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Abstract

The escalating costs of synthetic fertilizers and their harmful environmental impacts have
sparked a growing interest in exploring sustainable alternatives for crop cultivation. This
investigation explored the potential of soil from anthills as a nutrient-rich resource for use
in soil amendment, biological fertilizers, and biocontrol applications. Anthill soils and
nearby areas were examined for their nutrient content and bacterial diversity. The
microbial isolates were also examined for plant growth-promoting (PGP) attributes by
employing standard analytical procedures and cultural approaches. To test for the
antagonistic properties of the screened microbial isolates against Fusarium oxysporum,
the diffusible substance method was used. The results revealed that anthill soils possess
higher total bacterial counts and superior physicochemical properties compared to
adjacent soils, except for silt, sand, and pH levels. The study identified beneficial bacteria
from genera such as Bacillus and Pseudomonas, which exhibited plant growth-promoting
properties and antagonistic activity against soil Fusarium oxysporum. These findings
suggest that anthill soils are nutrient-rich and harbour beneficial bacteria that can promote
plant growth and suppress soil pathogens.

Keywords: bioengineering; chemical fertilizer, food sustainability; soil assessment; soil microbial
community

Introduction Anthills are complex structures built by social
In recent years, the agricultural sector has insects such as ants and termites and these
witnessed an increasing demand for sustainable structures are not only architectural marvels
and eco-friendly practices due to the negative but also serve as nutrient-rich environments
impacts of conventional farming (Amoo et al. that support diverse microbial communities
2021). The extensive utilization of synthetic (Fernandez-Bou et al. 2019). Soil ants are
pesticides and fertilizers, while effective in essential in decomposing organic matter and
boosting crop vyields, has led to significant recycling nutrients into the soil, thereby aiding
environmental degradation, including soil in soil formation and enhancing its fertility
depletion, water contamination, and the decline (Santamaria et al. 2020). As a result, anthill
of biodiversity (Enagbonma et al. 2024). These soils are often found to contain potassium,
challenges have driven researchers to explore phosphorus, and nitrogen, which are critical
alternative methods of soil management and nutrients for plant development (Urbanczyk and
crop production that are both economically Szulc  2023). Moreover, the unique
viable and environmentally sustainable physicochemical properties of these soails,
(Enagbonma and Babalola 2019). One such coupled with the diverse microbial populations
promising approach involves the use of they could harbour, make them a potential
naturally occurring biological resources, resource for sustainable agriculture (Delgado-
particularly anthill soils, which have shown Baquerizo et al. 2019).

considerable potential in enhancing soil fertility,
promoting plant growth, and controlling plant
pathogens (Enagbonma and Babalola 2023).

The idea of utilizing anthill soils as a natural soil
amendment has gained traction due to their
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reported ability to enhance soil structure, boost
nutrient availability, and stimulate beneficial
microbial activity (Chisanga et al. 2020). Soil
amendments are substances incorporated into
the soil to enhance its chemical and physical
properties, thereby improving its capacity to
support plant growth (Campos et al. 2020). In
the case of anthill soils, the information on the
presence of beneficial bacteria, including those
with plant growth-promoting (PGP) capabilities
is still handy, and this can contribute immensely
in fostering a healthy soil microbiome
(Enagbonma and Babalola 2020). These
bacteria could have the capacity to fix
atmospheric nitrogen, solubilize phosphate, and
produce growth hormones, all of which
contribute to improved plant health and
increased crop yields (Enagbonma and Momoh
2024). Additionally, certain bacterial isolates
found in anthill soils could exhibit antagonistic
properties against soil-borne pathogens,
offering a natural form of biocontrol.

