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Abstract  
The impact of desert encroachment is significant in developing countries such 

as Nigeria. Some northern Savannah states are affected by desert encroachment 

and the economy of the states is predominantly agriculture and fundamentally 

depends on the vagaries of weather, however, it has been difficult for Nigeria 

to take advantage of this environmental menace because of the lack of adequate 

technology to convert negative aspects of their environment to best uses, It 

affects people directly and indirectly via its devastating effects on the farmland 

which in turn causes a lot of socio-economic problems. The methodology that 

was used in this research work is divided into stages which include existing data 

and case studies. On bioremediation technique, four case studies were selected 

in Nigeria, for comparison and analysis, the first one was Zauro, Kebbi state, 

the state was now the largest state that produced rice in the country according 

to Federal Government report 2016, and some systems of increasing the soil 

fertility were through bioremediation technique using organic manure and 

fishing wastewater, the second case study was Kura local government of Kano 

state, the system of bioremediation used in the production of rice and maize in 

the area was, the farmers allowed the waste of the harvested crops to decay in 

the farm in both rain season farming and the irrigation farming, some of the 

farmers set fire on the waste to become ash which restores minerals to the farm, 

the third case study was in Birniwa and Maigatari where the people in the area 

uses ashes from their houses, human defecation and generated carbon, the soil 

in these areas restore minerals that allow good growth of plants. All methods 
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Introduction 
Bioremediation is defined as the use of 

biological processes to degrade, break 

down, transform, and/or essentially 

remove contaminants or impairments 

of quality from soil and water. 

Bioremediation is a natural process 

which relies on bacteria, fungi, and 

plants to alter contaminants as these 

organisms carry out their normal life 

functions. Metabolic processes of these 

organisms are capable of using 

chemical contaminants as an energy 

source, rendering the contaminants 

harmless or less toxic products in most 

cases (Biobasics 2006).  A desert is a 

vast land area of sand that lacks 

nutrients and water that are essential 

for plant life (Marshak 2009), and 

desert encroachment is a condition in 

which more areas of land are being 

turned into a condition favourable to 

the development of a desert. 

Environmental degradation according 

to (Yiran et al. 2012) would remain an 

important global issue for the 21st 

century because of its adverse impact 

on agronomic productivity, food 

security and quality of life. Desert 

encroachment is one of the most 

glaring of these environmental hazards, 

it is felt most in Africa than any other 

continents, this is because African 

landscapes are anthropogenic and are 

subject to constant changes due to 

human interferences (McCann, 1999). 

There is no single factor that causes 

desert encroachment. However, it is a 

combination of factors, developed 

under harsh and fluctuating climate, 

and man’s activities, some of which are 

for soil regeneration related to the case studies were adopted by incorporating 

bioregional planning for the study area through the central collection of major 

town’s defecation, central town collection of ashes, evacuation of existing septic 

tanks and pit latrines for bioremediation, planting of economic trees, economic 

crops and planting of grasses along the cattle routes, the introduction of 

integrated farms, creation of oasis, green school initiative and massive 

irrigation system to enhance biodiversity for the people of the study area, this 

will lead to the conducive environment because the economy of the area will 

rapidly grow.   

 

Keywords: Bioremediation, Biodiversity, Desert encroachment, Landscape   

planning 
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increased in an irreversible magnitude by weather fluctuations, especially periodic 

drought. Desert encroachment is one of the main problems threatening agricultural 

production in the Nigerian’s northern state and Sudan Savannah region in general. 

The impact of desert encroachment is significant in developing countries such as 

Nigeria.  Some northern states are affected by desert encroachment and the 

economy of the states are predominantly agriculture and fundamentally depends 

on the vagaries of weather (Bala., 2013). However, it has been difficult for Nigeria 

to take advantage of this environmental menace because of the lack of adequate 

technology to convert negative aspects of their environment to best uses, It affects 

people directly and indirectly via its devastating effects on the farmland which in 

turn causes a lot of socio-economic problems.  

 

 

Ecological Regions in Nigeria  

The natural vegetative zones resulted from the interaction of climate, humidity, 

rainfall and soils. These factors have been modified by human activities and the 

man’s pattern of land use (Burgess et al., 2004). Based on the above, in figure 1. 

Nigeria’s ecological zones were classified in to: 

i. The Mangrove forest and coastal vegetation.  

ii. The Freshwater swamp forest.  

iii. The tropical high forest zone.        

iv. The derived Guinea Savannah.        

v. The Guinea Savannah zone. 

vi. The Sudan savannah (Short grass savanna).  

vii. The Sahel savannah (Marginal Savanna). 

viii. The Montane vegetation.  

 

 

Vegetation Zones in Nigeria  

Vegetation zone can be defined as the plants that can be found in a particular area. 

