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ABSTRACT

Microorganisms play vital role in keeping soil healthy. Bacteria, Fungi and Actinobacteria are active in
degrading soil organic matter which improves soil ecosystem functioning. There exists a dearth of information
on the influence of land-use on diversity of microbes in different soil aggregate sizes in Northern Guinea
Savanna of Nigeria. This study assessed the diversity of soil microbes under six different land-use practices
namely forest, fallow, pasture legume, pasture cereal, date palm plantation and continuous cultivated. In each
land-use soil samples were collected at two depths (0-5 cm and 5-20 cm). The soil samples were divided into
two parts, one part was left as collected from the field sites (bulk soil) and the other part was separated into three
aggregate fractions (>250 pum, >53 pm and <53 pum). Bacteria, Fungi and Actinobacteria were cultured, isolated
and identified, and some soil chemical properties were determined. Colony forming units per gram of soil
(CFU/g soil) was computed for the soil microbes. Results revealed that Bacteria is the predominant soil microbe
followed by Actinobacteria and then Fungi in all the land-uses. Bacteria population ranged from 1.49x107to
8.65x107CFU/g soil, Actinobacteria population ranged from 9.32x10° to 5.85x108 CFU/g soil and Fungi
population ranged between 6.75x10* and 4.21x10° CFU/g soil. Higher microbial population were observed in
forest soil than soils of the other land-uses. Continuously cultivated land had the least microbial population. Silt
+ clay soil fraction had significantly higher bacteria while the bulk soil was significantly richer in fungal

population.
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INTRODUCTION

The continued existence of human beings is predicated upon the
quality of land resources available for use. Land is put into both
agricultural and non-agricultural uses by man which tend to
affect the quality of the soil and the environment (FAO, 2010;
Eneje and Eke, 2012). Land-use determines the content soil of
organic matter through plant litter production which constitute
the major source of organic matter in soil (Pulleman et al.,
1999). Organic matter mediates several vital processes in soil
and determines to a great extent the kind of microorganisms
found in soils (Borie et al., 2008; Joshi et al., 2009). Soil serves
as the natural habitat for microorganisms and their function is
coordinated primarily by the kinds of food materials available
to them in soil. Soil microbes play active roles in degrading
these food materials (organic matter) which helps in improving
the proper functioning of the soil ecosystem. Hence, land-use

practices with high litter production or deposits would boost the
activities of soil microbes and would have greater potential and
capacity for agriculture (food crop production). Many
anthropogenic activities in soil poses threat to agriculture,
human health, environment and soil fertility status, hence, may
consequently have impact on soil microbial population and
diversity. Nidhi et al. (2019) reported significant loss in
biodiversity when natural environments were modified or
converted to other uses, especially for continuous and intensive
cultivation. There is scarcity of information on microbial
population and diversity in varying soil aggregates sizes under
different land-uses in the Northern Guinea Savanna of Nigeria.
The objective of this study is to determine the effect of land-use
on the colony forming units and diversity of soil bacteria, fungi
and actinobacteria, and to assess the distribution and diversity
of these soil microbes in soil aggregate fractions.
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MATERIALS AND METHODS

Study Sites

The study sites were six locations under different land-uses in the Northern Guinea Savanna of Nigeria as shown in the Table
below.

Land-use Site information and history

(8 Forest 30 years Tamarindus indica plantation covering about 0.32 ha in Afaka forest
reserve of Kaduna (Latitude 10°34°5.1” to 10°34°5.4” N, longitude
7°20°22.1” to 7°20°23.1” E and altitude 610 m above sea level).

VAN Pasture legume 20 years Gliricidia sepium plantation covering about 0.15 ha in National
Animal Production and Research Institute (NAPRI), Zaria (Latitude
11°12°13.9” to 11°12°30.4” N longitude 7°33°48.1” to 7°34°04.1” E and
altitude 676 m above sea level).