Building on previous research that has shown
anthill soil to have exceptional nutrient
properties (Hidalgo et al. 2021; Ezeaku et al.
2015), this study aims to examine the soil
nutrient properties of anthills, along with the
contribution of resident microbes to nutrient
cycling and the mitigation of disease causing
organisms in plants. This investigation aimed to
confirm three key hypotheses: i. anthill soil has
a higher nutrient content compared to
surrounding soil; ii. the bacterial communities
in anthill soil are distinct from those in adjacent
soil; and iii. bacteria in anthill soil exhibit
enhanced capabilities for nutrient cycling and
pathogen suppression. This study sought to
further understand the unique properties of
anthill soil, which previous studies have
attributed to factors such as improved
temperature regulation, near-neutral pH,
increased organic matter, and enhanced
aeration (Kristiansen and Amelung 2001; Frouz
and Jilkova 2008).

Materials and methods

Soil collection and study locations

Soils (50 g) were mined from eight anthills, with
two sets of four anthills each located in
Ekosodin (Ala-d) (Lat. 6° 23! 42! North, Long.
50 36! 49! East) and Ugbowo (A2a-d) (Lat. 6°
23! 45! North, Long. 5° 36! 54!! East), both in
Benin City, Nigeria. Each anthill was
approximately 2 meters apart, and soils were
mined from up to the bottom of the anthill (O-
15 cm depth), where ant activity was evident
(Chisanga et al. 2020). For comparison,
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adjacent soil samples (Sla-d and S2a-d) were
collected 10 meters away from each anthill, at
the same depth. This distance was chosen to
ensure the adjacent soil was unaffected by
anthill activities. Soil samples were stored in
containers with ice packs during transport to
the laboratory for further analysis of bioagents
and physicochemical properties. The 0-15 cm
soil depth was selected, as this zone typically

exhibits the highest microbial activity
(Enagbonma et al. 2022).
Soil Parameter assessment
Pre-processed soil samples (20g) were

analysed for physical and chemical properties.
Available  phosphorus  was  measured
spectrophotometrically (Mussa et al. 2009), and
organic carbon was determined following the
technique outlined by Wakung'oli et al. (2020).
Exchangeable magnesium and calcium levels
were measured using atomic absorption
spectrophotometry (Imbrea et al. 2016).
potassium was evaluated wusing flame
photometry (Banerjee and Prasad 2020).
Nitrogen content was determined through the
Kjeldahl method (Goyal et al. 2022). The pH
level was evaluated via a pH-meter with a 1:2.5
soil-to-water ratio (Enagbonma and Solomon
2024). The particle size distribution was
assessed wusing a hydrometer technique
(Ashworth et al. 2001).

Bacterial isolation and characterization

A serial dilution series was prepared from 1g of
soil, progressing up to the fifth dilution.
Subsequently, aliquots were transferred to
various sterile agar plates as previously
described by Lahsini et al. (2022), then the
inoculated plates were subsequently incubated
for 24 hours at 37°C. Thereafter, distinct
colonies were picked depending on their
morphological features and pure isolates were
obtained via subculturing. The bacterial isolates
were characterized using a combination of
biochemical and morphological tests (ALKahtani
et al. 2020; Okoduwa et al. 2022).
Assessment of microbial isolates for PGP
attributes Phosphate solubilization test

A spot inoculation of the bacterial isolate was
made at the middle of a sterile molten
Pikovskaya agar plate, which was then
incubated at 30°C for a period of 72 hours.
Subsequently, the diameters of the phosphate
solubilization zones surrounding the colonies
were measured and recorded. The
solubilization-index was calculated with the
formular previously used by Wasoontharawat
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(2017) by using the colony diameter to divide
the total halo diameter.

Test for ammonia production

Bacterial cultures in their exponential growth
phase were introduced into 10ml of nutrient
broth and subjected to incubation at 30°C for
48 hours, with constant agitation provided by a
rotator shaker. Following incubation, 0.5ml of
Nessler's reagent was added into the individual
tube. The appearance of a brown and yellow
coloration signified a positive result for the
production of ammonia (Adebajo et al. 2021).
Antifungal effects of PGP bacteria
against Fusarium oxysporum

The antifungal activity of bacterial strains was
evaluated against Fusarium oxysporum using a
dual culture assay. F oxysporum was cultivated
on Sabouraud dextrose agar plates, and a 7mm
disc was excised from the actively growing
culture and placed at the plate's centre. A 24-
hour-old bacterial culture was streaked
approximately 2.5cm away from the fungus.
Following incubation at 28°C for 5 days, the
plates were examined for zones of inhibition
surrounding the bacterial colonies. The
percentage inhibition of fungal growth was

Table 1: Soil nutrient values from both soil samples

measured following a modified formula from
Adebajo et al. (2021).

