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Abstract

Background: Plant parasitic nematodes create serious threat to crop production. In Egypt root knot nematode,
Meloidogyne spp. has been considered to be a limiting factor in the production of most crops of which the Peanut
(Arachis hypogaea L.) is an important legume and oil crop. Therefore, management of root knot nematodes Meloi-
dogyne spp. is an obligatory challenge. Microbial organisms are extensively used as eco-friendly tools for controlling
plant parasitic nematodes as alternative to chemical nematicides. The effectiveness of the commercial bacterial
bio-fertilizers NPK containing Bacillus polymyxa, B. circulance, B. megaterium, Pseudomans spp.; the nitrogen fixative
bacteria Azotobacter chroocoocum and the bacterial isolate NRC211 were evaluated against the root knot nematode,
Meloidogyne javanica infecting peanut plants under field conditions. Identification of the bacterial isolate was made
through PCR amplification and sequencing of 16S rDNA gene.

Results: Sequencing of 165 rDNA gene revealed that the bacterial isolate NRC211 had 100% similarity with Bacillus
wiedmannii strain FSL W8-0169 16S ribosomal RNA. This Bacillus was recorded for the first time under accession num-
ber LC626774 on GenBank data base as B. wiedmannii NRC211. Recorded data revealed that all the tested treatments
whether single or combined in soil naturally infested with M. javanica, resulted in variable significant reduction in the
nematode reproductive parameters with a considerable increase in crop production and oil content of peanut plant.
These results were improved by increasing the frequency of application of the bio-agents. In this respect the repeated
combined treatment of A. chroococcum and B. wiedmannii NRC211 treatment overwhelmed all other treatments in
decreasing nematode reproductive parameters with percentage reductions of 94.8, 79.0 and 80.1% in M. javanica
juveniles in soil, galls and egg masses, respectively. This was associated with slight increase in peanut oil content than
the untreated control. The repeated combined treatment of NPK plus A. chroococcum produced the highest increase
608.7%, and 72.7% in crop production and plant growth parameters, respectively than the control. While, the oil con-
tentin this treatment was increased up to 47.4 g/kg.

Conclusion: It was concluded that B. wiedmanni NRC211 is an eco-friendly bio agent that can be applied with other
commercial microbial bio-fertilizers in bio-integrating programs for controlling M. javanica infecting peanut plants.

Keywords: Biocontrol, Bacillus wiedmannii NRC211, Azotobater chroococcum, Meloidogyne javanica, Peanut plant,
Microbial fertilizers

Background

Plant parasitic nematodes create a serious threat to crop
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productivity (Khan et al. 2010). In Egypt, the root knot
nematode Meloidogyne spp. have been considered to be
a limiting factor in the production of most crops (Abd-
elgawad 2014). Of which, Peanut (A. hypogaea L.) is an
important legume and oil crop. Several species of root knot
nematodes are found to infest peanut plants e.g. M. are-
naria Ibrahim and Mokbel (2009) and M. javanica (Osman
et al. 2019). Therefore, management of root knot nema-
todes Meloidogyne spp. is an obligatory challenge. The
control method based on application of chemical nemati-
cides is now limited due to concerns regarding ecological
risks (Moosavi and Zare 2012). Application of eco-friendly
agents such as plant growth-promoting rhizobacteria
(PGPR) to avoid the hazard effects of chemical nematicides
are now in progress. The most dominant known genera of
PGPR are Pseudomonas and Bacillus spp. for controlling
nematodes (Vejan et al. 2016). Among these, Pseudomonas
flurorescens has been extensively exploited for the suppres-
sion of root knot nematodes Meloidogyne spp. and improv-
ing yield (Haseeb and Khan 2012). Bacillus spp. are another
group of bacterial agents that have been recognized as one
of the most promising groups of nematode antagonists e.g.
B. cereus, B. megaterium that have been found to be impor-
tant for effective management of root knot nematodes and
enhancing crop production (El-Wakeel et al. 2020). Simi-
larly, B. megaterium decreased root knot nematodes infec-
tion and enhanced crop production (Mostafa et al. 2018).
Based on molecular identification 6 bacterial isolates were
identified. B. wiedmannii had the best results in reducing
all nematode reproductive parameters and enhancing plant
growth. Azotobacter is a free living nitrogen fixative plant
growth-promoting rhizobacteria that enhance emerging
colonized roots, and stimulate overall plant growth. Sid-
diqui and Mohamed (2001) reported that manipulating
crop rhizosphere by inoculation with Azotobacter for con-
trolling root knot nematode showed considerable prom-
ising results. Bansal and Verma (2002) investigated the
effects of A. chroococcum inoculation on root invasion and
reproductive potential of M. javanica. They revealed that
A. chroococcum inhibited nematode development and mul-
tiplication in the plant.

