, respectively. 
Also found that 67%, 30%, and 3% were married, unmarried and divorced, respectively, Table 1. 
 

Table 1. Sex, age, education level and marital status profiles of wild fruits collectors (% of interviewees in each class) 
 

Variable Class % of collectors(N=30) 

Sex Male   
Female 

40 
60 

Age < 25 years 
25- 35years 
36-45 years 
46-55 years 

10 
50 
13 
27 

Educational level Illiteracy 
Khalwa 
Primary 
Secondary 

33 
50 
13 
4 

Marital status Married 
Unmarried 
Divorced 

67 
30 
3 

 
Source: Study field survey, 2013. 

N= number of interviewees. 

 
Partial budget. 
 Results of partial budgeting indicated that, Christ thorn fruits collected quantity was 223.92 kg, while quantities 
of Baobab, Tamarind, Desert date and Gaddeim were 86.94, 157.353, 145.5 and 6.6 kg, respectively. Indicates that, 
the Christ thorn and Baobab fruits were available in the area, which improves their quantities returns. The gross 
output of Desert date fruits   was 228.44 SDG while Christ thorn, Baobab, Tamarind and Gaddeim fruits were 476.95, 
1863. 12, 372.93 and 107.39, respectively which equal to SDG 3048.83 .The above quantities were cost 81.67, 
102.67, 167.67, 83.33 and SDG111.38, respectively which equal to SDG 546.72. Gross margin for the above were 
146.77, 374.28, 1695.45, 289.6 and (3.99), respectively. The total gross margin was found to be SDG 2502.11. The 
collection days for the above were 16, 18, 18, 16 and 8 which equal to 60 day. It indicated that fruits collection fill the 
gap labor between production seasons. Table 2. Which agrees with Adam and Pretzsch (2010) who reported that 
fruits activity reduced unemployment rate for area people in the dry seasons. 
 

Table 2. Fruits average returns in Elsalam Locality in western sector localities 
 

Fruits Desert date Christ thorn Baobab Tamarind Gaddeim Total 

Collected quantity /kg 145.5 223.92 86.94 157.353 6.6  
Collecting days 15.7 18 18 15.8 8 75.5 
Productivity 
Kg 

161.1 134.4 69.16 166.956 2.86  

Fruit price SDG/kg 1.57 2.13 21.43 2.37 16.27  
Fruit gross output 228.44 476.95 1863.12 372.93 107.39 3048.83 
Total variable costs of collected qu/SDG 81.67 102.67 167.67 83.33 111.38 546.72 
Fruit GM 146.77 374.28 1695.45 289.6 -3.99 2502.11 

 
Source: Study Field survey, 2013. 

 
 Linear programming results showed that fruits collectors gross margin was found to be SDG 9100.03, 5616, 
1348.72, 2458.12 and (5.19)  for Balanites, Ziziphus, Adansonia, Tamarindus and G.tenax, respectively.  The total 
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gross margin was found to be SDG 18517.68, Table 3.  Which agrees with Adam (2011), (Gebauer,2002) that 
Adansonia tree spreads in most Africa countries zones with 100 – 1000 mm annual rainfall and rocky hills. It forms 
belts in central Sudan,  kordofan, Darfur, Blue Nile, Upper Nile, and Bahar Elghzal. While Ruddreferences (1991) 
and Dalla Rosa (1993) explained that Tamarind tree grown as a subsistence crop for meeting local demands and 
commercial purposes. While International Centre for  underutilized crops (2013) found                                                                                                                                                                                                                                                                                                                                                                                                               
that tree can produces an annual fruit yield in the range of 150- 500kg/tree. However,   Feyssa  (2010), Ndoye and 
Sunderland(2004) and Adam (2011) reported that Desert date (B. aegyptiaca) tree is available in semi-arid areas of 
Ethiopia and other parts of Africa. It's a major producer of fruits, locally the fruits are known "Laloub" that traded in 
large quantities in local markets in Kordofan, Darfur and Southern Sudan. 
 

Table 3. Fruits trees number/ feddan and their Gross Margin in Elsalam Locality in WSLSKS 
 

Fruits trees Balanites Zizphus Adansonia Tamarindus G.tenax Total 

Trees number 56 25 1 8 3  
Productivity 
Kg/ fedden 

161.1 134.4 69.16 166.956 2.86  

Fruit production/kg/fedd 9021.6 3360 69.16 1335.65 8.58  
Collecting days 60 40 5 22 4 131 
Fruit price SDG/kg 1.57 2.13 21.43 2.37 16.27  
Variable costs of collected qu/SDG 5063.88 1540.6 133.38 706.98 144.79 7589.63 
Fruits gross output 14163.91 7156.6 1482.1 3165.1 139.6 26107.31 
Fruits GM 9100.03 5616 1348.72 2458.12 - 5.19 18517.68 

 
Source: Study field survey, 2013 

 

 Optimum tree combination that maximized the small producers gross margin in this area was to cultivate 0.95, 
1.73 and 1.00 feddan of Blanites, Zizphus and Adansonia, respectively to get gross margin equal SDG 13,456, 
12,381 and  1,482, respectively. And the total gross margin was found to be SDG 27319.1. (Tabl, 4). This optimum 
gross margin makes an increment in the previous gross margin by 47% which contribute much in the household 
expenditure in the food items in the locality. Similar results with Kalaba (2007) and Feto (2009) that the NTFPs are 
harvested for both subsistence and commercial use and play a role in the livelihood of millions rural people. 
 