Statistical analysis

To ensure accuracy and reliability, all tests were
performed in triplicates. The means of resulting
data were then subjected to statistical analysis
using a combination of software tools, including
SPSS Statistics v21, PAST v2.17c¢, and Microsoft
Excel v2010. This involved conducting ANOVA
and using descriptive statistics to analyse the
dataset and draw meaningful conclusions.

Results

Examination of soil physical and chemical
properties

An examination of soil physicochemical
characteristics (Table 1) indicated that anthill
soils possessed elevated levels of essential
nutrients, including OC, P, K, OM, Ca, Mg, TKM,
and clay (with the notable exceptions of S2b
and S2d), when compared to neighbouring
soils. Conversely, adjacent soil samples
displayed increased proportions of sand, silt,
and pH levels, distinguishing them from anthill
soils.

Site pH oC OM TKN P Ca K Mg Sand Silt Clay
(%) (%) (%) (mg/L) (mg/L) (mg/L) (mg/L) (%) (%) (%)
Ala 6.1 1.74 3 2.16 23.15 0.35 6.32 0.97 94 1.72 4.28
Alb 6 1.82 3.14 1.78 48.78 0.32 6.12 0.88 92 1.74 6.26
Alc 5.2 1.72 2.97 1.56 22.63 0.27 5.63 0.97 95 1.2 3.8
Ald 6.1 1.82 3.14 2.38 48.78 0.32 6.12 0.94 93 1.24 2.76
Sla 6.6 1.72 2.97 1.22 22.63 0.27 5.63 0.95 96 2.75 1.25
S1b 6.4 1.16 2 1.14 20.27 0.25 5.48 0.78 93 2.14 4.86
Slc 6.6 1.37 2.36 1.22 28.17 0.22 4.36 0.82 96 2.75 1.25
Sid 6.4 1.28 2.21 1.78 31.46 0.18 5.27 0.78 96 2.14 4.86
A2a 5.9 0.65 2.53 2.13 36.54 0.28 5.18 0.93 94 1.25 3.37
A2b 6.3 0.87 2.5 2.36 43.11 0.37 5.23 0.82 91 1.85 6.73
A2c 6.4 0.92 2.53 2.13 36.54 0.28 5.18 0.93 93 1.25 5.68
A2d 6.3 0.83 2.5 2.36 43.11 0.37 5.23 0.93 92 1.48 3.52
S2a 6.8 1.47 1.21 1.28 18.63 0.12 3.11 0.74 95 1.63 4.75
S2b 6.5 1.45 1.5 1.94 9.54 0.18 3.28 0.79 92 2.27 6.15
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S2c
S2d

6.8
6.6

1.47
1.45

1.59
1.43

1.22
1.17

14.93
17.62

0.13
0.14

2.87
2.93

0.78 94
0.82 95

1.35
1.85

4.75
6.15

Al and A2 stand for anthill from Ekosodin and Ugbowo respectively, S1 and S2 stand for adjacent soils
from Ekosodin and Ugbowo respectively; a, b, ¢, and d represent the four replicates of each soil sample.

