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Abstract— Smallholder farmers across the world and particularly in developing countries have been facing a problem of 

food insecurity and slow rate of livelihoods improvement because of climate-induced droughts and lack of effective use of 

modern agricultural techniques. Rainfall patterns have become more unpredictable and inconsistent with the traditional 

farming seasons and practices. Faced with such challenges, together with the rising population growth and its pressure on 

natural resources as well as strategies to eradicate hunger, many governments adopted irrigation systems and wetlands 

development for agriculture to improve food security and welfare of farmers and community in general. This study aims to 

analyse whether and the extent to which the development of Rwinkwavu marshland and introduction of irrigation system for 

rice growing in the area have been impacting on the community’s livelihoods improvement since the development of the 

marshland in 2014. Among the methodological approaches and tools used, a comprehensive desk review to explore available 

related research works in order to trace the gaps, field visit for researcher’s own observation and collection of information 

on site and available data in different institutions, exploration of satellite imagery of the study area and combination of 

primary and secondary data to allow the comparison of land use and cover changes before and after the marshland 

development, questionnaire and focused group discussions were used to collect the farmers and community’s view on the 

role of marsland transformation in livelihoods improvement. In addition, GIS was used to analyse and process spatial data 

of the land use/cover change of the area while collected data on community’s view were processed in Microsoft Excel and 

analyzed using SPSS. The findings indicate that the Rwinkwavu marshland reclamation and transformation to modern rice 

growing area has highly and positively contributed to community livelihoods improvement. It was recommended further 

researches in other reclaimed areas countrywide in order to allow decision makers to have enough data that help to compare 

the efforts and investments made in the sector with the impacts on population. Further researches to compare and balance 

the benefits from transformation made with the benefits from on natural ecosystem services as well as the impacts on natural 

habitat are also recommended. 

Keywords— Agriculture, Community livelihoods, Irrigation system, Marshland development, Kayonza District. 

I. INTRODUCTION 

Global food security is a worldwide concern and the challenge is how to feed a growing population which currently is 

estimated at 7 billion and projected to reach 9.2 billion particularly with the projection from 5.8 billion in 2015 to 7.9 billion 

in less developed regions by the year 2050 [12]. In Sub-Saharan Africa (SSA), where most economies are largely agrarian-

based, the demand for arable farmlands continues to be a thorny issue for many countries. The scarce arable land faces 

competition, soils are becoming exhausted and water becoming increasingly scarce, competition for fertile farming lands and 

limited access to any available farmland for many areas of SSA has led to people invading wetlands and other marginal areas 

for agricultural and other transforming activities. In this fight for survival, they often engage in unsustainable use of these 

natural resources, causing degradation and other adverse effects[1].  

Due to increasing population growth, poverty reduction, and development efforts, wetlands are increasingly being utilized 

and transformed for more value addition in different parts of the world. Wetland development projects significantly impact 

on their ecological productivity and economic output and more often than not generate conflicts concerning control of the 

Received:- 02 February 2022/ Revised:- 10 February 2022/ Accepted:- 16 February 2022/ Published: 28-02-2022 
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resources between different users for instance pastoralists and farmers or small-scale farmers and large-scale capitalist 

farmers [6]. 

Wetlands provide valuable ecosystem services to society. Despite this, in many parts of the world, wetlands have been 

degraded or lost, and demand for development, particularly from agriculture is putting pressure on many of those that remain 

[3]. Achieving environmental sustainability and at same time satisfying the need for increased food production, enhanced 

economic growth and poverty reduction, is an issue of growing importance the world over [8].Rwinkwavu marshland, the 

main focus of this study, is a place where most of the above conditions prevail though at a local scale. The area is 

experiencing population growth, poverty, ecological stress and limited productive resource base. The main natural resource 

available, the wetland, is increasingly becoming scarce as competition for control and access to, and its utilization increases 

amongst multiple and contested uses by various stakeholders within the local community [12]; [10]. The latest incidence is 

the entry of big-scale investment in agricultural activities, following the construction of a dam upstream and development of 

irrigation system to enable rice growing in the area since the year 2014 [2].  

It has also been argued that most studies conducted on Rwandan wetlands have laid much emphasis on natural sciences 

largely on nutrient dynamics, water quality, aquatic ecology and fisheries, hydrology and catchment‟s modelling and 

vegetation dynamics with very little to do with human welfare and utilization impacts. On the same note these studies have 

not explored much into details of livelihood improvement for the local communities with respect to wetland utilization, 

conservation and management [10]; [4]. The assessment of the impact of these activities on the livelihoods of the local 

community is a case at hand. 

II. MATERIALS AND METHODS  

2.1 Description of the Study Area  

Rwinkwavu Marshland is located in the Eastern Province, Kayonza District, stretching across three sectors namely Mwiri, 

Gahini and Rwinkwavu as indicated on Figure 1. It is located at agro-climatic zone of eastern savanna that was characterized, 

before the development of irrigation scheme, by rolling grassland with scattered trees and shrubs, short period of rain and 

long dry seasons and often large herds of grazing animals on the savanna that thrive on the presence of grass and trees [5]. 

Though, the climate of Rwanda is generally characterized by alternation of two wet seasons (SOND and MAM) and two dry 

seasons (JF and JJO), the area is characterized by low precipitation and the historical background indicate that it has been 

invaded by severe droughts [7]. The region has no river except small tributaries that feed wetlands and lakes which indicate 

that water is not abundant in the area. 

 

FIGURE 1: Map of the study area indicating the location of Rwinkwavu marshland 
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In Rwinkwavu marshland, the construction of the dam & irrigation infrastructures was implemented to enhance irrigated rice 

production in Rwinkwavu marshland of Kayonza District. Irrigation development works were executed in two phases: phase 

one of Rwinkwavu upper marshland have been executed during the period from 2013 to 2015, phase two of Rwinkwavu 

lower marshland have been executed in 2017-2018. The total area of the marshland covered by irrigation scheme is 1,600 ha 

and consequently the project beneficiaries practicing irrigated rice farming in the scheme are made up of 4468 beneficiaries, 

2771 males and 1697 females) distributed in the three sectors. Among the key activities and infrastructures put in place by 

Rwinkwavu marshland development with irrigation system to allow water channeling in the marshland, include the 

construction of Rwinkwavu water reservoir located at 10km long upstream of 6.3 million m3 of storage capacity and a 

maximum height of 9,50m of the embankment, and Kageyo dam of 5 million m3 located on right side in middle of the 

marshland, main irrigation canals of 56.9 km length with 7 main water intakes, 38.5 km length of main drainage canal and 

access roads along and inside the marshland of 31km length (MINAGRI, 2011). 

2.2 Data Collection  

For the purpose of this study, the researcher collected two categories of data: primary data consisting of spatial data collected 

on field in the study area, researcher‟s observations, information from focused group discussions as well as the questionnaire 

distributed to selected key informants by a calculated sample of 98 individuals representing the study population while 

secondary data were the available shapefiles from the mapping conducted during the development of Rwinkwavu irrigation 

scheme and satellites images. Both qualitative and quantitative data were collected through household surveys, focused group 

discussions, key informant interviews and community workshops to gather the views about the utilization of the scheme and 

the impact on community‟s livelihoods.  

2.3 Data Analysis  

Geographical Information System Tools was used to convert Spatial data collected on field into shapefiles as well as to 

digitize the satellite images of the study area retrieved for different periods on Google Earth in order to convert them into 

shapefiles that allowed to produce maps indicating the status of Rwinkwavu irrigation scheme before and after the 

development of Rwinkwavu irrigation scheme leading to detection of changes occurred in the area.  

Data collected using questionnaire on the community livelihoods before and after the existence of the irrigation scheme were 

organized, processed using Microsoft Excel and statistically quantified in order to determine the changes in livelihoods of 

farmers practicing agriculture in the irrigation scheme. To this end, SPSS version 16 has been used. About Hypotheses 

testing, given the two hypotheses set as Ho: Situation is the same in the 2 distributions and H1: Situation is significantly 

different in 2 distributions, p-value and level of significance were determined from SPSS and helped to know which of the 

two hypothesis is to be accepted and come up with the decision making as per Table 1. Because the research questionnaire 

data consist of one sample and two variables, Paired sample t-test was used. This consists of a statistical technique that is 

used to compare two population means in the case of two samples that are correlated. Paired sample t-test is used in ‟before-

after‟ studies, or when the samples are the matched pairs. The output informations from this analysis helped the researcher to 

know whether the development of Rwinkwavu irrigation scheme has contributed to the improvement of livelihoods. 

TABLE 1 

HYPOTHESIS TESTING APPROACH FOR DECISION MAKING 

p-value and significance level Decision Conclusion 

When p-value is greater than alpha fail to reject Ho Situation is the same in the two distributions 

When p-value is less than alpha reject Ho Situation is significantly different in the two distributions 

 

III. RESULTS AND DISCUSSION 

3.1 Land use/cover changes of Rwinkwavu marshland following the development of irrigation system 

The information gathered from key informants of the current research as well as spatial data either collected in agriculture 

sector related institutions or collected on field indicated a total change in the land cover and use of the study area as indicated 

by Figure 4.1. Before the reclamation of the marshland by development of irrigation scheme in 2014 to 2015, the marsh was 

really a poorly managed natural resource with 31% of its portion used by local resident for grazing their pasture while the 

other part was used for multi-varied crop agriculture for only family subsistence.  



International Journal of Environmental & Agriculture Research (IJOEAR)           ISSN:[2454-1850]          [Vol-8, Issue-2, February- 2022] 

Page | 4  

Due to poorly managed agricultural practices in the marshland, the initially grown crops as indicated on the map, the harvest 

used to be highly threatened by climate related extreme events. Contrally, after the irrigation system was developed in the 

marshland, water to support good growth conditions of crops was ensured permanently, rice growing was adopted as a single 

crop in the reclaimed area, introduction of technology oriented agriculture and related training to farmers as well as market 

oriented agriculture among other have been the new chapter of land exploitation in the study area. 

The physical features characterizing the study area before the marshland reclamation as per satellite image of 2011 on Figure 

3 are mainly the shrubs and other natural plantations as well as some crops grown by local residents in the area. The 

information received on field and from different existing archive documents indicated that due to the fact that the marsh was 

not managed in terms of infrastructures and boundaries, it was likely to be threatened by floods during heavy rainy seasons 

and severe droughts during wet seasons all of which used to affect negatively traditional agro-farmers who relied on the 

marshland. 

 
FIGURE 2: Map Comparing Land cover/use of Rwinkwavu marshland in 2011 and in 2020. 

 

FIGURE 3: The upper part of Rwinkwavu marshland in 2011 compared to 2020 retrived from Google Earth 
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3.2 The impact of Rwinkwavu irrigation scheme to community livelihood improvement 

The population size was 4468 rice farmers; the sample size was 98. After collection of data, participation rate was 100%. 

After editing, coding and entering data into SPSS version 22, the researcher generated tables to analyze and tabulation was 

made in order to present results of this research in a form that is reader friendly in terms of understanding. 

3.2.1 Hypothesis testing based on Comparison of socio-economic situations of community before and after 

Rwinkwavu marshland reclamation. 

