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Abstract

Plant growth is a major index in sustainable crop production and food security. Plant growth is controlled by a number of
factors that often create stress conditions. Among the prominent biotic factors are microorganisms including plant growth-
promoting rhizobacteria. In the present study, the rhizosphere of cowpea was explored with a view to detecting and identifying
plant growth-promoting bacteria. Soil samples were collected from the cowpea root zone and subjected to microbial analysis
using standard procedures. The isolates were screened for their ability to produce and exhibit plant growth properties. A total
of 17 bacterial species were isolated and identified as Paenibacillus spp. (11.76%), Pseudomonas spp. (11.76%),
Corynebacterium spp. (11.76%), Micrococcus spp. (11.76%), Paraburkholderia sprentiae CRAL (5.88%), Burkholderia
gladioli CRA4 (5.88%), Arthrobacter sp. URR2 (5.88%) with the predominance of Bacillus spp. (35.29%). Some species
including Pseudomonas aeruginosa CRD2, Micrococcus varians CRA3 and Corynebacterium kutsceri CRB5 were able to
show multiple traits including cellulase and pectinase production; ammonium and indole acetic acid (IAA) production and
phosphate solubilization. Paraburkholderia sprentiae CRA1 showed the highest (144.4%) phosphate solubilization efficiency
followed by Paenibacillus validus CRD1 (137.5%) and Paenibacillus alvei CRB4 (133.3%). As majority of the isolates were
cellulase, pectinase, and ammonium producers, more than 50% of the isolates were phosphate solubilizers. The ability of the
bacteria to express one or more of these traits is an indication of their ability to enhance plant growth and performance. The
need to explore their individual and additive effect with a view to harnessing their potential is therefore recommended.
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Introduction favorable, biotic, or abiotic stress

Plants like animals, live amidst a complex microbial
community which determines the overall plant health and
performance ™. Plants and microorganisms have holobiant
connections that are maintained through bio-mineralization
and synergistic co-evolution, resulting in a high potential for
enhancing soil quality and fertility © 2. Plant microbiota is
present in their endosphere, rhizosphere and phyllosphere
which consist of the core microbiome, major microbiome
and the endosphere microbiomes . Plant biota are not
absolutely beneficial, but some species are harmful and
disastrous. There are a number of evidences that
demonstrated the parasitic, pathogenic and even predatory
interaction between plants and their microbiota > €1, Within
the rhizosphere, the intimacy between plants and microbes
is high and extends within a gradient as it moves away from
the roots. As such, there is a varying microbial abundance
and diversity in which substantial microbial alteration in the
soil is pronounced adjacent to roots and subside as it far
away M. The dynamics in the rhizosphere greatly affect
plant life and previous studies have indicated that
microorganisms like bacteria and fungi play a vital role in
promoting plant health through enhanced protection against
environmental stresses [,

Utilizing microorganisms that promote plant growth is one
method for growing plants in arid environments with a view
to palliating biotic and abiotic stress. A group of bacteria
known as plant growth-promoting bacteria (PGPB) are
present in the rhizosphere near the root systems of plants,
both at the root surface and in endophytic associations.
These bacteria can either directly or indirectly promote plant

growth under
circumstances 81, The generation of phytohormones such
auxins, cytokinins, and gibberellins, the solubilization of
mineral phosphates, and iron sequestration by bacterial
siderophores are all known methods exploited by PGPB.
Numerous PGPB have been demonstrated to mitigate the
impacts of drought stress in plants by lowering plant
ethylene levels, which are often elevated by unfavorable
circumstances 1. Plant growth-promoting  bacteria
application is regarded as a viable, synergistic biological
strategy to address agricultural production's water shortage.
PGPB easily colonize the rhizosphere around plant roots
and form close relationships with hosts. Through a number
of mechanisms, these interactions frequently result in an
improvement in crop productivity and the mitigation of
biotic and abiotic pressures [9. But for a successful
application, especially in soils under drought stress, the
ability of inoculated bacteria to survive, outcompete the
native microflora, and colonize the rhizosphere remains
crucial. This is because microorganisms that are not adapted
to high water tension will perish under these unfavorable
conditions. Therefore, the drought-tolerant bacteria may
have an edge over others in thriving in new arid
environments in large enough numbers to have positive
impacts on plants 4,

