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Abstract
In the present study five potent rhizobacterial antagonists of Fusarium oxysporum f. sp. ciceris alone and in combination 
with Mesorhizobium (M) were evaluated for their potential to elicit the defence response reactions to reduce the total loss of 
plants and enhance the growth of two chickpea cultivars i.e. resistant GPF-2 and susceptible JG-41. Observations revealed 
that maximum phenolic, peroxidase (PO) and polyphenol oxidase (PPO) activity was induced after 30th day of germina-
tion. Maximum phenol concentration of 745.8 and 724.1 μg/gfw root tissues was recorded by Ps45 when co-inoculated 
with Mesorhizobium in both the varieties i.e. GPF-2 and JG-41 respectively. Isolates Ps45, Ps47 and Ps44 were found most 
promising to induce PO and PPO activity, in combination with Mesorhizobium and recorded superior over the fungicide with 
respect to negative control. Similar results were recorded for the phenylalanine ammonia lyase (PAL), maximally induced 
on 20th day after germination, where dual inoculation of Ps44+M and Ps45+M induced 57.0 and 54.2 nmol of cinnamic 
acid  min−1 gfw−1 in GPF-2. However in case of JG-41, Ps45 and Ba1a exhibited highest PAL activity of 54.2 and 41.4 nmol 
of cinnamic acid  min−1 gfw−1. Malonic aldehyde concentration in stem tissues at 30th day revealed that lipid peroxidation 
was effectively reduced in rhizobacterial treated plants compared to fungicide and negative control, signifying the role of 
antagonistic plant growth promoting rhizobacteria in reducing the stress and enhancing the plant’s defence response to reduce 
the disease incidence and thus improving the plant growth and yield. Moreover the dual inoculations were observed superior 
over the fungicide treatment as well as single inoculations in terms of growth (root/shoot length and weight), signifying the 
synergistic effect of screened antagonists and native Mesorhizobium in suppressing the pathogen and thereby enhancing the 
plant growth.

Introduction

Chickpea is one of the most important grain legume crops 
in the world, and contributes about 48% of the total pulse 
production in India [4]. Due to its high nutritive value 
(25–29% protein, 4–10% fat, 52–71% carbohydrate and 
10–23% fibres, minerals and vitamins) chickpea occupy an 
important position in the largely vegetarian population of 
the country [3, 21].

Chickpea is usually attacked by Fusarium oxysporum f. 
sp. ciceris causing wilt, worldwide and is one of the consist-
ent threats to this crop [33]. Fusarium wilt is prevalent in 
almost all chickpea-growing areas of the world, and resulted 
loss varies from 14 to 32% in the different states of India 
[15]. Even this plant disease causes yield losses up to 100% 
under favourable conditions in chickpea [29, 35].

The most efficient and reliable method of disease control 
and maximizing crop productivity worldwide to date has 
been the use of fungicides or resistant cultivars as part of an 
integrated management approach. However, the high patho-
genic variability and development of resistance in different 
populations of F. oxysporum presents problems for sustain-
ability of resistant cultivars, a major constraint in developing 
resistant cultivars [7]. The superiority of chemicals over bio-
control agents in terms of effective and quick disease control 
is well known however, the ill effects of chemicals on human 
health and environment are major limitations to application 
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of chemical pesticides in the long run [43]. Moreover, use of 
fungicides is expensive and results in accumulation of toxic 
compounds which adversely affects the soil biota [20]. Thus, 
rising public concern about harmful environmental effects of 
agrochemicals constituted the need for greater sustainability 
in agriculture with alternate disease control strategies.