This study was conducted in order to assess the efficacy
of 3 bacterial bio- agents viz: NPK as standard microbial
fertilizer, A. chroococcum as a nitrogen fixing bacterium,
and B. wiedmannii singly or in combination for the man-
agement of M. javanica, the growth and the yield produc-
tion of peanut (A. hypogaea L.) under field conditions.

Methods

Source of seeds

Seeds of the peanut (A. hypogaea L.) cv. Giza 6 were
obtained from the Department of Horticulture Research
Centre, Agriculture Research Center, Giza, Egypt.
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Experimental field

The selected field was naturally infested with root knot
nematode M. javanica, a causal pathogen of peanut plant.
The roots of peanut plants previously planted in the area
were collected, and the adult females were removed
from their egg masses to identify the nematode species
by the morphological characteristics according to the
female perennial pattern (Taylor and Sasser 1978). Initial
population densities of nematodes were determined as
described under experimental design section.

Sources of bio-agents

+ NPK, a standard microbial fertilizer containing 4
microorganisms viz; B. polymyxa, B. megaterium, B.
circulance and Pseudomonas sp. was purchased from
a commercial office of the Ministry of Agriculture,
Giza, Egypt.

« A. chroococcum Az, a commercial liquid preparation
purchased from a commercial office of the Ministry
of Agriculture, Giza Egypt.

+ Rhizobacterium was isolated from soil samples
adhering to peanut plants from the previous peanut
crop in the same experimental field. Identification
was made through PCR amplification and sequenc-
ing of 16 s IDNA gene.

Isolation of bacterial strain

The soil samples (5 g each) were serially diluted in saline
(0.85%, NaCL w/v), spread and plated in triplicate on
Luria- Bertani (LB) medium (Davis et al. 1980), agar
medium (Atlas 1995), followed by incubation at 30 °C for
48 h.

Extraction of genomic DNA from bacterial isolate

A single colony of bacterial isolate NRC211 was cultured
in a conical flask containing 20 ml of LB medium (Davis
et al. 1980). The culture was centrifuged at 13,000 rpm for
5 min at 4 °C. The pellet was subjected to genomic DNA
extraction using the (QIAamp DNA Mini Kit, QIAGEN,
Germany). The extracted DNA was used as a template
for PCR to amplify the 16S rDNA gene, using the uni-
versal primers; forward primer sequence (5'AGAGTT
TGATCCTGGCTCAG3’) and reverse primer sequence
(5°CTACGGCTACCTTGTTACGA3’), thereby produc-
ing an amplicon of~1500 bp (Ghada et al. 2018). PCR
products were purified by QIAquick PCR Purification Kit
(Germany), following resolving by electrophoresis on 1%
agarose gels and compared to a 1 kb DNA ladder (Ther-
moscientific, USA). For sequencing, 16 s rDNA gene was
sent to Clinilab, Egypt. Obtained sequence was aligned
against data base deposited in NCBL
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Bacterial isolate was stored on LB slants and main-
tained in Nematology Lab., Plant Pathology Dept.,
National Research Center, Giza, Egypt. A conical flask
(250 ml) of LB broth medium was inoculated by bacterial
isolate and incubated at 30 C° with shaking at 150 rpm
for 48 h. prior to application.

Assay of protease activity

Proteolytic activity of bacteria was assessed according to
method described by Han and Damodaran (1997) with a
slight modification. An inoculum was obtained by cultur-
ing one colony of bacterial strain grown on plate count
agar in tryptic soya broth (Sigma Aldrich) for 24 h at
180 rpm. One unit of protease activity was defined as the
amount of enzyme needed to release 1 pg of tyrosine per
min/ml under the assay conditions.

