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Abstract

Microorganisms are of primary importance for soil quality and natural productivity. Four land use systems viz.,
Forestry, Horticulture, Agriculture and Pasture at four different locations viz., Bajoga, Gombe, Boderi and Kanawa were
identified in determining population of microorganisms in the soil. The samples were collected, numbered and labelled
with date and site of collection in an air-tight pre-sterilized polyethene bags before transportation to the laboratory.
Serial dilution pour plate technique was used for estimation of total bacterial, fungal, actnomycetes and azotobacter
using specific media. The plates were incubated at temperatures specific to particular microbe for 2 - 3 days. The
colonies that developed on media were counted by electronic colony counter. The microbial counts were expressed as
colony forming unit per gram of soil (CFU/g soil). The highest bacterial count (CFU/g) was found in forest land use with
the mean value (192.66) and the lowest (41.33) was found in agricultural land use system. The highest total fungal count
(CFU/g) was recorded in forest land use with the mean value (77.33) and the lowest (10.33) was found in agricultural
land use system. The highest total viable actinomycetes count (CFU/g) was recorded in forest land use with the mean
value (62) and the lowest (3) was found in agricultural land use system as compared to other soils in the study area.
The perusal of data reveals that for the total azotobacter count (CFU/g), the highest was recorded in forest soils because
of the presence of more organic matter with mean value (22.66) as compared with the other land use systems. The
lowest was found in agriculture (4.33). Lowest microbial count in agricultural soils may result to poor soil quality and
natural productivity which may lead to famine a natural disaster. Planting of cover crops will improve soil structure,
enhance soil fertility and sustain or increase soil organic matter and soil biological activity.
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1. Introduction

Soil is a natural body consisting of various horizons of mineral constituents, each with different proportions and has
some distinctive features. Besides minerals, soil includes soil organic matter, water and air. The arrangement and extent
of these parts significantly impact soil physical properties like structure and porosity. Soil bacteria and fungi play a vital
role in different biogeochemical cycles and are in charge of the cycling of natural mixes [1].

Soil is the most abundant ecosystem on Earth, but the vast majority of organisms in soil are microbes, a great many of
which have not been described [2]. The total number of organisms and species can vary widely according to soil type,
location and depth [3,4]. Microorganisms, including bacteria and fungi, affect chemical exchanges between roots and
soil and act as a reserve of nutrients in a soil biological hotspot called rhizosphere. Diverse microbial community are
supported by soil that plays an important role in ecosystem level processes such as, decomposition of organic matter
and nutrient cycling [5].
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Soil is a fascinating medium for developing microorganisms, as it contains different supplements that the organisms
require for their digestion system. Unfortunately, nutrients are not generally promptly accessible [6]. However, it is one
of the richest reservoirs of microorganisms, that is, 1 gram of agricultural soil may contain even several billion colony
forming units of microorganisms belonging to thousands of different species, and even though microorganisms
constitute less than 0.5% of the soil mass, they have a major impact on soil properties and processes [7].

Land use is characterized by the arrangements, activities and inputs, that people undertake in a certain land cover type
to produce change or maintain it [8]. It influences soil aggregation, aggregate stability and overall soil health. The
practices affect the distribution and supply of soil nutrients by directly altering soil properties and thereby influencing
biological transformations in the rooting zone [9].

Influence of management practices on the size, composition, and function of the soil microbial communities varies
greatly depending on their interaction with other abiotic and biotic factors, such as soil type, plant species, and other
environmental variables [10]. Alterations in the physical and chemical nature of the soil may lead to change in soil
microbial community, number and changes in microbial function [11]. Land use systems such as forestry, pasture,
Agriculture e.t.c.; provide stability and sustainability to the farming system.

The aim of the study is to determine the population of microorganisms in some parts of Gombe State, Nigeria.

2. Material and methods

2.1. Location of investigated area

The study was carried out in four different locations namely; Bajoga, Gombe, Boderi and Kanawa. Gombe state is
situated at latitude 10017’ 22.88” N and longitude 11° 10’ 2.24” E. The area encompasses many land uses and among
them four dominant land uses are agriculture, forest, pasture and horticulture land use systems.