Plant disease suppression by soil microorganisms is a 
possibly effective alternative means of reducing the chemi-
cal input in agriculture [12]. Biocontrol of plant pathogenic 
microorganisms relies on different antagonistic traits includ-
ing competition for colonization site or nutrients, production 
of volatile/diffusible antibiotics, enzymes and other biocidal 
mechanisms [19, 26, 37]. In addition to these among the 
widely recognized mechanisms of biocontrol mediated by 
PGPR, induction of systemic resistance (ISR) in host plants 
to a broad spectrum of pathogens has become a thrust area 
of research [51]. Some PGPR possess the ability to elicit 
induced systemic (ISR) resistance against a wide range 
of pathogens, nematodes and insects [39, 48]. It has been 
reported that ISR to a particular disease elicited PGPR partly 
overlaps with that of pathogen-induced systemic acquired 
resistance (SAR) conferring overall enhanced host resist-
ance to that pathogen [8]. By this overlapping mechanism, 
PGPR induce or stimulate the production as well as activity 
of pathogenesis related (PR) proteins in the host plant such 
as peroxidase (PO), polyphenol oxidase (PPO), phenylala-
nine ammonia lyase (PAL), chitinases, lipoxygenases and 
glucanases to enhance the host plant’s self defence line and 
to suppress the pathogenic effect [52]. Among these, induc-
tion of PO along with PPO is regarded as one of the most 
important mechanism as they not only help in synthesizing 
lignin for the reinforcement of plant cell walls but are also 
involved in oxidation of certain metabolites to convert them 
into toxic compounds for hindering the growth of pathogens, 
infecting the plants. Moreover the higher phenolic content 
induced in plants play a key role in the defence mechanism 
during the exposure to various phytopathogens and even 
insect pests by generating free radicals and other oxidative 
species in plants [23]. Prior application of PGPR generally 
enhances the level of such pathogenesis related proteins/
metabolites in the plant tissues to boost the defensive capa-
bility of the plants against the respective pathogen. So, the 
strategy for control of such soil borne pathogens of plants 
by the use of potential antagonistic microorganisms with the 
ability to enhance the resistance power has been the focus 
of intense research throughout the world. This approach is 
popularly known as biological control of phytopathogens 
and has been demonstrated to be successful in a number of 
host pathogen systems.

In context to this, the present investigation was carried out 
as an alternative strategy to chemical control, with the objec-
tive of screening potential antagonists that not only inhibit 
the test pathogen i.e. Fusarium oxysporum f. sp. ciceris via 

the production of antimetabolites but can elicit the defence 
response reactions in the treated plants, so that plants can 
escape or reduce the pathogenic effects and reduce the yield 
losses. For this, the most promising rhizobacterial antago-
nists of Foc, previously isolated and screened by in vitro 
trials [27] were evaluated for their potential to induce the 
accumulation or activity of various pathogenesis related 
compounds and to reduce the plant loss under Foc infected 
glass house conditions.

Materials and Methods

Bacterial Isolates

Five rhizobacterial isolates from chickpea rhizosphere, pre-
viously screened on the basis of antagonistic traits [28] were 
evaluated for their efficacy to induce various pathogenesis 
related compounds in plant tissues to reduce the total loss in 
plants treated with respective cultures, alone and alongside 
native Mesorhizobium, Fungicide Captan (2 g/kg seeds) and 
negative control as separate treatments. Mesorhizobium cic-
eris specific to chickpea was procured from the Department 
of Microbiology, Punjab Agricultural University, Ludhiana, 
Punjab, India.

Evaluation of Plant Growth Promoting Potential 
by Potent Antagonists

The selected antagonists were further evaluated for their 
potential to enhance the growth of the plants via produc-
tion of phytohormones and iron chelating agents in vitro 
conditions. Indole acetic acid production in luria broth 
by the antagonistic isolates was performed with Van Urk 
Salkowski reagent using the Salkowski’s method [17]. The 
method of Gibberellic acid production was determined by 
Borrow et al. [9]. Siderophore production was detected on 
Chrome azurol sulphonate agar plate test [41]. Selected bac-
terial strains were tested by an agar assay using National 
Botanical Research Institute’s phosphate (NBRIP) medium 
for phosphate solubilization [16]. The isolates were inocu-
lated into minimal agar medium containing 0.1% insoluble 
zinc oxide. Twenty four hours fresh grown bacterial isolates 
were spotted on the zinc containing medium and incubated 
at 30 °C for 48 h for the clearing zones around the colonies.

Molecular Characterization of Bacterial Antagonists

The selected bacterial antagonists were characterized by 
PCR amplification method using Bacillus and Pseudomonas 
specific primers. DNA was extracted as per the procedure 
followed by Kumari et al. [26].
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PCR Amplification

Polymerase chain reaction (PCR) amplification of genomic 
16S rRNA was carried using Bacillus and Pseudomonas 
genus-specific primers.

For Bacillus:
BA-GS-Forward AGA GTT TGA TCC  TGG CTC AG
BA-GS-Reverse TAC GGC TAC CTT  GTT ACG ACTT Kumari 

et al. [26]
For Pseudomonas:
PA-GS- Forward GAC GGG TGA GTA ATG CCT A
PA-GS- Reverse CAC TGG TGT TCC TTC CTA TA Ardura et al. [5]

PCR reaction mixture comprised 2 units Taq DNA poly-
merase; 1.5 mM  Mg2+; 10 × buffer; 0.2 mM each of the 
four dNTPs and 30 ng of bacterial extracted template DNA 
and 25 pmol each of the forward and reverse primers. PCR 
reaction consisted of 35 cycles of amplification with the 
conditions of denaturation at 94 °C for 1 min, 52 °C for 
1 min for primer annealing, 72 °C for 1 min for elongation 
and final extension for 10 min.

