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ABSTRACT: Wild fruits collection contributes to farmers’ income and provides employment to area people 

in drier seasons. Hence study investigates fruits collected quantities estimate the contribution of wild fruits 
to household income and livelihoods, determine the optimum combination that maximize fruits gross 
margin in each locality. The study was conducted in western sector localities of South Kordofan, which 
comprises Abyii, Elsalam, Elsanout, Lagawa, Elmerum and Keilack locality. 200 householders were 
selected purposively through field survey in 2013/2014 season.The data were analyzed via descriptive 
statistical analysis,linear programming,gross margin analysis and household economy approach. 
According to linear programming result, a total gross margin of wild fruits found to be SDG 22,993, and 
only five trees has entered and solved the optimal solution. The reallocation of resources of trees and 
optimum gross margin of cash income has changed by 15%. Which indicated an improvement in gross 
margin and cash income per feddan by 15%. Partial budgeting indicated that, all fruits quantities gave 
positive returns. The collection days provide employment between seasons. While gross margin was found 
to be 342.89, 380.48, 986.12, 242.87 and SDG 138.83 for Desert date (Blanites), Christ thorn(Ziziphus), 
Baobab (Adansonia), Tamarind (Tamarindus) and Gaddeim (G. tenax), respectively which equal to SDG 
2091.45. At localities level, total gross margin of the collected quantities found to be 2661.36, 3048.83, 
2980.21, 3077.63, 684.15, 1150.69 and SDG 2502.16 for Abyii, Elsalam, Elsanout, Lagawa, Elmerum, 
Keilack and whole area Localties , respectively. Household economy approach results showed that, the 
contribution of wild fruits to household income and expenditure was found to be 72% and 153%, 
respectively, The daily energy received per person per day was found to be 3465, 2495, 2664, 2683, 2639, 
1925 and 2645 Kcal, for Abyii , Elsa lam, Elsunout, Lagawa, Keilack, Elmeirum and the whole area 
localities, respectively. The ideal energy intake recommended by Stephen (2006) per person per day was 
2100 Kcal. Accordingly, the whole area localities were food secured except Elmeirum. This result gives 
indication to the balanced food intake by households in terms of energy need and in terms of net income 
for the whole area. The study concluded that fruits collection is the most important source of cash income 
and employment for the people in the study area. The study recommended that important fruits trees 
should be adopted and domesticated in remote areas, through extension serves and more studies. 
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INTRODUCTION 
 