<P Pasture cereal 46 years Digitaria smutsii plantation covering about 0.22 ha in NAPRI,
Zaria, (Latitude 11°12°11.5” to 11°12°12.9” N, longitude 7°33°48.2” to
7°33°50.8” E and altitude 680 m above sea level),

8 Continuous cultivation 20 years continuously cultivated maize field covering about 0.20 ha in
Institute for Agricultural Research farm, Zaria (Latitude 11°10°31.9” to
11°10°32.2” N, Longitude 7°36°34.1” to 7°36°34.5” E and altitude 702 m
above sea level).

S Date palm plantation 20 years date palm plantation in Ahmadu Bello University, Samaru, Zaria
(Latitude 11°09°38.2” to 11°09°47.8” N, longitude 7°37°59” to 7°38°32.0” E
and altitude 675 m above sea level).

AN Fallow land 30 years fallow field dominated by Tridax, Elephant grass, Spear grass and
Shrubs in Institute for Agricultural Research field, Zaria (Latitude 11°10.476’
to 11°10.480°N longitude 7°36.790° to 7°36.816 E and altitude 678 m above
sea level).

These six different land use practices listed above served as the treatment for this study. The average minimum and maximum
annual temperature of the Northern Guinea Savanna of Nigeria is 21.1 °C and 35.5 °C respectively, with long-term mean annual
rainfall of 1270 mm in Afaka and 1011 + 161mm in Samaru.

Soil Sampling and Preparation

A simple random sampling technique was adopted to collect soil samples. The field was divided into three (3) parts to form
replications, where no replication exists. Soils were collected with the aid of a clean auger, at two depths (0-5 cm and 5-20 cm) at
field moist state. In each replication, soils were collected from 20 points and bulked as composite soil sample. These soil samples
were immediately stored in airtight containers with ice pack and later kept in a refrigerator at 4°C. Each of the soil samples were
later separated to three portions, one portion was kept in the refrigerator as collected from the field (bulk soil). The second portion
was separated by wet sieving using distilled water and sterilized nest of sieves (250 pm and 53 pm), into small macro-aggregates
(> 250 pm), micro-aggregates (>53 pum) and silt plus clay (< 53 pm) fractions then refrigerated. The last portion of the soil
composite samples were air-dried and sieved through 2 mm sieve for soil chemical analyses.

Soil Analysis

The 2 mm sieved air-dried soil sample was used for the determination of soil organic carbon (Nelson and Sommers, 1982), Soil
pH (Mcleans, 1982), Total nitrogen (Bremner and Mulvaney, 1982) Available P by Bray No. 1 acid fluoride method, exchangeable
bases (Rhodes, 1982), Effective cation exchange capacity and exchange acidity. The bulk soil and aggregate fractions were used
for the determination of bacteria, fungi and actinomycetes population and diversity following the conventional procedures as
described by Xu et al (2014), and Anasuya et al (2016).

Enumeration and Isolation of Microorganisms from Soil Samples

A suspension of each soil sample was prepared by weighing one gram of soil sample into nine milliliters of sterile distilled water;
and a tenfold dilution was prepared up to dilution 10-. Aliquots of 0.1 mL was obtained from dilution 10-°and inoculated (by
spread plate method) on the surface of freshly prepared nutrient agar for the enumeration of bacteria; while the same volume from
dilution 10-* was inoculated onto the surface of freshly prepared oat meal agar and saboraud dextrose agar for the enumeration of
actinobacteria and fungi, respectively. The inoculated plates were incubated at room temperature for a period of 3 — 7 days with
the exception of the plates for bacterial isolation which were incubated at 37°C for 24 hours.

After the period of incubation, the colonies observed were counted using a colony counter (Stuart SC6/1-model) and expressed as
colony forming units per gram of soil (CFU/g soil). Plates having more than 300 colonies were described as too numerous to count.
The colonies were aseptically transferred based on the different morphology into the following freshly prepared culture media,
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nutrient agar slants (bacteria), saboraud dextrose agar slants (fungi) and oat meal agar slants (Actinobacteria). The pure isolates
obtained for incubated as previously described above and subjected to further identification.