Total bacterial count and occurrence

A comparative analysis of bacterial populations
revealed that anthill soils in Al and A2
(Ekosodin) harbored significantly higher total
bacterial counts (logl0 cfu/g) than adjacent
soils (S1 and S2, Ugbowo), with the notable
exception of sample A2a (Fig. 1). The anthill
soils exhibited mean total bacterial counts of
6.67 = 0.07 (Al) and 6.42 + 0.05 (A2),
surpassing those of adjacent soils, which had

mean values of 6.32 £ 0.09 (S1) and 6.39 +
0.04 (S2). Furthermore, a diverse array of
bacterial isolates, including Corynebacterium
sp., Klebsiella sp., Staphylococcus sp.,
Pseudomonas sp., Citrobacter sp., Micrococcus
sp., Shigella sp., and Bacillus sp., were present
in Al, A2, S1, and S2 (Fig. 2). In contrast,
Salmonella sp., Serratia sp., and Enterobacter
sp. were more prevalent in the anthill soil
samples.

Total Bacterial Counts

Al S1

A2 S2

Fig. 1: Enumeration of the bacteria present in all soil samples

Bacterial isolates observed in anthill soil samples

M Klebsiella sp
 Staphylococcus sp
W Citrobacter sp

M Pseudomonas sp
o Micrococcus sp
 Shigella sp

1 Bacillus sp
Enterobacter sp

1 Serratia sp

© Salmonella sp

A

1 Corynebacterium sp

Bacterial isolates observed in adjacent soil samples

u Klebsiella sp

M Staphylococcus sp
u Citrobacter sp

M Pseudomonas sp

M Micrococcus sp

u Shigella sp

1 Corynebacterium sp
u Bacillus sp

S

Fig. 2: Relative abundance (%) of bacterial isolates from the soil samples
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Key: A = anthill soil samples S = adjacent soil samples

Plant growth-promoting activities
In the anthill soil samples, only two bacterial
isolates, Bacillus sp. and Pseudomonas sp.,

demonstrated the ability to solubilize
phosphates and produce ammonia, as indicated
by positive test results (Table 2 and 3).

Table 2: Phosphate-solubilizing bacteria in both soil samples

Isolate Enterobactersp. Pseudomonassp. Bacillussp. Serratia sp.
Al - + + -
S1 + + + +
A2 - + + -
S2 + + + +
KEY: + (Present/Positive) - (Absent/ Negative)
Table 3: Ammonia-producing bacteria in both soil samples
Isolate Enterobactersp. Pseudomonassp. Bacillus sp. Serratia sp.
Al - + + -
S1 + + + +
A2 - + + -
S2 + + + +
KEY: + (Present/Positive) - (Absent/ Negative)
Antifungal activities of anthill soil bacteria exhibited antifungal properties, with

against Fusarium oxysporum

The biological control function of the anthill soil
was evidenced by the suppression of the radial
growth of Fusarium oxysporum. A subset of
bacterial isolates, including Salmonella sp.,
Enterobacter sp., Pseudomonas sp., Serratia
sp., Staphylococcus sp., and Bacillus sp.,

49

pronounced inhibition zones observed against
Fusarium oxysporum. Notably, Enterobacter
sp., Serratia sp., Pseudomonas sp., and Bacillus
sp., displayed considerable clearance zones,
measuring 17.00 + 1.33, 17.00 £ 1.33, 20.00
+ 1.75, and 22.00 + 1.50, correspondingly (Fig.
3).
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Fig. 3: Inhibition zones (mm) of some bacterial isolate from anthill soils against Fusarium oxysporum