The table below is an output of SPSS analysis by performing t test to test for the set hypotheses 

TABLE 2 

PAIRED SAMPLE T TEST OF HYPOTHESES 
Paired Samples Test 

 

Paired Differences 

t df 
Sig. (2-

tailed) Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Pair 1 
Ensuring food security for family before 

irrigation scheme - Ensuring food security 
for family after irrigation scheme 

-1.38776 .48974 .04947 -1.48594 -1.28957 -28.052 97 .000 

Pair 2 

Ability to pay efficiently clothes to the 
whole family before irrigation scheme - 
Ability to pay efficiently clothes to the 
whole family after irrigation scheme 

-1.36735 .48456 .04895 -1.46450 -1.27020 -27.935 97 .000 

Pair 3 
Paying health insurance before irrigation 
scheme - Paying health insurance after 

irrigation scheme 
-2.94898 .86600 .08748 -3.12260 -2.77536 -33.711 97 .000 

Pair 4 

Paying school fees of children before 

irrigation scheme - Paying school fees of 
children after irrigation scheme 

-2.04082 .94070 .09502 -2.22941 -1.85222 -21.477 97 .000 

Pair 5 

Expanding my cropland and/or buying 

fertilizers before irrigation scheme - 
Expanding my cropland and/or buying 

fertilizers after irrigation scheme 

-2.52041 .73540 .07429 -2.66785 -2.37297 -33.928 97 .000 

Pair 6 

Ability to construct/rehabilitate my 
residential house before irrigation scheme - 

Ability to construct/rehabilitate my 
residential house after irrigation scheme 

-2.45918 .57738 .05832 -2.57494 -2.34343 -42.164 97 .000 

Pair 7 
Regular employment before irrigation 
scheme - Regular employment after 

irrigation scheme 
-3.32653 .90560 .09148 -3.50809 -3.14497 -36.364 97 .000 

Pair 8 
Buying household assets before irrigation 
scheme - Buying household assets after 

irrigation scheme 
-1.92857 .81544 .08237 -2.09206 -1.76509 -23.413 97 .000 

Pair 9 
Transport means before irrigation scheme - 

Transport means after irrigation scheme 
-2.84694 .56262 .05683 -2.95974 -2.73414 -50.093 97 .000 

Pair 
10 

Access to bank credits before irrigation 
scheme - Access to bank credits after 

irrigation scheme 
-2.87755 .82818 .08366 -3.04359 -2.71151 -34.396 97 .000 

Pair 
11 

Expanding to other business (Transport, 
shop, services, etc) before irrigation scheme 

- Expanding to other business (Transport, 
shop, services, etc) after irrigation scheme 

-3.58163 .73110 .07385 -3.72821 -3.43506 -48.497 97 .000 

Pair 
12 

Monthly income (in Frw) before irrigation 
scheme - Monthly income (in Frw) after 

irrigation scheme 
-1.41837 .57299 .05788 -1.53324 -1.30349 -24.505 97 .000 

Ho: situation after irrigation scheme development is the same as situation before. 

Ha: situation after irrigation scheme development is significantly different from the situation before. 
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Student t-value from table (t0.025; 97) is 1.985. All calculated values in the table above are between -21.477 and -50.093. They 

are out of the range -1.985 and +1.985. This means that we reject null hypothesis. Then, we conclude that situation after 

irrigation scheme is significantly different from the situation before. (Decision and conclusion may be done according to p-

value of 0.000. It is less than alpha (0.05) which leads to the rejection of null hypothesis.) This improvement of socio-

economic situation is obviously due the irrigation development works which allowed the effective and efficient exploitation 

of the marshland as well as the enhanced crop production. 

This finding is in concordance with finding of Nabahungu (2011) in “Contribution of wetland agriculture to farmers‟ 

livelihood in Rwanda” where he says: “The rice in Cyabayaga was the largest contributor to household income providing on 

average $ 1045 per household per season.” 

3.2.2 Correlation analysis between Impacts of wetland reclamation and livelihood improvement 

Based on the content of the questionnaire for the comparison of the livelihood of community without marshland reclamation 

and what became the changes in livelihood following the marshland reclamation, the following correlation analysis was 

generated. 

TABLE 3 

PAIRED SAMPLES CORRELATIONS ANALYSIS 

  N 
Pearson 

Correlation 
Sig. 

Pair 

1 

Ensuring food security for family before irrigation scheme & Ensuring food security for 

family after irrigation scheme 
98 .845 .000 

Pair 

2 

Ability to pay efficiently clothes to the whole family before irrigation scheme & Ability to 

pay efficiently clothes to the whole family after irrigation scheme 
98 .777 .000 

Pair 

3 

Paying health insurance before irrigation scheme & Paying health insurance after irrigation 

scheme 
98 . . 

Pair 

4 

Paying school fees of children before irrigation scheme & Paying school fees of children 

after irrigation scheme 
98 .436 .000 

Pair 

5 

Expanding my cropland and/or buying fertilizers before irrigation scheme & Expanding my 

cropland and/or buying fertilizers after irrigation scheme 
98 .494 .000 

Pair 

6 

Ability to construct/rehabilitate my residential house before irrigation scheme & Ability to 

construct/rehabilitate my residential house after irrigation scheme 
98 .786 .000 

Pair 

7 

Regular employment before irrigation scheme & Regular employment after irrigation 

scheme 
98 .506 .000 

Pair 

8 

Buying household assets before irrigation scheme & Buying household assets after 

irrigation scheme 
98 .604 .000 

Pair 

9 
Transport means before irrigation scheme & Transport means after irrigation scheme 98 .880 .000 

Pair 

10 

Access to bank credits before irrigation scheme & Access to bank credits after irrigation 

scheme 
98 .832 .000 

Pair 
11 

Expanding to other business (Transport, shop, services, etc) before irrigation scheme & 
Expanding to other business (Transport, shop, services, etc) after irrigation scheme 

98 .573 .000 

Pair 

12 

Monthly income (in Frw) before irrigation scheme & Monthly income (in Frw) after 

irrigation scheme 
98 .950 .000 

 

Based on the results indicated in Table 3, we say that the reclamation of Rwinkwavu marshland and development of 

irrigation system that improved agricultural practices is positively correlated with situation after which indicate the 

improvement of community‟s livelihood if we look at the Pearson correlation values that are between 0,777 and 0,95 on the 

major factors indicating improvement of livelihood. In fact, when the Pearson correlation is statistically significant (p-value 

less than alpha) that is to say that the situation before was described by lowest categories of Likert scale (impossible, very 

low level, low level, moderate) while the situation after is described by highest categories of Likert scale (high level, very 

high level). This is an indicator of a very good improvement. Therefore, Rwinkwavu marshland has significantly contributed 

to community livelihoods improvement. 
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3.2.3 The extent Contribution of Rwinkwavu marshland rice irrigation scheme 

TABLE 4 

COMMUNITY’S PERCEPTION ON THE SIGNIFICANCE CONTRIBUTION TO LIVELIHOODS 

 Moderate significance High significance Very high significance 

To beneficiaries’ improvement 

of social relations 
6.1% 28.6% 65.3% 

To beneficiaries’ general 

livelihood improvement 
11.2% 74.5% 14.3% 

 

The contribution of Rwinkwavu marshland rice irrigation scheme on community livelihood improvement is qualified to be at 

a high level and is due to the good production of rice after irrigation practice as indicated by figure the respondents „views in 

Table 4 where the researcher during the field trips in the study area has realised a very high production as well as a good 

organization of production market without forgetting a well-managed rice production value chain in place. According to the 

information collected from field, the enhancement of social relations is due to a number of factors such as collective rice 

harvesting system, farmers working in cooperatives, grouping farmers in zones and forming micro socio-economic solidarity 

funds (ibimina) among others which all gather farmers together in their daily activities related to the rice production in the 

marshland compared to the activities before marshland reclamation which were undertaken on individual scale.  

IV. CONCLUSION 

In conclusion, the present study has revealed that Rwinkwavu marshland has completely changed in terms of land use and 

cover as a result of its reclamation and development of irrigation scheme that allowed the shift from traditional practices like 

multivariate crops cultivation, grazing and exploitation for usual natural ecosystem services to strategic management of the 

marshland and technology based practices for rice growing. The positive impacts from the marshland‟s reclamation are not 

only proven by the high production found on stores of farmer‟s cooperatives during and after the harvest period, but also by 

the improvement of the socio-economic status of the community as indicated by the statistical analysis performed during this 

study which indicate a high positive correlation between the shift to modern agriculture in the marshland with the 

improvement of the livelihoods. However, this study covered only one marshland among many that have undergone 

reclamation, and this called for further researches in other areas in order to gather sufficient data that can allow to compare 

the benefits from reclamation such natural resources with the naturally offered ecosystem services. 
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Abstract— Soil fertility decline and high prices of inorganic fertilizers are among the major bottlenecks for sustainable 

crop production and agricultural productivity particularly for small holder farmers. Considering these issues this study was 

conducted at Sinana Agricultural Research Centre, on - station to evaluate worm collected from different sites and 

characterizations of vermicompost nutrient content made from different feed sources. Trials house or vermiculture was 

constructed on 15 m x 13 m land size having six worm bins in the house in which single worm bin 9 m2 area. Inside worm bin 

were covered using plastic geo-membranes to make safe for earthworms while on the top and partially, the body of house 

coverd by corrugated iron sheet in order protect from rain, flying predators and mesh wire for aeration purpose was used. 

The earthworm collection conducted contains two parts. The first part was locally collected from Sinana and Dinsho 

Districts from moist cool, around dead leaves (straw), moist bark dead trees leaves and farm yard manure stored for a long 

period of time at home garden. The second part was the red worm (Eisenia fetida) taken from Ambo Agricultural Research 

Center. Crop residue of field pea, faba bean, wheat and barley after chopped both using grinding machine and manually 

mixed with farm yard manure were used both for vermicompost and conventional compost. The major chemical properties 

such as pH, EC, OC, TN, available P, CEC, exchangeable bases (Ca, Mg, K and Na) and micronutrients (Fe, Mn, Cu and 

Zn) were conducted using standard laboratory procedures. Results for nutrient content characterizations indicated that 6.93 

to7.83; 0.003 to 0.007 ds/m ; 12.97 to 28.82%; 1.42 to 4.68%; 6.16 to 9.76%; 25.31 to 89.89 mg/kg and 33.23 to 65.43 

cmol+/kg for pH; Ec; OC; TN; C:N; Av.P and CEC; respectively were obtained. Both exchangeable bases and 

micronutrients also follows similar trend for major essential plant nutrients in which relatively highest value obtained from 

vermicompost made using Eisenia Fetida while the lowest values obtained from conventional compost. It can be concluded 

that high vermicompost quality in terms of nutrient containing such as nitrogen, phosphorus, potassium, exchangeable bases 

and micro nutrients was produced from the mixture of field pea, faba bean, wheat and barley straw or residue using red 

earthworms (Eisenia foetida) than locally collected worm species and conventional compost. It should be recommended that 

multiplication, demonstration of Vermiculture and vermicompost produced using Eisenia fetid and integrated use with 

inorganic fertilizer is need in Sinana and similar agro - ecology. 

Keywords— Eisenia Fetida, Vermicompost, Conventional compost, Nutrient quality. 

I. INTRODUCTION 

In different parts of the world currently agriculture parcties characterized by excessive inputs of chemical fertilizers, 

pesticides, and herbicides, while the insufficient application of organic fertilizers (Gill and Garg, 2014). These excess uses of 

chemical fertilizers and pesticides have resulted in numerous negative effects on the environment, including water, 
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degradation of soil quality and losses of agricultural biodiversity. Vermicomposting is an eco biotechnological process that 

transforms energy rich and complex organic substances into stabilized humus like product vermicompost having an 

environmentally sound and economically viable technology particularly for the farming community (ThiruneelaKandan and 

Subbulakshmi, 2015). Vermicompost one of the enriched with critical nutrients such as Nitrogen, phosphorus, and potassium 

as well as high concentrations of highly decomposed organic matter that serve as resource for improving soil fertility and 

crop productivity. 

Vermicompost has many advantages over traditional compost in terms of its physical structure, nutritional content and 

biochemical value due to the higher mineralization and humification rate through the vermicompost process (Lim et al., 

2014). Earthworms play important roles in soil formation and fertility, functioning as an element of a food web and also 

responsible for altering dynamics of the ecosystem through the maintenance and modification. The study of earthworms was 

started by Charles Darwin who made the first report on the role of earthworms in the breakdown of organic matter in the 

ecosystem (Lowe et al., 2014). Preparations of vermicompost technology utilizing earthworms, most frequently from the 

genus Eisenia fetida is plays an essential role in decomposing of organic matter and agro-wastes which supports as 

improving soil fertility, efficient natural recycling and enhanced plants’ growth particularly economically, affordable for 

small holder farmers (Tajbakhsh et al.,2011; Bhat et al.,2017 and Kovacik et al.,2018).  

