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Abstract: This paper presents a theoretical and empirical analysis of the impact of crop biodiversity on poverty reduction 

and to evaluate the biodiversity of cropping system and its effects on ecological sustainability in rural Sudan. It is based 

mainly on primary data collected from the household survey. The study focuses on the problem of rural farmers from a 

broader perspective, among agricultural farming systems in rural Sudan, named as traditional rainfed, irrigated and 

mechanized rainfed farming system. Poverty line and indicators were analyzed using the Foster Greer and Thorbecke 

method. The results of the study reveal that the poverty in rural Sudan had been more wide spread and deep in traditional 

and mechanized farms in contrast with the irrigated farms. In the irrigated farms the farm size is small and the framers are 

governed by government towards cropping systems and types of crops cultivated. In the mechanized and traditional farms 

the land size was large, so no rule of what types of crop cultivated. Biodiversity of the three farming systems is differed and 

concentrated in crop and livestock practices, no aquatic fisheries was practices in farms. The crop diversity is more 

practices by the non- poor farmers. Results also proved a significant correlation between crop biodiversity indicators with 

ecological sustainability in the cropping systems. The cultivation of the forage legume is a highly significantly affecting the 

sustainability in farms. Crop residues management has significantly a positive effect on the water use in the farms. 

Efficiency and sustainability of crops production would help poor farmers rise out of poverty. 
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1. Introduction 

Agriculture in the Sudan is practiced under three major 

farming systems for crop production, namely irrigated, 

mechanized (rainfed and commercial) and traditional 

farming systems. Other farming systems are: livestock, 

forestry, wildlife and fisheries. The total irrigable land of 

Sudan was estimated to be 2.79 million ha in 2007 within 

the Nile River basin in Northern, Khartoum, Gezira, Sennar, 

Blue Nile and White Nile States. The rainfed traditional 

farming systems are the main subsistence systems prevalent 

almost everywhere in the Sudan, accounting for an area of 

9.2 million ha, mostly in Kordofan, Darfur, White Nile and 

Blue Nile States. The commercial mechanized sector 

extends to about 5.9 million ha in the states of El Gadaref, 

Blue Nile, Upper Nile, White Nile, Sennar and Southern 

Kordofan. Sudan is characterized by climatic, ecological 

and economical diversity. The vast Majority of the 

population is poor, with an average per capita income 

estimated in 2009 at US$ 2,300. Majority of peoples’ 

livelihood in Sudan are agricultural, pastoral and 

agropastoral and rely on crop production or livestock 

rearing for their livelihoods, and those farmers are suffering 

from food insecurity which is related to inadequate 

agricultural inputs; insufficient agricultural extension and 

appropriate technology transfer services; uneven rainfall 

distribution; a high dependence on traditional, rainfed 

systems to produce the main staple foods. Cropping 

systems are based on sorghum, millet and wheat as food 

crop and groundnut, cotton and sesame as cash crops. Cash 
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crops provide income that can be used to supplement 

family food needs during the months of staple crop 

shortage. However within the increasing population 

densities, and the increase in crops inputs price, seek for 

alternative, but yet productive and sustainable production 

systems becomes more important. 

1.1. Concept of Agricultural Biodiversity 

Of the 270,000 species of higher plants, about 7,000 

species are used in agriculture, but only wheat, rice and 

maize crop provide half of the world’s plant-derived calorie 

intake [9] 

Biodiversity is the variety of living species on this planet 

and their supporting ecosystems as in [1]. Biodiversity 

plays a central role in regulating ecosystem processes in 

ways that ensure the provision of a wide variety of 

ecosystem goods and services. Whilst these goods and serv-

ices represent many of the human benefits that are the basis 

for social and economic development, they are also highly 

vulnerable to disturbance and disruption by human 

activities [28]. Agricultural biodiversity, or agro-

biodiversity, emphasizes the utility of biological diversity 

to human wants and needs [32]. The understanding of 

agricultural biodiversity has developed during the last 

decades from the recognition of the importance of genetic 

diversity, particularly for crops and livestock. the 

agricultural biodiversity refers to all diversity within and 

among species found in domesticated systems, including 

wild relatives, interacting species of pollinators, pests, 

parasites, and other organisms [6]. 