Discussion

This study offers a comprehensive examination
of the physicochemical properties of anthill soils
compared to adjacent soils, the bacterial
populations present, and the plant growth-
promoting activities of the soil bacteria. The
results reveal notable differences in soil
characteristics, microbial  diversity, and
functional capabilities that underscore the
potential of anthill soils as valuable ecological
resources. Analysis indicates that anthill soils
from Ekosodin (A1) and Ugbowo (A2) generally
exhibit higher levels of essential nutrients, such
as organic carbon (OC), phosphorus (P),
potassium (K), organic matter (OM), calcium
(Ca), magnesium (Mg), and clay content
compared to adjacent soils (S1 and S2). This
trend suggests that anthill formation may
contribute to soil enrichment through the
accumulation and concentration of nutrients
(Babalola and Enagbonma 2024). Notably,
samples S2b and S2d from Ugbowo are
exceptions to this trend, exhibiting lower
nutrient levels which could be attributed to
specific local soil conditions or variations in
anthill composition (Enagbonma et al. 2021).
The increased proportions of sand and silt,
along with higher pH levels, observed in
adjacent soils compared to anthill soils, may
reflect differences in soil texture and mineral
composition between these soil types. Higher
pH and sand content in adjacent soils could
result from erosion or leaching processes that
are less prevalent in anthill soils (Ezeaku et al.
2015).
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The total bacterial counts in anthill soils (A1 and
A2) were significantly higher than those in
adjacent soils (S1 and S2), except for A2a. This
finding aligns with previous studies suggesting
that anthills provide a unique microhabitat that
supports higher microbial diversity and
abundance (Lenoir et al. 2001; Enagbonma et
al. 2020). The presence of a wide range of
bacterial isolates in both anthill and adjacent
soils, including genera such as
Corynebacterium, Klebsiella, and
Pseudomonas, highlights the rich microbial
community within these environments (Boots
and Clipson 2013). However, the prevalence of
certain bacteria such as Salmonella, Serratia,
and Enterobacter in anthill soils may indicate a
different  microbial community structure
influenced by soil management practices or
environmental conditions (Chisanga et al.
2019). The differences in bacterial communities
between soil types underscore the distinct
ecological roles that anthill soils and their
adjacent counterparts play (Enagbonma and
Babalola 2022).

The ability of anthill soil bacteria to solubilize
phosphates and produce ammonia is a critical
factor in promoting plant growth
(Wasoontharawat 2017). The study identifies
Baciflus sp. and Pseudomonas sp. in anthill soils
as capable of both phosphate solubilization and
ammonia  production, highlighting their
potential as biofertilizers. This is contrasted
with adjacent soils, where similar activities were
observed across a broader range of bacterial
isolates, including Enterobactersp. and Serratia
sp. The limited number of plant growth-
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promoting bacteria in anthill soils suggests a
more  specialized  microbial community
compared to adjacent soils. Despite this, the
presence of Bacillus sp. and Pseudomonas sp.
in anthill soils indicates that these bacterial
strains could be leveraged for sustainable
agricultural practices, particularly in nutrient-
poor or degraded soils (Mohan and
Radhakrishnan 2012).

The antifungal properties of bacteria from
anthill soils against Fusarium oxysporumfurther
illustrate the potential of these soils for
biological control applications. The substantial
inhibition zones produced by isolates such as
Pseudomonas  sp., Bacillus sp., and
Enterobacter sp. suggest their effectiveness in
suppressing fungal pathogens. This aligns with
the observed higher bacterial counts in anthill
soils, which may contribute to their enhanced
biological control capabilities (Katun et al.
2020). The study highlights the ecological
significance of anthill soils, demonstrating their
enriched nutrient content, diverse bacterial
populations, and functional capabilities,
including plant growth promotion and pathogen
suppression. These findings suggest that anthill
soils could serve as valuable resources for
sustainable agricultural practices and soil
management strategies (Suryadi et al. 2014;
Enagbonma and Babalola 2023). Future
research should focus on understanding the
mechanisms  underlying  the nutrient
enrichment and microbial dynamics in anthill
soils, as well as exploring their practical
applications in enhancing soil fertility and plant
health (Gupta and Buch 2019).

Conclusion

This study underscores the potential of anthill
soil as an asset for sustainable agricultural
practices. Our results reveal that anthill soil is
nutrient-rich and supports a range of beneficial
bacteria, including Bacillus sp., Enterobacter
sp., Pseudomonas aeruginosa, and Serratia sp.
These bacteria exhibit important plant growth-
promoting functions, such as phosphate
solubilization and ammonia production. Such
characteristics can significantly improve soil
fertility and help control plant diseases.
Consequently, anthill soil presents a promising,
eco-friendly alternative for soil enhancement,
biofertilizer  application, and  biocontrol,
contributing to healthier plant growth and
reduced dependency on chemical fertilizers.
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