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ARTICLE INFO ABSTRACT
Received: Feb 10, 2021 Use of organic amendments along with biofertilizers are becoming popular day by
Accepted: May 21, 2021 day for agricultural sustainability and gives hope for a gradual shift from synthetic
fertilizers, pesticides, and other chemical amendments towards organic and
Keywords sustainable practices. This experiment was carried for the investigation of biochar,
Maize cattle manure, and Bacillus sp. MN-54 application on the chemical composition,
Bacillus sp. MN-54 physiology, and growth parameters of maize plants individually and coupled with
Biochar each other. Treatment results were considered significant at P < 0.05. Cattle
Cattle manure manure having low pH combined with Bacillus sp. MN-54 treatment significantly

improved the transpiration rate, water use efficiency, Relative water content,
chlorophyll content, photosynthetic rate, plant height and stomatal conductance (P
< 0.05). The electrolyte leakage was decreased by 58.13% whereas the root growth
increased by 116.65% over non-treated plants, when low pH cattle manure was
supplemented with Bacillus sp. MN-54. Overall, the Bacillus sp. MN-54 showed
compatibility with the maize variety Gauher-19 and showed significantly positive
results when applied with low pH cattle manure, proving its future application in
the sustainability of agriculture.
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INTRODUCTION productivity, maintain the soil fertility, and reduce the
synthetic fertilizers usage (Mohan et al.,, 2007,
Maize (Zea mays L.) is one of the key economical Verheijen et al., 2010; Mrkovacki and Bjelic, 2011;
cereal and staple food crop being used in the different Uzoma et al., 2011; Dhawi et al., 2015; Mohanty et al.,
temperate and arid regions of the world. Despite the use 2017).
of genetically high potential maize varieties around the Rhizosphere possess a great array of microorganisms
globe (Jockovic et al., 2010), the yield of maize is having both adverse and beneficial influence on
gradually reducing (Badu-Apraku and Yallou, 2009)  physiology and productivity of plants including fungi,
due to exhaustion of soil nutrients coupled with harmful bacteria and cyanobacteria etc. (Berg, 2009; Souza et
impacts of dwindling land fertility. Apart from genetic ~ al., 2015; Kim et al., 2016). Rhizospheric bacterial
superiority, higher yields also need agronomic  community comprises a variety of strains including
improvements and techniques especially fertilizers; as Pseudomonas, Azospirillum, Bacillus and
Phosphorous (P) and Nitrogen (N) are the major Paenibacillus. They improve plant growth properties by
macronutrients which adversely affect the growth, two pronounced mechanisms i.e. by stimulating the
development and yield of maize, if deficient (Wu et al., production of growth-promoting phytohormones
2005). The microorganisms found in the rhizosphere  (Arzanlou et al., 2016; Asari et al., 2017) and imparting
called plant growth-promoting bacteria (PGPB) and  heavy metal tolerance (Abubakar et al., 2020) in
organic amendments such as biochar and cattle manure addition to various other pathways (Glick, 1995; Das et
are found to sustainably improve the agricultural al., 2003; Kejela et al., 2016). Rhizobacteria that helps
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in the promotion of plant growth and development are
very important; as they provide nutrition by promoting
nitrogen and phosphorous uptake by plants, improve
crop yield and impart agricultural sustainability in
different areas i.e. bioremediation, biofertilizers,
probiotics and biopesticides (Cakmakci et al., 2006;
Nezarat and Gholami, 2009; Abubakar et al., 2020).
Biochar is a carbonaceous natural product produced as
a result of organic material (Woods, leaves, FYM)
pyrolysis under anaerobic conditions. A variety of
products can be used for biochar production such as
crop residues, twigs, different types of manure and
many other types of organic wastes (Enders et al.,
2012). Biochar has increased the yield, water holding
capacity, nutrient use efficiency and soil health
(Verheijen et al., 2010), cumulative yield of sorghum
and rice by 75% with compound fertilizer (Steiner et
al., 2007) and 140% rise in radish (Raphannus sativus)
yield after 4 years of biochar application (Chan et al.,
2008). Biochar is also known as soil enhancer due to
improved nutrient  availability,  physicochemical
properties of plants (Jones et al., 2012), source of
nutrients (Atkinson et al., 2010; Sohi et al., 2010),
improving water holding capacity (Glaser et al., 2002),
checking nutrient losses (Sohi et al., 2009) and
improving microbial population along with their
activity In the rhizosphere (Lehmann et al., 2011).
Cattle and poultry manure is considered an important
organic supplement for improving plant growth, health
and enhanced yield of the crops (Lyimo et al., 2012).
Cow and goat manure is also equally beneficial for
growth and yield of maize, increasing leaf surface area
and photosynthetic rate without having any adverse
effects on the plant (Hariadi et al., 2016). Cattle manure
along with other additives such as biochar and Plant
growth promoting rhizobacteria (PGPR) is considered
an important factor in today’s scenario of increasing the
yield of crops under population explosion and also
imparting drought and heavy metal tolerance to
different crops (Abubakar et al., 2020).

