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Agricultural practice in Nigeria is still largely at the crude and primary extractive levels where farming is 
characterised by lack of empirical evidence to identify fertile soil and adopt the farming practice.  This 
deficiency calls for a new approach for detecting soil fertility rapidly and routinely. The study derived 
estimates of soil fertility from the vegetation quality using the Normalized Difference Vegetation indices 
(NDVI) obtained from the satellite remote sensing data in the South- Western Nigeria. Landsat image 
data (bands 3 and 4) acquired in 2002 were used to compute the NDVI of the study areas while the soil 
map classification by FAO was used to derive soil fertility index based on the alluvium content of the 
soil capacity to free nutrient for plant use. The study showed tthere is significant relationship between 
spatial pattern of soil fertility and the normalised difference vegetal quality. Regression analysis shows 
the r

2 
value is 0.75 which indicated that the chlorophyll levels of the vegetation in the south-western 

Nigeria can be explained by the soil fertility index. The study posited that rapid soil fertility maps can be 
generated from NDVI of remote sensing data and can be used to further improved agricultural 
production in Nigeria and other developing countries. 
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INTRODUCTION 
 
There is growing evidence that soil fertility is on the 
decline in many African soils. This resulted in decline in 
agricultural output and further entrenching poverty in the 
continent. The drive towards agricultural revolution is 
hindered by absence or low quality databases for 
agricultural planning. One of the databases that is 
poignant for agricultural planning is soil map or soil 
fertility map which can help agricultural planners and 
decision makers know the best model of agricultural 
revolution to be adopted in different provinces. Today 
Most African countries still depend on subsistence  
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Agriculture with little scientific input from the research 
communities and local technological advanced industries. 
Where available, soil maps are either outdated or coarse 
in a way that no meaningful development programme can 
be based in such maps. Most comprehensive soil maps 
at the national scale in Africa are dated and are not 
useful for current agricultural development programmes. 
There is no programme or method to rapidly and routinely 
update soil map without extensive and laborious field 
studies. This calls for a less expensive approach to 
estimating soil fertility and agricultural potential of soil for 
better performance. Soil mapping especially at the 
national or provincial scale have been found to be very 
expensive and are rarely done by government or by local 
framers.  This calls for a cheaper and more frequent way 
of estimating the soil  fertility  so  that  regular  agricultural  
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development planning can be based on recent and more 
pragmatic datasets. 

It has been identified that the drive for Nigeria’s 
agricultural transformation and in-fact sub-Saharan Africa  
will be constrained if adequate attention is not paid to 
managing soil fertility in the continent (Osagie, 2012). 
Bos et al. (2005) reported that by 2025, food production 
must grow by at least 40% to meet the needs of a 33% 
increase in population and to satisfy the trends for 
improved nutrition. In order to meet these targets of food 
production for increasingly affluent African population, the 
increase in food grain and hence the improvement in 
agriculture sector is inevitable (Akhter et al., 2010). As 
land is finite, increase food production from the limited 
land resources is one of the tasks for the coming 
decades. Moreover, farmers apply fertilizers without 
having knowledge of the status of the nutrients in their 
soils. However, low soil fertility is recognised as an 
important constraint to increased food production and 
farm incomes in many parts of Africa (Shepherd et al., 
1998). The management of soil fertility is the first 
condition for sustainable crop production and can reduce 
food importation in Nigeria and Africa countries 
(Adesanwo et al., 2009). 

Farmers usually hold tenaciously to traditional systems 
of slash-and- burn land clearing techniques and allow 
soils to regenerate after a fallow period. But, the fallow 
length is shortened due to population pressure and 
conflicting land use (Onweremadu et al., 2012). It 
becomes difficult to readily ascertain soil fertility status 
using the traditional method that lacks empirical validity. 
The conventional approach to soil mapping take a cue 
from the vegetation characteristics on the soil being 
surveyed, yet these soils are not tested for suitability 
evaluation as most farmers cannot afford the cost of field 
studies, laboratory analyses and reporting involved 
(Onweremadu et al., 2012). The need for empirical based 
soil fertility management has shown its capability as an 
effective tool for increasing productivity of agricultural 
soils that have a high degree of spatial variability. It is 
noted by Sen et al. (2008) that many factors, including 
cost and lack of necessary facilities for simple soil 
analysis impede the adoption of soil testing in most 
developing countries. To improve productivity without 
environmental impact, there is the need for the 
utilization of novel procedures and techniques to 
optimize agricultural production (Prado et al., 2012).  
Under this context, GIS-based soil fertility mapping has 
appeared as a promising alternative. This requires digital 
soil mapping and GIS application applied to mapping at 
different scales (Iftikar et al., 2012).   