According to a classification by [5] the crop diversity 

index belongs to compositional measures of species 

diversity. The crop biodiversity is defined as a component 

of agricultural biodiversity, referring to all diversity within 

and among wild and domesticated species domesticated 

species, including crop plants that continue to evolve under 

natural and farmer-selection [22, 3 and 24] 

1.2. Economics Importance of Crop- Biodiversity 

Biodiversity economics refers to the economic analysis 

of the principles, causes and implications of changes in 

biological diversity [17]. As in [33] reported that 

biodiversity economics deals with identifying the social 

benefits of agro-biodiversity conservation and the social 

opportunity costs that result from agro-biodiversity loss. 

According to [31] biodiversity provides at nearly 11% of 

the world Gross Domestic Product. Food crop diversity is a 

key to sustainability and food security. Some literature 

review analyzed the contribution and importance of crop 

biodiversity to the mean and the variance of agricultural 

yields and variance of farm income. [26, 34, 25 and 11]. 

Crop biodiversity on farms has both inter-specific (among 

crops) and infra-specific (within a crop) components as in 

[2]. Crop diversity enables farmers to alleviate climate- and 

market-related risks, cope with the varying availability of 

labour, or secure a harvest even if they cannot sow at the 

normal time. 

In agricultural systems, biodiversity may be produced as 

a positive by-product in addition to marketable output such 

as cereals. Management practices may have various 

impacts on biodiversity due to crop rotation, application of 

chemical inputs and similar choices by the farmer [16]. 

Biodiversity provides the sustainable balance and 

equilibrium in agro-ecosystems [10]. For example, it can 

provide species that can act as natural enemies for 

biological control or genes for increasing crop resistance to 

biotic and a biotic stresses. 

2. Problem Statements 

Sudan is rich in its diversity of ecosystems, habitats, 

species and genetic resources, no coordinated 

comprehensive surveys have been carried out. However, 

indicators and observations show that there is a declining 

trend and diversity loss in many components [30]. 

Generally Sudan has suffered a number of long and 

devastating droughts in the past decades, which have 

undermined food security and are strongly linked to human 

displacement and related conflicts. The interaction of 

natural resources, climate and population determines the 

physical basis for farming systems. During the early stages 

of development, increased population generally leads to an 

expansion in cultivated area and, in many cases, conflict 

between the different users of land and water resources. 

Once most good quality land is already exploited, further 

population increases tend to lead to the intensification of 

farming systems. As forests and woodlands come under 

greater pressure, biodiversity is threatened and there may 

be growing tension between development and conservation 

goals. These trends have often been exacerbated by colonial 

and the expansion of agriculture, plus changes in 

production technologies, which has resulted in a decrease 

in agro-biodiversity and agricultural ecosystems in recent 

decades. In natural ecosystems, the widespread application 

of agrochemicals in agro-ecosystems in form of fertilizers 

and pesticides has led to a decrease in the diversity of fauna 

and flora. There has been a considerable reduction in the 

number of varieties cultivated, which has affected in 

particular the main cereal crops: wheat, maize and sorghum. 

A similar loss of biodiversity has occurred among domestic 

animals. However, modern plant breeding may go some 

way to reversing this trend by making it easier to maintain 

genetic material, and by creating a wider gene pool of 

modern varieties. Farmers in rural sector are characterized 

by low resource base, low income, low level of human and 

social capital (education, knowledge and health) and 

limited access to market and services institutions like credit 

institutions, extension, plant protection …etc. crop 

production and livestock rearing are the main income 

sources in addition to other non-farm income sources such 

as selling labor and seasonal migration. The household 

income is characterized by seasonal fluctuations, which 

enforce people to engage in many activities like selling fuel 
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wood and charcoal and migration…etc. which results in 

environmental degradation. Soil erosion is the most 

important aspect of soil degradation. Soil erosion is causing 

substantial costs to agriculture and these problems are 

contributing to low agricultural productivity, poverty and 

food insecurity [14]. The rural poor report distress that 

stems not only from low consumption but also from ill 

health and vulnerability. 