Plant stress is one of the major agricultural problems
reducing crop yield in arid and semiarid regions of the
world. Changes in mean global air temperature and
precipitation patterns due to climate change are creating
more stress to plants including longer drought periods 221,
At present, strategies to increase the ability of plants to
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tolerate stress involve the use of water-saving irrigation,
traditional breeding, and genetic engineering of stress-
tolerant transgenic plants. Unfortunately, these methods are
highly technical and labor-intensive, and thus difficult to
apply in practice. In order to address this global challenge,
research has focused on improving germplasm and
developing crop management practices to increase water use
efficiency and nutrient acquisition 3. However, recent
attention has turned to the application of beneficial
microorganisms that mediate stress tolerance and improve
plant water-use efficiency [4. Recently, soil quality
rejuvenation and plants growth enhancement by PGPR had
been an area actively exploited for improved agriculture
productivity in many parts of the world. It is against this
backdrop, the present study explored the rhizosphere of
cowpea — an important tropical food crop with a view to
prospecting PGPB for improved plant activity.

Materials and methods

Study site

The experiments were conducted at the Botanical Garden of
the Isa Kaita Collage of Education, Dutsin-ma (coordinates:
Lat. 12° 99’ N; Long. 7° 63° E). Laboratory experiments
were carried out at Biology Laboratory, Department of
Biology in the same Institution. Sample collection Seeds of
Vigna unguiculata (cowpea) used were procured from
Pastoral Research Institute Ahmadu Bello University Zaria.

Sample collection

Soil samples were aseptically collected from the plant's
rhizosphere as described by Ismail et al. I, The samples
were placed in sterile sample containers and transported to
the laboratory immediately for analyses. Samples that could
not be analyzed within 1 hour after collection were
preserved at low temperature (+ 2°C).

Isolation and identification of bacterial species
Rhizosphere bacteria were isolated by inoculating serially
diluted (x108 cfu/g) soil samples in nutrient agar (Oxoid)
after 24 hours incubation. Distinct bacterial colonies were
selected and sub-cultured to obtain pure cultures. The pure
isolates were preserved for identification. The isolates were
characterized using cultural, morphological and biochemical
characteristics as described by Benson et al. [*¢! based on the
schemes of Barrow and Feltham 07, The bacterial
characteristics were compared with the database available
on https://www.tgw1916.net/bacteria_logare_desktop.html
for identification.

Determination of plant growth promotion traits
Cellulase activity

The identified bacterial isolates were screened for cellulase
enzyme production using carboxy methyl cellulose (CMC)
agar as described by Zaghloul et al. [18]. On CMC agar,
aliquots of the bacterial suspensions were plated. The plates
were incubated for five days at 30 °C.

After the incubation period, a 15-minute flood of an
aqueous Congo red solution (1% wi/v) was applied to the
culture surface. After pouring out the Congo red solution, 15
minutes of flooding with 1M NaCl was used to further treat
the plates. Degradation of the cellulose was demonstrated by
the conspicuous zone of hydrolysis that appeared.
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Pectinase activity

Petri plates were supplied with prepared pectin agar
medium. With the aid of a cork-borer, halls were aseptically
created on the agar after solidification. The tested isolates
were added to the halls in 0.5 ml volumes, and they were
cultured for 4 days at 30°C. To find the clearance zone,
iodine-potassium/iodide solution was added to the plate's
surface. The diameter of the clear zone around the halls,
measured in millimeters, was used to determine the enzyme
activity 1,

Phosphate solubilization

Phosphate-solubilizing ability of the bacteria isolates was
determined on Pikovskaya agar medium. The isolates were
spotted onto Pikovskaya agar and incubated at 30°C for 3
days. The presence of halo zone around the bacterial colony
was considered as indicator for positive ability for inorganic
phosphate solubilization. The results were expressed as

solubilization efficiency (SE) as described by Zaghloul et al.
[18]

SE = (Solubilization diameter)/(Growth diameter) x 100
Indole Acetic Acid (IAA) production

The ability of the isolates to produce IAA was investigated
using the methods of Shrivastava et al. [20]. Prepared and
poured into sterile petri dishes was a minimal salt agar plate
with 0.1g/mL of tryptophan. A 2 cm diameter hole was
made using a sterile cork borer after proper solidification.
Each hole received an overnight culture (0.2ml) of the
isolates, which was then placed and kept at 300C in an
incubator. The cultures were carefully removed from the
holes after an overnight growth period with tissue paper,
and 0.2 ml of Salkowsky reagent (12 g FeCl per liter in 7.9
M H2S04) was then added.