Many studies have evaluated the ability of remote 
sensing to quantify biophysical measures for soil fertility 
indices of factors such as leaf area index (LAI), the 
fraction of absorbed photosynthetically active radiation 
(fAPAR), and biomass (Asrer and Choudhury, 1992; Gao 
et al.,  2000;  van  Leeuwen   et   al.,   1997).   Others   have  

 
 
 
 
examined directly the soil parameters with the NDVI (LI 
Yan-li

 
et al., 2013).  The normalized difference vegetation 

index (NDVI) has been widely used for evaluating the 
spatial pattern of vegetation type and its productivity 
(Gamon et al., 1993). Asner et al. (1999) posited that 
pasture productivity in the Amazon region is highly 
dependent on soil fertility. Their analysis was based on 
the relationship between remotely sensed measures 
focused on pasture biological features and soil physical 
and chemical characteristics. He pointed out that the 
approach could provide useful information for monitoring 
ecological change in land-cover class (Asner et al., 
1999). 

This study examined the relationship between soil 
fertility index and the vegetation nutrient in the south-
western part of Nigeria while holding other variable 
constant towards proposing a derived soil fertility maps 
from remote sensing data. Thus, this study investigated 
the correlation between soil fertility and NDVI using 
geospatial techniques on soil characteristics and the 
NDVI of the Landsat data in the south-western 
Nigeria. It posited that relative fertility map can be 
derived from the remote sensing data which can be 
updated more regularly for improved agricultural 
development planning. The next section presented a 
brief description of the study areas, while section 
three presented the adopted methodology and 
materials used, section five showed the results of 
analysis and the last section presented the conclusion 
and recommendations. 
 
 
METHODOLOGY 
 
Study area 
 
Nigeria, one of Africa's most populous countries, has a 
highly diversified agro-ecological condition, which makes 
the production of a wide range of agricultural products 
possible. Agriculture is one of the most potentially viable 
sectors of the Nigerian economy, particularly in terms of 
its employment generation potential contribution to 
Nation's Gross Domestic Product (GDP) and export 
revenue earnings. In spite of Nigeria's rich agricultural 
resource endowment, there has been a gradual decline in 
agriculture's contributions to the nation's economy: In the 
1960s, agriculture accounted for 65-70% of total exports; 
it fell to about 40% in the 1970s, and crashed to less than 
2% in the late 1990s. In the recent times agricultural 
production has plummeted to all time low in Nigeria which 
result into entrenching poverty among the rural 
population where agriculture remains the main stay of the 
rural economy. The study area covers the south-Western 
part of Nigeria including Parts of Ogun, Oyo, Osun, Edo, 
Kwara, Lagos and Ondo and falls between 4°56′19.996″E 
and 6°38′44.76″N and 5°37′3.003″E and 6°28′13.44″ N as 
shown in Figure 1. The study area has three major  
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Figure 1. The study area. 

 
 
ecological zone including Fresh water swamp forest, 
Lowland rain forest and Derived savannah belts. 
 
 
Materials and Methods 
 
 Landsat image acquired in November 2002 of the south 
western Nigeria was, processed and classified to 
calculate Normalised vegetation indexes (NDVI) in the 
area using band 3 and 4. Figure 2 shows the Landsat 
image of the study area.  The bands were selected based 
on the assumptions that the chlorophyll levels of the 
vegetation are best mapped by Band 3(Visible red), while 
the biomass characteristics of the vegetation are best 
extracted in the band 4 (Near infrared). 

NDVI was computed for the scene that covers the 
study area using band 3 and 4 of Landsat Image. The 
detailed soil classification map produced by Department 

of Agronomy University of Ibadan was used to estimate 
soil fertility map (Figure 3). The soil classification 
provided sufficient detailed for the analysis. The soil 
classes were regrouped based on potential for the soil to 
release nutrients for crop use for example a well- drained 
soils, with high percentage of loam is considered more 
fertile than a poorly drained sandy loam.  The soil classes 
were also indexed based on the potential of the soil to 
free nutrients for plant use. The estimated soil fertility 
index for the study area is shown in Figure 4. The soil 
fertility index map generated was characterised through 
simple kriging method to enable further correlation and 
regression analyses of the components in the raster GIS 
platform using IDRISI GIS software.  

