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ABSTRACT

The study was conducted to investigate the influence of Bacillus mucilaginosus and Bacillus
lichenformis on soil soil available phosphorus amended with rice husk, at Usmanu Danfodio
University Teaching and Research Fadama Farm Kwalkwalawa, Wamakko Local Government
Area, Sokoto State Nigeria, the samples were collected at a depth of 0-30cm with the aid of
Auger to make a composite from each treatment, these was replicated three times, a total of 36
samples were collected, the soil samples were analyzed for available phosphorous, and Soil pH
in the laboratory. The result shows that there were significans difference (P < 0.05).
Combination of Rice husk + B. mucilaginosus and B. lichenformis with a mean pH of (6.80),
Rice husk alone has a mean pH of (6.69) and control has the lowest mean pH of (6.17), which
are all slightly acidic. Rice husk + B. mucilaginosus and B. lichenformis recorded the highest
soil available phosphorus with a mean of (0.60 g/kg) which is high, followed by Rice husk alone
with a mean of (0.52 g/kg) which is also high and control has the lowest mean (0.28 g/kg). The
use of B. mucilaginosus and B. lichenformis ameneded with rice husk in agricultural practices
enhance soil pH and phosphorous availability and improve soil quality, which may ultimately
lead to increase in crop yields.

Keywords: Bacillus mucilaginosus, Bacillus lichenformis, Phosphorous, pH, Rice husk,
Inoculation.

Introduction
Bacillus  mucilaginosus and  Bacillus

phosphorus, and inorganic phosphorus (AL-
gasy and Al-Shammari, 2022). This bacterium

lichenformis are two beneficial bacteria that
play a significant role in enhancing soil
phosphorus solubilization. Their properties
and applications can vary significantly,
depending on the specific strain and context in
which they are found or used (Richts et al.,
2019; Chen et al., 2021; AL-gasy and Al-
Shammari, 2022). Bacillus mucilaginosus has
been shown to increase soil pH value, reduce
soil acidity, and increase the content of
exchangeable phosphorus, active organic

238

can also prolong the phosphorite-dissolving
time, making phosphorus more available to
plants, hence they can be used as biofertilizers
to enhance soil phosphorus solubilization and
promote plant growth (Thomas et al., 2018).

Phosphorus is an essential element responsible
for plant growth. Available phosphorus refers
to the amount of phosphorus that can be
absorbed by crop plants (Liu et al., 2021)
Phosphorus is an important macro nutrient
element which has been observed to limit crop
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productivity (Mishra et al., 2017). Phosphorus
deficiency is widely considered the main
biophysical constraint to food production in
large areas of farmland in sub humid and semi-
arid Africa (Singh et al., 2014; Mshari et al.,
2019).Phosphorus availability in soil is often
limited, and the ability of B. mucilaginosus and
B. lichenformis can solubilize phosphorus adds
another layer to their plant growth-promoting
capabilities. The production of phosphatase
enzymes allows these bacteria to break down
complex phosphorus compounds, enhancing
the availability of this nutrient for plant uptake
(Yu et al., 2023). This potential reduction in
the reliance on chemical phosphorus fertilizers
aligns with the principles of sustainable
agriculture.

Phosphorus is an essential nutrient for plant
growth, as it is a key component of DNA,
RNA, and ATP molecules. However,
phosphorus can be limiting for plant uptake in
certain soil conditions (Selzer & Schubert,
2021). Here are some reasons why: Low
phosphorus content in soil: Phosphorus is not
as abundant in soil as other nutrients like
nitrogen and potassium. In many soils, the
phosphorus content is low, making it difficult
for plants to access the nutrient they need (Fu
et al., 2020). Phosphorus fixation: Phosphorus
can become fixed in soil, making it unavailable
for plant uptake. This process is known as
phosphorus fixation and is caused by microbes
that bind phosphorus to organic matter or
minerals in the soil. The fixed phosphorus is
then unavailable for plant uptake until it is
released through weathering or other processes
(Wissuwa et al., 2020).

The availability of phosphorus in soil is
strongly influenced by soil pH. Phosphorus is
most available at neutral to slightly acidic pH
levels (6.0-7.5), but becomes less available at
both very acidic and very alkaline pH levels. In
acidic soils, phosphorus can become fixed to
aluminum and iron minerals, making it
unavailable for plant uptake (Chen et al.,
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2023). In alkaline soils, phosphorus can
become fixed to calcium minerals, also making
it unavailable for plant uptake (Hou et al.,
2018). Leaching: Phosphorus can be leached
from soil through water movement,
particularly in sandy soils with low organic
matter content. This can result in a depletion of
phosphorus in the root zone and make it
difficult for plants to access the nutrient they
need (Vermeiren et al., 2021).

