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A B S T R A C T 

Microbial biomass of soil is recognized as a sensitive indicator of soil 

quality and fundamental for sustainable environmental management. This 

study aimed to use geospatial technology in evaluating soil microbial 

population under different land use in Akure, Nigeria. Global position 

system was used to identify the GeoEye-1 satellite image of the land use. 

The land uses were oil palm, teak plantation, unclear forest, cassava, and 

sugar plantations.  Soil samples were collected at a depth of 0-15cm, 

15-30cm and 30-75cm on each land uses and was taken to the laboratory 

for microbial analysis. Map showing the spatial representation of the 

microbial population across the land uses were produced using geographic 

information system (GIS) spatial method of interpolation operations. The 

mean values of the colony-forming units of microorganism was input in 

Microsoft Excel and saved in coma delimited file format, which was 

added as a layer in ArcMap in the Projected Coordinate Systems WGS 

1984 UTM zone 31N.  Spatial distribution was displayed using the 

Spatial Interpolation and Kriging Tools.  This  study reveals that, 

geospatial technologies provide accurate information for soil microbial 

population in different land uses and spatial representation map of 

microbial community  indicated a higher microbial population in cassava 

land than other property uses. 

Keywords:  

Soil, Ecosystem, Geospatial and 

Land use types. 

1. INTRODUCTION 

Soil represents the most diverse and vital ecosystem on the planet. Most of the biodiversity of agro-ecosystems 

is found in the soil and the functions performed by soil biota have considerable direct and indirect effects on 

crop growth and quality, nutrient cycle quality and the sustainability of soil productivity.( Campos et al., 2012),  
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the function of Microorganisms in the ecosystem, included decomposition of wastes,  fixing of atmospheric 

nitrogen, soil fertilization,  improve soil aggregation, increasing both soil aeration and soil water holding 

capacity (Richardson, 2001; Gale et al., 2008). Despite these contributions, the spatial distribution of many 

microbes is poorly understood because of the significant complexity in interactions between biotic and abiotic 

factors of the ecosystem.  

Previous research has shown that most microbes have no spatial patterns (Ushio et al., 2010). Recent studies 

have demonstrated spatial patchiness and restricted distributions of microbes (Van der Heijden et al., 2008). 

(Larsen et al., 2012b) has successfully applied the use of remote sensing to produce the map distributions of 

microbial communities and their functions in marine environments.  Spatial patterns have been demonstrated in 

the distribution of bacteria and bacterial function at scales from several millimetres to several meters in the 

study conducted by (Grundmann et.al., 2000; Nunan, et al., 2002).Because microbial community compositions 

can affect the rest of the ecosystem and vice versa, knowledge about their spatial distributions is critically 

essential in gaining a comprehensive understanding of terrestrial ecosystems, (Ranjard et al., 2010, Reid 2012).  

Most existing surveys of spatial patterns of soil microorganisms are based on samples collected from one single 

site or a single land-use type (Savin et al., 2001; Ritz et al., 2004; Franklin and Mills, 2009). This strategy does 

not allow for a statistical assessment of the specific effects of land-use intensity on microbial biogeography. 

Indicating the potential utility of geospatial technology for evaluating the soil microbial communities in the land 

use areas was not possible until recently because of limitations in remote sensing technologies. The advances of 

primitive sensing science and technologies, such as very high resolution (VHR) imaging and  Light Detection  

permit more detailed and reliable characterization and mapping of terrestrial microbes  than ever before 

(Dahlin et al., 2012; Laliberte et al., 2011). Little attention has been paid on soil microbial population under 

different land use, using geographic information system (GIS), in the absence of this information on soil 

microbial population in different land-use soil in Akure, Nigeria. Thus, this study has aimed on evaluating the 

soil microbial population under different land-use types in Akure, Nigeria using geospatial technology. 

2. MATERIALS AND METHODS 

2.1. Description of the study area 

The study was conducted at the teaching and research farm of the Federal University of Technology Akure, 

Nigeria. Akure is located in the tropical rainforest area of southwestern Nigeria (Latitude 7
0
18’12”N and  

Longitude 5
0
8’4”E) with a mean annual rainfall between 1300mm and 1600mm, which usually occurs 

between March to November and peaks in June/July. The dry season lasts about 3 months 

(December–February).It has a mean annual temperature of 27
0
c (minimum) and 32

0
c (maximum) with the 

elevation ranging from 255 to 381 meters above the sea level and the relative humidity during the raining 

season is between 85 and 100% and less than 60% during the dry season (Fasinmirin and Oguntuase, 

2008). 