Experimental design and treatments

A field experiment was carried out during June—October
2019 at Kafr-Hakim village, Giza Governorate, Egypt.
The experimental area, naturally infested with M. javan-
ica, was divided into 3 plots, each comprising 8 rows
(6 m. long and 50 cm width), and the distance of (15 cm)
between plants. The experiment was set up in a com-
pletely randomized block design with 8 treatments; each
treatment was replicated 3 times. The treatments were:
A- single treatments: 1-the standard microbial fertilizer
containing B. polymyxa, B. megaterium, B. circulance and
Pseudomonas sp. (NPK), 2- A. chroococcum (Az), 3- B.
wiedmannii NRC211 (Bw). B- Combined treatments: 4-
Az+Bw, 5- NPK+ Az, 6- NPK+ Bw, 7- NPK+ Az + Bw,
and 8- Infected untreated (negative control). The fre-
quency of application of the tested bio agents in each
bio agent-allocated area were: 1- At planting time, 2- At
planting time and after one month, 3- At planting time
and after 2 months, respectively. The doses were: 50 ml
from B. wiedmannii NRC211 concentration (2 x 10° cfu/
ml were added at each time/hill). A. chroococcum: 50 ml
from the commercial liquid preparation were added at
each time/hill. NPK: 50 ml were added at each time/hill.
Initial population densities of M. javanica were deter-
mined at planting time according to Barker (1985) from
250 g subsamples of well mixed soil from each row and
then, all the 3 plots were treated by the bio control agents
according to the allocated area for each treatment. After
one month, the population densities were determined
in all the 3 plots. Only plots 2 and 3 were treated with
the bio-control agents. After 2 months, population den-
sities were determined as previously mentioned in all
plots, here only plot 3 was treated with the bio- con-
trol agents. Four months later, at harvest time, 5 peanut
plants were chosen at random from each treatment-allo-
cated area, pods were hand harvested for yield estimation
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and recorded in terms of their average weights. Other
plant growth parameters such as fresh and dry weights,
number and weight of pods, weight of 200 seeds were
recorded. The oil content of peanut seeds was determined
according to the procedure reported by the American
Association of Analytical Chemists (AOAC 2020) and
was recorded in terms of percentage wt./wt. For evalua-
tion of nematode reproductive parameters, the numbers
of root galls and egg masses/5 g roots were recorded.
Final nematode soil population was extracted and den-
sities of M. javanica were determined and expressed as
the number of juveniles/250 g soil. Percentage nematode
reduction was determined according to Henderson and
Tilton formula (Puntener 1981) as follows:

Nematode reduction%
= {1— (PTA/PTB x PCB/PCA)} x 100,

where PTA =population in treated plot after applica-
tion, PTB = population in treated plot before application,
PCB=population in check plot before application and
PCA =population in check plot after application.

Statistical analysis

All obtained data were subjected to proper statistical of
variance according to Snedecor and Cochran (1980),
using Assistat program version 7.6 beta. The means val-
ues were compared using Duncan (1955) Multiple Range
Test at P <0.05 level.

Results

Molecular identification of isolated bacterial strain

The universal primers of 16 s rDNA gene ampli-
fied~1550 bp (Fig. 1) for the bacterial isolate. Par-
tial DNA sequence was subjected to BLAST search on
https://blast.ncbi.nlm.nih.gov/Blast against the available
sequences deposited in NCBI database, 16S rDNA gene
sequence of bacterial isolate scored 100% with B. wied-
mannii strain FSL W8-0169 16S ribosomal RNA. This
isolate was recorded at GenBank data base as B. wied-
mannii NRC211 under accession number LC626774

Protease activity of the bacterial strain

The results showed that B. wiedmannii NRC211 protease
activity was 1.17 pg tyrosine released/min/ml. under the
assay conditions.