Agarose Gel Electrophoresis

Following PCR amplification, 5 μl of the PCR product was 
run on 1.2% (w/v) agarose gel, using tris borate ethylene 
diamine tetra-acetic acid buffer (pH 8.3) at 40 V for 1.5 h. 
Then the gel was stained with ethidium bromide, and pho-
tographed on a UV transilluminator.

Evaluation of Antiphytopathogenic Potential 
of Antagonistic Rhizobacteria Under Glass House 
Conditions

Glass House Experiment

A poly-bag (pot) culture experiment was conducted for 
50 days to study the influence of the five selected antag-
onists on the wilt incidence and induction of systemic 
resistance as enhancement in the production of pathogen-
esis related proteins viz. Peroxydase, Polyphenol oxidase 
and phenolic compounds in root tissues of treated chickpea 
plants (variety GPF-2 and JG-41).

Soil Preparation

Characteristic medium black clayey soil collected from 
different local chickpea fields of pulses research farm, 
Department of Plant Breeding and Genetics, Punjab Agri-
cultural University, Ludhiana, was mixed thoroughly and 

autoclaved thrice at 121 °C and 15 psi pressure for one 
hour at 24 h intervals.

Pathogen Culture Multiplication and Soil Inoculation

Fusarium oxysporum f. sp. ciceris procured from the Depart-
ment of Plant Breeding and Genetics was mass multiplied in 
Potato dextrose broth. Mycelial mat was used to inoculate 
pathogen in soil i.e. 10 g/kg of the soil. Soil was mixed 
thoroughly to disperse fungal hyphae and spores properly 
in the soil.

Bacterial Cultures and Seed Bacterization

Selected rhizobacterial cultures were inoculated at the rate 
1% (with fresh 24 h grown cultures) in 100 ml of sterile 
nutrient broth and were incubated at for 24 h with bacterial 
count of  107–108 cfu/ml of the broth. The seeds of GPF-2 
and JG-41 chickpea varieties were washed with 0.1% mer-
curic chloride followed by 70% ethanol and then repeatedly 
with sterile distilled water for surface sterilization. After 
that, seeds were soaked in selected five bacterial broth cul-
tures  (107 ml−1 broth) individually and in combination with 
native Mesohizobium ciceri (1:1) for 20–30 min before sow-
ing the seeds.

Chickpea Genotypes

Seeds of two chickpea genotypes “GPF-2 (resistant) and 
JG-41 (susceptible)” were selected and procured from Pun-
jab Agricultural University.

Preparation for Pot Experiment

Selected antagonists and their co-inoculation with Mes-
orhizobium were examined for their potential to reduce wilt 
incidence under the glass house conditions, using sterile soil 
inoculated with pathogen. The experiment was designed 
with 13 treatments, with 5 selected culture treatments alone 
and in combination with Mesorhizobium (1:1). The absolute 
control with pathogen free soil and untreated seeds, negative 
control with sick soil and untreated seeds and Fungicide 
treatment with sick soil and Captan treated seeds (2 g/kg 
seeds) were also maintained as separate treatments. Poly-
ethylene bags (15 × 10 cm) were filled with 250 g sterilized 
soil inoculated with pathogen mycelial mat. Ten seeds per 
pot were sown and for each treatment ten replications pots 
were maintained. Pots were maintained by regular watering 
up to maturity i.e. 50 days and were examined for seedling 
emergence during initial 5–10 days. Wilt incidence was 
recorded up to maturity (till 50th day after sowing) of crop 
plants and reduction in disease severity was recorded as: % 
wilt in particular treatment − % wilt in negative control/% 
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wilt in negative control × 100. Plant growth parameters in 
the terms of root/shoot length and weight were also recorded 
in all the treatments.

Experimental data were statistically tested by analysis 
of variance (ANOVA) using CPCS1 software developed by 
Department of Mathematics, Statistics and Physics, PAU. 
Differences were considered significant at the p ≤ 0.05 level. 
Each treatment was analysed with three replicates and stand-
ard error (SE) was calculated and expressed in mean ± SE 
of three replicates.