3. Objectives of the Study 

The general goal of this study is to explain the poverty 

cycle of the rural farmers focusing on various farming 

systems in relation of the crop- biodiversity. The specific 

objectives set of the study are to: 

- Measure poverty line and its indicators in the farming 

systems. 

- Evaluate the biodiversity of cropping systems and its 

effects on ecological sustainability. 

- Investigate the role of crop-biodiversity in poverty 

reduction and sustainable development in rural Sudan. 

4. Research Methodology 

This study is based mainly on primary data collected 

from the household survey using questionnaire and group 

discussion methods (agricultural season 2009/2010). The 

study covered three production domains from rural Sudan; 

these are traditional rainfed farms, mechanized rainfed 

farms and irrigated farms, as these farms rapidly become 

obvious with dire poverty. Accordingly, the study is 

planned to cover three States, Kordofan State represents the 

traditional farms, Blue Nile State represents the 

mechanized farms and Gezira State represents the irrigated 

farms. 

The data is collected by professional numerators under 

researcher’s supervision using stratified multistage simple 

random sampling technique to select 600 farm households, 

the criteria of selection included: From each State 200 

households were selected, the researcher’s interview with 

farmers in the crop production. Food and extreme poverty 

lines were estimated for the rural farmers as follows: 

1

1 q z y
p

n z

α
α − =   

∑            (1) 

where n is the total number of individuals under 

consideration, q is the total number of poor, y is the income 

of the ith poor individual, z is the poverty line, and α is a 

parameter characterizing the degree of poverty aversion i.e. 

the parameter α determines the precise measure of poverty 

to be used. 

The three poverty indicators (The poverty headcount, 

poverty gap and squared gap ratios) according to the most 

widely used method by [15] were estimated. 

The poverty headcount ratio: it will be generated when 

the parameter α equal zero as follows: 

q
H

n
=                                 (2) 

Where: 

H = head count ratio, also denoted with P0. 

Poverty gap ratio: it will be generated when the 

parameter α equal one and defined as follows: 
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Where: 

PG = poverty gap ratio, also denoted with P1. 

yi is the income of individual (i), often work with 

household rather than individuals, but the individual still be 

considered as being equal. 

Poverty severity or squared poverty gap: 

It obtained when the parameter α equal two as follows: 
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Where: PS = poverty severity or squared poverty gap, 

also denoted with P2. 

Furthermore the study investigated the impact on the 

sustainability and poverty reduction in the farms. The crop- 

biodiversity and it the indicators of crop-biodiversity of the 

farms are dissimilar from country to one and from farming 

systems to another, due to variation in natural resources and 

climate. The indicators used by each country do not have to 

be the same. Moreover, different countries have a range of 

ecological, climatic and geophysical differences which may 

preclude using the same indicator. However, while it may 

not be possible to have identical indicators at different 

levels and scales, compatibility is important so that 

measurements are comparable at these different levels. 

Various researchers are applied economic analyses of crop 

biodiversity based either on the farm household model or a 

model of variety choice that are applied econometrically 

[3,18 and 27]. As in [10] used the forage legume growing, 

green manure application, agro-diversity, mean number of 

cultivated crops and livestock presence in the farm as main 

indicators of the study conducted in Iran. 

In this study the indicators used are forge legume, crop 

diversity, application of organic fertilizers, chemical 

fertilizers, pesticides and crop residue management.  

Moreover the other indicators such as gross margin, total 

labour and water used were used to develop agricultural 

sustainability index, act as economical, social and 

environmental sustainability; respectively. 