2.2. Collection of soil samples

Four land use systems viz., Forestry, Horticulture, Agriculture and pasture at four different locations (Bajoga, Gombe,
Boderi and Kanawa) were identified. Purposive sampling method was followed for collection of the soil samples from a
depth of 0-20cm [12].

The samples were transferred to an air-tight pre-sterilized polyethylene bags before transportation to the laboratory,
numbered and labeled with date and site of collection. When samples could not be processed immediately, they were
stored at 4°C for no longer than 18 to24 hours.

2.3. Estimation of total microbial count

Serial dilution pour plate technique (by Aneja: delete) [13] was used for estimation of total bacterial, fungal,
actnomycetes and azotobacter using specific media that is, nutrient agar media (NA), Martins Rose Bengal media,
Actinomycetes agar and Ashbys media respectively. One gram of the rhizosphere soil was placed in 9ml of sterilized
distilled water under aseptic conditions. Serial dilution of 10-1, 102, 10-3, 10-4, 10-5, 10-¢ were prepared one ml of aliquot
from specific dilution was added over cooled and solidified nutrient media (NA) in petri - plates. The plates were rotated
for uniform distribution. The plates were incubated at temperatures specific to particular microbe for 2-3 days. The
colonies that developed on media were counted by electronic colony counter. The microbial counts were expressed as
colony forming unit per gram of soil (CFU/g soil).

3. Results

Table 1 Description of sampling sites under different land use systems of Gombe State

Land Use System Location Site Number
Forest Kanawa S1,S2,S3
Agriculture Bajoga S$1,S2,S3
Horticulture Gombe §1,S2,S3
Pasture Boderi §1,S2,S3
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Table 2 Microbial count of soil under different land use systems of Gombe state

LUS Location Site Total Fungal Actinomycetes  Azotobacter

Number Bacterial

(CFU/g) (CFU/g)  (CFU/g) (CFU/g)

Forest Kanawa S1 228 92 77 8

S2 106 40 52 44

S3 244 100 57 16
Range 106 - 244 40-100 52-77 8-44
Mean 192.66 77.33 62 22.66
Agriculture  Bajoga S1 62 4 2 0

S2 20 19 0 10

S3 42 8 7 3
Range 20-62 4-19 0-7 0-10
Mean 41.33 10.33 3 433
Horticulture Gombe S1 137 54 17 9

S2 42 33 29 2

S3 91 21 30 17
Range 42 -137 21-54 17 - 30 2-17
Mean 90 36 25.33 9.33
Pasture Boderi S1 200 76 0 12

S2 212 30 44 10

S3 88 48 28 16
Range 88-212 30-76 0-44 10-16
Mean 166.66 51.33 24 12.66

Keys: CFU/g - colony forming unit per gram, LUS - Land Use System
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Figure 1 Bacterial count under different land use systems (CFU/g) of Gombe State
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Figure 2 Graph showing fungal count under different land use systems (CFU/g)

70 T

60
50
40
30 W Actinomycetes Count
20
10
0 i i I

Forestry Horticulture Agriculture Pasture

Figure 3 Graph showing actinomycetes count under different land use systems (CFU/g)
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Figure 4 Graph Showing Azotobacter count under different land use systems (CFU/g)
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4., Discussion

The data (Table 2) revealed that the results obtained in this study correlates with that ofWaniet al. [14] who observed
that forest and pasture showed the highest bacterial count. The highest bacterial count (CFU/g) was found in forest land
use followed by pasture land use system with the mean value (192.66) and (166.66) respectively, horticulture (90)
while the lowest (41.33) was found in agricultural land use system.