Identification

Bacteria and actinobacteria isolates were identified through various biochemical tests carried out while the fungal isolates were
identified by microscopy and the use of an ATLAS.

Statistical Analysis

Data obtained in this study were subjected to statistical analysis using the general linear model (GLM) procedure of SAS 9.2
package. Differences among treatment means was separated by Duncan multiple range test (DMRT)

RESULTS

Soil Fertility Indicators

Variation in land-use conferred significant differences in soil properties of the study areas (Tablel). Soil reaction at 0-5 cm soil
sampling depth, range from moderately acidic in continuous cultivated, date palm, pasture cereal and pasture legume to slightly
acidic in fallow and forest soils. However, at subsurface soils (5-20 cm) the soil pH ranges from strongly acidic to moderately
acidic and slightly acidic in date palm and forest soil. Soil organic carbon (SOC) content was generally low, except in forest soil
and pasture field where organic carbon (OC) content was moderate. Total nitrogen and Available P contents are moderate across
all evaluated land-use but high in forest soil. However, effective cation exchange capacity (ECEC) range from low to moderate
except at 0-5 cm depth of the forest soil where the ECEC was high.

Soil Microbial Count

The influence of land-use and soil aggregate fractions on soil microbial population and diversity at 0-5 cm and 5-20 c¢cm soil
sampling depths is presented on Table 2. Variation due to land-use revealed mean values of microbial counts was significant for
aacteria and fungi but not significant for the actinobacteria.

Forest soil had significantly higher bacterial population and diversity than all other land-uses at both soil depth, except in soils of
fallow, pasture cereal and pasture legume land-uses at 0-5 cm sampling depth, which had statistically similar bacterial population
as the forest soil. However, the least bacterial population were observed in soils of continuous cultivated land-use.

Forest soil also had significantly higher fungal colony forming units than all other evaluated land-use at both 0-5 and 5-20 cm soil
depths except at 0-5 cm sampling depth, where soils of pasture
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Table 1: Chemical properties of soil under different land-uses at 0-5 and 5-20 cm sampling depths

Soil properties

Treatment pH CaCl2 oC TN Avail. P Ca Mg K Na E.A ECEC

< gKgl! > mg Kg*! &< ¢ mol Kg! >
Land use 0 - 5 cm sampling depth
Continuous cultivation 5.90° 3.11° 1.4° 8.86¢ 1.60¢ 0.41° 0.20f 0.52b 0.41° 3.14¢
Date palm 5.85° 5.88° 2.2° 16.53¢ 3.07¢ 0.51° 0.44¢ 0.29¢ 0.60° 4.91°
Fallow 6.25? 10.532 1.2 8.67¢ 4.43P 0.36¢ 0.38° 0.872 0.44¢ 6.47°
Forest 6.182 12.472 3.62 18.84° 10.732 1.318 0.892 0.52b 0.20¢ 13.642
Pasture cereal 5.52¢ 6.13° 1.7° 25.032 2.47¢ 0.30¢ 0.73° 0.52b 0.41¢ 4,424
Pasture legume 5.66°¢ 11.482 2.3b 13.73¢ 2.87¢ 0.35¢ 0.69¢ 0.30° 0.772 4.98°
SE 0.031 0.639 0.310 0.266 0.090 0.0084 0.011 0.014 0.014 0.089
Slgnlflcant Ievel ** ** ** ** ** *%* *%x *%* *%x *%x
C.V (%) 0.90 13.61 24.32 2.82 3.74 2.69 3.41 4.99 5.12 2.46