Effect of application frequency of different bio agents

on nematode Meloidogyne javanica reproductive
parameters

Recorded data revealed that all tested treatments,
whether single or in combination resulted in variable


https://blast.ncbi.nlm.nih.gov/Blast

Osman et al. Egypt J Biol Pest Control ~ (2021) 31:130

GH10 M

2000
—1500

1000
750
~—500

—250

Fig. 1 Agarose gel electrophoresis for PCR product of 16 s IDNA
gene in bacterial isolate M: 1 Kb DNA ladder (Thermo scientific)

significant reduction in the nematode reproductive
parameters (Table 1). It was observed that NPK sin-
gle treatment reduced M. javanica juveniles in soil by
57.5, 66.8 and 73.8% at planting time, after one and
2 months, respectively than the untreated control. The
percent reductions in number of galls were found to be
62.6, 64.7 and 72.0% at the same time intervals, respec-
tively. For egg masses, the number was found to be 61.6,
66.1 and 70.1% respectively, than the untreated control.

Concerning A. chroococcum Az single treatment,
the percent reduction of M. javanica juveniles in soil
compared to the untreated control plants ranged 64.9,
70.5 and 77.7%, respectively. The respective number
of galls was reduced by 65.6, 68.6 and 69.6%. Similarly,
the number of egg masses decreased by 61.6, 66.2 and
70.1%.

For B. wiedmannii NRC211 Bw single treatment, the
percent reduction of M. javanica juveniles in soil com-
pared with the untreated control, ranged from 71.8, 75.0
and 78.0%, respectively. While, the respective number of
galls was reduced by 68.9, 70.2 and 72.6%. The egg masses
were similarly reduced by 67.2, 70.6 and 74.6%. Similar
patterns in percent reduction of nematode reproduc-
tive parameters were observed by frequent application
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of combined treatments with the bio agents i.e. increased
percent reduction was correlated with the frequency of
application, as shown in (Table 1).

It is noted that Az plus Bw treatment overwhelmed
all other treatments in controlling nematode reproduc-
tive parameters with percentage reductions of 94.8, 79.0
and 80.1% in M. javanica juveniles in soil, galls and egg
masses, respectively, followed by the application of
NPK+Az+Bw treatment, which induced significant
(P <0.05) reduction 73.2 and 74.6% in M. javanica galls
and egg masses, respectively, compared to the untreated
control. However, single application of either NPK, or
Az, or Bw produced significant reduction by 72.0, 69.6,
72.6%, in galls number, respectively than the untreated
control (Table 1).

Effects on peanut crop production

Concerning the effect of frequent applications of single or
combined bio agents on peanut production, the recorded
data indicated that the peanut production increased
with increasing frequency of application in all treat-
ments (Table 2). Thus, NPK single treatment increased
peanut yield by 117.4, 363.0 and 634.8%, respectively
than the control. Application of Az single treatment
increased peanut yield production to 39.1, 165.2 and
330.4%, respectively than the untreated control. Moreo-
ver, by B. wiedmannii NRC211 single treatment, the yield
increased by 39.1, 108.7 and 273.9%, respectively than the
untreated control.

In addition, obtained data revealed that cumulative
effects of bioagents resulting from repeated application
produced significant increase in peanut yield than the
untreated control. Microbial fertilizer NPK single treat-
ment produced the highest peanut yield of 634.8% as
well as 608.7% for the combined application of NPK+ Az
compared to the untreated control. However, non- sig-
nificant difference was found in the peanut yield between
the application of either NPK alone or NPK+ Az. While
497.8% increase was recorded due to the combined appli-
cation of NPK+ Az + Bw (Table 2).

Effects on peanut growth parameters

Data in Table 2 revealed that all peanut growth param-
eters were increased in both single and combined
treatments. In NPK single or combined treatments, sig-
nificant percentage of increase in the number of pods
was estimated than the untreated control. Moreover,
the data indicated that frequent application of NPK sin-
gle treatment increased weight of 200 seeds by 0.0, 31.8
and 65.9%, respectively, than the control. As for Az sin-
gle treatment, the percentage increase in the number of
pods ranged from 126.0, 191.3 and 256.5%, respectively,
than the control. Also, Az single treatment produced
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variations in weight of 200 seeds by 17.2, 10.4 and 35.0%,
respectively, than the control. Concerning Bw single
treatment, pod number was increased by 160.9, 186.9
and 234.7%, respectively and of 2.7, 19.5 and 40.9% in 200
seeds weight, compared to the control (Table 2).