The earthworms have different effects on the decomposition of organic matter, surface area and its quality. The mature and 

quality of vermicompost is important to predict its potential impact on soil fertility which depends on knowledge of the 

microbial structure and functions. Vermicompost is one excellent product technology used as plant growth hormones, higher 

level of enzymes, greater microbial population and tend to hold more nutrients over a longer period without adversely 

impacting the environment (Mustafa et al., 2019 and Moustafa et al., 2020). 

In different areas of the world commonly traditional management practice of post harvest residues rather than incorporation 

into the soil or uses as sources organic inputs subjected to elimination by open air burning leads to release of green house 

gases (ThiruneelaKandan and Subbulakshmi, 2015). According to Sartaj et al (2016) mixing cow dung crop residues helping 

to improve their acceptability by Eisenia fetida and improved physicochemical characteristics of produced vermicompost. In 

this study in addition to worm collection and evaluate the adaptability determining vermicompost quality produced from 

mixed farmyard manure with crop residues such as wheat, barley, faba bean and field pea straw or residue curtail role.  

The decomposition rate of vermicompost decomposition rate than conventional compost due to transformation of organic 

materials takes place through earthworm gut where the end materials contain high microbial activities, rich in nutrient 

contents, plant growth regulator (Fabio, 2012) In Bale Zone particularly on the highland crop residues such as wheat, barley, 

faba bean, field pea are the major easily accessible residues mostly the farmers were burn on the field. However, soil fertility 

declines as results of nutrient leaching, loss through soil erosion, due to limited inputs of both organic and inorganic fertilizer 

sources major problems for sustainable crop productions and agricultural productivity. 

Therefore, mixed use of these locally available resources with farm yard manure have curtail role to improve crop 

productions and agricultural productivity in sustainable ways. Among this vermicompost is environmentally sound full and 

economically, affordable particularly for small holder farmers. Based on this, the study was initiated with the specific 

objectives to collect the earthworm from different agro ecology; to evaluate the adaptation of earthworm collected from 

different agro ecology and to characterize the nutrient contents vermicompost produced by earthworms using different mixed 

feed sources. 

II. MATERIAL AND METHODS 

The study was conducted in Sinana District which is one of the Bale highlands Oromia Regional State, Southeastern 

Ethiopia. This District is bordered by Goro District in the east, Dinsho District in west, Agarfa and Gassera in the north and 

northeast and Goba District. Sinana Agricultural Research Center is located about 493 km from the capital city of Addis 

Ababa. Geographically, Sinana Agricultural Research Center is located at 7o 4' 10" to 7o 9' 10" N and 40o 12' 40" to 40o 16' 40" 

E (Figure 1). 



International Journal of Environmental & Agriculture Research (IJOEAR)           ISSN:[2454-1850]          [Vol-8, Issue-2, February- 2022] 

Page | 11  

 

FIGURE 1: Map of the study site 

2.1 Worm Shade construction and Establishment of Vermiculture 

Trials house or vermiculture was constructed on 15 m x 13 m land size. In the house three worm worm bin in two 

replications were constructed from concrete cement in rectangle form at 60 cm depth having area 3 m x 3 m (9 m2) for each 

worm bin. Window or hole was developed at common sides for each box to make suitable horizontal vermicompost harvest 

method (figure 2). Inside worm bin were covered using plastic geo-membranes to make safe for earthworms. Partially, the 

house was covered by Corrugated iron sheet in order to protect rain, flying predators those attack worms and mesh wire was 

used for aeration purpose (figure 2). 

  
Figure 2. Trail house for vermicompost and Vermiculture establishment at Sinana on- Stations 
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2.2 Feeds or substrates preparations and Earthworm Collection 

The major locally easy available crop residues wheat, barley, faba bean and field pea straw or residue and farmyard manure 

were used in mixed ratio as a feed sources for vermicompost produced. The substrates or crop residue were chopped using 

grinding machine and manually then finally mixed with decomposed farmyard manure in a ration of 2 (field pea):2 (faba 

bean):1 (wheat straw):1 (barley straw) and 2 (farm yard manure) in a total of 8 kg mixed for each worms and one control 

(without worm or conventional compost)were used. Using water cane water was added to maintain optimum moisture for 

worms as it needed and facilitated decompositions as suitable for worms. Feed sources and water were measured and 

uniformly added to worm bin box (5 kg) for each was used. The vermicompost produced was started by uniformly released 

50 worms independently according to their collections into the feed sources (Table 1) while the conventional compost 

contains only the mixtures of all feeds sources without any worms and the other managements were uniform for all.  

The earthworm collection conducted contains two parts, one was the locally collected from Sinana and Dinsho Districts. 

After field survey on the availability and identification suitable area for earthworm the local worm collection were done from 

moist cool, around dead leaves (straw), moist bark dead trees leaves and farm yard manure stored for a long period of time at 

home garden. The second part was the red worm (Eisenia fetida) taken from Ambo Agricultural Research Center. After 40th 

day the numbers of earthworms were taken data obtained indicated a significant variation among worm types collected 

(Table 1). 

TABLE 1 

TREATMENTS, FEED COMBINATION AND DATA COLLECTED ON EARTH WORM ADAPTATION 

No. Bin Worm Types IW WPB 
AWL 

(cm) 

FPS FBS FYM WS BS TFPB 

Kg 

1 Eisenia fetida 50 616.00 3.00 2.00 2.00 2.00 1.00 1.00 8 

2 Eisenia fetida 50 740.00 3.00 2.00 2.00 2.00 1.00 1.00 8 

3 Dinsho Worm 50 269.00 2.30 2.00 2.00 2.00 1.00 1.00 8 

4 Dinsho Worm 50 186.00 2.40 2.00 2.00 2.00 1.00 1.00 8 

5 Sinana Worm 50 25.00 2.00 2.00 2.00 2.00 1.00 1.00 8 

6 Sinana Worm 50 71.00 2.30 2.00 2.00 2.00 1.00 1.00 8 

Where: IW = initial worm; WPB = worm per bin; AWL= Average Worm Length; FBS = field pea straw; FBS = Faba 

bean straw; FYM = Farm Yard Manure; WS=Wheat Straw; BS = barely straw; TFPB = total feeds per bin 

2.3 Vermicompost Harvesting and Laboratory Analysis 

At the end of experiment, a total number of parent earthworms and newly hatched earthworms were recorded. The 

Vermicompost in the containers were then harvested and sieved (2mm) to remove earthworms and un decomposed 

materials. The harvested homogeneous vermin-compost was then stored separately and finally the vermin- compost 

quality was analyses at Sinana agricultural research center soil laboratory and at Haramaya university soil chemistry 

laboratory. 

The pH and EC of both vermicompost and conventional compost was measured in the supernatant suspension of a 1:2.5 soil 

to water ratio using a pH meter and electrical conductivity; respectively (Rhoades, 1982). Walkley and Black (1934) used for 

the determination of organic carbon. Total nitrogen was determined using the Kjeldahl method as described by Bremner and 

Mulvaney (1982). Available P was determined following the Olsen method (Olsen, 1954) using ascorbic acid as reducing 

agent.  

Total exchangeable bases (Ca2+, Mg2+, K+ and Na+) were conducted for Ca2+ and Mg2+ were determined by atomic absorption 

spectrometry (AAS) while K+ and Na+ were determined by flame photometer (Okalebo et al., 2002). Cation exchange 

capacity (CEC) was determined using (Chapman, 1965). Percent base saturation (PBS) was calculated as follows; 

𝑃𝐵𝑆  % =  
𝐶𝑎+2 + 𝑀𝑔+2 + 𝐾+ + 𝑁𝑎+

𝐶𝐸𝐶
× 100  
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The available micronutrients (Fe, Mn, Cu and Zn) were extracted by diethylenetriaminepenta acetic acid (DTPA). Finally, 

their contents were quantified using AAS at their wave lengths as described by (Lindsay and Norvell, 1978). 

III. RESULT AND DISCUSSION 

3.1 Selected chemical properties of Vermicompost and conventional compost 

3.1.1 The pH and Electrical Conductivity  

As the laboratory analysis result revealed that the highest (7.83) and the lowest (6.93) pH value was recorded for 

vermicompost and conventional compost; respectively (Table 2). According to Santamaria et al (2001), the pH values of all 

type of vermicompost are found in suitable range for survival of earthworms since pH value greater than 8.5 is harmful to 

microorganism. This finding agreement with finding of Jouquet et al (2013) who stated that the values of pH was ranged 

from 6.8-8.41 for vermicompost. Additionally, Derib et al (2017) reported that, the pH of vermicompost suitable as 

compared to conventional compost. Electrical conductivity (Ec) values were not significant variation in which totally it 

ranges from 0.003 to 0.007 ds/m (Table 2). According to Santamaria et al (2001), EC values of both conventional and 

vermicompost were free from salinity. The current values of EC obtained both from vermicompost and conventional compost 

made from mixed materials are suitable for earthworm feeds sources, survival for earthworms and applicable for crop 

production. Similarly, Tadele et al (2020) also obtained suitable range of vermicompost EC values for both earthworm and 

crop production.  

3.1.2 Organic carbon and total nitrogen  

The mean value organic carbon varied from 12.97 to 28.82% in which the highest mean value were obtained vermicompost 

prepared from Eisenia Fetida while the lowest from conventional Compost (Table 2). Different authors Eyasu et al (2015); 

Hiranmai et al (2016) and Derib et al (2017) also found the higher percentage of organic carbon for vermicompost prepared 

using Eisenia Fetida as compared to conventional compost. The values of total nitrogen in this study ranged from 1.42 to 

4.68% in which the highest mean value were obtained vermicompost prepared from Eisenia Fetida while the lowest from 

conventional Compost (Table 2). This might be due to the high nitrification rate in which ammonium ions are converted into 

nitrates in case of vermicompost produced using Eisenia Fetida. This result line with the finding of Ibrahim et al (2013) and 

Tadele et al., (2020) who stated that Total nitrogen content in vermicompost can range quite widely from 0.1% to 4% or 

more and 3.04 to 4.26%; respectively. 

3.2 Carbon to Nitrogen Ratio and Available Phosphors  

3.2.1 Carbon to Nitrogen Ratio (C: N)  

The calculated carbon to nitrogen ratio (C: N) varied from 6.16 to 9.76% (Table 2). As the result indicates that the lowest 

(6.16%) was registered under vermicompost prepared using Eisenia Fetida whiles the highest (9.76) from worm collected 

from (Table 2). The C: N ratio values for worm collected from locally and that of conventional compost almost no significant 

variation in which all values greater than C:N ratio of vermicompost prepared using Eisenia Fetida. This result confirmed 

with different authors Kalantari et al (2009); Hiranmai et al (2016) and Derib et al (2017) who stated that vermicompost had 

lowest C: N ratio as compared to conventional compost. 

3.2.2 Available Phosphorus  

The laboratory analyzed for available phosphorus (Av. P) shows that highest (89.89 mg/kg) while the lowest value of (25.31 

mg/kg) values was recorded under vermicompost prepared using Eisenia Fetida and conventional compost; respectively 

(Table 2). This might be due to hormone releases of Eisenia Fetida that improve decomposition rate and full decomposition 

materials used that increased the content of phosphorus in the vermicompost. Similar, Zarei et al (2011) and Jayanta et al 

(2015) reported the highest available phosphorus contents in vermicompost. The results of current study revealed that a 

significant variation among locally collected worms, conventional compost and vermicompost prepared using Eisenia Fetida. 
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Muzafer and Pinky (2017) also reported available phosphorus content in vermicompost which depend on the types of 

earthworm’s and feed materials used. 