5 - 20 cm sampling depth

Continuous cultivation 5.64° 3.64° 1.300¢ 8.45¢ 1.60¢ 0.43° 0.29¢ 0.18¢ 0.54b¢ 3.04f
Date palm 6.25? 5.18° 1.20¢ 10.714 2.93° 0.42b 0.51° 0.70? 0.50¢ 5.06°
Fallow 5.46° 5.55° 1.03¢ 6.39 4.23P 0.34¢ 0.41° 0.36° 0.530¢ 5.88°
Forest 6.412 10.532 2.33 11.43° 5.272 0.632 1.222 0.712 0.20¢ 8.022
Pasture cereal 5.47¢ 11.492 1.20¢ 11.08¢ 2.20¢ 0.27¢ 0.48° 0.702 0.58° 4.22¢
Pasture legume 5.41°¢ 9.172 1.53° 12.772 2.77° 0.31¢ 0.33¢ 0.582 0.702 4.68¢
SE 0.051 0.775 0.093 0.099 0.08 0.0073 0.0102 0.042 0.022 0.0999
Slgnlflcant Ievel ** ** ** ** ** ** ** ** ** **
C.V (%) 1.53 17.67 11.25 1.70 4.39 3.16 3.26 13.47 7.37 3.36

Means followed by different letters within the same column are significant at 5 % level of probability using Duncan Multiple Range Test (DMRT). * = Significant at 5 % level of
probability, ** = Significant at 1 % level of probability, NS = Not significant, SE = Standard error, S.L = Significance level, C.V = coefficient of variation, OC= Organic carbon,
TN = Total nitrogen, Avail. P = Available phosphorus, Ca = Exchangeable Calcium, Mg = Exchangeable Magnesium, K = Exchangeable Potassium, Na = Exchangeable Sodium,
E.A = Exchangeable acidity, ECEC = Effective cation exchange capacity.
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Table 2: Heterotrophic Counts of microbes in soils of different land-use and aggregate fractions at 0 - 5 cm and 5 — 20 cm soil sampling depths

Treatments 0 -5 cm Soil depth 5 — 20 cm Soil depth
Land Use Bacteria Fungi Actinobacteria Bacteria Fungi Actinobacteria
< (CFU/g soil) > < (CFU/g soil) >
Continuous Cultivation 1.49x107 8.38x10% 3.97x108 2.54x10™ 1.55x105% 4.83x108
Date Palm 3.07x107¢ 1.80x105be 4.89x10° 2.57x10™ 1.59x10%b 5.85x10°
Fallow 4.65x1073¢ 1.38x105¢ 3.61x10°8 5.31x10™ 6.75x10% 5.27x10°8
Forest 8.42x1072 4.21x10% 3.48x10°8 8.65x1072 2.96x10%2 4.01x10°8
Pasture Cereal 5.15x1072b¢ 3.66x10% 3.63x10° 4.22x10™ 1.46x105¢ 4.74x108
Pasture Legume 6.14x107 3.29x10%® 2.93x10° 2.62x10™ 1.03x10%%¢ 2.54x106
SE 1.27x107 6.12x10* 9.32x10° 1.11x107 2.84x10* 1.13x108
Significant level ** ** NS ** ** NS
Soil fraction
Bulk soil 3.07x10™ 4.01x10% 3.90x10° 3.19x10™ 2.31x10% 4.43x106
Small macro aggregate 4.44x107® 1.08x10% 3.24x106 2.75x10™ 1.18x10% 5.25x10°
Micro aggregate 5.26x107 1.69x10% 4.56x10° 4.30x10™ 1.18x10% 4.48x108
Silt + clay fraction 6.51x107 3.22x10% 3.30x106 7.04x107 1.50x10% 4.00x106
SE 1.04x107 4.99x10* 7.61x10° 9.09x10° 2.32x10* 9.21x10°
Significant level * ** NS el il NS
Interaction
Land use x soil fraction NS NS NS NS NS NS

Means followed by the same letter (s) within the same column are not significant at 5 % level of probability using Duncan Multiple Range Test (DMRT). * = Significant at 5 %
level of probability, ** = Significant at 1 % level of probability, NS = Not significant, SE = Standard error, C.V = coefficient of variation, CFU/g soil = Colony forming units of
microbes per gram of soil.
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Table 3: Predominant Microorganisms isolated from bulk soil and aggregates fractions of different land use systems