 Western sector localities of South Kordofan state is located between latitudes 12° 76- 9° 85 N and longitudes 
29° 6 8- 32° 51 E. Covering area of 123700km2.. The total number of populations of the localities (sector) estimated 
at 538486 person scattered in area about 71.o45 km2 (South Kordofan State,2010). Harvesting of wild fruits enable 
rural people to have balance diet. FAO (1990) and Robinson  (2002) reported that Non- timber forest products 
(NTFPs) are products that extracted from forest which utilized within the use of household, marketing value or have 
social, cultural and significance religious impact. FAO (2009) added that Non-wood forest products (NWFPs) are a 
good of biological origin, as well as services derived from forest or any land under similar use. While Chilalo and 
Wiersum (2011) and Adam and Pretzch (2010) reported that the NTFPs are the sole source for income generating 
during the dry season. Indicates that, the fruits activity generates income and reduces unemployment in some area 
localities. However, fruits are most important income generation for area people and much needed in times of drought 
and famine, thus wild fruits used as substitutes to reduce hunger and alleviate poverty (Gebauer ,2002).(Maske  
2011). This adds to wild fruits additional merits, especially during the cultivation season. Non-timber forest products 
(NTFPs) are available for  very short period (1 to 3 months ), which were mostly consumed as snack food. Nowadays 
tamarind tree is cultivated throughout semi- arid Africa and South Asia, where it has become naturalized in several 
regions (Marshakk and Kharan,2009). FAO (2008) reported that, both Adansonia digitata and Grewia tenax grow in 
Western Sudan and south of Blue Nile. From both trees refreshing Juice is made from their fruits, and sometimes 
their juice are used for treating anemia as source of iron in the structure of the red blood cells . Balanites aegyptiaca 
grows in Central and western Sudan, in muddy lands, while Tamarinds indica grows in Central and Southern Sudan 
and is used for stomach laxative and malaria treatment. Tamarind, Baobab, G. tenax and Ziziphus fruits, are also 
use as juices and use for medical purpose (Ministry of Agriculture, 2005). Bower (1982) reported that, the use of 
NTFPs in Ethiopia had received more attention in their potentiality to address both poverty alleviation and forest 
conservation. NTFPs are considered to be important for sustaining rural livelihoods, alleviating rural poverty and 
facilitating rural economic growth. So, 55% of employment was generated by wage sector followed by NTFPs 
collection 26% and other sectors 19% (Basavarajappa,2008 ). Economically, the non-timber forest products sustain 
the rural and urban poor in meeting their needs, about 85% of household in rural South Africa use NTFPs in their 
daily lives (Tewari, 2012). The fruits significantly contribute to rural household economy; fruits are locally consumed 
or sold in the market to generate income (Bein and Ogbazghi, 2006), (Galizia and Gruenwold, 2005). The study area 
lies within savannah and semi-arid regions, previous studies revealed that these regions were important source for 
collecting and marketing wild fruits (Chilalo and Wiersum, 2011). Moreover the study area is limited in livelihoods 
options and employment opportunities, that suggesting alternatives cash income generating from wild fruit activities 
(Adam and Pretzsch, 2011). NTFPs are harvested for both subsistence and commercial use which 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). NWFPs play different 
roles in supporting  rural economy by contributing  food security, nutrition, medicine, jobs, income as well as 
contributes foreign exchange earnings and support environmental objectives (Marshall and Kharan,2009). Forest 
and farm trees make significant contributions for food security of rural populations, supply essential nutrient, 
especially   when the food sources unavailable (Olawoye, 1996). 
 

MATERIALS AND METHODS 
 

 Questionnaires households' survey regarding fruits collection activity was conducted to collect primary data 
through interviewing with fruits' collectors. 200 of fruits collectors were selected purposely from 20 villages to respond 
six localities (Abyii, Elsalam, Elsanout, Lagawa, Elmerum, Keilack). Ten collectors were selected purposely from 
each village. Secondary source of data were also used. Partial budgeting, linear programming model and household 
economy analysis were applied. 
 

Descriptive statistics analysis 
 Descriptive statistics analysis was used to describe sample farmers demographic and economics characteristics 
(means, tabulation and percentages). 
  
Partial budget method. 
 Partial budget is used to estimate fruits quantities, quantities costs and fruits collection days as well as fruits 
returns. 
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linear programming method. 
 Linear programming model is a method was used to determine 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 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 (fruit 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   fruit collection (Osman, 2007) and (Zainelabdeen, 2007).   
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 
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Number of resources(activities). 
Constraints: 
Man-day > 0 
Tree number > o 
 

Household economy analysis  
 was used to estimate household annual income and expenditure.  
 

RESULTS AND DISCUSSION 
 

 The results of this study deals with analysis of fruits collection of small producers to identify the impact of wild 
fruits collection in study area.  
 
Descriptive statistics analysis 
 Statistical analysis results reveal that 58% and 42% of fruits collectors were males and females. While the 
majority of fruits collectors were within productive age (25-55year) 67%, 51% received formal education and 63%  of 
them were married. Table 1. The same table shows that family size of (6- 10) person, 60%  and agriculture is the job 
for 70.5% of fruits collectors. Land ownership was 94.5%, while 63.5% of fruits collectors were depended on 
themselves for fruits collection.  
 