TABLE 2 

NUTRIENT CONTENTS OF VERMICOMPOST AND CONVENTIONAL COMPOST FOR SELECTED CHEMICAL 

PARAMETERS AT SINANA 

Treatments PH-H2O 
EC 

(ds/m) 

OC TN 
C:N 

Ava. P 

(mg/Kg) % 

Sinana Worms 7.3 0.005 18.83 1.93 9.76 43.29 

Eisenia Fetida 7.83 0.007 28.82 4.68 6.16 89.89 

Dinsho Worms 7.35 0.005 20.19 2.14 9.43 56.27 

Conventional Compost 6.93 0.003 12.97 1.42 9.13 25.31 

 

3.3 Cation exchangeable capacity and Exchangeable bases  

3.3.1 Cation exchangeable capacity 

Cation exchangeable capacity (CEC) values of vermicompost prepared using different earthworm species and that of 

conventional compost using different mixed feed sources were varied from 33.23 to 65.43 cmol+/kg (Table 3). As the results 

revealed that the highest (65.43 cmol+/kg) and the lowest (33.23 cmol+/kg) were obtained from vermicompost prepared using 

Eisenia Fetida and conventional compost; respectively. This might be due to vermicompost made using Eisenia Fetida high 

nutrient rich particularly due to high organic carbon content, better mineralization and full decompositions of substrates. This 

result was garment with the finding of Tadele et al. (2020) who reported that CEC in vermicompost ranges from 57- 68.70 

mg/kg for vermicompost made from different substrates. 

3.3.2 Exchangeable bases (Ca, Mg, K and Na)  

The analyzed result showed that the values for exchangeable bases (Ca, Mg, K and Na) were varied from 22 to 34.77 

cmol+/kg, 0.31 to 1.40 cmol+/kg, 0.99 to 2.25 cmol+/kg and 0.35 to 0.55 cmol+/kg for Ca, Mg, K and Na; respectively (Table 

3). In all exchangeable bases (Ca, Mg, K and Na) values the highest were obtained from vermicompost made using Eisenia 

Fetida while the lowest was obtained from conventional compost. In general, the vermicompost obtained using Eisenia 

Fetida using mixed farm yard manure and other straw were rich in exchangeable cations than conventional compost. The 

result agreement with the findings of Amir and Fouzia (2011) reported that the exchangeable bases (Ca, Ma and K) were 

significantly increased in vermicompost as compared to pit compost. The calculated percent base saturations (PBS) valued 

was varied from 59.16 to 71.17 %  in which the highest value was obtained from conventional compost while the lowest was 

from vermicompost made using Eisenia Fetida (red worms). The lowest PBS for vermicompost made using Eisenia Fetida 

might be due to the highest CEC contents as compared to vermicompost made using local earthworm and conventional 

compost. 

TABLE 3 

CATION EXCHANGEABLE CAPACITY AND EXCHANGEABLE BASES STATUS OF VERMICOMPOST AND 

CONVERSIONAL COMPOST AT SINANA  

Treatments 
CEC 

Exchangeable base 
PBS 

Ca Mg K Na 

cmol+/kg % 

Sinana Worms 46.67 28.29 0.68 1.99 0.42 67.80 

Eisenia Fetida 65.43 34.77 1.40 2.25 0.55 59.16 

Dinsho Worms 45.44 29.71 0.73 1.23 0.42 70.62 

Conventional Compost 33.23 22.00 0.31 0.99 0.35 71.17 
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IV. MICRO NUTRIENTS CONTENTS  

The analyzed result for Micro nutrients contents ranges 0.80 to 0.71, 1.20 to 1.48, 1.40 to 1.89, and 0.04 to 3.18 for Fe, Mn, 

Cu and Zn; respectively (Table 4). The highest Zn values was obtained from vermicompost made using Eisenia Fetida. 

Similarly, Rajiv et al (2010) found the highest Zn contents in vermicompost. As the results revealed that vermicompost have 

better micro nutrients contents than conventional compost for the study conducted using different worms and different mixed 

feed sources.  

TABLE 4 

AVAILABLE MICRO NUTRIENTS STATUS OF VERMICOMPOST AND CONVERSIONAL COMPOST AT SINANA 

Treatments 
Micro nutrients 

Fe Mn Cu Zn 

 mg/kg 

Sinana Worms 0.72 1.48 1.65 2.25 

Eisenia Fetida 0.72 1.48 1.89 3.18 

Dinsho Worms 0.80 1.16 1.64 0.08 

Conventional Compost 0.71 1.20 1.40 0.04 

 

V. SUMMARY AND CONCLUSION 

The quantity and characteristics of most chemical properties such CEC, NT, Av. P, K, Zn and the like depends on the types 

of earth warms spices (locally collected or the world wide adapted Eisenia fetid) and types of compost ( vermicompost or 

conventional compost). High vermicompost quality in terms of nutrient containing such as nitrogen, phosphorus, potassium, 

exchangeable bases and micro nutrients was produced from the mixture of field pea, faba bean, wheat and barley straw or 

residue using red earthworms (Eisenia foetida) than locally collected worm species and conventional compost. It should be 

recommended further multiplication of Eisenia fetid and demonstration of Vermiculture in Sinana and similar agro - ecology. 

Farther study should be recommended on vermicompost equivalence with inorganic fertilizers to use this technology in 

integrated ways for crop productions. 
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Abstract— The study explores the effect of Fadama III project on food security in terms of: availability, affordability, 

accessibility and nutritional quality in Abuja. Primary data were used. The data were collected using questionnaires 

administered to 360 beneficiaries in the selected communities using multi-stage sampling method. The data were analyzed 

using descriptive statistics, a three and four- point likert scale and correlation model. The selected Fadama areas include: 

Gwagwalada, Abaji, Amac and, Bwari. The results of the socio-economic characteristics showed that the beneficiaries were 

mainly male with 69%, married with 82% and relatively old with a mean score of 51 years. The result showed that the 

beneficiaries had a large size of household with a mean score of five persons, with crop production as the major agricultural 

production carried out by the beneficiaries (53.1%) and followed by livestock farmers (17.5%). About 92.2% of the 

beneficiaries had formal education. The results of the effectiveness of Fadama III project on food security shows that the 

project moderately affected the beneficiaries’ food security which increased the level of food availability and increased the 

use of agro-input which all ranked first. The result also reveals that lack of government support (ranked 1st) and availability 

of resource (ranked 2nd) were the institutional factors that affected the effectiveness of the Fadama III project. However, it is 

recommended that feeder roads be constructed in the study areas in other to make food more accessible and affordable, 

more young farmers should be encouraged by agricultural extension agents to participate in agricultural development 

projects and monitoring and evaluation system should be put in place in other to ensure the effectiveness of the projects. 

Keywords— Fadama, food security, availability, affordability, accessibility. 

I. INTRODUCTION 

Food security, according to Neill (2010), is a multi-dimensional phenomenon. National and international political action 

seems to require the identification of simple deficits that can be the basis for setting of targets, thus necessitating the adoption 

of single, simplistic indicators for policy analysis. Something like the “State of global food insecurity” analysis has to be 

undertaken. Since food insecurity is about risks and uncertainty, the formal analysis should include both chronic sub-

nutrition and transitory, acute insecurity that reflects economic and food system volatility. Such formal exploration is 

usefully complemented by multi-criteria analysis (MCA) of food security. Similarly, Community Food Security has been 

defined as follows: Community food security exists when all citizens obtain a safe, personally acceptable, nutritious diet 

through a sustainable food system that maximizes healthy choices, community self-reliance and equal access for everyone."  

Cook and Frank (2008), also defined food security as an optimal physical, cognitive, and emotional development and 

function in humans requires access to food of adequate quantity and quality at all stages of the lifespan. Sustainable food 

security has been defined in various ways by different scholars. According to FAO (2013), food security is access to the food 

needed by all people to enable them live a healthy life at all times. A country is said to be food secured when there is access 

to food of acceptable quantity and quality consistent with decent existence at all times for the majority of the population 

(Idachaba, 2004). This means that food must be available to the people so as to meet the basic nutritional standard needed by 

the body. But it should be noted that availability of food does not mean accessibility to food. Availability depends on 

production, consumer prices, information flows and the market dynamics. Food security is determined by various socio-

economic, natural and political factors. These factors include income, education, age, availability of infrastructure, 
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availability of extension services, government policies on trade, and agricultural land area under cultivation, availability of 

Agro-inputs and social safety net (FAO, 2013). 

In Nigeria, determinants of food security are stability of access, household economic status, household income variability, 

quality of household human capital, degree of producer and consumer price variability, food storage and inventory, 

household size, and access to social capital (Amaza et al, 2007; Oni et al, 2011). Food security has also been found to be 

both temporal and spatial in nature (Anderson, 2009; Ayantoye et al, 2011). World Bank (1986), defined sustainable food 

security as an access to enough food for an active, healthy life at present as well as ability to provide enough in the future. 

Furthermore, Abudullahi (2008), defined sustainable food security as when people have physical and economic access to 

sufficient food to meet their dietary needs for a productive healthy life at present as well as in the future. This definition 

outlines some indices for measuring the extent or degree of food security to be achieved by any country and the indices are 

adequate national food supply, nutritional content, accessibility, affordability and environmental protection. Absence of food 

security is food insecurity; food insecurity on the other hand represents lack of access to enough food and can either be 

chronic or temporary. Adeoti (1989) opine that chronic food insecurity arises from lack of resources to acquire and produce 

food thereby leading to persistent inadequate diet. FAO (2013) refers to food insecurity as the consequences of inadequate 

consumption of nutritious food bearing in mind that the physiological use of food is within the domain of nutrition and 

health. When individuals cannot provide enough food for their families, it leads to hunger and poor health. Poor health 

reduces one’s ability to work and live a productive healthy life. Poor human development destabilizes a country’s potential 

for economic development for generations to come (Otaha, 2013).  

FAO (2013), explains that the core determinants of food security are availability, accessibility, utilization and stability. 

Food Availability: Availability of food plays a conspicuous role in food security. Having enough food in a nation is 

necessary but not adequate to ensure that people have satisfactory access to food. Over the years, population has increased 

faster than the supply of food thus resulting in food unavailability per person. 

Food Accessibility: The ability to have access to food depends on two major conditions; Economic access and physical 

access. Economic access depends on one’s income, the price of food and the purchasing power of the people. Physical access 

depends on the availability and quality of infrastructure needed for the production and distribution of food. Lack of economic 

access to food is as a result of the increase in the rate of poverty. 

Food Utilization: Food utilization is measured by two outcomes indicators which reflect the impact of inadequate food 

intake and utilization. The first outcome is measured by under-five years of age nutrition level while second measurement is 

quality of food, health and hygiene. 

According to FAO (2013), measuring the nutritional status of under-five years of age is an effective approximation for the 

entire population. The indicators for the measurement of under-five years of age are wasting (too thin for height); 

underweight (too thin for age) and stunting (too short for age). Most times, progress in terms of having accessing to food is 

not always accompanied by progress in the utilization of the food. A more direct indicator of food utilization is underweight 

because it shows improvement more promptly than stunting and wasting whose improvement can take a longer time to be 

noticeable. Since 1990, the prevalence rates of under-five stunting and underweight have declined in some developing 

countries, while some countries still report a prevalence rate of 30% or more and World Health Organization categorizes this 

as being high (WHOUNICEF, 2011). 

Stability: Stability has to do with exposure to short-term risks which have a way of endangering long-term progress. Key 

indicators for exposure to risk include climate shocks such as droughts, erosion and volatility in the prices of inputs for food 

production. The world price shocks leads to domestic price instability which is a threat to domestic food producers as they 

stand the chance of losing invested capital. Nigerian farmers are mainly smallholders farming mainly for subsistence, this 

makes it difficult for them to cope with changes in the prices of inputs, and it also lowers their ability to adopt new 

technologies thereby resulting in reduced overall production. Changing weather patterns as a result of climate change have 

played a part in reducing food supply, for instance flood in the southern parts of the country and drought in the northern parts 

leads to substantial losses in production and income. The interplay of all these variables determines whether an individual, 

household, state or nation is food secured or not. This is because sustainable food security at the household level does not 

guarantee sustainable food security at the state or national level. Therefore, the purpose of this study is to examine the effect 

of Fadama III project on food security in terms of: availability, affordability, accessibility and nutritional quality of food in 

Abuja. 
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The specific objectives of this study are to: 

i) Describe the socio-economic characteristics of the Fadama III beneficiaries in Abuja; 

ii) Identify the Fadama III Projects available in the study area; 

iii) Assess the effectiveness of Fadama III Project on beneficiaries in the study area. 