In order to examine the relationship between the two 
data sets and how much of the spatial variation in the 
vegetal quality can be explained by the soil fertility index 
a correlation and regression analysis were conducted on  
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Figure 2. Landsat Image of the study area. 

 
 

 
 

Figure 3.  Soil fertility classification in the study area.  



 

                                                                                          Fabiyi et al          407 
 
 
 

 
 
Figure 4. Soil fertility index computed based on soil. 

 
 
the datasets. To further refine the relationship, the NDVI 
image was used as dependent variable, while Soil index, 
Length of raining season (LRS) which was derived from 
the number of raining days in a year and annual mean 
temperature obtained from the meteorological stations 
were used as independent variables.  These datasets 
were used in a regression analysis and the r

2 
values were 

computed for each kernel and the entire study area for 
the analyses. 
 
 
RESULTS AND DISCUSSION 
 

Soil index  
 
The study area is largely made up of sandy loamy soil 
with some measures of clay and sand. The alluvium 
content of the soil is very low in the south western part of 
the study area while the northern part has richer alluvium 
content in the soil types. Figure 3 shows the soil fertility 
map while Figure 4 shows the soil fertility index. Table 1 

shows the description of the soil fertility classifications in 
the map.  
 

 

Raining days per annum 
 

The study area is in the forest zone of Nigeria and has 
rainfall for at least 7 months of the year. The number of 
raining days per annum is shown in Figure 5. The 
number of raining days per annum (Length of Raining 
season) was also indexed for the study area to produce 
rainfall index variable.  

The length of raining season indicates that  high rainfall 
days is experienced in Osun, Ondo and Edo states  while 
Kwara and Oyo states experience lower than average 
rainfall days in the study area.   
 

 

Spatial variation of vegetation quality 
 
The NDVI analysis of Band 3 and   Band   4   shows   that  
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Table 1. Description of the Soil Fertility Classification.  

 

1a Very deep, poorly moderately well drained soils; sandy, sandy loam or sandy clay loam surfaces over sand, sandy loam 
to sandy clay loam subsoils." 

2a Deep well drained and deep poorly drained soils; sand, sandy loam, loamy sand or sandy clay  loam surfaces over 
sand, sandy clay, sandy clay loam, clay, clay loam or loamy and, sometimes gravelly subsoil" 

5b Very deep well drained soils; loamy, sandy, sandy loam or sandy clay loam surfaces over sandy clay loam, sometimes 
gravelly subsoils " 

5c Very deep well drained soils; sandy, loamy sand, or loamy surfaces over loamy, sandy loam or sandy clay." 

5d Very deep to deep and moderately deep well drained and few imperfectly drained soils; sand, sandy loam or loamy sand 
surfaces over sandy loam, sandy clay loam or gravelly sandy clay loam subsoils." 

5f Very deep well drained soils; loamy, sandy loam or loamy sand surfaces over clay loam, gravelly clay or sandy clay 
loam subsurfaces." 

6a Very deep well drained soils; loamy sand to sandy loam surfaces over sandy clay loam to sandy clay subsoils." 

7a Very deep well drained and very deep poorly drained soils; sandy, sandy loam or sandy clay loam surfaces over sandy 
loam, sandy clay loam, sandy clay or clay loam subsoils." 

7b Very deep well drained soils; sandy loam, loam over clay loam, sandy clay loam or sandy clay subsoils." 

7c Very deep well drained and very deep poorly drained soils; sandy loam, sandy loam, sandy clay loam or loamy sandy 
surfaces over gravelly sandy clay loam or sandy clay, clay loam or loamy sand subsoils" 

8a Very deep and deep well drained soils; loam, loamy sandy or sandy loam surfaces over gravelly or stony sandy clay, 
sandy clay loam or clay loam subsoils." 

8b Deep and very deep well drained soils; sandy clay or sandy loam surfaces over gravelly or stony sandy clay loam, sandy 
clay or clayey subsoils." 