Table 1. Sex, age, education level, family size and marital status profiles of wild fruits collectors(% of interviewees in each 
class).In Western Sector Localities of South Kordofan State 

 
Variable attribute Class % of collectors (n= 200) 

Sex Male 

Female 

58 

42 
Age < 25 year 

25- 35 year 
36-45 year 

46-55year 

56 and more years 

7 

11.5 
31.5 

33 

17 
Education Illiteracy 

Khalwa 
Primary 

Secondary and above 

49.5 

19.5 
20 

11 
Family size 2-5 

6-10 
11 and above 

34.5 

50 
15,5 

Marital status Married 

Unmarried 
Divorced 

Widowed 

63 

19.5 
5.5 

12 

 
Source: Study field survey, 2013 

N= number of interviewees. 

 

Partial budgeting 
 Western sector locality of South Kordofan state  was described as wild fruits producer, the fruits  are available 
and accessible for collection and marketing. According to study results, some people in some localities familiar for 
collecting and marketing Baobab, Tamarind and Christ thorn fruits and the others were famous for Gaddeim and 
Desert date fruits. So fruits collection generate cash income for the area people. Study revealed in table 2, that Desert 
date fruits quantity was 259.2 kg whereas quantities of Christ thorn, Baobab, Tamarind, and Gaddeim were 229.848, 
90, 184.023 and 19.47 kg, respectively. Thus the collection days were 20, 18, 14, 17 and 8 days for the above 
quantities, respectively which equal 77 day. Table 2. This fills the labor gap between production seasons. Similar 
results were reported by Adam and Pretzsch (2011) that fruits activity reduces unemployment. Gross margins for 
those quantities were 342.89, 380.48, 986.12, 242.87 and SDG 138.83, respectively which equal to 2091.45. Similar 
results were reported by FAO (1990) and Robinson  ( 2002) that NTFPs are products that extracted from forest which 
utilized within the use of household, marketing value or have social, cultural and significance impact. Moreover FAO 
(2009) added that Non-wood forest products (NWFPs) are a good of biological origin, as well as services derived 
from forest or any land under similar use. Indicates that, the fruits activity generates income and reduces 
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unemployment in some area localities. It  is easy to collect fruits from open, closed and land of other people. Thus, 
most of the fruits collectors rely on their family members for fruits collecting. 
 

Table 2. The fruits average returns in study area Localities in western sector localities of South Kordofan State 
 

Fruits Desert date Christ thorn Baobab Tamarind Gaddeim Total 

Collected quantity kg 259.2 229.848 90 184.023 19.47  

Collecting days 

 

20 18.23 14.3 16.79 8.2 77.52 

Productivity 

Kg / tree 

151.59 103.176 64.204 153.646 2.596  

Fruit price 

SDG / kg 

1.67 2.08 12 1.72 10  

Fruit gross output 

SDG 

432.86 478.08 1080 316.52 194.7 2502.16 

Total variable cost of fruit/SDG 89.71 97.6 93.88 73.65 55.87 410.71 

Fruit gross margin/ SDG 342.89 380.48 986.12 242.87 138.83 2091.45 

 
Source: Study Field survey, 2013 

 
 The collector net profit depends on the fruits quantities costs and their selling prices. Hence, table (3) reveals 
that the returns of the  fruits quantities were 2661.36, 3048.83, 2980.21, 3077.63, 684.15, 1150.69 and SDG 2502.16 
for Abyii, Elsalam, Elsanout, Lagawa, Elmerum, Keilack and whole area Localties , respectively. Chilalo and Wiersum 
(2011) and Adam and Pretzsch (2010) reported that the NTFPs are the sole source for income generating during the 
dry season. The net returns for the above Localities were 2040.81, 2502.11, 2497.21, 2647.55, 456.14, 902.71 and 
SDG 2091.45,  respectively. While the costs  for the above were found to be  SDG 620.55, 546.72, 483, 430.08, 228, 
247.97 and SDG 410.71, respectively. However the collection days were 56.7, 75.5, 108, 88.4, 44.6, 44.6 and 77.5 
day, respectively. Indicates that, the fruits were contributed to household income in range between SDG (1145.62- 
3073.83). Also provided employment by filling the gap between production seasons.  It covered period about 3.6 
months. Similar results were reported by Basavarajappa (2008), Bein and Ogbazghi (2006) and Galizia and 
Gruenwold (2005) that fruits are locally consumed or sold in the market to generate income. Which contribute to 
family expenses and education fees. Moreover, support rural people food security, employment and environmental 
objectives, which agree with referencesMarshal and Kharan (2009), Olawoye(1996) and Tewari (2012) that attention 
has been focused upon how to improve the environment from degradation due to neglect and misuse. Ocuche (2011) 
reported that majority of rural and urban households in Nigeria depend on forest products to meet their households' 
nutritional needs and incomes generation. Where Adam and pretzsch (2010) reported that the mean of total annual 
cash income generated were USS 331.73, 336.52 and 11.9 to 701.4 for, Christi thorn, Baobab, and Desert date 
fruits, respectively. 
 