II. MATERIALS AND METHODS  

The study was carried out in Abuja, Nigeria. It is the Federal Capital Territory of Nigeria. It was formed in 1976 from parts 

of the states of Nasarawa, Niger and Kogi. It is within the middle belt region of the country. It has an estimated population of 

2,440 200 (NPC, 2015). Abuja lies between latitude 9.072264 and longitude 7.491302 and also covers an area of 7,315km 

(latlog, 2018). In terms of vegetation, Abuja falls within the Guinean Forest Savannah Mosaic Zone of the West African Sub-

region. Patches of rain forest, however, occur in the Gwagwa plains, especially in the rugged terrain to the southeastern parts 

of the territory, where a landscape of gullies and rough terrain is found. The territory is currently made up of six area 

councils namely; Abaji, Abuja Muncipal, Gwagwalada, Kuje, Bwari, Kwali. The major occupation of people in the area 

includes; civil servants, farming, artisans, trading, teaching among others. Major crops cultivated by farmers in Abuja 

includes; maize, sorghum, rice, cassava, millet and miscellaneous crops such as; okra, pepper, and garden egg which are 

grown in large quantities. It has a population of 2,245,000 in 2010 (NPC, 2011). Abuja is one of the fastest growing urban 

settlements in the world that need adequate food to feed rapidly growing population. In recent time, the land available for 

farming has decreased drastically due to urbanization of the territory. There is need to increase or at least maintain the 

production of crops per unit land area on the remaining over-cropped lands so as to meet the increased demand for food 

given the rapid population increase. 

2.1 Sampling Techniques and Sample Size 

For the purpose of the study, multi-stage random sampling and a combination of purposive and random sampling techniques 

were used in selecting the sample size for the study. Abuja is made up of six Area Councils; Abuja Municipal, Gwagwalada, 

Abaji, Kuje, Bwari and Kwali, which represented the first stage. In the second stage, four councils were purposively selected 

from the six councils because of the Fadama Community Associations (FCA), Fadama User Groups, presence of Fadama III 

Projects and high number of beneficiaries in those areas which are Abaji, Gwagwalada, AMAC and Bwari. In the third stage, 

three Fadama communities were randomly selected from each of the four councils making it a total of twelve Fadama 

communities that were studied. In the fourth stage five Fadama User Groups were selected randomly from each Fadama 

community making it a total of sixty user groups that were studied. In the fifth stage, 10 farmers were randomly selected 

from each of the sixty Fadama User Groups to give a population of 600 farmers and in the final stage, 6 farmers 

representatives were randomly selected from each of the 60 User Groups to give a sample size of 360 for the study.  

2.2 Data Collection 

The research instruments used for the study include; structured questionnaire, interview schedule and personal observation. 

The content of the instruments used for the study were validated. The prepared questionnaire was given to the project 

supervisors and some research experts, who validated the content to ensure that the validity of the instruments is not 

questioned. After the content was validated, 10% of the questionnaire was administered to group of farmers outside the study 

area as a pilot test. The questions not answered by the respondents used for the pre-testing were assumed as ambiguous, 

complex and misunderstood, thus modified and re-structured. The structured questionnaire was used to collect information 

from the target groups having established its validity. 

Primary and secondary data were collected by the researcher herself with the help of three enumerators who were properly 

trained on the objectives of the study. The data were collected with the aid of structured questionnaire and interview schedule 

based on the objectives of the study. The structured questionnaires were used to collect data from literate respondents while 

the interview schedules were used to collect data from less literate respondents. Occasional visits were made to the areas 

covered by the enumerators to ensure that the work was done in line with the objectives of the study. The data collection 

lasted for eight weeks. 

2.3 Data Analysis 

Descriptive statistics such as frequency distribution, means, percentages, weighed mean score and ranking was used to 

analyze objective one. 3 point likert-type scale was used to measure objective two and three. 4 point likert-type scale was 

used to measure objectives four, while analytical tool such as logistic regression and 4 point likert-type scale was used to 
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measure objective five. The hypothesized relationship was analyzed using correlation for both hypothesis H1 and H2. The 

Data generated from the field were analyzed using Statistical Package for Social Science (SPSS) as described by Adekoya 

and Ogunfitimi (2004). Also, descriptive statistics (frequencies, percentages, means, weighed means and Ranking) and 4 

point Likert-type scale. 

III. RESULTS AND DISCUSSION 

3.1 Distribution of Respondents According to Socio-economic characteristics 

3.1.1 Gender 

Figure 1 presents the results on Gender of respondents in the study area. The result revealed that 31.1% were female while 

68.9% were male. This finding indicates that both genders were well represented in the survey. Although women 

participation in the Fadama III project as seen is low, which is in line with the findings from Muhammah, Umar, Abunakar 

and Abdullahid (2011) that both gender benefited from Fadama III projects in Abuja. Inferences from this study would 

therefore be gender friendly. 

 
FIGURE 1: Pie chart showing the gender of the respondents 

Source: Computed from field data, 2019 

3.1.2 Marital status 

Result on Figure 2, shows that majority (82.8%) of the respondents were married, 7.8% and 6.4% were divorced and 

widowed respectively, while only 1.7% and 1.4% were single and separated respectively. In the traditional African society 

high value is attached to marriage relationships especially when individual are matured. Therefore, marriage responsibilities 

prompt commitments among the Fadama farmers in their farm productions. This is in line with the findings of Kaloi, 

Tayebwa, and Bashaasha (2005), that marital status and food security had positive relationship in Uganda and Ethiopia 

respectively. 

 

FIGURE 2: Pie chart showing the Marital Status of the respondents 
Source: Computed from field data, 2019 



International Journal of Environmental & Agriculture Research (IJOEAR)           ISSN:[2454-1850]          [Vol-8, Issue-2, February- 2022] 

Page | 21  

3.1.3 Age 

Figure 3 revealed that the mean age of the respondents was found as 51.2. This shows that the Fadama III project 

beneficiaries in the study area were old enough to take full responsibility of the project funding and also had better control 

and maintenance of the projects. The result is also in line with Muhammah, Umar, Abunakar and Abdullahid (2011), findings 

which revealed that 54.7% of the respondents were between the age brackets of 45-59 years. Therefore, the results suggest 

that a good proportion of the youths and elderly benefitted from the Fadama III project. 

 

FIGURE 3: Bar chart showing the Age of the respondents 
Source: Computed from field data, 2019 

3.1.4 Educational Qualification 

Figure 4 shows that less than half 48.3% of the respondents had primary school leaving certificates, 34.7% had secondary 

school certificates, and 5.3% had HND/B.Sc certificates, 3.9% had OND/NCE while 7.8% had no formal education. This 

implies that most (92.2%) of the respondents had varying degrees of formal education which should have significant effect 

on their food access and household food security status. This is in line with Aidoo et al. (2013) who found 42% of sampled 

farmers in Ghana as having junior high school/middle school qualification as contrary to the 73% of sampled farmers in 

Niger state that had no formal education (Zakari et al., 2014). 

 

FIGURE 4: Bar chart showing the Educational qualification of the respondents 
Source: Computed from field data, 2019 
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3.1.5 Household size 

As revealed in Figure 5, the mean household size was found as 5 persons. Agbo et al. (2015) and Ndegwa (2016) found the 

mean household size of farm families as 6 and 5 persons Nigeria and Kenya respectively. This implies that the Fadama III 

project beneficiaries had more farm power to help increase their farm production, which will also lead to food security. 

 
Mean = 5 persons 

FIGURE 5: Pie chart showing the Household size of the respondents 
Source: Computed from field data, 2019 

3.1.6 Income per annum 

Table 1 shows the distribution of the farmers based on their annual income. The result reveals that majority (60%) of the 

respondents earned between ₦300,000 – ₦499,999. This is preceded by more than one third 35.0% of the respondents who 

earned between ₦100,000 – 299,999 while only 5% of the respondents earned ₦500,000 and above. The mean annual 

income earned was ₦338,522.2. This amount is considerably appreciable when compared with what is obtainable in other 

farming households within and outside Nigeria. Therefore, the farmers are expected to enjoy a reasonable standard of living. 

This may be attributed to their multiple sources of livelihood from on-farm and off-farm and also due to the Fadama III 

projects intervention. Ndegwa (2016) found the total annual income of sampled farm families in Kenya as 47,292K/Sh. This 

counters the study of Nesamvuni (2014), who found that rural households in South Africa had low income and therefore have 

difficulty in purchasing safe food for their households. 

TABLE 1 

DISTRIBUTION OF RESPONDENTS BASED ON INCOME PER ANNUM 

Income/annum F % Mean 

100,000 - 299,999 126 35 

338522.2+91559.6 300,000 – 499,999 216 60 

500,000 and above 18 5 

Source: Computed from field data, 2019. 

3.1.7 Source of financial Assistance 

Figure 6 reveals that almost half (46%) of the farmers accessed financial assistance through co-operative societies, more than 

one third 32% received grants from government, 16% sort financial assistance from thrift/esusu/akawo organizations while 

only 5% and 1% had assistance from family and friends and loans from bank respectively. This implies that the farmers did 

not have enough farm credit which incapacitates their effort to expand their scope of farm operation. However, this may 

equally explain the reason farmers in the study area embraced fadama III project. 
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FIGURE 6: Pie chart showing the Source of financial assistance of the respondents 
Source: Computed from field data, 2019. 

3.2 FADAMA III Projects available in the study area 

Table 2 shows that ADP support and research was the most available FADAMA III project in the study area as it was ranked 

first (x̄ = 1.93), followed by free training (x̄ = 1.92). ADP plays a prominent role as it concerns agriculture throughout the 

country and also in the implementation of FADAMA III, partly through linking farmers with new agricultural innovations. 

ADP is equally responsible for the provision of public extension services to farmers, conveys farmers’ problems to research 

for solution to be proffered. They also help to provide technical support to farmers in form of trainings on sustainable and 

best farming practices which can go a long way in boosting agricultural production and thus enhancing the food security of 

farmers. 

Supply of agro-input was ranked 3rd (x̄ = 1.89) as the most available Fadama III project. Different range of agro-inputs such 

as seeds, fertilizers, insecticides, herbicides, etc. are crucial to agricultural production circle (Ogunlade et al., 2012), as 

successful agricultural production is highly dependent on them. Thus their availability to farmers under FADAMA III project 

was a plus. Construction of feeder roads (x̄ = 0.46) was the least available and completed project in the study area. This one 

way or the other contradicts the submission that the construction of feeder roads made food more accessible to people (World 

Bank, 2016). 

TABLE 2 

AVAILABILITY OF FADAMA III PROJECTS IN THE STUDY AREA (N=360) 

FADAMA projects Rank completed 
Available and 

Completed 

Available and 

Completed 

Not 

Available 
Mean 

ADP support and Research 93.3 6.1 0.6 1.93 1st 

Free training 93.6 4.4 1.9 1.92 2nd 

Supply of agro-input 91.1 6.9 1.9 1.89 3rd 

Asset acquisition 76.4 16.1 7.5 1.69 4th 

Construction of livestock Pen 65.3 29.4 5.3 1.6 5th 

Construction of fish pond 33.3 35.6 31.1 1.02 6th 

Construction of borehole 31.1 29.7 39.2 0.92 7th 

Supply of storage facilities 14.2 32.5 53.3 0.61 8th 

Construction of markets Stalls 10.6 30.6 58.9 0.52 9th 

Construction of feeder 7.5 30.6 61.9 0.46 10th 

Source: Computed from field data, 2019 
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3.2.1 Effectiveness of Fadama III project on Food Security 

Results of the effectiveness of Fadama III project on food security shows that the project increased the level of food 

availability (x̄ = 1.57). Food availability is quite important because food must be available before one can think of purchasing 

it. Food availability relates to the supply of food through production, distribution, and exchange (FAO, 2009). When food is 

available, that is when someone can be bothered about the nutrition quality of food , which was ranked 2nd (x̄ = 1.36). The 

result also shows that other food security variables expect food availability were moderately effective. This implies that the 

Fadama III projects had a moderate effect on food security. This calls for more effort on the part of the government to 

establish more projects centered on achieving food security. The concern over the nutritional quality of food was part of the 

primary objective of FADAMA III, which is partly in response to widespread under- nutrition and growing concern about the 

capacity of agriculture to meet future food needs. 