Microbial competition: Microbes in soil can
compete with plants for phosphorus uptake,
particularly during periods of low phosphorus
availability. This competition can result in
reduced phosphorus uptake by plants and limit
their growth and development (Amadou et al.,
2022). Improving phosphorus (P) availability
in soils is essential for promoting healthy plant
growth and maximizing crop yields (Moro et
al., 2021).

Phosphorus-solubilizing bacteria (PSB): PSB
are a group of bacteria that can mobilize fixed
P by producing organic acids and enzymes that
help break down organic matter and release P
into the soil. Farmers can introduce PSB into
the soil through the use of inoculants or by
planting PSB-rich cover crops (Hussain,

2019). Precision agriculture:  Precision
agriculture techniques like variable rate
fertilization and  site-specific  nutrient

management can help reduce over-application
of P fertilizers, reducing waste and minimizing
environmental impacts. By applying P
fertilizers only where they are needed most,
farmers can improve P availability while
minimizing costs and environmental impacts
(Skrzypczak et al., 2022). Phosphorus (P) is an
essential nutrient for plant growth, but it is
often limited in soil due to fixation and low
availability. Microorganisms play a crucial
role in making P available to plants by
mobilizing fixed P and releasing it into the soil.
One group of microorganisms responsible for
P availability is phosphorus-solubilizing
bacteria (PSB) (Saadouli et al., 2021).
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PSB are a diverse group of bacteria that can
solubilize fixed P by producing organic acids,
enzymes, and other compounds that help break
down organic matter and release P into the soil.
These bacteria can also help increase soil pH
by producing alkaline compounds, making P
more available for plant uptake (Hussain,
2019). Some examples of PSB include
Bacillus, Pseudomonas, and Aspergillus
species. These bacteria can be found in soil,
water, and plant rhizospheres, where they play
a vital role in nutrient cycling and plant growth
promotion. PSB can benefit crops in several
ways. Firstly, they can increase P availability
in the soil, making it more accessible to plants.
This can result in improved crop yields and
reduced fertilizer requirements. Secondly, PSB
can help reduce the buildup of fixed P in the
soil, which can lead to environmental problems
like eutrophication and water pollution.
Thirdly, PSB can help improve soil structure
and promote beneficial microbial
communities, which can lead to improved soil
health and reduced erosion (Li et al., 2017).
To harness the benefits of PSB, farmers can
introduce these bacteria into the soil through
the use of inoculants or by planting PSB-rich
cover crops. By promoting PSB activity in the
soil, farmers can improve P availability, reduce
fertilizer requirements, and promote healthy
plant growth. Phosphorus-solubilizing bacteria
(PSB): These bacteria can solubilize fixed P by
producing organic acids, enzymes, and other
compounds that help break down organic
matter and release P into the soil. Examples of
PSB include Bacillus, Pseudomonas, and
Aspergillus species (Hussain, 2019).
Phosphate-accumulating organisms (PAQOs)
can accumulate large amounts of P in their
cells and release it slowly over time, making it
available to plants during periods of low P
availability which include Acidiphilium and
Bacillus species (Li et al., 2020).

The integration of rice husk as a bio-
amendment adds a novel dimension to the
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discussion. Rice husk, an abundant byproduct
of agriculture, is rich in carbon and silica.
When combined with Bacillus species, it
creates synergistic effects (Kovar &
Cantarella, 2019). The carbon content of rice
husk complements the extracellular enzymes
produced by the bacteria, enhancing organic
matter decomposition and nutrient cycling.
Simultaneously, the silica content contributes
to improved soil structure and water retention
(Gill & Jalota, 2021). Rice husk, the outer
protective layer of rice grains, is a byproduct
of rice milling that has gained increasing
attention in recent years due to its potential as
a soil amendment (Kong & Lu, 2022).

Rice husk has been shown to improve soil
structure and aggregation, which are critical
factors for soil health and water retention.
Oppong Danso et al., (2021) reported that the
addition of rice husk to soil increased the soil
porosity, water-holding capacity, and aeration,
resulting in enhanced root growth and nutrient
uptake by crops. Microbial activity: Rice husk
contains organic matter that can serve as a
source of carbon for soil microbes, promoting
their activity and nutrient cycling (Linam et al.,
2023). The incorporation of rice husk into soil
increased the population of beneficial
microbes such as mycorrhizal fungi and
nitrogen-fixing bacteria, leading to improved
plant growth and yield (Ebe, 2020). Nutrient
availability: Rice husk can also enhance
nutrient availability in soil by providing a
slow-release source of essential nutrients such
as potassium, phosphorus, and calcium, the
addition of rice husk to soil increased the
availability of these nutrients, resulting in
higher crop vyields and reduced fertilizer
requirements (Xiang et al., 2023).