Table 3. Fruits returns, costs and collection days in area localities of South Kordofan State 
 

Locality Gross return The costs Collection days Net return 

 

Abyii 2661.36 620.55 56.7 2040.81 
Elsalam 3048.83 546.72 75.5 2502.11 

Elsanout 2980.21 483 108 2497.21 

Lagawa 3077.63 430.08 88.4 2647.55 
Elmerum 684.15 228 44.15 456.14 

Keilack 1150.69 247.97 44.6 902.71 
Whole Area Localities 2502.16 410.71 77.5 2091.45 

 
Source: Study field survey, 2013 

 

Linear programming method 
 Linear programming result shows in table (4) that average gross margin was found to be 11037.92, 4440.66, 
2110.34, 2230.58 and SDG 148.08 for Balanites, Ziziphus, Adansonia, Tamarindus and G.tenax fruits, respectively. 
The total gross margin was found to be  SDG 19967. 
 

 
Table 4. Fruit trees number/ Fedden and their gross margin in area Localities in west sector localities in South kordofan state 
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Fruit tree Balanites Zizphus Adansonia Tamarindus G.tenax Total 

Trees number 55 26 3 11 8 103 
Productivity 

Kg/ tree 

151.59 103.176 64.204 153.646 2.596  

Fruit production/Fe 8337.45 2682.576 192.612 1690.11 20.768  
Collecting days 

 

60 45 30 30 30 195 

Variable cost of fruit SDG 2885.62 1139.1 201 676.42 59.60 4961.74 

Fruit price 
SDG 

1.67 2.08 12 1.72 10  

Fruits gross output 
SDG/ fedden 

13923.54 5579.76 2311.34 2907 207.68 24929.32 

Fruits GM/SDG 11037.92 4440.66 2110.34 2230.58 148.08 19967.58 

 
Source: Study field survey, 2013 

 

Optimum solution 
 Five trees were tested in the area where the optimum tree combination that maximized the small producers gross 
margin in this area was to cultivate 1.24, 0.67 and 3 feddan of Balanites, Zizphus and Adansonia, respectively to get 
gross margin equal to SDG 13687.o2, 2975.24 and  6331.02. The total gross margin was found to be SDG 22993.28. 
Table 4. Thus Balanites (Desert date) is the most profitable one. This optimum gross margin makes an increment in 
the previous gross margin by 15% which will contribute in the household expenditure in the food items in the localities. 
Which reconcile with FAO (2008) that, both Adansonia digitata and Grewia tenax grow in Western Sudan and south 
of Blue Nile. Tamarindus indica grown as a subsistence crop for meeting local demands and commercial purposes. 
 

Table 5. Optimal solution of trees harvested in Area localities in west sector localities of south Kordofan state 
 

Tree Area/feddan Gross margin/feddan Value/SDG 

X1 (Balanites) 1.24 11037.92 13687.02 
X2(Ziziphus) 0.67 4440.66 2975.24 
X3(Adansonia) 3 2110.34 6331.02 
X4(Tamarindus) 0 0 0 
X5(G.tenax) 0 0 0 

Total   22993.28 

 
Source: Study field survey, 2013 

 