These plants are usually determined by the environmental conditions and climate 

of the area in question. Naturally, their characteristics spur as a response to the 

climate in the particular area. Figure 1 below shows the different zones available 

in Nigeria.  
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Source: Hadejia-Jama’are river basin, Hadejia branch office (2022).  

  

  

MATERIALS AND METHODS  

 Methodology  

The methodology that was used in this research work is divided in stages which 

includes existing data and case studies.  

  

Existing data  

Literature was obtained from published and unpublished works done on 

Bioremediation Dissertations, conferences and seminar papers, books of 

proceedings Journals, textbooks, United Nations Reports on desert encroachment 

and other relevant secondary data was consulted.  

 

 

  
Fig.  1. :   Ecological regions  in Nigeria.   
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Efforts put in Place Globally to Reduce the Effects of Desert Encroachment  

Desert encroachment has been recognized as a major threat to Biodiversity. 

Numerous countries have developed Biodiversity Action plans to counter its 

effects, particularly in relation to the protection of endangered flora and fauna. A 

number of methods have been tried in order to reduce the rate of desert 

encroachment and regain lost land; however, most measures treat symptoms of 

sand movement and do not address the root causes of land modification such as 

overgrazing, unsustainable farming practices and desert encroachment. In 

developing countries under threat of desert encroachment, many people use trees 

for firewood and cooking, which has increased the problem of land degradation 

and often even increase their poverty. In order to gain further supplies of fuel, the 

local population adds more pressure to the depleted forest adding to desert 

encroachment process, (Mousa, 2005).  

Sand dune stabilization is often done through the use of shelterbelts, woodlots and 

windbreaks, windbreaks are made from trees and bushes and are used to reduce 

soil erosion and Evapotranspiration. They were widely encouraged by 

development agencies from the Middle East. Another approach is the spraying of 

petroleum or Nano clay over semi: arid cropland. This is often done in areas where 

either petroleum or nano-clay is easily obtainable e.g Iran. In both cases the 

application of the material, coats seedlings to prevent moisture loss and stop them 

from being blown away (Njeru, 2008). The soil is also enriched by restoring its 

fertility, this is done by planting legumes, which extracts nitrogen from the air and 

fix it into the soil and food crops/trees, example like barley, beans and date palms 

are the most important.  

  

Case studies  

Case studies were conducted on indigenous bioremediation techniques used in 

controlling desert encroachment by the local communities in Nigeria.  

 

Factors of Analysis   

Table 1 below shows the key factors that interact to sustain a given landscape are 

considered for effective site analysis. Each factor possesses required general 

characteristics that influence the actions and interacting in biological, physical and 

chemical terms, and in the climatic context to constitute and sustain an ecological 

entity called Savannah.   
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Table 1:  Factors of Analysis  

S/N   Physical factors and General 

characteristic   

Climatic factors and 

General 

characteristic   

Cultural factors, Land 

use and General 

characteristic   

1   Topography   Rainfall   Agriculture   

2   Vegetation   Wind   Landmark   

3   Hydrology (surface water)   Temperature   Housing   

4   Underground Hydrology   Humidity   Industries   

5   

6   

Natural drainage  

Soil   

  Roads   

Schools   

Religious place   

Markets   

Source: Author’s compilation, 2022.  

  

RESULTS  

Case study selection criteria  

On bioremediation technique, four case studies were selected in Nigeria, for 

comparison and analysis, the first one was Zauro, Kebbi state, the state was now 

the largest state that produced rice in the country according to Federal Government 

report 2016, and the major system of increasing the soil fertility was through 

bioremediation technique using organic manure and fishing wastewater, the 

second case study was Kura local government of Kano state, the system of 

bioremediation was also used in the production of rice and maize in the area, the 

farmers allowed the waste of the harvested crops to decay in the farm in both rain 

season farming and the irrigation farming, some of the farmers set fire on the waste 

to become ash which restores minerals to the farm, the third case study was in the 

study area, where  the people in the area uses ashes from their houses, human 

defecation and generated carbon, the soil in these areas restore minerals that allow 

good growth of plants.  

 

An assessment of selected case studies  

The assessment was based on the following variables. A Six point weighing scale 

was used to rate both variables. The weighing scale ranges from level 1-6 using an 

assessment table 2 below;  

i. 1 represent POOR interpreted to mean 0-39%  

ii. 2 represent FAIR interpreted to mean  40-49%  

iii. 3 represent AVERAGE interpreted to mean 50-59%  



219  africanscholarpublications@gmail.com                                                                               

 2022 

 

iv. 4 represent GOOD interpreted to mean 60-69%  

v. 5 represents VERY GOOD interpreted to mean 70-79%  

vi. 6 represent EXCELLENT interpreted to mean 80-100%  

  

Report on field observation for case studies    

Case study one: Zauro Farmlands, Birnin Kebbi Local Government, Kebbi State.  