Nigeria, being an agricultural nation, heavily
relies on rice production for food security and
economic growth (Aihonsu & Adesini, 2006).
However, the efficient utilization of nutrients
in soil, particularly nitrogen, carbon, and
phosphorus, is crucial for sustainable rice
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cultivation. Traditionally, chemical fertilizers
have been used to meet the nutrient
requirements of crops. However, this approach
raises concerns  about  environmental
sustainability and long-term soil health.

By harnessing the potential of these beneficial
bacteria, we can reduce our reliance on
chemical fertilizers and promote sustainable
agricultural practices (He et al., 2023).
Understanding the influence of these bacteria
on nutrient availability in soil will not only
contribute to sustainable rice production but
also provide valuable insights for the
agricultural sector in Nigeria. It has the
potential to improve soil health, increase crop
productivity, and reduce the environmental
impact of conventional farming practices
(Delfim et al., 2018).

The main objective is to study the influence of
the B. mucilaginosus and B. lichenformis on
soil availale phosphorous and pH using rice
husk as a soil amendment. This Investigation
is geared towards advancing sustainable
agricultural methodology by enhance nutrient
availability, optimize resource utilization, and
fostering overall soil health, reducing chemical
fertilizer use, optimize resource management
by repurposing rice husk, and contribute to
long-term fertility and ecosystem
sustainability.

Material and Methods

The study was conducted at University
Fadama Teaching and Research Farm in
Kwalkwalawa, Wammako Local Government
Area, Sokoto State Nigeria. Sokoto State is
located at Latitudes 13°1' North and Longitude
5°15' East. The vegetation of the area is semi-
arid with an average rainfall of 655.85mm,
with a relative humidity of 48.54 between mid-
May to early June, and reaches it peaks in
August or September. The average
temperature is 30°C. The dry season starts in
mid-October and ends in April, while the
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coldest months are November to January
which is characterized by dry hamattan wind
(NIMET, 2022). The treatments consisted of
control, Rice husk alone, rice husk + B.
mucilaginosus and B. lichenformis, which
were replicated three times, Randomized
Complete Block Design (RCBD). Soil samples
were inoculated with strains of B.
mucilaginosus and B. lichenformis for a long
term (42 days) after which soil samples were
from the study areas, at a depth of 0-30cm with
the aid of Auger to make a composite from
each treatment. The soil samples collected
were properly labeled and stored in clean
polythene bags for easy conveyance and to
prevent any contamination. Soil sample were
separately air-dried and crushed using a pestle
and mortar in the laboratory. The ground soil
samples were sieved with 2mm sieve and the
fine fractions used for the determination of soil
pH and available phosphorous in the
laboratory. Soil pH was determined in 1:1
soil/water suspension using a glass electrode
pH meter (Henders, 1993). Available
phosphorous was determined using Bray |
method as described by (Bray and Kurtz,
1945). Descriptive statistics and analysis of
variance (ANOVA) is used to analyze the
mean values and the Least significance
difference (LSD) was used for mean separation
at (P <0.05).

Results and Discussion

Influence of B. mucilaginosus and B.
lichenformis on Soil pH

The soil pH as influenced by B. mucilaginosus
and B. lichenformis is presented in Table 1.
The result shows that there was an influence on
soil pH compared to the control. However, this
increase  was  significant  (p<  0.05).
Combination of Rice husk + B. mucilaginosus
and B. lichenformis with a mean pH of (6.80),
Rice husk alone has a mean pH of (6.69) and
control has the lowest mean pH of (6.17),
which are all slightly acidic.
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Soil pH is a critical factor that affects the
growth and survival of microorganisms,
plants, and soil chemistry. In this context, rice
husk, rice husk supplemented with B.
mucilaginosus and B. lichenformis, increase
the soil pH. Our findings contradict the Butnan
and Vityakon (2023) who reported that the
Rice husk addition did not significantly affect
soil pH compared to the control treatment.
Though, rice husk supplemented with B.
mucilaginosus and B. lichenformis and rice
husk alone did not significantly differ in terms
of soil pH statistically (Buthan & Vityakon,
2023). Rice husk supplemented with B.
mucilaginosus and B. lichenformis are suitable
for maintaining a neutral soil pH level in
tropical paddy soils (Widowati &
Sukristyonubowo, 2019).