The number of soil bacteria in the cultivated land was lower than that in the other land use systems; this may result to
poor soil quality and natural productivity which may lead to famine. This is probably because of the presence of larger
carbon source in the form of organic matter present in the forest and pasture land. The organic matter in soil derives
from plants, animals and microorganisms. In forest, for example, leaf litter and woody material falls to the forest floor,
when it decays to the point in which it is no longer recognizable, it is called soil organic matter. When the organic matter
has broken down into a stable substance that resists further decomposition it is called humus. This carbon source
needed for metabolism may have increased the growth and activities of bacteria in soils of these land use systems that
is forest and pasture.

The slightly lower pH of the uncultivated land use type may have also encouraged the growth of bacteria which strive
in that level of soil pH. Soil pH has been shown to greatly influence soil microbial community [15].

Similar results that bacterial count was significantly affected by different land use system and conditions, and the
highest bacterial count was found in surface soils of forest land use, grassland and lowest in cultivated land was also
reported in previous studies [11,16,17].

The mean value of total viable fungi count (CFU/g) is presented in (Table 2). The highest was recorded in forest land
use followed by pasture land use system with the mean value (77.33) and (51.33) respectively, horticulture (36) while
the lowest (10.33) was found in agricultural land use system.

Forest soils were generally much higher than the other soils in the study area. The total viable fungal count ranged from
40 - 100 CFU/g soil. It might be due to low pH and higher organic matter in the forest soils. It is also possible that the
presence of trees in this land use system may have encouraged the presence of symbiotic relationship that occurs
between a fungal symbiont and the roots of various plant species; called ectomycorrhizal fungi which colonize most tree
species. Furthermore, the presence of trees in the forestland may have reduced the impact of heavy rainfall and other
climatic variables thus, favouring abundant growth of fungi in the forest land [16].

Whereas changes in soil physical properties resulting from tillage operations common in cultivated land may have
equally contributed to the reduced number of fungi in the cultivated land. This is because fungi are easily influenced by
changes in soil and environmental conditions [18]. Fungal structure (hyphal growth) is greatly affected by conventional
agricultural practices.

The results are in unison with other previous findings [11,16,17] who also reported that fungal count was significantly
affected by different land use systems however, the highest fungal count of surface and sub-surface soils was found in
forest land.

The total viable actinomycetes count (CFU/g) is presented in (Table 2). The highest was recorded in forest land use
followed by horticultural land use system with the mean value (62) and (25.33) respectively; pasture (24) while the
lowest (3) was found in agricultural land use system as compared to other soils in the study area.

This may be due to higher pore space as well as more organic material in forest and horticulture which is added to the
soil through leaf litter which serves as a source of energy for microbial population with good vegetation cover is reason
for increased microbial activity. Moreover, the more activity of microorganisms in forest is also due to presence of more
plant roots.

The less microbial count in cultivated land was due to low organic matter and use of fertilizers and more tillage
practices.

The results corroborate the findings of Okonkwo [19] who also reported that continuous cultivation led to a decrease
in the population of bacteria, actinomycetes and algae. Kumaret al. [17] also found that actinomycetes count was
significantly affected by different land use system and conditions. However, the highest actinomycetes count of surface
and sub-surface soils was found in forest land use.
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The perusal of data (Table 2) reveals that the total azotobacter count (CFU/g) the highest was recorded in forest
followed by pasture with mean value (22.66) and (12.66) respectively, horticulture (9.33) while the lowest was found
in agriculture (4.33).

The highest microbial count in forests could be attributed to more organic matter in forest soils and its accumulation in
soil which acts as food for microorganisms. Higher organic matter levels also result in favourable soil temperature;
improve plant root growth and in turn healthy microbial populations. The results agreed with that of other researchers
[11,16,17] who also reported highest azotobacter population in agro-forestry and lowest in cultivated lands.

5. Conclusion

The present study under four land use systems, viz., Forestry, Horticulture, Agriculture, and Pasture at different
locations revealed that the highest microbial count was found in forest soils and lowest in agriculture soils, probably
because of presence of larger carbon source in the form of organic matter present in the forest soils as compared to
other land use systems.

Agriculture is the major source of food for humans; lowest microbial count in agricultural soils may result to poor soil
quality and natural productivity which may lead to famine a natural disaster.
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