This research is continuation of our previous research
(Abubakar et al., 2020) where we investigated the
ameliorative role of these treatments i.e., biochar, Cattle
manure and Bacillus sp. MN-54 on chemical
composition, growth and physiological parameters of
maize plants under the toxic condition of chromium.
Various studies have been undertaken to ascertain the
results of PGPR, biochar and cattle manure on a variety
of crop species but there is scarcity of research
investigating the cumulative effect of the above-
mentioned treatments on maize plants under normal
growing conditions. Therefore, in this study impact of
low and normal pH cattle manure, biochar and Bacillus
sp. MN-54 were examined for their effects on the
physiology, nutritive profile and subsequently on
development and yield of maize crop with the normal
growing environment.
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MATERIALS AND METHODS

Biochar preparation

Anaerobic approach through heat degradation of
organic material was used to prepare biochar
(Pyrolysis) at the temperature of 350°C, which resulted
in the production of biochar, bio-oil, and syngas
(Kumar et al., 2013).

Preparation of inoculant

Bacillus sp. MN-54 was stored in a nutrient broth which
was modified with 10% glycerol at -75°C and shifted
on 10" strength tryptic soy agar i.e., 10 per cent TSA;
then strains were selected and prepared in 10 per cent
TSA. Bacterial culture was inoculated with the help of
full bacterial loop and incubated for 72 h and 28°C at
100 revolutions per minute on an orbital shaker
incubator (S300S, Firstek Scientific, Taiwan). The
optical density (OD) was set at 0.5 and readings were
recorded at 600 nm  wavelength using
spectrophotometer (Evolution-300LC, Thermo
Electron Corporation, England) to obtain a consistent
bacterial population (102 - 10° cfu.ml') in nutrient broth
right before its application.

Pot tests in the greenhouse

A pot trial was carried out at Institute of Soil and
Environmental Sciences, University of Agriculture,
Faisalabad (UAF) to examine the composite impact of
bacterial strain Bacillus sp. MN-54 with organic
amendments on the development and growth of maize
plants. Bacterial inoculations were applied @ 20ml per
pot; while cattle manure and biochar were applied @
1% (w/w). Six seeds of maize variety Gauher-19 were
sown in pot but only two plants per pot were
maintained after germination.

Data collection

Data was collected through standard techniques during
the whole duration of the experiment.

Agronomic parameters

Shoots fresh and dry weight

Shoot fresh weight was recorded soon after harvesting
the crop and dry weight was measured after air-drying
the sample, in an oven at 65°C until constant weight,
using an electrical balance (Chyo MJ-3000, YMC Co.
Ltd, Japan).

Shoot length

Plant shoot length was measured at harvesting with the
help of measuring scale, the shoot length of maize plants
was recorded from bottom of the plant to the top portion.
Roots fresh and dry weight