Crop diversity in this study is different according to the 

nature of the main crops which, cultivated in the different 

types of farms. In the irrigated farms it means the 

percentage of farmers who grow other crops than cotton, 

wheat, sorghum and groundnut, while in traditional farms it 
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means the percentage of farmers who grow other crops than 

Gum Arabic, watermelon, sorghum and millet. And those in 

the mechanized farms it means the percentage of farmers 

grow other crops than sorghum, sesame, millet and 

groundnut. 

Each indicator of crop- biodiversity had a score ranging 

from zero to a maximum value. The highest and lowest 

scores represented the most favorable and the worst 

conditions, respectively. 

The explanatory analysis was used in addition to 

correlation coefficient to show the strength of the relation 

between crop biodiversity indicators and sustainability of 

the cropping systems in various farming systems. 

Additionally the correlation between the household’s 

income and crop-diversity indicators was analyzed. 

5. Results and Discussions 

5.1. Poverty Line and Indicators 

Table 1 provides a general picture of poverty in rural 

Sudan by agricultural farming systems. Looking at the food 

poverty line in the irrigated farms, it is slightly lower than 

that of the mechanized farms by 0.05 %. In contrast, the 

extreme poverty line in the irrigated farms is lower than 

that of the mechanized farms by 7.6 %, which indicating 

slightly lower expenditure on food and non- food items in 

the irrigated farms than that in the mechanized farms. The 

food poverty line and extreme poverty line in traditional 

farms is higher in contrast with other two farms. 

From Table 1 it is obvious that the head account ratio, 

poverty gap ratio and poverty square in the traditional 

farms is high in comparison with the incidence, depth and 

severity of poverty in other farms during the same periods. 

The poverty index in mechanized farms is higher than 

the irrigated farms by 11.3 % and less than the traditional 

farms by 12.4 %. These results imply that poverty in rural 

Sudan had been more wide spread and deep in traditional 

and mechanized farms than in the irrigated farms. 

Additionally the poverty depth in traditional farms is 

considerably more than that in the mechanized farms by 

28.6 %, while the later is more than the irrigated farms by 

10.2 %. Also, the results show that the poverty severity in 

the traditional farms is higher than the mechanized farms 

by 40 %, while in the mechanized farms is further than the 

irrigated farms poverty by 9 %. These results reveal that, 

when the traditional and mechanized farms their labour 

farms wage failed to absorb rural migrants from 

neighboring civil war regions, the incidence of rural 

poverty in those regions started to emerge and grow faster 

than those of the safe regions. This suggests that the 

incidence of poverty in rural traditional farms and rural 

mechanized farms are considerably higher than the rural 

irrigated poverty. 

Table 1: Poverty Incidence of the Rural Farmers in Farming Systems in Sudan 

Poverty measures 
Type of farming systems 

Irrigated Traditional Mechanized 

Food poverty line*($) 0.14 0.34 0.17 

Extreme poverty line*($) 0.16 0.41 0.21 

Head account ratio (%) 74.1 97.8 85.4 

Poverty gap ratio (%) 54.9 93.7 65.1 

Squared gap ratio 40.6 89.7 49.6 

Source: authors’ calculations. * These were estimated in per day per one person 

As a comparison between the proportions of the poor and 

non-poor farmers in the three farms it is found that the 

highest number of the rural poor people is found in the 

traditional farms which amounted to 94% (Table 2), is 

mainly attributable to the recurrent droughts in this areas 

and to recent up cropping of civil in the south and western 

parts of the greater Kordofan region. The mechanized farms 

had high estimated percentage among the rural poor (75.5%) 

and the one prominent reason is the nearby civil war in the 

State and south Sudan. Although the central region of 

Sudan was peaceful (no civil war violence this area), the 

number of the rural poor to some extent is high, which is 

more than half of the total surveyed households 

(70.0%).This result almost is in agreement with that of as in 

[12], who estimated the number of rural poor in this State 

to be about 72.4 %. The main reason behind the high 

percentage of the rural poor in the irrigated farms is 

attributable to failed agricultural seasons during the last few 

years caused by scarcity of the rains and shortage of 

agricultural credit. Tenants’ access to credit and/or off-farm 

income may determine whether and how much they are 

able to purchase of inputs. Without sufficient access to 

credit (and even with it), poverty may prevent tenants from 

taking advantage of profitable opportunities to use 

resources, due to financial constraints as well as extreme 

risk aversion [21]. 