TABLE 3 

EFFECTIVENESS OF FADAMA III PROJECT ON BENEFICIARIES’ IN THE STUDY AREA (N=360) 

Food security variables Extremely Effective Highly Effective Moderately Effective Not Effective 

Availability of Food 10.6 36.1 53.3 0 

Nutritional quality of Food 1.1 35.3 62.2 1.4 

Accessibility of Food 0.0 24.7 73.9 1.4 

Affordability of food 0.0 20.3 78.1 1.7 

Source: computed from field data, 2019. 

IV. CONCLUSION 

The Fadam III project was established by government of Nigeria through the pool of worldbank loan. The project was 

targeted to improve the Agricultural production of Farmers. Food security is one of major elements of development and 

poverty alleviation and has been a goal of many international and national public organizations. It is in line with this that the 

study assessed the effects of Fadama III project on beneficiaries’ food security. 

From the findings of this study, it can be concluded that the beneficiaries of the Fadama III were predominantly males and 

married. Greater proportion of the beneficiaries had average household size of five persons beneficiaries earned between 

N300, 000.00 and N499, 999.00 per annum. The study revealed that ADP support and research was the most available 

Fadama III project in the study area. In terms of agricultural enterprise, most of the beneficiaries were crop farmers. The 

results of the effectiveness of Fadama III project on food security shows that the project has moderately increased the level of 

food availability. Therefore, Fadama III project moderately affected the farm income and also enhance the standard living of 

the beneficiaries, therefore more projects should be established in other to achieve food security. The study also made 

appropriate recommendations on how to improve Farmers productive effectiveness of Agricultural programmes in other to 

achieve food security in Nigeria. However, the result reveals that lack of government support and availability of resource are 

the most institutional factors that affected the effectiveness of the Fadama III project in the study area. 

RECOMMENDATIONS 

Based on the findings of this study, the followings recommendations were made in an attempt to improve the Fadama III 

project in the study area. 

The study revealed that the projects moderately affected the food security variables listed. Therefore, it recommends more 

effort by government agencies to establish more projects targeted at achieving food security in Nigeria.  

1. The study revealed that most projects were available and not completed, especially construction of feeder roads. 

Thus, it recommends that government should endeavour to create more social amenities such as accessible feeder 

roads and market in order to encourage farmers’ participation and to aid extension service. This will help to make 

food more accessible and affordable. 

2. The study revealed that the mean age of the beneficiaries were 51 years. It recommends that more youths be 

encouraged to participate in Agricultural Development Programmes, this will also help to achieve food security in 

Nigeria.  

3. Monitoring and evaluation of projects are very crucial to the success of the project. The study revealed that it was 

one of the institutional factors that affected the effectiveness of Fadama III projects. Therefore, it recommends that 
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effective monitoring and evaluation system be put in place, in other to achieve the aims and objectives of the 

project. Financial support could be granted to the farmers for participating in the Fadama III project, as one of their 

challenges is economical. 

4. The study recommends that the communities where agricultural projects are cited should assist the government to 

protect and maintain these projects. 

5. The study revealed that Fadama III project had a moderate effect on food security. This calls for more effort on the 

part of the government to establish more projects centered on achieving food security 
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Abstract— Kigali city is recently expanded over the peripheral areas due to combined factors like potential land in the 

area in attracting investments activities, proximity to the national market and accessibility for various types of 

infrastructures. Therefore, the need of this article to assess the influence of urban population growth on agricultural land 

degradation. The results of urban population growth on agricultural land leading to the conversion of agricultural land to 

infrastructure development which lead to the shortage of land designed for agriculture and lead to the hunger and increment 

in cost for basic need especially food. A multi-method data collection approach incorporating household survey, key 

informant interviews and personal observation has been used to assess urbanization process of the Kigali city and the 

changing livelihoods. Hence, the result of findings revealed that expansion of the city during the last 5 years made significant 

impacts on livelihood of farming community on peripheral areas: agricultural land fragmentation, land reduction, and loss 

of farmer’s property on the land. On the other hand, the non-farm economic sector developed in the area was not capable to 

absorb evicted households. In addition, rehabilitation mechanisms used by the city mainly an arrangement of cash 

compensation has found to be inadequate to replace their resource base, which is land. As a result, most of the families 

exposed to further economic, social and cultural impoverishment. Therefore, Kigali city’s expansion seems inevitable, to 

ensure sustainable urban development, government should make sound planning prior to displacement without treating 

livelihood of vulnerable groups of people living on peripheral area. 

Research findings show that 90% of the respondents agreed and affected by urban expansion. Especially people whom have 

expropriated due to public infrastructures such as roads, schools, markets, industries, institutions and estates, like families 

from Murama cell, Kinyinya sector who has relocated and expropriated while 10% of respondents have not yet affected by 

urban expansion The affected people are mostly living in slums (Gasharu and Murama) and have low income compared to 

those living in urban parts of Kinyinya( Kagugu and Gacuriro). 

Keywords— Kinyinya Sector, Kigali City, Population Growth, agricultural land degradation. 

I. INTRODUCTION 

The urban population of the world is increasing rapidly, the rapid increase of population is causing urban sprawl especially in 

the cities of developing world. It is an undesirable form of urban development as it is unsustainable (Sudhir S., 2018). Rapid 

urbanization has increasingly become a major developmental issue, particularly in developing countries. The global urban 

population has grown from 751 million in 1950 to 4.2 billion in 2018, and it is projected to increase further to 6 billion by 

2050 (UN-Habitat (2011). Highly urbanized regions include Northern America (82% living in urban areas), Latin America 

and the Caribbean (81%), Europe (74%) and Oceania (68%). Although Africa remains the least urbanized region, with 43% 

of its population living in cities, it is currently urbanizing at a faster pace. The continent’s urban population is estimated to 

more than triple in the next 40 years, reaching 1.339 billion in 2050, corresponding to 21% of the world’s projected urban 

population (UN-habitat, 2011). 
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In Rwanda, the socio-economic and demographic trends such as population growth, industrialization, land consumption and 

infrastructure development, have impacted on the state of the Kigali city expansion (REMA, 2013). The City of Kigali has 

been grown rapidly after the 1994 Genocide compared to the previous years when Rwanda gained its independence in 1962. 

Kigali city’s expansion is a result population growth due to Rural-Urban migration, economical and socio-political factors 

(Penine U, 2011). 

This is mainly due to favorable reform in the country in terms economic policy that has created conducive environment for 

private investments and the proximity of these areas to national market. However, in Rwanda urban expansion programs are 

not supportive to farmers in periphery, and thus has negative impact on people livelihood. AS the urban population increase, 

the land used for growing food and cash crops in peripheral zones is highly reduced, the need for the study seeks to analyze 

the influence of urban Population Growth on agricultural land degradation, Case study of Kinyinya sector in Gasabo district 

of Kigali city. 

II. MATERIALS AND METHODS 

2.1 Population of the study 

The target population of the study was composed by the people living in Kanyinya, all categories of population were taken 

into account by considering marital status, education background and level, sexes, ages, 46 female respondents and 50 male 

respondents to make 96 respondents from different households were selected in the cells of Kanyinya Sector. Technical 

sampling was used to determine the sample size from 57,189 populations. 24 respondents were selected in each 4 cells 

comprising Kinyinya sector to make 96 respondents and fill the distributed questionnaires. Before filling the questionnaire, 

the questionnaires were previously revised using chief of villages in the 4 cells of Kinyinya sector of Gasabo District in 

Kigali city, the respondents were also selected basing on the people living in urbanized and rural area whom depend on 

different economic activities especially agricultural sector. 

2.2 Sample size  

William (2004) noted that sampling is a device or a way that is used in selecting of the members is able to question, or who 

are a fair presentation of all the members in a union. Sampling techniques may be defined as the method used to select 

sample elements in the population. At this time the researcher will use purposive sampling technique in order to come up 

with the relevant information to the study. This technique of purposive sampling will be applied to 96 respondents from 

selected in 4 cells of Kinyinya Sector Gasabo District in Kigali City.  

However, the formula of Taro Yamane was used to calculate the sample size  

Therefore, the fact that it is not possible to meet the whole population to achieve the research objectives, for the purpose of 

collecting detailed information that can lead to paramount decision making, a sub-set of the total population (sample size) 

would be selected. From the population of 2123 respondents of Kigali kitchen fires, the sample size of 96 respondents will 

selected. As such, Sloven’s formula for determining sample size was applied as illustrated below: 

𝑛 =
𝑁

1+(𝑁) e² 
            (1) 

Source: Yamane, 1967 Where N= Total population, n=Sample size, and e= Error margin, e² is 0.01 level of significance 

Applying the above formula, the sample employed for this study was calculated from the total 2123 households using gases 

in both Gitega and Nyarugenge sectors of Nyarugenge District. The sample was calculated as follows: 

𝑛 =
57189

1+57189 e2             (2) 

𝑛 =
57189

1+57189  0.1 2           (3) 

𝑛 =
57189

1+57189   0.01 
           (4) 
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𝑛 =
57189

1+ 57.189
            (5) 

𝑛 =
57189

58.189
            (6) 

N = 95.8 which makes approximately 96 participants ; whereby, n is the sample size, N stands for population and e² is 

0.01 level of significance. 

III. RESULTS AND DISCUSSIONS 

3.1 People affected by urban expansion  

From the respondents’ views regarding to the above question, 90% of them have said “YES” and agreed that there were 

many people affected by urban expansion. They said that those people were expropriated due to public infrastructures such as 

roads, schools, markets, industries, institutions and estates. For instance, there were families from Murama cell, Kinyinya 

sector who were expropriated and went to live in other parts of Gasabo District. 10% of respondents have said NO. It was 

remarked that the respondents who said YES are those who live in slums (Gasharu and Murama) and have few income while 

those who said No are those who live in urban parts of Kinyinya(Kagugu and Gacuriro). 

Like in Ethiopia, the rate of urban growth often strains the capacity of local and national government to provide urban 

residents with even the most basic services of housing, water supply, sewerage and solid waste disposal (MWUD, 2008). In 

Addis Ababa, a report in 2008 also found that 80% of the houses in the city were classed as slums due to the physical 

deterioration of its housing, overcrowding, high density, poor access and lack of infrastructure services (Tolon, 2008). 

This means that the people are affected differently. Some are obliged move to other areas; others struggle to live in bad 

conditions of lacking basic services due to their livelihood depends on daily paid jobs in the city. 

3.2 Reduction of agricultural production  

 The agricultural production has greatly reduced due to land reduction. 30 % of the respondents gave Beans,20% gave 

maize,15% gave sorghum 10 % gave 15 sweet potatoes and 10% gave cassava. The decrease agricultural production has been 

justified by the comparison of the previous harvests to the current years. Most land reserved for agriculture it is being 

converted to settlement area and if there is no immediate action, the people of Kigali city and kanyinya will be face by 

famine in the near future.  

3.3 Activities practiced contributing to environmental degradation 

From the respondents’ views, it has been indicated that 70 % of the respondents used the existing land for agricultural for 

quarrying activities. and this are accelerating environmental destruction. And lead to generation of pest, and reduce the 

production from agriculture. 

3.4 The unappropriated implementation of Kigali city master plan. 

40% of respondents from slums have said NO meaning that they don’t know its role while 60% of the respondents mostly 

coming from urban part said YES to mean that they know Kigali city master plan and its role. It means that those who are 

unaware the role of Kigali master plan keeps developing slums /unplanned settlements once they are not controlled. Kigali 

Master Plan is known through awareness of Kigali city master plan; Sensitizing planned settlement in public meetings, 

establishing model villages and internet, the failure in implementation of master plan is highly affecting the area reserved for 

agriculture. 