Following reagent addition, a pink halo zone surrounded the
holes, which was measured, and the diameter of the hole as
well as the combined halo zone diameter of all strains were
then determined. The IAA production index of each strain
was calculated by the formula:

Total halo zone diameter - Hole diameter

IAA =

Hole diameter

HCN production

Production of HCN was assessed as described by Zaghloul
et al. (8. The endophytic isolates were grown in nutrient
agar supplemented with glycine (4.4 g L-1). One sheet of a
sterilized Whatman filter paper was immersed in 1% picric
acid in 10% sodium carbonate for 1 min then placed on the
surface of the plate. The plates were sealed with parafilm
and incubated at 28 = 2°C for 2 days. Development of
reddish-brown color on the Whatman filter paper indicated
production of HCN.

Production of ammonia

The bacterial isolates were tested for the ability to produce
ammonia in nutrient broth.

Freshly grown bacterial cultures were inoculated in 10ml
nutrient broth and incubated at 30°C for 48 hours in a rotary
shaker at 200 rpm. After the incubation period, 0.5 ml of
Nessler’s reagent was added and thoroughly mixed in each
tube. The development of yellow-brown color indicated
positive reaction for ammonia 24,
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Results

In this study, a total of 17 bacterial species were isolated
from the rhizosphere of Vigna unguiculata. Based on their
morphological and biochemical properties, they were
identified to consist of predominantly Bacillus spp.
(35.29%), Paenibacillus spp. (11.76%), Pseudomonas spp.

www.biologyjournal.in

(11.76%), Corynebacterium spp. (11.76%) and Micrococcus
spp.  (11.76%). Other species identified include
Paraburkholderia sprentiae CRA1, Burkholderia gladioli
CRA4 and Arthrobacter sp. URR2 with 5.88% occurrence
rate each as shown in Figure 1.

= Bacillus spp.
Pseudomonas spp.

® Micrococcus
Burkholderia gladioli CRA4

= Paenibacillus spp.

= Corynebacterium

u Paraburkholderia sprentiae CRA1
= Arthrobacter sp. URR2

Fig 1: Occurrence rate of bacteria isolated from the rhizosphere of Vigna unguiculata. The Bacillus isolates include Bacillus licheniformis
CRC1, Bacillus subtilis CRC2, Bacillus cereus URR1, Bacillus cereus CRB1, Bacillus atrophaeus CRB2 and Bacillus niacini CRA2.

The ability of the bacterial species to promote plant growth
was investigated (Table 1). Many of the rhizosphere and
non-rhizosphere bacteria were able to exhibit one or more
PGP trait. Pseudomonas aeruginosa CRD2, Micrococcus
varians CRA3 and Corynebacterium kutsceri CRB5 were
able to show multiple PGP traits including cellulase and
pectinase activity, ammonium and indole acetic acid (IAA)
production and phosphate solubilization. Paenibacillus
azotofixans CND4 showed highest (142.9%) phosphate
solubilization efficiency followed by Enterococcus sp.
CNC3, Pseudomonas aeruginosa CRD2, and Bacillus

niacini CRA2, and Micrococcus varians CRA3 and
Burkholderia gladioli CRA4 with 128.6% solubilization
efficiency each. Production of cellulase, pectinase,
ammonium, IAA and phosphate solubilization was observed
in 9,9, 9, 4 and 10 bacterial species respectively out of the
17 isolates. Pseudomonas aeruginosa CRD2 could be
described as the best isolate with PGP traits considering the
fact that it had the highest IAA index (4.0) in addition to
possessing all the investigated traits. On the other hand,
majority of the isolates lacking PGP traits are members of
the genus Bacillus.

Table 1: Plant growth promoting traits of rhizosphere bacteria

Plant Growth promotion trait

Isolate

Cellulase activity

Pectinase activity Ammonium Production

Bacillus licheniformis CRC1 -

Bacillus subtilis CRC2 -

Bacillus cereus URR1

Paenibacillus validus CRD1

1
i

+|+ |

Pseudomonas aeruginosa CRD2

+
]

Pseudomonas aeruginosa CRD3 -

'
+

+

Micrococcus varians CRD4

Bacillus cereus CRB1 -

+

Bacillus atrophaeus CRB2

Corynebacterium xerosis CRB3

Paenibacillus alvei CRB4

Corynebacterium kutsceri CRB5

+ |+ [+

Paraburkholderia sprentiae CRA1

+ |+ [+

Bacillus niacini CRA2

Micrococcus varians CRA3

+ |+

Burkholderia gladioli CRA4

Arthrobacter sp. URR2 -

|+ ||+ [+

+ |+ [+
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Table 2: Plant growth promoting traits of rhizosphere bacteria