Microorganisms Identified after Biochemical Tests at 0-20 cm soil depths

Land use Soil Fraction Bacteria Actinobacteria Fungi
Continuous Cultivation Bulk soil Bacillus sp. Actinomyces sp. Phoma sp.,
Small macroaggregate Bacillus sp. Actinomyces sp., Acanobacterium sp.  Microphomina sp., Sclerotium sp.

Date Palm Plantation

Fallow

Forest

Pasture Cereal

Pasture Legume

Microaggregate

Silt + clay

Bulk soil

Small macroaggregate
Microaggregate

Silt + clay

Bulk soil

Small macroaggregate
Microaggregate

Silt + clay

Bulk soil

Small macroaggregate

Microaggregate

Silt + clay

Bulk soil

Small macroaggregate
Microaggregate

Silt + clay

Bulk soil

Small macroaggregate
Microaggregate

Silt + clay

Bacillus sp., Micrococcus sp.

Micrococcus sp.
Bacillus sp.

Bacillus sp.

Bacillus sp.., Micrococcus sp.

Bacillus sp.
Bacillus sp.
Bacillus sp.
Bacillus sp.
Micrococcus sp., Bacillus sp.
Bacillus sp.

Bacillus sp.

Micrococcus, Bacillus

Micrococcus, Bacillus

Bacillus sp.
Bacillus sp., Micrococcus sp.
Bacillus sp.
Micrococcus sp., Bacillus sp.
Bacillus sp.
Bacillus sp.
Micrococcus sp., Bacillus sp.

Bacillus sp.

Acanobacterium sp..,
Micromonospora sp.
Streptomyces sp.

Actinomyces sp., Streptomyces sp.
Actinomyces sp.

Actinomyces sp., Acanobacterium sp.
Streptomyces sp., Actinomyces sp.

Streptomyces sp.

Streptomyces sp., Acanobacterium sp.

Actinomyces sp., Acanobacterium sp.
Streptomyces sp.
Actinomyces sp., Streptomyces sp.

Acanobacterium sp.,
Micromonospora sp.
Actinomyces sp.

Actinomyces sp.

Acanobacterium sp.
Acanobacterium sp.
Streptomyces sp.
Actinomyces sp.

Acanobacterium sp.

Acanobacterium sp., Streptomyces sp.

Actinomyces sp., Acanobacterium sp.

Acanobacterium sp.

Aspergillus sp., Phoma sp.

Trichoderma sp.

Aspergillus sp.,

Aspergillus sp., Sclerotium sp.
Verticillium sp.

Sclerotium sp., Phoma sp.
Aspergillus sp., Phoma sp.
Trchoderma sp.

Aspergillus sp.

Phoma sp., Aspergillus sp.
Aspergillus sp., Phoma sp.

Phoma sp., Microphomina sp.,
Penicillium sp., Sclerotium sp.
Phoma sp.

Aspergillus sp.

Phoma sp.

Microphomina sp., Aspergillus sp.

Aspergillus sp., Penicillium sp.
Sclerotium sp., Phoma sp.
Aspergillus sp.

Phoma sp., Penicillium sp.
Aspergillus sp.

Mucor sp., Sclerotium sp.
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cereal and pasture legume land-uses had statistically similar
fungal population as the forest soil. Soils of continuous
cultivation land-use had the lowest fungal population and
diversity at 0-5 cm soil depth while soil of date palm land-use
was least in fungal population at 5-20 cm soil depth. Variation
in the different land-use did not significantly influenced
Actinobacteria population at both sampling depths.