In general, the results of the study clarified that, 

proportion of the rural non-poor tenants among the total 

surveyed households has been considerably low in all farms 

(Table 2). 
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Table 2: Proportions of the Rural Non-Poor and Poor Households in the Agricultural Farming Systems in Sudan 

Poverty status 
Mechanized farms Irrigated farms Traditional farms 

No. of farmers % No. of farmers % No. of farmers % 

Non- poor 49 24.5 60 30.0 11 5.5 

Poor 151 75.5 140 70.0 189 94.5 

Total 200 100 200 100.0 200 100.0 

Source: Field survey, 2009/2010 

5.2. Crops production and Functions 

The major crops produced by the rural farmers in the 

irrigated farms are cotton, sorghum, groundnut and 

vegetables.  In the irrigated farms the framers are governed 

by Gezira board towards cropping systems and types of 

crops cultivated. In the mechanized and traditional farms 

the land size was large, so no rule of what types of crop 

cultivated. The main crops produce in the mechanized 

farms were sorghum, millet, groundnut and sesame. The 

most important crops for exports and domestic 

consumption produced in the traditional farms are millet, 

sorghum, groundnut, sesame, Roselle, watermelon seeds, 

vegetables (okra, onions, and legumes) and Gum Arabic. 

The research results reveals that the irrigated farms are 

mainly depend on the crops production to derive the 

households’ income (64%). The bulk of income comes 

from cotton production as the main cash crop and 25% of 

the income is derived from the livestock production. This 

result is confirmed by [13], she found that 47% of the 

income of tenants household is derived from crops in the 

irrigated scheme, while contribution of livestock enterprise 

to total household income is 36%. 

The main source of income in the traditional farms is 

derived from the crop production (52%) and livestock 

production (45%). In the mechanized farms the case is 

differed, the households depend on the non-agricultural 

income mainly (54%), where the crops production shared 

about 33% from the total income and the livestock 

production shared with 13%.This may be due to migration 

of the some members of the household’s to the urban areas 

and bordering States for job seeking due to civil wars in the 

last decades. 

In all farms the crops production provides funds for 

investment in other non agricultural and agricultural 

enterprises and most of domestic needs were met by the 

income generated from crops production. 

Since majority of Sudanese population depend mainly on 

the sorghum crop (in the irrigated and mechanized farming 

system) and millet products (in the traditional farming 

system) as the main food stuff in their meals, the study 

results reveal that, the most profitable crops of the rural 

farmers are vegetables (in the irrigated farms), groundnut 

(in the mechanized farms) and the watermelon seeds (in the 

traditional farms). 

Food crops grown by many households provide the food 

security and means of survival while waiting for the next 

season. Majority of food crops production is used for 

home-consumption both for human or livestock feed, these 

comprised as 90% in irrigated, 95% in traditional and 92% 

in mechanized farms. 

In traditional and mechanized farms a large proportion of 

land is under watermelon and maize production; 

respectively and therefore little portion are spared for food 

crop. In many crops farms no animal manure was used. The 

manure is used for building paints and some time used for 

cooking in the field and home-side. The crops mainly 

depend on the chemical fertilizers. 

5.3. Biodiversity Indicators of Crop Species in the 

Farming Systems 

Crop species diversity of the cropping system of the all 

farms is shown in Table 3. 45% of the farmers in the 

irrigated farms are cultivated others crops than cotton, 

wheat, sorghum and groundnut (these cultivated crops 

named sunflower, 14%, and vegetables, 65 %,). 15% of 

farmers grow wheat in the irrigated farms. The area of 

wheat cultivation in the irrigated farms was declined in the 

last decays, this is mainly due to variation in the 

environment, so the global climate change was significantly 

affect the wheat production in Sudan. 