Plant Growth promotion traits
Isolate Phosphate Indole Acetic Acid (IAA)
Solubilization SE (%) Production IPI
Bacillus licheniformis CRC1 + 109.1 - -
Bacillus subtilis CRC2 - - - -
Bacillus cereus URR1 - - - -
Paenibacillus validus CRD1 + 1375 - -
Pseudomonas aeruginosa CRD2 + 128.6 + 4.0
Pseudomonas aeruginosa CRD3 + 118.75 - -
Micrococcus varians CRD4 - - - -
Bacillus cereus CRB1 - - - -
Bacillus atrophaeus CRB2 - - - -
Corynebacterium xerosis CRB3 - - - -
Paenibacillus alvei CRB4 + 133.3 - -
Corynebacterium kutsceri CRB5 - - + 2.6
Paraburkholderia sprentiae CRA1 + 144.4 - -
Bacillus niacini CRA2 + 128.6 - -
Micrococcus varians CRA3 + 128.6 + 2.0
Burkholderia gladioli CRA4 + 128.6 - -
Arthrobacter sp. URR2 + 116.7 + 2.2

SE: Solubilization efficiency; IPI: Indole Acetic Acid production Index

Discussion

Rhizospheric bacterial species isolated and identified in this
study indicated that Bacillus species were the most
abundant. Bacillus spp. are among the prominent bacteria
that inhabit soil due to their ability to withstand the
uncertain soil dynamics. Ability to form endospores have
been described as one of their major response to soil adverse
conditions. When the conditions become favorable, the
population surge immediately and provide the species an
advantage to predominate. Previous and recent studies have
indicated that Bacillus species formed the dominant
populations in the rhizospheres of plants 2 23 The
occurrence of Paenibacillus spp. demonstrated its possible
symbiotic relationship and could be a good candidate for
PGP. It has been established that Paenibacillus is a well-
known plant growth-promoting bacteria that contributes to
cowpea yield 4. Recent studies by dos Santos et al. [
have reported the presence of Paenibacillus in the
rhizosphere of lima bean with ability to promote plant
growth through antibiotic secreation and nitrogen fixation.
Similarly, the occurrence of Pseudomonas spp.,
Corynebacterium spp. and Micrococcus spp. in different
plant rhizospheres have been documented %61, Study by
Ghodsalavi et al. " indicated that among many bacterial
species in the rhizosphere of Valeriana officinalis, the
population of Pseudomonas spp. dominated the rhizosphere
and showed a high capability to be used as a biofertilizer.
The presence of Paraburkholderia sprentiae 128,
Burkholderia gladioli 1 and Arthrobacter sp. % as
rhizosphere bacteria have all been reported.

Bacterial species identified in this study were observed to
possess one or more plant growth promotion traits. Traits
including cellulase, pectinase, ammonium and indole acetic
acid (IAA) production and phosphate solubilization were
expressed by Pseudomonas aeruginosa CRD2, Micrococcus
varians CRA3 and Corynebacterium kutsceri CRB5 among
the rhizosphere bacteria. Ability of microbial species to
express any of the aforementioned properties is an

indication of its capability to promote plant growth and
performance. Ajmal et al. [ showed that diverse groups of
bacteria thrive in environments which may have PGP ability
even under myriad stress conditions. Out of the 17 bacterial
isolates, 52.94% (9) and 52.94% (9) were able to produce
cellulase and pectinase respectively.

Recent studies by Bhattacharyya et al. U reported that
26.6% of 30 rhizospheric isolates were cellulase producers.
Bhadrecha et al. [ have also reported 17 rhizobacteria
capable of cellulase and pectinase production including
Bacillus, Paenibacillus, Brevibacillus and Pseudomonas
from the rhizosphere of Hippophae rhamnoides and thus,
support the present findings. As cellulases help in biocontrol
of fungal phyto-pathogens by promoting fungal cell wall
degradation, pectinases play an important role in root
invasion by bacteria in the rhizosphere 3. In addition,
cellulase producing bacteria improve nutrient recycling in
the rhizosphere by degrading organic carbon residues which
improve soil health and plant growth 41,