IV. CONCLUSION AND RECOMMENDATION 

4.1 Conclusion. 

The study conducted in Gasabo district, Kinyinya Sector with the core objective of assessing the influence of urban 

population growth on agricultural land degradation. For attaining the purpose, the researcher tried to point out the specific 

objectives in achieving the stated objectives and to generate data findings that can be used by natural resources management, 

policy makers and other leaders on advocacy for rapid urban population growth and agricultural land reduction in general. 

Findings indicated that urban population growth influences agricultural land degradation found in the peri-urban areas of 
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Kigali city as whole. Briefly 54.4.0 % of respondents agreed that urban population growth influences agricultural land 

negatively within peri-urban area.  

RECOMMENDATION 

Rereferring on the findings from consulted respondents, the following recommendations were addressed: 

1. Government institution should adopt a sustainable approach of limiting horizontal construction by adapting 

mansions construction that occupy a small space, setting long term goals for urban development, and improving life 

of people living in slums areas by strengthening the Integrated Development Program (IDP model villages) which 

accommodate high number of citizens. (KARAMA and BUSANZA are the typical example in Kigali city) 

2.  Urban population growth is unavoidable; the urban planners should strongly consider agricultural land in the 

periphery of the city because it is the main source of food for survival.  

3. It has been revealed that high population density in urban areas live in unplanned settlements and it is at risk of 

disasters like floods, landslides, soil erosion as a result of much rainfall, wastes management challenges and the 

spread of diseases/epidemics. Therefore, the Government encourages planned settlement and accelerates the 

relocation of families living in high-risk areas like steep slopes and wetlands.  

4. Governments should develop rural areas by spreading all basic infrastructures for the sake of reducing rural -urban 

migration of the people.ie developing secondary cities. 

5. Finally, Government should sensitize the Rwandans to use family planning for the sake of reducing high birth rate 

that increases population which is a very big burden to the country 
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Abstract— This review focuses on overview of nutritional and phytochemical composition of Finger millet (Eleusine 

coracana). Finger millet is also known as Ragi or mandua in India, which is one of the minor cereal crop largely grown in 

Asian and African regions of the world. It is well known for its health benefits due to the presence of macro and micro 

nutrients (carbohydrates, fats, proteins, dietary fibers, vitamins, minerals) as well as phytochemicals (Tannins, steroids, 

polyphenols, alkaloids, terpenoids, cardiac glycosides, balsams, lignans, phytooestrogens, phytocyanins, Gallic acid, ferulic 

acid, quercetin, vanillic acid, caffeic acid, sinapic acid, quercetin and proanthocyanidins) in correct proportion. Being staple 

food in India, it is highly advantageous to low income group people. Studies have concluded its effectiveness against lipid 

per oxidation, ageing, diabetes, hyperactivity, wounds, cancer and osteoporosis. Therefore, the need of value addition of 

finger millet is highly needed to combat growing issues in children as well as in aged people. 

Keywords— Finger millet, nutritional, phytochemical, health benefits, value addition. 

I. INTRODUCTION 

Millets are small seeded annual cereal crop species belonging to family ―poaceae‖. Millet is a French derived word ―mille‖ 

which means thousand (Ramashia et al., 2019). One of the wonder varieties of millet family is Finger millet (Eleusine 

coracana) which is commonly popular as Ragi or manduain India belonging to grass family Gramineae or Poaceae (Singh, 

2012). It is native from Ethiopia region but largely grown in Asia and Africa regions of the world.It is a self pollinated crop 

species with chromosome no. 36 (allotetraploid) distributed in about 10 genera and 20 species in all (Kakri et al., 2020). 

Finger millet grains are globular in shape of 1.0 to 1.5 mm in diameter. The finger millet kernel consists of 3 main parts 

namely; seed coat, endosperm and embryo. The outermost layer of the millet is known as pericarp or glume (Ramashia et al., 

2019) which has little nutritional significance. The seed coat or the testa of finger millet is multilayered (five layered) making 

it unique as compared to other members of the millet family. The seed coat, germ, and the endosperm cell walls of the millet 

are endowed with poly phenols making it rich in phytochemicals (Shobana et al., 2013). The crop was cultivated around 

5000 years BC and still is one of the most produced grain species worldwide. Finger millets stands sixth in production in 

India and fourth in the world after major crops such as wheat, rice, maize, sorghum and bajra (Chandra et al., 2016). India is 

the largest producer of finger millet accounting to about 60% of world production followed by Ethiopia (Gull et al., 2014). 

Finger millet is a staple food to many parts of the world primarily in developing countries. It is popular among the low 

income groups of society and is considered as poor man’s food (Maharajan et al., 2021). It is majorly grown in dry areas in 

tropical and sub tropical regions with temperature requirement of 8-10 degree Celsius (Singh, 2012) with acidic soil (alluvial, 

loamy, and sandy) and higher rainfall of 600- 1200 cm, matures within a time span of 100-130 days (Gull et al., 2014). It has 

several varieties (yellow, white, tan, red, brown, or violet color) and apart from all the varieties, red colored variety is mostly 

cultivated all over the world (Chandra et al., 2016). Finger millet is associated with number of health benefits such as 

antioxidant, anti-ageing, anti- diabetic, hyperactivity, healing property, anticancer property (Antony Cesar et al., 2018) and 
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maintaining bone health for which it is gaining importance in the field of health and nutrition. This review focuses to get 

insights of nutritional and health prospects of finger millet (Eleusine coracana) so that value added products can be made out 

of it. 

  
FIGURE 1: Hierarchical classification of finger millet FIGURE 2: Finger millet 

 

1.1 Nutritional significance of Finger millets: 

Finger Millets are nutritionally superior to other cereal crops of same variety such as rice and wheat because it serves as an 

excellent source of carbohydrate (80%), proteins (7–9%) with essential amino acids as well as non essential amino acids like 

valine, methionine, and tryptophan, minerals (calcium, phosphorus, potassium, and iron) as well as vitamins (thiamine, 

niacin, and riboflavin), and fats for which they are extensively been researched (Murtaza et al., 2014). 

TABLE 1 

GENERAL COMPOSITION OF FINGER MILLETS PER 100G 

Sr. No. Parameter Composition (g) Sources 

1 Carbohydrates 72.6 

Kakri et al., 2020 

2 Proteins 7.7 

3 Fats 1.5 

Kumar et al., 2016 

4 Crude fiber 3.6 

5 Dietary fiber 15-22 

Ramashia et al., 2019 

6 Energy (Kcal) 336 

 

1.2 Mineral and vitamin profile of finger millets: 

Finger millet is found to be rich in vitamins as well as some minerals, which prove its significant utilization in human diets as 

well. Vitamins such as vitamin A (Retinol), vitamin B1 (Thiamine), vitamin B2 (Riboflavin), vitamin B3 (Niacin), vitamin C 

(Ascorbic acid) and minerals (phosphorous, potassium, magnesium, calcium, sodium, iron and zinc) are abundantly found in 

finger millet at valuable composition.  
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TABLE 2 

MINERAL AND VITAMIN COMPOSITION OF FINGER MILLETS (ELEUSINE CORACANA) PER 100G 

Sr. No. Nutrients Composition mg/100g Sources 

1 Phosphorus 130-250 

USDA, 2016 2 Potassium 430- 490 

3 Magnesium 78- 201 

4 Calcium 398 
Patel et al., 2014 

5 Sodium 11 

6 Iron 3.9 
Muthamilarasan et al., 2016 

7 Zinc 2.3 

 Vitamins   

1 Vitamin B2 (Thiamine) 0.12- 0.42 
Ramashia et al., 2019 

2 Vitamin B1 (Riboflavin) 0.2-0.48 

3 Vitamin B3(Niacin) 1.0-1.30 

Devi et al., 2011 4 Vitamin C (Ascorbic acid) 1.0 

5 Vitamin A (Retinol) 6.0 

 

1.3 Amino acid profile of Finger millet (Eleusine coracana): 

Finger millet is a complete source of essential as well as non essential amino acids which are required by human body in 

sufficient amount for proper growth and development of body cells. Essential amino acids such as Valine (4.9-6.9g), 

methionine (2.5-3.1g), tryptophan (1.1-1.5), Phenyalanine (4.1- 5.2g), histidine (2.2), isoleucine (4.3g), leucine (6.6-9.5g), 

threonine (3.4- 4.2g) and non essential amino acids such as Aspartic acid (6.5- 7.9g), glutamic acid (20.3- 27.1g), alanine 

(6.1- 6.2g), arginine (2.77- 4.5g), cystine (1.7- 2.6g), glycine (2.14- 4.0), proline (7.0- 9.9), serine (3.6- 5.1g) and tyrosine 

(2.79- 3.6g) are found in Finger millet (Ramashia et al., 2019; Thapliyal and Singh, 2015).  

1.4 Phytochemical composition: 

Finger millet is found to be rich in certain phytochemicals such as Tannins, steroids, polyphenols, alkaloids, terpenoids, 

cardiac glycosides, balsams, lignans, phytooestrogens and phytocyanins. Some phenolic acid derivatives (Hydroxybenzoic 

Gallic acid, protocatechuic acid, p-hydroxybenzoic acid, vanillic acid, syringic acid), hydroxycinnamic acid derivatives 

(Ferulic acid, trans—cinnamic acid, p- coumaric acid, caffeic acid, sinapic acid) and some flavonoids such as Quercetin , 

Proanthocyanidins and condensed tannins (Devi et al., 2011), which are important in healing, aging, prevents deterioration of 

human health, lowers blood pressure, lowers risk of diabetes, and helps combating the metabolic syndromes (Thilagavathi et 

al., 2015). 

1.5 Chemical structures of major phytochemicals present 

 

 

  
(a) (b) (c) (d) 

FIGURE 3: a) Galic acid, b) Ferulic acid, c) Quercetin d) Proanthocyanidins 
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1.6 Potential health benefits of Finger millet (Eleusine coracana): 

1.6.1 Anti-oxidant activity 

Studies have concluded that, oxidation of cellular molecules (by reactive oxygen and nitrogen species) has been linked with 

chronic diseases such as diabetes, heart disease, cancer, and several other normal functions in humans. Dietary plant 

polyphenols act for reduced risk of cancer, cardiovascular and neuro-degenerative diseases, infections, ageing, and diabetes 

(Kumar et al., 2016). Seed coat of finger millet grains is high in phenolic compounds (mostly benzoic acid derivatives) that 

have been shown to have ―antioxidant activity‖. On average, white finger millet contains 0.04–0.09% polyphenols, while 

brown finger millets contain 0.08–3.47 %. A major fraction of benzoic acid derivatives (gallic acid, protocatechuic acid, p-

hydroxybenzoic acid, vanillic acid, syringic acid), while the rest was either cinnamic acid derivatives (ferulic acid, trans-

cinnamic acid, p-coumaric acid, caffeic acid, sinapic acid) or flavonoids (Chethan and Malleshi, 2007) are derived, which are 

found to be effective against cancer, cardiovascular and neuro-degenerative diseases, infections, ageing, and diabetes. Finger 

millet is also reported to have inhibition of collagen cross- linking property which reduces the stiffness of elastic tissues in 

tendons, skin and blood vessels as well (Kumar et al., 2016).  

1.6.2 Anti-diabetic properties 

Diabetes also known as ―Diabetes mellitus‖ is a major health concern that is rapidly increasing in India and several other 

developing as well developed countries. In a study, chemical synthetic inhibitors of ―glucosidase‖ and ―pancreatic amylase‖ 

can be effectively used to treat hyperglycemia and finger millet seed coat phenolic extracts were found to be effective 

inhibitors of these enzymes. (Shobana et al., 2009).Food formulations and preparations based on finger millet have a lower 

glycemic index and cause a lower glycemic response (Kumar et al., 2016). Certain anti-nutritional factors found in whole 

finger millet fractions (such as tannins, phenolics, and phytates) may help to reduce glycemic response by reducing starch 

digestibility and absorption. Independent rat studies have successfully demonstrated that a finger millet diet fastens the 

wound healing process and delays cataractogenesis (Shobana et al., 2010). 