Application of NPK+Az+Bw combined treatment
produced the greatest percentage of increase 244.1 and
455.1% in fresh and dry weight of peanut plant, respec-
tively, than to the untreated control, followed by 434.4%
increase in dry weight for Az single treatment. Whereas,
the application of NPK combined with Bw resulted in
181.3% increase in fresh weight than the control. More-
over, single application of NPK produced the highest
level in pods weight 1082.0%. In addition, the highest
increase in the weight of 200 seeds was observed in the
combined application of both NPK+ Az (72.7%) than the
control. Furthermore, the applications of Az either single
or combined with NPK recorded the highest percentage
increase by 256.5% for each in the number of pods than
the control (Table 2).

Effects of bio agents on oil content of peanut seeds
Concerning the effects of frequent application of bio
agents either single or combined on oil percentages, the
data in (Table 2) clearly showed that the oil content of
seeds only increased with increasing the frequency of the
application of NPK combined with either Az and/or Bw.

Discussion

Rhizospheric microorganisms e.g. plant growth promot-
ing rhizobacteria (PGPR) maintain a close microenvi-
ronment around the root of plants that improve plant
growth through various mechanisms like N, fixation,
solubilization of mineral phosphates and other essential
elements (Abd-El-Khair et al. 2019). They play a key role
in natural ecosystems and influence plant productivity,
plant nutrition uptake and inhibition of plant pathogens
(Osman et al. 2020). Bacterial strains showing PGPR
activity included: Azotobacter, Bacillus and Pseudomonas
(Bashan and de Bashan 2005). The present study was
conducted to assess the efficacy of 3 bacterial bio- agents
viz: NPK as standard microbial fertilizer, A. chroococcum
as nitrogen fixing bacteria, and B. wiedmannii NRC211,
as an organism of B. cereus group, isolated from the
experimental field and applied singly or in combination
for the management of root knot nematode M. javanica
and on the growth and yield production of the peanut (A.
hypogaea L.) under field conditions.

Application of the microbial fertilizer NPK con-
taining B. polymyxa, B. megaterium, B.circulance and
Pseudomonas sp. A. chroococcum, a nitrogen fixing bac-
teria and B. weidmannii NRC211 singly or combined
in soil naturally infested with M. javanica recorded
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variable significant reductions in nematode developmen-
tal parameters with considerable increase in yield pro-
duction and oil content. These data agree with previous
studies on beneficial microorganisms in controlling plant
pathogens and enhancing crop production (Moslehi et al.
2021). The nematicidal activity of these bacterial agents
might be due to secretion of antimicrobial compounds.

In a study on nematicidal effects of some strains of B.
polymyxa, B. megaterium and B. circulance, the results
indicated that the bacterial biofertilizers were promis-
ing double- purpose microorganisms for mobilizing of
soil nutrients and for the biological control of M. incog-
nita (Moslehi et al. 2021). Ann (2013), reported that
antimicrobial metabolites and enzymes from Bacillus
spp. exhibit high antagonistic effect against Meloidogyne
spp. The present results go in the same direction with
the findings of (El Deriny 2016) with respect to micro-
bial activity. Thus, B. megaterium showed an enhance the
incorporation of organic matter that activate antibiosis
towards the nematode activity.

Osman et al. (2011) revealed that P fluorescens sig-
nificantly reduced M. incognita reproductive parameters
associated with improving in eggplant growth and also
increased activity of 3 enzymes; peroxidase, polyphe-
nol oxidase and chitinase in treated plants compared to
non-treated control. They concluded that P fluorescens
might induce systemic resistance in eggplant against M.
incognita.

The present investigation indicated that combined
treatment of A. chroococcum+ B. wiedmannii NRC211
gave the greatest reduction in nematode reproductive
parameters than the control. The nematicidal activity of
these bacterial agents might be due to the ability of the
rhizobacteria B. wiedmannii to produce the proteolytic
enzyme protease. This explanation is in harmony with EI-
Wakeel et al. (2020) on their study on Bacillus cereus as
bio control agent against root knot nematode M. incog-
nita infecting Solanum lycopersicum. In this regard, the
proteolytic activity of B. wiedmannii strain assayed in the
experiments, to be 1.17p g tyrosine/min/ml of the culture
extract. It is well known that the entire surface of plant
parasitic nematodes is covered by a multilayered cuticle.
Cuticle degradation could be an effective way of control-
ling parasitic forms of root knot nematodes.