Findings:  

Organic fertilisers ensure that the farms remain fertile for many years, even though 

agriculture  

 
Source: Author’s compilation, 2022.  

 

has been practic ed there for hundreds of years as shown in the plate I and II  below .   
  
  
  
  
  
  
  
    
  
  
  
  
Plate  I:   Zauro Vllage Farming and Fishing activities.   

Plate  I I:    Zauro Village Farming using organic manure.    
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Source: Author’s compilation, 2022.  

  

Case study two: Kura Farmlands, Kura local Government Area, Kano state.  

 

 
Source: Author’s compilation, 2022.   

  

Findings  

Farming activities in Kura is very interesting, because some of the farmers uses 

carbon (burnt farm waste) in the above plate III and IV as organic manure to 

improve the soil fertility in the area. This can really be adopted in the prevention 

of desert encroachment.  

  

  

  Plate III :   Kura Bioremidiation Technique in Farming using Carbon Manure.    

  Source: Au thor’s compilation, 2022 .   

  
  Plate  I V:   Kura Bioremidiation Technique in Farming Using Water Channels.    
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Case study Three: Maigatari Farmlands, Maigatari Local Government, Jigawa 

state.   

 
 Source: Author’s compilation, 2022.  

 
Source: Author’s compilation, 2022.     

 

Findings:  

Bioremediation technique that was carried out by the people is through living un 

yielded crops to decay in the farmlands as shown in plate V and IV above, it 

promotes the gradual fertility of the farms.  

Case study four: Birniwa House to Farmlands solid waste bioremediation 

techniques.      

                              

  
  Plate V :   Maigatari Plant and Live System.     

  

    
Plate  VI :   Maigatari Desert Land.     
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 Source: Author’s compilation, 2022.   .   

  
Source: Author’s compilation, 2022.     

.        

Findings:  

Plate VII above shows where people in the area evacuate pit latrine and take it to 

farm in order to regenerate the soil nutrients, and plate VIII shows how people 

generate ashes for bioremediation.  

All method for soil regeneration related to the case studies were adopted by 

incorporating bioregional planning for the study area.   

  

Summary of the result findings   

 

 

                       

Plate  V II :  Birniwa   Pit Latrine Evacuated, for Bioremediation  to   a Farm.           

    

Plate  VIII :  Birniwa House to Farm  ashes   for Bioremediation  to   a Farm.                                             
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Table 2: A summary of the findings for selected case studies    

S/N   VARIABLES   FEATURES   Case   

Study  

1   

Case   

Study   

2    

Case   

Study   

3                  

Case   

Study   

   4   

Remarks   

1             Rainfall   All bioremediation need a rainfall in order to 

be effective   

3   4   3   3     

2   Surface 

water   

Surface water helps in bioremediation 

technique   

5   4   1   1     

3   

  

Ground water   Groundwater helps in bioremediation 

technique   

4   4   2   2     

4   Geology     

The geology of the area also helps in 

bioremediation.   

3   3   2   2     

5   Vegetation   Vegetation also helps in bioremediation.   4   5   3   2     

6   Soil   Soil is the most important aspect, especially 

when it is fertile   

5   5   1   1     

7   Agriculture   Proper Agricultural practice also helps in 

bioremediation.   

6   6   3   2     

                                                                                     

30/6       31/6      15/6       13/6                                                                                      

= 5        = 5.2      = 2.5       =2.2  

Source: Author’s compilation, 2022.   

  

Summary of findings   

From table 3 above, the following findings were deduced:  

The case study one which is Zauro Farmland in Kebbi state scored 5 representing 

good, this shows that the area has a good bioremediation technique.  

The case study two which is Kura Local Government, Kano state scored 5.2 

representing good, this shows that the area has a good bioremediation technique.  

The case study three which is Maigatari Local Government, Jigawa state scored 

2.5 representing fair, this shows that the area has a fair bioremediation technique.  

The case study four which is Birniwa Local Government, Jigawa state scored 2.2 

representing fair, this shows that the area has a fair bioremediation technique.    

 

DISCUSSION  

The numerous tree planting projects embarked upon at various times by 

government had not succeeded in putting a halt to the menace, this study has 

revealed that additional strategies are needed to be employed, which is to be 

directed at soil improvement and a based process which include bioremediation to 

improve the soil fertility of the Savannah. This study focuses on the various 
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bioremediation adopted to control desert encroachment in Nigeria. Base on the 

case studies conducted in Zauro local government area of Kebbi state which shows 

that using wastewater from the fish pound in farming increases the nutrient of soil, 

also the case study conducted in Kura local government of Kano state also showed 

how people use ashes and organic manure in regenerating the soil fertility in the 

area, likewise in Birniwa and Maigatari where people uses slug and unyielding 

plants to regenerate the soil.. Since the study has revealed that, there is numerous 

benefit in the use of bioremediation technique for control of desert encroachment, 

therefore the following recommendations were stated below in order to achieve 

success.  