Majority of farmers in the traditional farms (78%) and 

mechanized farms (80%) cultivated others crops than the 

main crops mentioned above. These named as sunflowers 

(89%), vegetables (54%), okra (67%) and rosella (45%) in 

the traditional farms and vegetables (56%) and cotton (14%) 

in the mechanized farms. 

Table 3: Percentage of crop-Biodiversity Indicators in the Farming Systems 

Crop- biodiversity indicators 
Type of farming systems 

Irrigated Traditional Mechanized 

Forge legume 0 16 18 

Crop diversity 45 78 80 

Application of organic fertilizers 0 56 45 

Chemical fertilizers 98 65 70 

Pesticides 80 70 78 

Crop residues management 78 87 80 

Source: field survey, 2009/2010 
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In the irrigated farm no forge legume is cultivated in 

addition no application of organic manure is used in the 

farms. 16% and 18% of the farmers are introduce forage 

legumes into their crops rotation in the traditional and 

mechanized; respectively, so there are no rule governing the 

crop cultivation in these areas.  As in [20] reported that 

there is a direct correlation between crop diversity and pest 

and disease control. Majority of the farmers are used the 

chemical fertilizers (98% in irrigated, 65% in traditional 

and 79% in the mechanized farms) and pesticides (80% in 

irrigated, 70% in traditional and 78% in mechanized farms) 

in their farms. The used of crops residue are normally 

associated with the owned of livestock, so majority of 

farmers feed their animal from crops residue. No credit was 

provided in the traditional and mechanized farm which may 

play a pivotal role in determining crop biodiversity. 

6. Impact of crop-Biodiversity on 

Sustainability Indicators 

Sustainability’ means different things over different 

timeframes and to different stakeholders [2 and Morse, 

1999). There is a significant positive correlation between 

crop species diversity with sustainability in all farming 

systems (Table 4). In case of gross margin and labour use 

(as sustainability indicators) the used of chemicals 

fertilizers have a positive correlation with sustainability in 

irrigated and mechanized farms, however it has a negative 

relation in the traditional farms, that mainly due to 

availability of finance in the irrigated and mechanized 

farms. 

The cultivation of the forage legume is a highly 

significantly affecting the sustainability in all farming 

systems. Many researchers reported there are positive 

effects of growing legumes crops on the sustainability of 

agro-ecosystems [29 and 4]. The results of [19] also 

indicated that green manure improved soil characteristics 

and increased rice yield, while as in [10] found that 

relationship between growing green manure and 

sustainability was not significant. Crop residues 

management has significantly a positive effect on the water 

use in all farms. 

Table 4: Correlation Coefficient of crop Biodiversity and Sustainability indicators in Farming Systems in Sudan 

Crop-biodiversity indicators 
Irrigated Traditional Mechanized 

GM LU WU GM LU WU GM LU WU 

Forge legume 0.013* 0.53* 0.57** 0.23* 0.46** 0.92* 0.67* 0.89* 0.59* 

Crop diversity 0.56* 0.86* 0.52* 0.66* 0.78* 0.66* 0.034** 0.054 0.52* 

Application of organic fertilizers 0.01 - 0.31 0.61** 0.21* - 0.67* - 0.51* 0.34* 0.57** 0.34* 

Chemical fertilizers 0.78** - 0.45* 0.023 - 0. 81** - 0. 67** - 0. 14 0.15* 0.13 0.18 

Pesticides 0.67** 0.012 0.12 0.56** 0.89* 0.14 0.34 0.64** 0.34 

Crop residues management - 0.45* 0.56* - 0.59* 0.34* 0.013 0.89** 0.12 0.34 0.71* 

GM: gross margin indicator as economical factor, LU: labour use as social factor and WU: water use as environmental factor. 

* Correlation is significant at the o.o5 level (2-tailed). 