1.6.3 Cardio-protective and Anti-hyperlipidemic properties 

Cardiac diseases are one of the most severe problems suffered by people worldwide. Risk factors such as high blood 

pressure, high cholesterol, hypertension, depression, obesity, and diabetes are associated with the problem (Kumar et al., 

2016). Finger millet rich diet lowers lipid per oxidation reaction, which reduces the risk of arteriosclerosis and thus provides 

important protection against strokes and heart attacks. A similar recent study has found that a multigrain formulated diet 

containing finger millet was effective in controlling lipid and antioxidant metabolism in high cholesterol intake rat models. 

(Vasant et al., 2014). 

1.6.4 Prevention of GIT Disorders 

Celiac disease (caused by consumption of gluten protein) is one of the most common auto-immune genetic disorders that 

affect people worldwide. The treatment includes consumption of flour that is free from gluten protein and similar protein 

structure and non-glutinous nature can be found in finger millet instead of wheat. Chandrasekara and Shahidi, 2012).Finger 

millet is high in soluble and insoluble dietary fibers, which are resistant to digestion and help in prevention of gastrointestinal 

problems, colon cancer, cardiovascular diseases and diabetes. Polyphenols, present in outer skin, can help to reduce peptic 

inflammation and ulcers too (Kumar et al., 2016). Consumption of food products made from finger millet can increase the 

satiety level, lower calorie intake, and aids weight loss. 

1.6.5 Prevention of Osteoporosis bone defects 

Osteoporosis is a "silent" disease that causes bone loss and is related with porous bones. The prevention of bone diseases 

such as osteoporosis is aided by a high dietary intake of naturally available calcium. Finger millet is a good source of 

calcium, with the seeds containing up to 350 to 400 mg/100 g of calcium, which is nearly 5–10 times more than other 

cereals.(Sanwalka et al., 2011; Kumar et al., 2013).Concluding, finger millet-derived products can be used to promote bone 

mass development in growing children as well as to prevent osteoporosis and other bone diseases in adults and the elderly 

(Kumar et al., 2016).  

https://www.frontiersin.org/articles/10.3389/fpls.2016.00934/full#B26
https://www.frontiersin.org/articles/10.3389/fpls.2016.00934/full#B118
https://www.frontiersin.org/articles/10.3389/fpls.2016.00934/full#B114
https://www.frontiersin.org/articles/10.3389/fpls.2016.00934/full#B147
https://www.frontiersin.org/articles/10.3389/fpls.2016.00934/full#B108
https://www.frontiersin.org/articles/10.3389/fpls.2016.00934/full#B62
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II. APPLICATION IN FOOD INDUSTRIES: 

By going through, a number of health benefits can be figured out and a number of value added products can be made out of 

Finger millet (Eleusine coracana) which can further prove to be effective for growth, development and repair of children as 

well as adults irrespective of age, sex and gender. Flour of finger millet can be used for the preparation nutria dense recipes 

for toddlers as well as adults. Finger millet flour provide many health benefits like finger millet for losing weight, bone 

health, lowering blood cholesterol and treating anemia. Products available in market are multi-grain noodles, millet rich 

drinks, Ragi cookies and biscuits, vermicelli, etc (Kakri et al., 2020) 

 

FIGURE 4: Application of finger millet in food industries 

III. CONCLUSION AND FUTURE PROSPECTS 

Finger millet (Eleusine coracana) or Ragi or mandua in belongs to grass family Gramineae or Poaceae. Finger millet is rich 

in several phytochemicals as well as nutrients which serves advantageous for it to be utilized in food industries as 

supplements. Apart from food applications, its bioactive compounds (Tannins, steroids, polyphenols, alkaloids, terpenoids, 

cardiac glycosides, balsams, lignans, phytooestrogens, phytocyanins. Gallic acid, ferulic acid, quercetin, vanillic acid, caffeic 

acid, sinapic acid, quercetin and proanthocyanidins) can be extracted for medicinal purposes. More and more research is 

needed for proper utilization and value addition of cereal crop. 
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Abstract— Farmers' understanding of several Indonesia Sustainable Palm Oil (ISPO) parameters, including land legality 

and forest fires, is the focus of this study. ISPO certification poses a risk to households with a diverse income structure. The 

threat posed by oil palm plantations to natural resources and the environment will continue to be significant challenges. 

Keywords— ISPO; Oil Palm; Independent Smallholders; sustainability; environment; Forest fires. 

I. INTRODUCTION 

The plantation sector in Indonesia has developed into one of the country's most important non-oil and gas sources of foreign 

exchange[1]–[3]. In 2016, the total production of oil palm plantations in Indonesia was 33.23 million tons. Large private 

companies manage 54.64 percent of the nation's oil Palm plantations [4], [5]. The pattern of self-help productivity is lower 

than that of large corporations. The expansion of oil palm plantations is an important keyword to understand the scope of the 

oil palm problem in Indonesia. CPO production centers in the provinces of Riau and North Sumatra account for 23.75 

percent and 16.24 percent of total CPO output [6]. 

The Indonesian oil palm plantation industry is confronted with a number of challenges [7], [8]. A common accusation leveled 

against the palm oil industry is that it is unsustainable [9]–[11]. Using the Indonesia Sustainable Palm Oil (ISPO) 

certification, the Indonesian government seeks to mitigate the negative perception of palm oil. Indragiri hilir region has three 

distinct patterns of oil palm plantation management [12], [13]. Lower Indragiri is characterized by land typologies, tides, and 

coastal areas that characterize the downstream geographical conditions of the river [14]. The selling price of FFB received by 

independent smallholders is significantly lower than that received by PIR pattern farmers (people's core company). Based on 

the description above the research aims to identify the role of farmers in the sustainable palm oil industry [15], [16]. 

II. RESEARCH METHOD  

1. Research Sites 

The research was carried out on smallholder oil palm plantations (smallholders) in three villages in the Indragiri Hilir 

Regency. The goal of this study is to determine how well independent oil palm farmers are prepared to deal with the 

Indonesian Sustainable Palm Oil (ISPO) policy. The expansion of oil palm plantations into forest areas poses a significant 

threat to the long-term viability of palm oil production, with the majority of the threat stemming from deforestation activities. 

2. Data Analysis 

Data was gathered through a survey method involving a questionnaire as well as in-depth interviews. There were as many as 

30 respondents per village chosen at random, with a margin of error of 20%, assuming that this number met the minimum 

number of respondents required to be surveyed. The researchers carried out their investigation from November 2019 to 

March 2020. They are primarily concerned with the livelihood aspects of land, seeds, and the environment. This study is 

limited in scope because it is only concerned with implementation of the ISPO assessment principles for smallholders. 
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III. RESULT AND DISCUSSION 

There are very few independent household farmers whose livelihoods are dependent solely on the support of oil palm 

plantations in the field, according to the facts on the ground [3], [17], [18]. The greater the importance of the oil palm 

plantation sector as a source of livelihood within the structure of the farmer's livelihood, the greater the likelihood that they 

will be more prepared to implement ISPO certification [19], [20].  

Figure 1 shows that the livelihood structure of independent smallholders in three non-oil palm villages does not generate the 

majority of their income, despite the fact that they are self-sufficient [10], [21]. It can be seen that the real source of income 

from oil palm plantations is not significant enough to support the claim that these three villages are the hubs of community 

oil palm plantation [22]. Unless the independent oil palm farmer household expands their land (which will result in extremely 

serious environmental consequences), they will not be able to increase the economic contribution of the oil palm [21] 

 

FIGURE 1: Household infrastructure in Kempas Jaya Village, Teluk Continue Village, and Plangiran 

Village that is self-sustaining. 

Indonesia's Ministry of Agriculture, Permentan OT.140 3/2011, issued a decree prohibiting the use of genetically modified 

organisms (GMOs) in food production [23]. Independent palm oil farmers in Indonesia will be able to become certified under 

the ISPO certification scheme [1]. Having oil palm plantations in the Forestry Cultivation Zone indicates that you are in the 

second status, which is indicated by the presence of these plantations (KBK) [24]. Planting oil palm on land with this 

designation is prohibited by law and does not comply with the principles of sustainability in plantation cultivation [25]. 

 

FIGURE 2: Individual independent palm oil farmer households in three research villages had a varying 

average area of mastery, which was measured in hectares, depending on their location and legal status 

(Ha). 
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As depicted in Figure 2, the agrarian structure of illegal oil palm plantations (oil palm in the Forestry Cultivation Area / 

KBK) in three villages is extremely low when compared to oil palm plantations on legal land (oil palm in the Non-Forestry 

Cultivation Area / KBNK), which is extremely high when compared to oil palm plantations on illegal land (oil palm in the 

Non-Forestry Cultivation Area). As evidenced by this finding, independent farmers in the three villages have had no 

problems with the legality or status of their cultivated land [7], [26]. Moreover, this fact implies that all oil palm production 

originating from the three villages is not at risk from agrarian conflicts, degradation of environmental quality, or 

unsustainability, thus enabling it to be certified by the International Sustainable Palm Oil Organization [27]. Many oil palm 

plantations are being established in conservation areas (forest conservation land) or production forest areas, resulting in the 

area being labeled as illegal land by the local authorities [28]. It is common knowledge that illegal land is associated with the 

pattern of oil palm expansion carried out by independent oil palm farmers as a result of a scarcity of available land in the area 

during a particular period in time [29]. The possession of land certificates can also serve as evidence of legal ownership of 

land in certain circumstances [30] 

 

FIGURE 3: Farmers' Knowledge in Environmental Management 

A gap analysis is being conducted in three villages as part of this study [31]. From the farmer's perspective, chasm 

differences are enforced in multiple interpretations of ISPO certification principles [20]. The level of knowledge that farmers 

have about palm oil that is independent of the ISPO principles is referred to as diversity. Self-help groups apply pesticides to 

oil palm plantations at varying dosage levels [32], [33]. While pesticides are used to control pests, they also have the 

potential to cause environmental damage [34]. The use of independent palm oil for gardening purposes is still not being 

implemented intensively or extensively in third-world countries. 

In the three research locations, fire prevention activities were deemed less important because villages were rarely affected by 

land fires [27], [35]. As a result of the expansion of monoculture palm plantations on the lands of coconut plantations, several 

types of plants are becoming increasingly scarce. The deliberate extermination of more than a dozen species of animals was 

carried out [16]. Government efforts to help smallholders to strengthen principles of natural resource management and 

environment adequately, very crucially, and critical. 

Independent smallholders are encouraged to participate in certification processes because of the dominance of oil palm 

products [16], [36]. Farmers in rural areas of developing countries have three sources of income: farm income, off-farm 

income, and nonfarm income [37]. This study will be simplified into three sources in order to make classification easier. 

These conditions include ensuring that smallholders are not disadvantaged by the low proportion of their income derived 

from oil palm farming, and that lands are not excluded from certification [16]. 

Indonesia's CPO credibility in international markets will remain low or gloomy as long as the livelihood structure of 

independent oil palm farmer households does not improve fundamentally [38]. The current livelihood condition is not ready 

for ISPO certification process unless fundamental improvements are made to the productivity aspect first [39]. 
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Land certificates [40], [41], which are one of the requirements for ISPO certification, had not yet been obtained in all cases, 

according to the findings [24], [42]. In the three study locations, land certificates were not available to nearly all independent 

coconut farmers. Instead, they were restricted to Land Certificates (SKT) or Compensation Certificate (SKGR). 

IV. CONCLUSION 

Independent oil palm farmers are not prepared to face ISPO implementation, according to research carried out in Indonesia. 

The income from palm oil is not their primary or dominant source of income, the findings found. It is possible to establish 

the legality of independent smallholders because the majority of oil palm cultivation plantations have received compensation 

letters. 
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