B. cereus is known as the source of several exotox-
ins and antibiotics, some of which have been reported
to be nematicidal (Cawoy et al. 2011). The mechanism
of nematode suppression by bacteria includes produc-
tion of secondary metabolites that induce plant defense
mechanisms Obtained results evidently indicated that
application of NPk+A. chroorcoccum+ B. wiedmannii
produced the highest peanut plant fresh and dry weight
than the control. The present data is in harmony with
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the reports that integration of two or more nematicidal
components gave better results in increasing sugar beet
fresh and dry weight in soil infested with M. incognita
than single treatments (Mostafa et al. 2018). Moreover,
the present data indicated that application of A. chroo-
coccum + B. wiedmannii recorded the highest reduction
in M. javanica reproductive parameters. In addition,
they obviously indicated that treatment of NPK single
treatment produced the best results in increasing pods
weight, weight of 200 seeds and yield production. This
could be attributed to the fact that NPK contains a mix-
ture of 4 microbial species viz: B. polymyxa, B. megate-
rium, B. circulance and Pseudomonas sp. Each one of
these microbial strains has its own nematicidal mecha-
nisms as well as its plant growth promoting effects as
previously mentioned (Moslehi et al. 2021). Moreover, A.
chroococcum either single or combined with NPK treat-
ments showed the greatest increase in number of pods,
in addition NPK+ Az combined treatment exhibited
significant increase in pods weight, weight of 200 seeds,
peanut crop production and oil content. This result is
in harmony with the finding of Akram et al. (2016) who
indicated that the application of A. chroococcum sin-
gly or combined with Glomus fasciculatum significantly
increased growth parameters of chickpea plant infected
with M. incognita than the control. These results could be
discussed on the basis that soil bacteria Azotobacter, has
been reported to produce growth promoting substances
as auxins, cytokine, gibberellins and these bioactive com-
pounds stimulate plant growth. These substances, which
originate from the root surface, affect the growth of the
closely associated higher plants (Wani et al. 2013).

Furthermore, the present study indicates that the effi-
cacy of the bacterial bio agents in controlling nematodes
depended upon the frequency of application. These
results agree with El-Nagdi and Abd-El-Khair (2019)
who revealed that, Bacillus sp., B. subtilis, or B. pumi-
lus used more than once or in combination were more
effective than those used once in reducing M. incognita
reproductive parameters. There has been evidence that
inoculation of crop plants with plant growth promoting
rhizobacteria strains at an early stage of development
improves biomass production through direct effects on
root and shoot growth as well as enhancing the seedling
germination, stand health, nutrient content of shoot tis-
sues and nodulation in legumes (Dey et al. 2004 and
Saharan and Nehra 2011).

Concerning the oil content of peanut seeds, increased
levels were observed following combined treatments of
NPK + either Az or Bw. However, incremental increase
in oil content was not found in other single treatments.
Increased increments of oil production as a result of
combined application of nitrogen fixative bacteria and
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other bio agents are not surprising. It is well known that
nitrogen as well as other nutrients is important for induc-
tion of enzyme proteins essential for fatty acid biosynthe-
sis. On the other hand, application of single treatment
of NPK, Az or Bw might not be sufficient for induction
of lipogenesis, which was negatively reflected on the oil
content. Thus, it could be suggested that combined appli-
cation of bio agents might have synergistic effects nec-
essary to induce fatty acid biosynthesis in peanut seeds.
This result needs to be further studied to fully elucidate
its underlying biochemical mechanism.

Conclusions

From the previous results and discussion, it could be
concluded that B. wiedmannii NRC211, isolated from
peanut field and identified for the first time in the pre-
sent study, is an eco-friendly microbial bio agent that
could be applied with other commercial candidates such
as NPK, A. chroococcum in the safe management of M.
javanica infecting peanut fields and increasing crop yield
without chemical nematicides. This could be achieved
by repeated selected doses starting from planting time.
However, more investigations are still required to eluci-
date the synergistic mechanisms of these bio-agents and
determine their proper economical dosage forms.
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