2.2Land use type 

The land use area was identified using classification scheme developed by the National Remote Sensing 

Agency (NRSA) in 1995. So, on the basis of this scheme five Land use area were identified on the 

GeoEye-1 satellite image. These land-use areas were: oil palm, teak plantation, unclear forest, cassava and 

sugar. The teak plantation and unclear forest land is a natural forest which has not been disturbed for at 

least 100 years. Although shrubs and climbers are present in the unclear forest, the dominant plant species 

are trees such as bamboo (Bambusa vulgaris), oil bean (Pentaclethra macrophylla), and oil palm (Elaeis 

guineensis). The arable and fallow land had been previously cultivated for seven years with cassava 

(Manihot esculenta Crantz)), and maize (Zea mays L) either as sole crops or as crop combinations in 
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various plots. Some of the crops cultivated during the previous years were cocoyam (Colocasia esculenta), 

eggplant (Solanum melongena) pepper (Capsicum sp.), and sweet potato (Ipomoea batatas (L.) and yam 

(Dioscorea sp.) At the time of sampling, both cassava and maize were cultivated on the land. 

2.3   Soil sampling  

Seven sample plots were demarcated on the ground in each land use. The size of the sample plots in oil 

palm, teak plantation, uncleared forest, cassava and sugar cane were 20m × 20m, 10m × 10m, 10m × 10m, 

5m × 5m and 1m × 1m respectively. The experimental design for the investigation was split-plot with each 

land use type as the main plot while the subplots were soil depth at 0-15cm, 15-30cm and 30-75cm. 

2.4 Microbial Analysis 

The soil samples were collected during the raining season at the depth of 0-15cm, 15-30cm and 

30-75cm at four locations in each sample plots and the soil was thoroughly mixed to obtain a composite 

sample.  The soil samples were collected in separate sterilized samples bottles. Each sample bottle was 

correctly labelled with land-use types, location collection date and was taken to the laboratory for 

microbial analysis. The number of soil microorganisms was determined using the dilution spread plate 

technique. Nutrients agar (NA) and Potato Dextrose agar (PDA) were the culture media of choice used 

for bacteria and fungi. Incubation was done at 30- 37
0
c for 24hours (for bacterial), and at 25-27

0
c for 

72hours for fungi. At the end of incubation (24hours) microbial colony were counted and recorded 

appropriately for bacteria while after 72hours microbial colony were counted and recorded 

appropriately for fungi. 

2.5   Data Analysis 

Microbial count was subjected to analysis of variance (ANOVA) using the SPSS version 15. Treatments 

mean was separated using Duncan Multiple Range Test at p< 0.05. Data processing visual image 

interpretation and digital image interpretation techniques are used.  Arc GIS 10.3 GIS software were used 

for data processing. 

2.6   Map preparations 

Map showing the spatial representation of microbial population across the land use types, were produced 

using GIS spatial analytical method of interpolation and over lay operations. The mean values of the 

colony forming units of microorganism was input in Microsoft Excel and saved in coma delimited file 

format was added as a layer on the map in ArcMap in the Projected Coordinate Systems WGS 1984 UTM 

zone 31N.  It was added as a layer and exported as Shape file through the data Export pathway. The 

spatial distribution was displayed using the Spatial Interpolation and Kriging Tools. 

3. RESULTS 

The mean values of the colony forming units of microorganism with different soil depth were recorded in 

table 3. The highest microbial population of 6.83×10
4
cfu/g

-1
 was recorded at the surface soil layer of the 

cassava land (0꞊15cm), whereas the lowest 6.53×10
4
 cfu/g

-1 
was observed at subsoil layer of the teak land 

(30꞊75cm) (Table 3). The fungi population was significantly high at the surface layer of cassava (30꞊75cm) 

with 5.72×10
4
cfu/ g

-1
 and lowest value was recorded at subsoil layer of uncleared forest (30꞊75cm) with 

5.43×10
4
cfu/g

-1
. 

Mean followed by the same letter in each column are not significantly different from each other by Duncan’s 

multiple Range Test (DMRT) at 5% level of probability. 

The spatial representation map of microbial population at surface and subsoilacross land use areas are 

presented in figure.2 to 5. The spatial distribution of microbial population at subsoil and surface soil was 

carried out separately for bacteria and fungi with the 3D Analyst/Raster Interpolation/Kriging Tools in 
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ArcMap.  A degree of spatial distribution was observed for all microbial distributions (Fig. 2 to Fig 5). 

Generally, the range of spatial distribution tended to be greater in the topsoil samples than in the subsoil 

Table .1 

The mean values of the colony forming units of microorganism with different soil depths. 