10a Deep to very deep well drained soils; loam, loamy sand, sandy loam or sandy clay loam surfaces over gravelly sandy 
clay, clay loam, clay or sandy loam subsoils." 

11a Deep well drained soils; sandy loam, loamy sand, sometimes gravelly surfaces over gravelly sandy clay loam, sandy 
clay or clay loam, sometimes mottled subsoils." 

13a Deep well drained and shallow well drained soils; sandy loam surfaces over stony sandy clay subsoils or bedrock." 

15g Very deep well drained soils; sandy loam surfaces sometimes gravelly over sandy clay loam to sandy clay and 
sometimes gravelly subsoils." 

18d Generally deep well drained with few poorly drained soils; loamy sand surfaces over sandy loam to sandy clay loam and 
sometimes gravelly subsoils." 

21c Deep to very deep and very shallow to moderately deep well drained soils; sand, loamy sand to sandy loam surfaces 
over sandy loam to sandy clay loam and sometimes gravelly subsoil." 

22c Shallow and moderately deep to deep well drained and some- what poorly to poorly drained soils; loamy sand to sand 
loamy and sometimes gravelly surfaces over sandy clay loam to sandy clay and sometime" 

24b Very shallow to shallow and deep well drained soils; loamy sand to sandy loam surfaces, sometimes gravelly and over 
bedrock, over sandy clay loam subsoils, sometimes gravelly." 

 
 
 
considerable parts of the study area contain degraded 
vegetation having a -0.4 and -.08. The south-western 
Nigeria is also the most urbanised part of Nigeria; this 
may explain the low vegetal quality found in the area. The 
large part of the study area are characterised by derived 
savannah ecological zone. The length of raining season 
is longer in the area with high vegetation quality. 
However it shows the pattern of vegetation that is 
obvious in the area. The north-eastern parts of the study 
area is lowland rainforest vegetation region of the study 
area 

 

 
Vegetation quality and soil fertility 

 
The result of regression analysis of soil fertility index  and  

the NDVI is shown in Figure 7 and indicates an r value of 
0.750 while the coefficient of determination is 56.5%. The 
result is significant at t2. The standard error of estimation 
is 0.0764. This indicates that vegetation nutrient can be 
explained by soil nutrients. It implies therefore that about 
56 % of the variations of the NDVI  quality can be 
explained by the soil fertility index. Using the equation 
derived which is: 
 

Y = 0.197869 + 0.00077X                  ................ Eq 1 
 

In order word, 
 

NDVI = 0.197869 + 0.00077 Soil fertility index 
 

The result was further refined using the length of  raining 
season (LRS) variable. The coefficient of determination 
slightly improved to 58% while the r value was 0.76.  
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Figure 5. Length of raining days per annum. 

 
 

 
 
Figure 6. The Normalised Difference vegetation Index of the study area.  

 
 
Conclusion 
 
The study shows   the   potential   of  using   the   remote  

sensing data for deriving soil fertility map and thus 
provide a great input for national or provincial agricultural 
strategic planning Routine soil fertility maps for the  entire  
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Figure 7. Regression analysis of NDVI and Soil fertility.  

 
 
 
country or province can be prepared prior to the onset of 
growing season and made available to farmers for 
efficient crop management. This help in the efficient 
deployment of farm inputs and other resources for 
improved agricultural production. It can also help 
agricultural decision makers to compute the amount and 
type of fertilizer to be made available to specific area of 
the country for the farming population.  

Fertility maps can also be produced for less accessible 
areas and even dangerous terrain where conventional 
soil study cannot be conducted. The decision maker can 
also compute the cost of agricultural production in rela-
tion to food import so as to utilize the national resources 
at the places where the highest return is assured. 

Use of Soil Fertility Map as a tool for nutrient 
management will not only  help in the deployment of 
rational approach  to precision farming techniques but 
can be a  major input in national agricultural development 
programme. Nigeria and other developing countries 
cannot have robust agricultural development strategies 
without a good national agricultural development plans. 
Regular updated fertility maps will be useful in the 
selective application of fertilisers and will reduce the need 
for elaborate plot-by-plot soil testing activities (Iftikar et 
al., 2010). However, information pertaining to such use of 
GIS –based fertility maps has been in adopted in India 
(Sen et al., 2006) and therefore this should not be an 
exception in Africa and Nigeria as a country to help boost 
our agricultural practices and production. 
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