Effect due to soil fraction, revealed Silt + clay fraction (<53
pm) had significantly higher bacterial population than all other
soil fractions at both 0-5 and 5-20 cm depths, except at 0-5 cm
sampling depth, where both the small macro-aggregate (> 250
um) and micro-aggregate (>53 pm) soil fractions had
statistically similar bacterial population with the Silt + clay
fraction.

Bulk soil had significantly higher fungal population than all
other soil fractions at both sampling depths, except at 0-5 cm
sampling depth where no significant difference was observed in
fungal population between the bulk soil and Silt + clay fraction.
However, actinobacteria population was not significantly
influenced by soil fraction.

Identification of Predominant Soil Microbes

Table 3 shows the identity of the predominant bacteria,
actinobacteria and fungal isolates in the soils of different land-
uses and aggregate sizes. Two bacterial genera identified to be
predominant were Bacillus and Micrococcus. Bacillus spp were
the most predominant (90%) in all the land-use and soil fractions
while Micrococcus sp was common in only microaggregate and
silt + clay fraction. Biochemical tests carried out, revealed four
species of Bacillus were identified as: Bacillus subtilis, Bacillus
mycoides, Bacillus megaterium and Bacillus polymyxa, which
are very active in degrading organic matter in soil.
Actinobacterial genera identified include; Actinomyces,
Acanobacterium, Micromonospora and Streptomyces, while the
fungal genera that are predominant in this study include Phoma,
Microphomina,  Aspergillus, Trichoderma, Verticillium,
Sclerotium, Mucor and Penicillium.

DISCUSSION

The influence of land use and soil aggregate fraction on soil
microbial population, diversity and activities revealed that the
population and diversity of soil microbes were generally
moderate in all the land uses. Although land uses with higher
organic matter content such as forest, pasture legume, pasture
cereal and date palm plantation had higher microbial activity
which may be attributed to higher carbon storage in these soils.
Leaf litter accumulation on forest floor, as well as detritus
material during harvest in pasture and date palm land-uses are
contributory to high carbon storage, nutrient cycling and
consequently the fertility status in these soils. This is evident
from the moderate to high ECEC obtained in these land-uses,
which indicates less leaching of basic cations thus the slightly
acidic soil reaction obtained in their underlying soils. The
accumulation of plant litter in the less disturbed land-uses
(forest, date palm, pasture cereal and legume) led to higher OC
content in these land-uses and consequently higher bacteria
communities because SOC is key factor to microbial diversity.
Ausec et al. (2009) observed significant positive correlation
between soil bacteria diversity and OC content in soil. Improved
soil structure in the less disturbed land-uses (forest, date palm,
pasture cereal and legume) promoted macro-porosity and pore
continuity thereby reducing nutrient losses via leaching and
consequently improves bacteria diversity.

Lawal, Salifu, Amapu and Atta

FJS

The higher bacteria population and diversity in the forest soil
than all other land-uses could be ascribed primarily to the high
litter accumulation on forest floors and exudates released from
tree roots which enhances availability of substrates for bacteria
utilization. This high OM content might have caused increased
in size, activity and diversity of microbial community thereby
increasing nutrient cycling rate.

The relatively high counts of bacteria in these soils compared to
those of fungi and actinobacteria could be attributed to the
association of bacteria with particulate soil organic matter,
particulate organic matter is the most readily available and
abundant pool of carbon in soil albeit their short residence time.
Since, bacteria are capable of utilizing more of simple organic
substances than fungi and actinobacteria thus they have the
ability to adapt to many different soil micro-environments
(Hoorman and Islam, 2010), hence, their abundance in soil. Soil
disturbance in continuous cultivated land-use due to tillage
operation, and low OM content due to less vegetal cover, could
lead to decrease in soil macro pores which may impair soil water
drainage and gaseous exchange, and consequently, have adverse
effect on soil bacteria and their abundance in continuous
cultivated soil. However, bacteria are the smallest and most
resilient microbes in soils (Hoorman and Islam, 2010) hence,
can survive under harsh or changing soil conditions. This may
be one of the reasons for the higher population of bacteria in the
silt + clay fraction relative to the macroaggregate fraction. More
so, bacteria have the capacity to utilize a wide variety of
substrates and carry out wide array of processes thereby
maintaining ecosystem stability and resilience.