Converting the soil to a good soil profile using bioremediation technique     

Bioremediation is defined as the use of biological processes to degrade, break 

down, transform, and/or essentially remove once-living things decay, the organic 

layer becomes rich in nutrients. As shown in figure I below. 

 

 

Source: Natural Resources 

Conservation decomposing, or 

rotting, away. As these Service 

(NRCS).  

 

Contaminants or impairments 

of quality from soil and water. 

Bioremediation is a natural 

process that relies on bacteria, 

fungi, and plants to alter 

contaminants as these 

organisms carry out their 

normal life functions topsoil 

layer is called the organic layer. This layer is about an inch thick and it can be 

formed by spreading  human defecation, spreading ashes, and wastewater from 

fish ponds, within this layer, living things carry on with their life activities. Also 

in this layer are millions of dead plant and animal organisms that are slowly  

Section A in figure I above is called the upper soil layer. This is where you will 

find many plant roots, different types of fungus, and other very tiny living things. 

This soil is dark in colour because there are so many chemical reactions taking 

place as living things grow and die.   

Section B in figure I above is the middle soil layer. It has fewer living and once-

living things and less of the darker topsoil. The soil here has less air, too. Because 

of these characteristics, plants do not grow well here.   

Section C is the lowest layer. In this layer, you will find that the soil may have an 

orangish or yellowish colour. It may be more sandy or have more grey clay. In this 

  

  
Figure   2 :  Organic Soil  Profile.   
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layer, you will see that there are many pebbles and rocks. This layer has the least 

amount of living and once-living things.  

The government should provide more tractors and tankers trucks for all local 

government of the study area to convey the generated defecation and ashes to 

various individual farmlands for the bioremediation technique as shown in figure 

3 and figure 4 below.  

 
Source: Author’s compilation, 2022.  

  
Figure 3 :    Section GG - GG.   
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Source: Author’s compilation, 2022.  

The spreading of the defecation or the ashes must be in sequence form so that all 

area will be covered with defecation or the ashes, as the process is going on for 

the bioremediation as shown in figure 5 below. This will change the poor fertile 

soil to a fertile soil.  

  
Figure 4 :    Slab for Collection of defecation and Ashes at Sule Tankarkar. L.G. HQ.   
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Source: Author’s compilation, 2022.  

Creation of an integrated farming all over the country  

  

  
Figure 5 :    Bioremediation Technique.   
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Integrated farming is 

another way of 

climateresilient and 

providing adequate food 

and the fertile soil will also 

be used for farming crops, 

vegetables and so on 

security in our country if it 

can be adopted by 

Government, Non-

Governmental 

Organisation and other 

private individuals, figure 

II below is a sample design of 3D (three-dimensional drawing showing an 

integrated farm at a small scale that can be handled by common people if supported, 

the roof of the building was constructed in such a way that it will observe solar 

radiation and transformed it into electrical power, the electrical power will then be 

the source of motorizing water from ground level to the fishpond around the poultry 

building, in return the waste from the fish pound and the poultry will serve as 

means of regenerating our climate and food securitythe nutrient of the soil around 

the building.   

Source: Authors Compilation 2022   

  

Creation of Oasis all over the country   

As a result of a very high rate of flooding, we 

are experiencing in Nigeria which used to 

flood many many farmlands and communities 

in the country leading to loss of agricultural 

farm products causing a food shortage. If a lot 

of oases can be created by Landscape 

Architects in the country based on the 

calculations of flooding within a given 

environment, the oasis will accommodate 

more floodings and utilised it during the dry 

season, as shown in figure 7 below.   Figure 7. Floor Plan of Oasis   

        Source: Authors Compilation, 2022.  

  

  
Figure 6 . An integrated farm for improving  
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Creation of practical fishing, animal husbandry and green initiative in our 

schools  

Training of our younger ones on agriculture and climate change is very vital right 

from their primary schools because many students are only thinking about making 

money in engineering, teaching and so on, leaving agriculture behind their brains, 

Government and other stakeholders concerned should make an effort of providing 

a practical aspect of agriculture for our younger ones, figure 8 below show a 

sample of Fishing and Animal husbandry to be introduced in our school. And 

figure 9 shows the school's green initiative.  

 
Source: Author’s compilation, 2022.  

 

 
Source: Author’s compilation, 2022.  

   

  

  
Figure 8 :  Fishing and Animal Husbandry Laboratories    

  

  
Figure 9 :  School Green Initiative.    
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