Table 4. Optimal solution of trees harvested in Elsalam locality in WSLSKS 
 

Tree Area/feddan Gross margin/feddan Value/SDG 

X1 (Balanites) 0.95 14163.91 13456.00 
X2(Ziziphus) 1.73 7156.6 12381.00 
X3(Adansonia) 1.00 1482.1 1482.1 
X4(Tamarindus) 0 0 0 
X5(G.tenax) 0 0 0 
Total   27319.1 

 
Source: Study field survey, 2013 

 

 Study found that the constraint of wild fruits collection were fires, over-grazing and cutting of the trees for crops 
production or fire wood and charcoal as well as fruits quantities transport. The farmers' income in Elsalam locality is 
generated by; agriculture production (crops production and animal) and NTFPs collection. Household total annual 
average income was found to be SDG 25,221, Table 5. The fruits income contribution was high to households' annual 
income when compared with agriculture as the main income in study area, Table 5. Agriculture income contribution 
was small to the total household income when compared with the contribution of the fruits income, Table 5. 
Contribution of wild fruits to household income and expenditure was found to be 189% and 108%, respectively, Table 
5. These findings agree with studies conducted in Shiekan rural areas of North kordofan by El-Abass (2007), Nigeria 
by ocuche (2011), Ethiopia and other parts of Africa by Monges(2004) and in both semi-arid and humid climates by 
El-Abass (2007) who stated that Z. spina Christi, B. aegyptiaca, A. digitata, T. indica and G. Tenax fruits were most 
important as they gathered and used by different communities. The same study conducted by Adam (2011) in 
Raahad locality, wild fruits was traded in large quantities in Kordofan, Darfur and Southern Sudan. The daily energy 
received per person per day was calculated as  2495 Kcal, for the locality. The ideal energy intake recommended by 
Stephen (2006) per person per day was 2100 Kcal. Accordingly, the locality understudy is food secured (Tables, 6). 
This confirms the first result (net household income) for the same locality. It seems plausible that net returns are 
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reflected to the food security status. This result gives indication to the balanced food intake by households in terms 
of energy need and in terms of net income for the locality. 
 

Table 5. Household net income and the contribution of NTFPs to household expenditure and income in Elsalam locality in 
WSLSKS 

 
    Variable attributed Average income 

  Agricultural Production income 7,902 
 Non- timber (NTFPs) income 27,319 
 Total annual income 25,221 
 Expenditure           14,455 
 Net H-H income 10,766 
Contribution Of NTFPs to H-H Expenditure 189% 
Contribution Of NTFPs to H-H income 108% 

 
Source: Study Field survey, 2013 

 
Table 6. Household weekly food needs in K.cal in Elsalam Locality 

 

Food item Kcal/kg 
Kilo calories/week/H-H 
qt.kg Total Kcal 

Sorghum 3350 5.65 18,928 
Millet  3350 2.55 8,543 
Wheat  3320 2.70 12,118 
Meat  2020 2.85 6,666 
Milk 660 3.46 2,284 
Sugar 4000 4.52 18,000 
Tea 1080 0.47 508 
Coffee  685 0.42 288 
Dry okra 350 0.93 322 
Onion  410 4.29 1,759 
Salt  710 0.11 78 
Oil  8840 2.13 1`8,829 
Vegetables 9000 3.80 34,200 
Rice 2000 3.10 6,200 
Macaroni (Dry pasta) 3350 1.23 4,121 
Fruits 2080 1.50 6,864 
Total K.cal./H-H/Week   139,708 
Total /person/day(8)   2,495 

 
Source: Study Field survey, 2013 

 

CONCLUSION 
 Optimum tree combination that maximized the small producers gross margin in this area was to cultivate 0.95, 
1.73 and 1.00 feddan of Blanites, Zizphus and Adansonia, respectively to get gross margin equal SDG 13,456, 
12,381 and  1,482, respectively. And the total gross margin was found to be SDG 27319.1. Zizyphus was the most 
profitable fruits tree. The optimal under reallocation of resource showed positive improvement in gross margin and 
cash income. Partial budgeting revealed that, all fruits trees quantities gave positive returns, except G. tenax return. 
While collection days provided employment in the dry seasons. According to the annual income and expenditures, 
the net household income found to be positive for area locality. The daily energy received per person per day was 
found to be 2495 Kcal, for the locality, which was greater than the recommended one. Accordingly, the locality 
understudy is food secured. This result gives indication to the balanced food intake by households in terms of energy 
need and in terms of net income for the locality. 
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