The pH level of soil is a factor that affects the
growth and survival of microorganisms,
including Bacillus species. While both bacteria
can adapt to a range of soil pH levels, their
roles in soil may vary depending on the pH
conditions (Fernandez-Calvifio et al., 2011).
Acidic soils: In acidic soils with a pH below

6.0, the activity of Bacillus species may be
limited due to the low availability of nutrients
such as phosphorus and iron. However, other
species have been found to thrive in acidic
soils and has been shown to promote plant
growth by producing siderophores, which
increase the availability of iron for plants
(Setiawati et al., 2022). Neutral soils: In
neutral soils with a pH between 6.0 and 7.5,
both Bacillus species are active and play
important roles in soil health. They
areinvolved in nitrogen fixation, biocontrol,
promotes plant growth through siderophore
production and nutrient cycling (Umar &
Mazhar, 2021). Alkaline soils: In alkaline soils
with a pH above 7.5, the activity of both
species may be reduced due to the high pH
level, which can affect the availability of
nutrients and the activity of enzymes involved
in biochemical processes. However, both
bacteria have been found to adapt to alkaline
conditions by producing proteins that protect
them from the high pH environment (Shen et
al., 2019).

Table 1. Influence of B. mucilaginosus and B. lichenformis on Soil pH

Treatment Soil pH
Control 6.17°
Rice husk 6.69°
Rice husk + B. mucilaginosus and B. lichenformis 6.80?
SE+ 0.07
P. Value 0.03
Significance *

Mean in a column followed by similar letter (s) are not significantly different at 5% level of
significance using least significant difference (LSD). * = Significant, SEx = Standard Error.

Influence of B. mucilaginosus and B.
lichenformis on Soil Available Phosphorus
The soil available phosphorus as influence by
the treatment is presented in Table 2. The

results show that there was an increase on soil
available phosphorus at different treatment
compared to the control. However, this
increase was significant (P<0.05). Rice husk +
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B. mucilaginosus and B. lichenformis recorded
the highest soil available phosphorus with a
mean of (0.60 g/kg) which is high, followed by
Rice husk with a mean of (0.52 g/kg) which is
also high and control has the lowest mean (0.28
g/kg), which is medium according to Esu. This
increase was attributed to the phosphate
solubilizing properties of these bacteria, which

increased the availability of phosphorus in soil
for plant uptake (Liu et al., 2021). Rice husk
supplemented with B. mucilaginosus and B.
lichenformis had a positive effect on soil
available P in tropical paddy soil, making it a
promising amendment for  sustainable
agriculture practices that require high
phosphorus inputs (Ong’injo et al., 2023).

Table: 2. Influence of B. mucilaginosus and B. lichenformis on
Soil Available Phosphorus

Treatment Available Phosphorus (g/kg)
Control 0.28°

Rice husk 0.52°

Rice husk + B. mucilaginosus and 0.622

B. lichenformis

SE+ 0.04

P. Value 0.01
Significance *

Mean in a column followed by similar letter (s) are not significantly different at 5% level of
significance using least significant difference (LSD). * = Significant, SEx = Standard error.

Conclusion

This study aimed to investigate the impact of
B. mucilaginosus and B. lichenformis on the
soil available phosphorus, and soil pH
amended with rice husk. The experiment was
conducted at Usmanu Danfodio University
Teaching and Research Fadama Farm
Kwalkwalawa, in a Completely Randomized
Block Design with three treatments: Control
(no amendment), Rice husk alone, Rice husk
with B. mucilaginosus and B. lichenformis.
The results showed that both Bacillus species
significantly increased available phosphorus
and soil pH, indicating their acidifying effect.
The highest phosphorus availability and pH
were observed in the treatment with rice husk
and B. mucilaginosus and B. lichenformis. The
study suggests that the application of B.
mucilaginosus and B. lichenformis in
combination with rice husk amendment can
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enhance the phosphorous availability and pH
in soil, which may have potential benefits for
crop production. Nevertheless, B.
mucilaginosus and B. lichenformis have shown
potential as decomposers to enhance organic
residue decomposition and nutrient cycling.
These findings highlight the potential of
integrating rice husk and microbial inoculants
for farmers and other relevant stakeholders to
improve soil fertility in semi-arid agricultural
systems. Further researches are recommended
to explore long-term effects and optimize
application strategies for broader adoption in
Sub-Saharan Africa.
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