Higher fungal population in the forest soil and soils of other
undisturbed land-uses, as well as the bulk soil of the various land
uses evaluated, signifies the ability of fungi to degrade tougher
organic materials than bacteria (Aislabie and Deslippe, 2013).
Furthermore, most soil fungi decompose recalcitrant organic
residues high in cellulose and lignin. Fungi carbon use
efficiency is about 40-55% so they store and recycle more C
(10:1 C: N ratio) and less N in their cells than bacteria
(Hoorman, 2011b). Fungi are more specialized but need a
constant food source and grow better under no-till conditions.
Therefore, their function is linked with good aggregation and
soil carbon sequestration (Jean, 2005). More so, non-soil
disturbance or non-tillage encourage macro aggregate
formation, soil microbial biomass and increase fungal
contribution to this biomass leading to increased soil
aggregation and stabilization of organic matter (Six et al., 2006).

Lower fungal population in continuous cultivated soil relative to
soils under the less disturbed land-uses may be ascribed to the
fact that intensive cultivation disrupts fungal network and
prevent their re-establishment. Alguacil (2008) observed poor
soil health and fertility maintenance with impact on nutrient
(phosphorus) and water uptake, and poor soil productivity due
to significantly lower arbuscular mycorrhizal fungal diversity in
tilled soil than in no till. In addition, application of nitrogen
fertilizer in continuous cultivated soil affect the carbon to
nitrogen ratio thereby increase the degradability of SOM
consequently decrease in biomass over long periods which may
ultimately lower microbial diversity. Also, reduced total
porosity result in decreased oxygen content which may restrain
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the survival of fungal hence result in decreased soil fungal
diversity.

The high abundance of fungi in macro aggregates and bulk soil
may explain their roles in soil aggregate stability, as more macro
aggregates means better soil structural stability thus higher
fungal population. Association of fungi with chemically stable
carbon fraction (Silva et al., 2011) which predominates the silt
+ clay fraction in addition to high SOM at 0-5 cm soil depth may
have warranted high fungal counts in this soil fraction.

Actinobacteria exhibit their superior degradative abilities when
highly complex organic materials such as lignin and
hydrocarbons remain in the soil (Hoorman, 2011a; Hoorman
and Islam, 2010; Asma et al., 2017). Actinobacteria are the
greatest influencers of the recalcitrant carbon pool in soil. Their
lower population and diversity observed in the continuous
cultivated soil could be due to the low content of recalcitrant
carbon as result of scanty soil cover and low nutrient status in
this soil. However, the non-significant differences observed due
to variation in land-use and soil fraction might be an indication
that the recalcitrant organic matter in soils of evaluated land-use
systems in this study, did not differ significantly or the
recalcitrant carbon may be very low, hence may have little or no
effect on the actinobacteria. In addition, the low soil pH (acidic)
observed in these land-uses may not be favourable for the
growth of antinobacteria since most of them thrive better in soils
with high pH (Hoorman, 2011a).

CONCLUSION

Land-use practices have great influence on soil microbial
activities; land-use systems with greater accumulation of
organic matter usually have more food substrate and higher
microbial population. This is evident from clearly profound
changes observed in microbial communities due to differences
in land-use and soil aggregate sizes. Land-use with less soil
disturbances has better or more stable structure relative to the
disturbed system and consequently, richer in microbial
community. The smaller soil aggregate fractions were richer in
bacteria possibly due to the resilient nature of bacteria while the
bulk soil and macro aggregate were the richest in fungal
communities. Land-use management that promotes soil organic
matter buildup should be encouraged to establish and maintain
good soil health, crop productivity and environmental well-
being, since beneficial soil microbial communities enhance
suppression of soil borne pathogens in agricultural soils.
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