Fresh weight of roots was recorded by removing the
whole roots portion from pots. For three days, roots
were dried in air and placed at 65°C in an oven for one
weak. After the complete drying of the sample, dry
weight was recorded by using electric balance (Chyo
MJ-3000, YMC Co. Ltd, Japan).
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Physiological parameters
Measurement of photosynthetic rate, transpiration
rate and stomatal conductance of plants
Physiological response of maize plants such as
transpiration rate, photosynthetic activity, water use
efficiency and stomatal conductance were recorded by
using IRGA (LCA-4, Germany). These parameters
were measured by selecting the fully matured and
prolonged leaves at midday (Ben-Asher et al., 2006).
Measurement of relative water and chlorophyll
contents
Total chlorophyll contents of maize plants were
recorded by using chlorophyll meter i.e., (SPAD-502,
Konica Mintola Sensing, Inc., Japan). While Relative
water content (RWC) were measured by weighing a
fresh leaf and incubated for 48 hrs. into the water at 4°C
and then again weighing the leaf. RWC was measured
by using the formula of Mayak et al. (2004).
_ Turgid weight — Dry weight
RWC = Fresh weight — Dry weight
Assessment of leaf cell death of maize plant
The cell death was measured according to the method
of (Jambunathan, 2010). Dust was removed by washing
the leaves, then cut and autoclaved for 20 minutes at
120°C. Electrical conductivity (EC1) and EC2 were
measured before and after autoclaving the leaf sample,
respectively using EC meter (Model 4070, Jenway Ltd.,
England). Electrolyte leakage (EL) of sampled leaves
were determined by using the following formula:
EC2 - EC1
EL (%) = EC2 x 100
Chemical parameters
Plant analysis
Samples of shoots and roots were disintegrated in 2ml
solution of sulphuric acid and 1ml solution of hydrogen
peroxide. Maize plants were ground and digested by
following the method of Wolf (1982).
Total Nitrogen, Phosphorous, Potassium
Nitrogen content was recorded by using the Kjeldahl
apparatus. Phosphorous contents were recorded by
treating a digested sample of 5ml with Barton reagents
(20 ml) containing 25g of ammonium molybdate and
1.25g of ammonium meta-vanadate. Furthermore, to
make volume up to 1 L, HNO3; was added. Absorbance
was recorded at 410nm after 30 minutes by using a
spectrophotometer (Evolution-300LC, Thermo Electron
Corporation, England) and values were read with the
help of a standard curve. Potassium content of sampled
leaves were measured by using flame photometer
(PFP7, Cole-Palmer Ltd., England) and a standard
curve was produced by following Ryan et al. (2001).
Statistical analysis
Statistically, data were analyzed using SPSS version 25
(IBM SPSS Statistics, USA) through analysis of
variance (ANOVA). Results were considered
significant where P-value < 0.05.

1)
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RESULTS

Agronomic parameters

Shoot length

Shoot length is a key morphological indicator of plant
growth under different climatic and edaphic conditions.
In the present study, shoot length of Maize was
significantly increased (P < 0.05) with the application
of different treatments as shown in Table 1. Least shoot
length of maize was observed with control whereas
with  bacterial inoculation, the shoot growth
significantly increased to 102cm; but under biochar
treatment lesser extent of shoot length i.e., 100cm was
observed. Cattle manure having low pH helped the
maize seedlings to achieve a relatively higher shoot
length i.e., 106cm. Besides individual treatments,
combined application of bacterial inoculation and low
pH cattle manure significantly increased the shoot
length to 118cm as compared to other treatments, where
biochar and normal pH cattle manure was applied with
bacterial inoculation.

Shoot fresh and dry weight

Analysis of variance presented a significant interaction
of dry and fresh weight of maize with different
treatments at P < 0.05, as shown in Table 1. Shoot dry
and fresh weight improved with the application of
different treatments as that of non-treated plants.
Whereas among individual treatments, low pH cattle
manure was found as one of the most effective
treatment that improved the fresh and dry weight of
shoot to 227g and 38g, as compared to 175g and 30g
under control conditions, respectively. Bacterial
inoculation alone tends to not affect the dry weight of
maize shoots, but fresh weight was significantly higher.
Low pH cattle manure and Bacillus sp. MN-54s
combined application boosted up the shoot fresh weight
to 232g and dry weight to 42g.

Root length

Roots are the first organ of the plant which initially
intercepts any changes in growing media and alter their
internal mechanisms to grow more deeply under
different conditions. Analysis of variance also showed
significant interactions among root length and different
treatments at a probability level of less than 0.05 as
shown in Table 1. Normal root growth was observed
under control treatment which increased gradually
when treated with bacterial inoculation, normal and low
pH cattle manure and biochar i.e., 16cm, 17cm, 16cm
and 16¢cm, respectively. As compared to the individual
treatment, root length was higher when bacterial
inoculation was applied with biochar and normal pH
cattle manure i.e., 23cm. Moreover, a higher rate of root
length (24cm) was observed, when low pH cattle
manure was supplemented with inoculation of Bacillus
sp. MN-54.
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Table 1: Agronomic parameters of maize under the individual and combined influence of Bacillus sp. MN-54 and organic

amendments
Treatment S.L (cm) R.L (cm) S.F.W (9) S.D.W (g)
Control 96¢ 11.17¢ 175.33° 29.81¢
Bacillus sp. MN-54 102bcd 16.87b¢ 218.678 37.17¢
Biochar 100.33 178be 220.672 37.510¢
Low pH cattle manure 1062b¢d 16¢ 227.672 38.7030c
Normal pH cattle manure 99¢d 16.7°¢ 214.332 36.44¢
Bacillus sp. MN-54 + Biochar 117% 23.37% 229.672 41.68%
Bacillus sp. MN-54 + Low pH cattle manure 118.332 24.20? 232.33? 42142
Bacillus sp. MN-54 + Normal pH cattle manure 113.33¢2be 23.33%® 2252 40.203c