** Correlation is significant at the o.o1 level (2-tailed). 

7. Impact of crop - diversity on Poverty 

Reduction 

There is some evidence that agricultural biodiversity; 
particularly plant diversity is concentrated in areas of 
poverty. In general, there is more plant diversity in 
developing countries than in developed countries; further, 
plant diversity tends to be concentrated in the poorest, 
least developed regions of countries. This has led to a 
view that development and agricultural biodiversity are 
in opposition, and that economic development should 
involve the ‘conversion’ of diverse areas to ‘more 
productive’ areas [8]. 
The study reveals that the crop diversity is more 
practices by the non- poor farmers in all farms (68% of 
the non- poor cultivated more than two crops). In the 

irrigated farms about 56% and 78% of the poor farmers 
can’t cultivated the cotton (for financial problems) and 
wheat crops (for environmental changed). Cotton crop is 
considered as the main cash crop in the cropping 
systems of Sudan. Within any given community, crop 
diversity is often handled more by richer farmers [7]. 
Table 5 shows that the non- poor farmers have highly 
more significantly positive correlation between the crop-
diversity indicators and their income than the poor 
farmer, exceptional for the farmers in the traditional 
farms in case of the crop residues management in the 
farm.. 
There is a positive relationship between agricultural 
biodiversity and household incomes; richer households 
tend to grow more varieties of different crops than 
poorer households whose livelihood depend on returns 
from farms [23] 
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Table 5: Correlation Coefficient of crop- Biodiversity indicators and households income in the Farming Systems in Sudan 

Crop- biodiversity 

indicators 

Irrigated Traditional Mechanized 

Non-poor 

farmers 
Poor farmers Non-poor farmers Poor farmers Non-poor farmers Poor farmers 

Forge legume .023 .011 .001 .025 .045* .012 

Crop diversity .89** 0.25* .82** .72** .78** .16** 

Application of organic 

fertilizers 
0.25 0.33 0.13* 0.14 0.64* 0.23 

Chemical fertilizers 0.57* 0.14* 0.34* 0.12 - 0.15 0.13 

Pesticides 0.78* 0.14** 0.03 0.17 0.65* 0.16** 

Crop residues 

management 
0.67** 0.12** 0.16** 0.11* 0.82* 0.19* 

Source: authors’ calculations 

* Correlation is significant at the o.o5 level (2-tailed). 

** Correlation is significant at the o.o1 level (2-tailed). 

8. Conclusions and Policy Implications 

- The incidence of poverty in rural traditional farms and 

rural mechanized farms are considerably emerge and grow 

faster and higher than the rural irrigated poverty. 

- Higher proportion of poor farmers are concentrated in 

the traditional farms. 

- The main source of the household’s income is derived 

from crops and livestock production in all farming systems. 

There is a positive relationship between agricultural 

biodiversity and household incomes. 

- The most profitable crops of the rural poor are 

vegetables crop (in the irrigated farms), groundnut crop (in 

the mechanized farms) and the watermelon seeds (in the 

traditional farms). 

- There is a significant positive correlation between crop-

biodiversity indicators with ecological sustainability in the 

cropping systems, particularly between crop species 

diversity with sustainability in all farming systems. The 

used of chemicals fertilizers have appositive correlation 

with sustainability in irrigated and mechanized farms while 

it reported a negative correlation in the traditional farms. 

- Efficiency and sustainability of crops production would 

help poor farmers rise out of poverty. 

- Introducing the legume crop in crop rotation will 

reduce fertilizer application, increase the sustainability of 

farming systems and enhances biodiversity in agro-

ecosystems. 

- Shockingly, the impact or intervention of agricultural 

policies on agro-biodiversity (both crop and livestock) has 

been ignored. 

- Opportunities for using agricultural biodiversity to 

reduce poverty by strengthen the extension services 

through awareness the farmers about using intensive 

technology to develop their inputs and increasing their 

outputs and strengthening of local institutions and 

universities by studying the biodiversity and its effect as 

major course. 
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