Land use  Depths(cm) Bacteria population (cfu/g-1) 

(10-4)   

Fungi population (cfu/g-1) 

(10-4) 

Oil palm  0꞊15 6.76bcd 5.66a 

 15꞊30 6.72de 5.53b 

 30꞊75 6.68ef 5.43bc 

Teak  0꞊15 6.61gh 5.51bc 

 15꞊30 6.56hi 5.41d 

 30꞊75 6.53i 5.40d 

Uncleared .forest 0꞊15 6.69e 5.49bc 

 15꞊30 6.63fg 5.44cd 

 30꞊75 6.60fg 5.43cd 

Cassava 0꞊15 6.83a 5.72a 

 15꞊30 6.81ab 5.57b 

 30꞊75 6.77bcd 5.48bc 

Sugarcane 0꞊15 6.81ab 5.69a 

 15꞊30 6.78abc 5.66a 

 30꞊75 6.74cde 5.56b 

 

 

Figure 1: Locations of sample cells for soil sampling 
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Figure.2 Bacteria Population in the surface soil across land use 

 

 

Figure 3 Fungi Population in the surface soil across land use 
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Figure 4.Bacteria Population in the subsoil across land use 

 

Figure 5.Fungi Population in the subsoil across land use 

4. DISCUSSIONS 

The mean microorganism population in the cassava land was higher than other land uses. This research 

was in accordance with the results of the previous works, reported by (Basaran et al., 2006). The higher 

population of microorganism in the cassava may be due to the effect of tillage on the land year by year 

which enhanced the free movement of air and presence of some microorganism in the tuber of cassava 

which had a great influence on soil organic matter contents through mineralization and decomposition. The 

microbes in the soil also decrease with increase in soil depths, microbial population was high at the soil 
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surface due to the fact that organic residue are usually incorporated at the surface soil. The finding of the 

present study was in conformity with the work of Mishra (2010). In the land use areas the sample location 

site for microbial population were mapped using geospatial techniques and remote sensing techniques. 

This was in agreement with the work of previous researchers that tested the association between floristic 

diversity and spectral heterogeneity in remotely sensed data. (Palmer et al., 2000, 2002; Rocchini et al., 

2010)  

The spatial representation map of microbial population indicated that microbial population was more 

in cassava land than other land use area in figure 2 to figure 5, the result was in agreement with 

Adekayode et al., (2014) which revealed the use of geospatial technology in assessing the effects of 

land use on microbial population and soil fertility in akure, Nigeria, through overlay operations with 

the use of the 3D Analyst/Raster Math/Plus Tools in ArcMap following the previous procedures in 

Liu et al., (2002). 

Using sample plots at the scale of 20m × 20m in oil palm, 10m × 10m, 10m × 10m in teak plantation and 

uncleared forest, 5m × 5m in cassava land and 1m × 1m in sugar cane land respectively, we were able to 

test for the first time whether land-use intensity changes the horizontal biogeography of microbiological 

soil properties, and the microbial properties showed at least a moderate spatial representation in the maps 

generated. Our results showed that the range of spatial distribution differs between different land types and 

that land-use intensity affects spatial heterogeneity of soil microbial processes 

The range and degree of the spatial distribution of microbes observed in topsoil and subsoil samples were 

consistent with previous results by Nunan et al., 2002. This same author showed spatial structure in the 

distribution of bacteria at the cm to m scale consistent with the spatial structure for water conductivity 

measurements reported in the literature. 

5. CONCLUSION 

This study has demonstrated the development of geospatial technology in evaluating soil microbial 

population under different land-use area. By these developments, the technology has been used in 

collecting, evaluating and disseminating data and information that is important for the operation of the land 

and monitoring of soil microbes. This current study reveals that geospatial and its kindred technologies 

provides accurate and near to accurate information for soil microbial population in different land use area. 

Geospatial technologies have the potential to identify the microbial biomass suitable area, which can lead 

to the crop productivity. However collection of sample point format is an important factor to predict the 

microbial diversity. Study shows that, spatial representation map of microbial population indicated that 

microbial community was more in cassava land, than other land use area. The results of the predictive 

model using geospatial techniques will help to optimize the land use types. It has been understood during 

this study that the productivity of the soil microorganism can increase with the proper identification of soil 

potential of the land-use area according to the land use and crop type. Spatial analysis of microbial habitat 

characteristics, activity, and soil microbial community abundance turned out to be a powerful tool to 

describe and understand links between land use and microbial abundance and activity. 
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