Household economy analysis 
 Farmers derived income from both farm and non-farm activities. The sample farmers were obtained SDG 22993 
as total annual income to cover their subsistence and livelihood requirements. The results revealed that, fruits 
collectors obtained net cash income and Non-timber forest products income of 2,414 and SDG 22,993 respectively, 
Table 6.The contribution of NTFPs to household income and expenditure was found to be 72%and 153%, 
respectively. Table 6. Which agrees with Gebauer(2002) who documented that the fruits are source of cash income 
for people in western and central Sudan as well as Sahara regions. energy taken per person per day was calculated 
as 3465, 2495, 2664, 2683, 2639, 1925 and 2562 Kcal, for Abyii , Elsa lam, Elsunout, Lagawa, Keilack, Elmeirum 
and the whole area localities, respectively. The ideal energy intake recommended by Stephen (2006) per person per 
day was 2100 Kcal. Accordingly, all the localities understudy are food secured except Elmeirum which is marginally 
food insecure. This confirms the first result (net household income) for the same localities. It seems plausible that 
net returns are reflected to the situation of 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 all the localities except Elmeirum (Table, 7). 
When taking into account the contribution of NTFPs to household expenditure, it was found to be 109%, 189%, 97%, 
89%, 12%, 11% and 67% for Abyii, Elsalam, Elsunut, Lagawa, Kailek, Elmeirum and the whole area. 
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Table 6. Household net income and the contribution of NTFPs to Household expenditure and income in western sector localities 
of South Kordofan state 

 
Variable attribute West sector  Localities of South Kordofan state 

Agriculture Production income 9,048 

 NTFPs income 22993 
Total annual income 32,041 

Household Expenditure  14,979 

Net household  income 2,414 
Contribution Of NTFPs to H-H Expenditure 153% 

Contribution Of NTFPs to H-H income 72% 

 
Source: Study Field survey, 2013 

 
Table 7. Household Weekly Food Need and the equivalent K.cal in western sector localities of South Kordofan State 

 

Food item Kcal/kg 

Kilo calories/week/H-H 

qt.kg Total Kcal 

Sorghum 
3350 

5.90 19,765 
 

Millet  3350 4.03 13,501 
Wheat  3320 3.00 9,960 

Meat  2020 3.12 6,302 
Milk 660 3.24 2,138 

Sugar 4000 5.10 20,400 

Tea 1080 0.33 356 
Coffee  685 0.40 2748 

Onion  410 4.57 1,874 
Salt  710 0.11 78 

Oil  8840 2.17 19,183 
Vegetables 9000 3.90 35,100 

Rice 2000 2.77 5,540 
Macaroni (Dry pasta) 3350 1.21 4,054 

Fruits 2080 2.10 4.368 

Total K.cal/H-H  K.cal./H-      H/Week   143,467 
Total KK/person/day(8) K.cal/person/day  2,562 

 
Source: Study Field survey, 2011 

 

 Therefore, wild fruits collection contributes to farmer's income and provide employment for area people. Fruits 
gross margin participated in education and other family expenses. The constraints affecting wild fruits collection are 
fruits prices, productivity and fruits costs as well as fires, remote distances, trees cutting, fruits pests, over-grazing 
and fruits storage. It recommended that Balanites, Zizyphus, Adansonia, Tamarindus and G. tenax fruits trees should 
be adopted and diversified in some remote areas, adoption and domestication of those trees should be available to 
facilitate fruits collection, through forests conservation from fires and over-grazing. Also suggested that. More 
awareness should be provided to support fruits collectors to expand their income sources, through selecting desirable 
fruits for human and animal use. 
 

CONCLUSION 
 The optimal model for trees with relevant unit area feddan of linear programming indicated that, three trees 
(Balanites, Zizyphus and Adansonia) were optimized. Balanites is 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 The daily energy received per person per day was found to be 
3465, 2495, 2664, 2683, 2639, 1925 and 2645 Kcal, for Abyii , Elsa lam, Elsunout, Lagawa, Keilack, Elmeirum and 
the whole area localities, respectively. Accordingly, the whole area localities were 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 
whole area. 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 constrains affecting wild fruits 
collection are fruits prices, productivity and fruits costs as well as fires, remote distances, trees cutting, fruits pests, 
over-grazing and fruits storage. 
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