S.L = Shoot length; R.L = Root length; S.F.W = Shoot fresh weight; S.D.W = Shoot dry weight. Means sharing different
superscript letters, within the column, differ significantly from each other at P < 0.05.

Table 2: Physiological parameters of maize under the individual and combined influence of Bacillus sp. MN-54 and
organic amendments

Treatment CC OP P.R S.C EL(%) W.UE TR PARW/ R.W.C
(umol m?%sh)  (mmolm?s?) (umol m%?Y) (mmolm??') n? (%)
Control 33d  0.54¢ 14.87°¢ 155.67¢ 10.272 4379 10.27¢ 762.67¢  54°¢
Bacillus sp. MN-54 43¢ 5Qde 16.87bc 168.330¢ 8.2v 5.4¢d 15.57¢ 899.67°  65°
Biochar 40P 0.59¢de 17.3b¢ 169bc 7.87¢ 5.42¢ 16.03b¢ 902.33° 64.67"
Low pH cattle manure 39bc  (.p2cde 17.17% 170.67%¢ 6.17¢ 5.57bc 15.77¢ 904>  67.33%
Normal pH cattle manure 37 0.57% 16.7b¢ 173.33° 6.57¢ 5.51¢ 16.57b¢ 906.67° 67.33%
Bacillus sp. MN-54 + 462 0.66% 19.27% 191.672 4.1® 6.612 21.532 1075.332  75%
Biochar
Bacillus sp. MN-54 + Low 46.67% 0.68% 20.472 1942 4.3¢ 7.36% 22,132 10912  76.67°
pH cattle manure
Bacillus sp. MN-54 + 442 g58be 18.90% 1912 4.07¢ 6.842 20.67% 1081.33% 75.33%

Normal pH cattle manure

C.C = Chlorophyll Content; O.P = Osmotic Potential; P.R = Photosynthesis rate; S.C = Stomatal conductance; E.L = Electrolyte
leakage; W.U.E = Water Use Efficiency; T.R = Transpiration rate; PAR = Photosynthetically active radiations; R.W.C = Relative
water content. Means sharing different superscript letters, within the column, differ significantly from each other at P < 0.05.

Table 2: Chemical constituents of maize under the individual and combined influence of Bacillus sp. MN-54 and organic

amendments

Treatment Shoot nitrogen contents Shoots phosphorous Shoots potassium contents
(ppm) contents (ppm) (ppm)

Control 0.16¢ 0.98" 3.179

Bacillus sp. MN-54 0.20« 1.349 4,14

Biochar 0.22b¢ 1.544 4.69¢

Low pH cattle manure 0.24b¢ 1.37f 4.41¢

Normal pH cattle manure 0.21« 1.41¢ 411

Bacillus sp. MN-54 + Biochar 0.30% 2.092 6.492

Bacillus sp. MN-54 + Low pH cattle manure 0.282 1.99° 6.37°

Bacillus sp. MN-54 + Normal pH cattle manure 0.26% 1.85°¢ 6.01°¢

Means sharing different superscript letters, within the column, differ significantly from each other at P < 0.05.

Physiological parameters and normal pH. Among all individual treatments, a

Photosynthesis rate and Chlorophyll content higher rate of chlorophyll content at 42 SPAD-value