Similarly, 52.94% of the rhizospheric bacteria were
observed to produce ammonia. Most of the species in the
rhizosphere were Bacillus, Paenibacillus, Micrococcus,
Arthrobacter, Pseudomonas and Burkholderia species.
Bacillus and Pseudomonas spp.

are believed to be among potent ammonia producers in the
soil. Previous studies by Yadav et al. 3 have reported that
100% of Bacillus and Pseudomonas spp. among their
isolates were ammonia producing. Singh et al. B have
isolated ammonia producing bacteria belonging to the
genera Enterococcus, Arthrococcus and Bacillus species.
Fouda et al. ™ have also reported the ability of Bacillus
subtilis, Paenibacillus barengoltzii, and Burkholderia
cepacia isolated from the leaves of Pulicaria incisa to
produce ammonia. Alkahtani et al. B8 have shown that most
of the bacteria isolated from Fagonia mollis and Achillea
fragrantissima were ammonia producing and capable of
promoting the growth of Zea mays in greenhouse trials.
Olayemi and Odedara ! have also reported Staphylococcus
spp. isolated from Nigerian rice varieties as potent ammonia
producers. It has been established that bacteria hydrolyze
urea to carbon dioxide and ammonia which is used by plants

12



International Journal of Biology Research

as source of nitrogen B8 401, The bacteria that produce
beneficial metabolites for plant, including ammonia,
promote plant growth by inducing roots and shoots
elongation and overall plant weight B3 Indirectly, PGPB
lower the ethylene levels of its host plant by converting its
immediate precursor (1-aminocyclopropane-1-carboxylate
[ACC)) to a-ketobutyrate and ammonia, there by promoting
root growth % and alleviating plant abiotic stress 1,
Production of 1AA which is a phytohormone is associated
with increased plant growth and development. Although
only 4 (23.53%) out of 17 isolates were able to produce
IAA, this did not preclude the possibility of other isolates to
be able to produce the phytohormone also; considering the
fact that in this study, tryptophan was used as an inducer.
Studies by Tang et al. 2 have shown that IAA can be
produced by bacteria even in the absence of tryptophan
because of the redundancy of the four IAA biosynthetic
pathways in some microorganisms. Diverse group of
bacterial species have been reported by Khatoon et al. B4 to
produce I1AA including some species reported in this study,
which therefore supports our findings. Pseudomonas
aeruginosa CRD2 and Corynebacterium kutsceri CRB5
have the highest IAA production index (4.0 and 2.6
respectively). Organisms capable of IAA production
promote plant growth by stimulating increase in cell
elongation in the short term and cell division and
differentiation in the long-term [,

Results in Table 2 showed that 58.82% of rhizospheric
bacteria were able to solubilize inorganic phosphate. Some
of the species with highest phosphate solubilization
efficiency (SE) include Paraburkholderia sprentiae CRA1
(144.4) and Paenibacillus validus CRD1 (137.5). Previous
studies have identified Burkholderia [“31 and Paenibacillus
1331 as some of the important phosphate solubilizing bacteria.
Ability to produce organic acids like gluconic, isoveleric,
lactic and acetic acids by PGPB have been linked to
phosphate solubilization 3. Emami et al. 3! suggested that
phosphate solubilization by bacteria occurs in the
rhizosphere and may play a great role in meeting-up plants’
phosphate requirements.

Among all the isolates only Micrococcus varians CRA3 was
able to express all the PGP traits examined in this study.
This might be due to the fact that the isolates possess
genetic backup responsible for expression of enzymes
needed in the various metabolic processes.

3A number of studies have highlighted the fact that, ability
to express PGP traits is both inherent and plasmid mediated
1441, Studies by Dastager et al. [’ have reported the ability of
Micrococcus sp. with multiple PGP properties isolated from
Indian forest in promoting the growth of cowpea. Their
work is in conformity with the present findings.

Conclusion

Soil remains the largest reservoir of microorganisms and
plant rhizosphere provide a favorable niche for microbial
proliferation. In this study, the findings indicated the
presence of bacterial species in the cowpea rhizosphere. The
species had varying plant growth promotion abilities
ranging from enzyme production, hormone secretion and
nutrient mineralization. While some species are endowed
with a single trait, many others possess multiple traits which
may substantiate their presence as plant growth promoters.
With the increase cost of crop production due to numerous

www.biologyjournal.in

biotic and abiotic challenges, harnessing the potentials of
these bacteria will go a long way to supporting sustainable
agriculture especially in developing countries.
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