Photosynthesis rate and Chlorophyll content are  was observed with bacterial inoculation whereas
intermingled growth indicators of plants. Higher improved photosynthesis rate was observed with
stability rate of chlorophyll content is responsible for individual biochar treatment i.e., 17.3. Beside
the improved rate of photosynthesis activity. Analysis individual treatments, composite application of low pH
of variance also showed a significant interaction cattle manure and Bacillus sp. MN-54 significantly
between chlorophyll content and photosynthesis rate increased (P < 0.05) the chlorophyll content to a SPAD-
with different treatments at the P < 0.05 as data is  value of 47, which subsequently enhanced the
presented in Table 2. In comparison with control photosynthetic rate to 20.47 umol m2s,

treatment, chlorophyll content and photosynthesis rate Electrolyte leakage and relative water content

of maize was increased with individual treatment of Electrolyte leakage usually occur in leaf cells due to
bacterial species, biochar, and cattle manure with low  the less stability of cellular membrane and this situation
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results in the more loss of water content from the leaf
and shoots cells. A positive relation was observed
between electrolyte leakage, relative water content and
different treatment at P < 0.05, data is presented in
Table 2. Electrolyte leakage was observed to be
increased when treated with Bacillus sp. MN-54
inoculation i.e., 8.2%, while lowest was observed with
individual treatment of low pH cattle manure i.e.,
6.17%. Furthermore, higher relative water content was
showed when treated with cattle manure either at the
normal or low pH. Composite treatment in the form of
normal pH cattle manure with Bacillus sp. MN-54
effectively reduced the excessive leakage of electrolyte
by 4.07% from the cellular compartments. This reduced
level of electrolyte leakage subsequently helped the
shoot and leaf cells to maintain a higher level of relative
water content when bacterial inoculation was
supplemented with cattle manure either at lower pH by
76.67% and high pH by 45.33%, over control plants.
Transpiration rate and Stomatal conductance
Transpiration rate and Stomatal conductance are
physiological mechanisms of a plant which prevent the
cellular dehydration and wilting. As stomatal
conductance increases the rate of transpiration also
increases which indicate the ability of plant to
efficiently perform their metabolic activities under
different treatments. Analysis of variance showed a
significant interaction of different treatments with
stomatal conductance and transpiration rate at a P <
0.05, as data shows in Table 2. In all individual
treatments, a higher rate of stomatal conductance and
transpiration rate was exhibited by cattle manure having
normal pH e, 173 and 1657 mmol m3s?
respectively. Rate of stomatal conductance and
transpiration rate increased gradually in and reached at
their peak level i.e., 194 and 22.13 mmol m3s7,
respectively when treated with low pH cattle manure
and Bacillus Sp. MN-54. Contrarily least rate of
stomatal conductance and transpiration rate was found
for with inoculation of Bacillus sp. MN-54 treatment.
Osmotic potential and water use efficiency

Water use efficiency of maize increased with the
increased osmotic potential in leaf and shoots. Analysis
of variance showed a significant interaction of osmotic
potential and water use efficiency with different
treatments as compared to their control at P < 0.05,
whereas data is presented in Table 2. Results indicate
that as osmotic potential decreased the water use
efficiency of maize also decreased therefore linear
positive correlation was found between both
physiological responses. Lower rate of osmotic
potential was observed for cattle manure with normal
pH treatment i.e., 0.57 which gradually increased when
treated with low pH cattle manure, biochar, and
Bacillus sp. MN-54 e, 059, 059 and 0.62
respectively. Apart from these, the osmotic potential
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was noted at their peak level when cattle manure of low
pH was supplemented with bacterial inoculation
followed by normal pH cattle manure and biochar
combination.

Photosynthetic active radiations

Photosynthetically active radiation (PAR) is a
physiological process of plants which exhibited the
light absorption ability of leave and food preparation
capabilities of plants under daylight conditions. PAR
activity of plants can be stimulated by different
compounds which can take part in growth or
scavenging of different oxygen radicals. A significant
interaction of PAR activity with different treatments
was observed at P < 0.05, as shown in Table 2. Higher
rate of PAR activity (1081 W/m?) was exhibited by
maize when treated with cattle manure having normal
pH and Bacillus sp. MN-54. Whereas results also
revealed that individual treatments did not effectively
regulate the PAR activity but treatment in composite
form has a clear positive effect on PAR activity of
maize plants.

Chemical parameters

Nitrogen, phosphorus, and potassium contents
Nitrogen, phosphorus, and potassium are essential
macronutrients required for plant growth. Availability
of these nutrients helps the plant to grow more
vigorously and at the same time, they directly or
indirectly take part in all morphological, physiological,
and biochemical responses of plants. Mean values
represented here in table 3 showed a significant
interaction of these nutrients with different treatments
at P < 0.05, data being presented in Table 3. Uptake of
one nutrient had a synergistic effect with other nutrients
and their availability increased with the increment of
any other nutrient. Least rate of nitrogen uptake was
observed in maize i.e., 0.20 ppm when treated with
Bacillus sp. MN-54 which ultimately caused less uptake
of phosphorus (1.34 ppm) and potassium (4.14 ppm).
The concentration of nitrogen, phosphorus and
potassium was increased with different treatments and
reached their highest level when treated with a
combination of biochar and Bacillus sp. MN-54 i.e.,
0.30 ppm, 2.09 ppm and 6.49 ppm, respectively.

DISCUSSION

Investigating the underlying mechanism of PGPRs for
improving crop production is an important phenomenon
in agricultural sustainability. PGPRs are known for
promotion of growth when added to seeds, roots or any
other plant parts (Akinrinlola et al., 2018). The focus in
optimizing the use of PGPRs should be the
characterization of crop species-specific PGPRs, as this
study shows the beneficial effects of Bacillus sp. MN-
54 on the maize plants. Treatments with the
combination of low pH cattle manure and Bacillus sp.
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MN-54 improved the growth, physiological and
nutritive parameters of the maize as that for non-treated
plants. This advancement of the different parameters
shown in this experiment is considered to be the result
of an increase in growth-promoting hormones
especially gibberellin, which is responsible for the
activity of other growth and physiology promoting
factors (Gholami et al., 2009). Maize plants inoculated
with the Bacillus sp. MN-54 were observed taller than
non-inoculated control plants. Biochar could improve
soil properties such as pH and CEC (Topoliantz et al.,
2002). Biochar application also influences soil pH, EC,
organic carbon, nitrogen and phosphorous and in return
improve the plant growth (Nigussie et al., 2012). The
use of biochar with biofertilizers improved the
physiology and growth of maize and showed the
second-best  performance for certain observed
parameters. Bacillus sp. improved the root and shoot
length of maize significantly either with biochar or
cattle manure. Many researchers have reported the
increase in various crops root length by bacteria
(Vessey, 2003). This root length improvement is
advantageous for the host system and root development,
improved root penetration, surface area and nutrient
absorption (Vasudevan et al., 2002). Higher nutrient
availability and usage of those nutrients by plants tend
to improve the performance of inoculated plants
observed during the pot experiment (Cakmakc: et al.,
2001; Ozturk et al., 2003) where the wheat yield was
increased because of inoculation. These phenomena can
also be the effect of plant growth-promoting hormones
being produced by Bacillus sp. MN-54 colonizing the
root (Hayat et al., 2010). Besides the beneficial role of
cattle manure, biochar and Bacillus sp. MN-54 in this
study, cattle manure and biochar may have provided
many more nutrients adding to the nutrient profile of
the soil and beneficial to plants as higher macronutrient
profile was observed in soils being cured by biochar
and cattle manure (Liang et al., 2006; Solomon et al.,
2007). Compatibility of our bacterial strain Bacillus sp.
MN-54 lies in its ability to be a competent colonizer of
rhizosphere  and  growth-promoting  hormones
production. Enhancement in the nutritive profile can
also be ascribed to all three of the treatments as it
increases the availability of macronutrients, which is
well reported after biochar application (Lehman et al.,
2003; Jockovic et al., 2010). Nigussie et al. (2012)
observed enhanced nitrogen, phosphorous and
potassium uptake in Lactuca Sativa after addition of
biochar. Linu et al. (2009) and Uzoma et al. (2011) also
observed improved nutrient uptake after soil treatment
with biochar. There are several studies available
investigating the impact of low and normal pH cattle
manure, biochar, and Bacillus sp. MN-54 but there is no
study available at the moment to ascertain the
cumulative effect of the above-mentioned treatments
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apart from our previous study related to the effect of
these same treatments in imparting the chromium
toxicity tolerance to the maize plants (Abubakar et al.,
2020). It was observed that cattle manure, biochar, and
Bacillus sp. MN-54 possess the ability to increase the
overall yield and growth parameters of maize plants,
proving to be vital for sustainable agriculture. The
treatment of maize plants with low pH cattle manure
and Bacillus sp. MN-54 performed better than other
treatments due to the accumulation of plant growth
improving factors and improvement of soil nutrient
profile by cattle manure and providing optimum pH for
Bacillus sp. MN-54 colonization. However, there is a
need for identification, isolation, characterization, and
commercialization of more rhizobacterial species for
sustainable use of biofertilizers in future.
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