Analysis of Pathogenesis Related Proteins 
in Chickpea Under Glass House Conditions

At regular intervals of 10 days, three fresh and healthy 
plants were uprooted from each treatment. Plant samples 
were washed thoroughly and then enzymes and phenolics 
were extracted from the root tissues and were estimated 
spectrophotometrically.

Estimation of Phenolics

Root samples (1 g) were homogenized in 10 ml of 80% 
methanol for the extraction of phenolics and then the extract 
was agitated for 15 min at 70 °C. To 1 ml of the methanol 
extract, 5 ml distilled water and 250 μl of Folin–Ciocalteau 
reagent (1 N) were added. Then the reaction mixture was 
incubated at 25˚C for the development of blue colouration. 
Total phenolic compounds were estimated spectrophotom-
eterically at absorbance maxima of 725 nm. The amount of 
phenolic was expressed as μg catechol or phenol  mg−1 of 
fresh root tissue by preparing a standard curve of catechol. 
Three replications were maintained for each treatment.

Estimation of Peroxidase (PO) Activity

One gram fresh root samples (three replicates for each treat-
ment) were homogenized in 2 ml of 0.1 M phosphate buffer 
(pH 7.0), and was centrifuged at 16,000 rpm at 4 °C for 
15 min and the supernatant was used for PO estimation. 
For the reaction, to 1.5 ml of 0.05 m pyrogallol, 0.5 ml of 
enzyme extract and 0.5 ml of 1%  H2O2 were added. The 
absorbance at 420 nm was recorded at 30 s intervals for 
3 min [38].

Estimation of Polyphenol Peroxidase (PPO) Activity

The enzyme was extracted in 2 ml of 0.1 M sodium phos-
phate buffer (pH 6.5) from of the root samples (1 g) and 
centrifuged at 16,000 rpm for 15 min at 4 °C. For the assay 
mixture, to 200 µl of the enzyme extract, 1.5 ml of 0.1 M 
sodium phosphate buffer (pH 6.5) was added and at last 
200 µl of 0.01 M catechol was added to start the reaction 

and the activity was expressed as changes in absorbance at 
495 nm.

PO and PPO activities were expressed in mM and μM of 
purpurogallin produced  min–1 mg–1 of fresh weight by using 
the molar extinction coefficient of 2.47 mM–1 cm–1 for both 
the enzymes [11].

Estimation of Phenylalanine Ammonia‑Lyases (PAL) Activity

The enzyme was extracted in 5 ml of 10 mM sodium phos-
phate buffer (pH 6.0) from the fresh root tissues (1 g) and 
the supernatant was recovered by centrifugation at 16,000×g 
for 15 min at 4 °C. The reaction mixture was prepared by 
adding 100 μl of enzyme extract to 500 μl of 50 mM Tris 
HCl and 600 μl of 1 mM phenylalanine and was incubated 
for 60 min at room temperature. After incubation, 1.5 ml of 
toluene was added to the reaction mixture and vortexed for 
30 s and centrifuged (1000 rpm, 5 min). Then the toluene 
fraction was separated and was estimated for the presence of 
transcinnamic acid at wavelength 290 nm against the toluene 
as blank and the activity of PAL was expressed as n moles of 
cinnamic acid  min−1 mg−1 of fresh root weight [50].

Estimation of Malonic Aldehyde (MDA)

Fresh stem samples (0.2 g) were homogenized in 2 ml 0.1% 
(w/v) of a trichloroacetic acid (TCA) solution and were 
centrifuged at 10,000×g for 15 min. For the assay mixture, 
250 μL of the supernatant was incubated with 750 μL TBA 
(0.5% in 20% TCA) for 20 min in a boiling water bath. After 
incubation, the reaction was stopped by immersing the reac-
tion mixture in an ice bath and then the mixture was centri-
fuged at 13,000×g for 4 min, and the MDA spectrophoto-
metrically estimated at 532 nm, was calculated as nmol of 
MDA g−1 of fresh weight by using the extinction coefficient 
of 155 mM cm−1 [32].

Results and Discussion

The selected antagonists of Fusarium oxysporum f. sp. cic-
eris i.e. Ba1a and Ba19, presumed to be Bacillus on the basis 
of blue coloured colonies on Bacillus agar and Ps45, Ps45, 
Ps47 as Pseudomonas with green coloured colonies on Pseu-
domonas agar, were further confirmed by PCR amplification 
reactions using specific primers for both genera. The antago-
nists were also tested for various mechanism implicated in 
direct plant growth promotion under in vitro conditions.

Molecular Identification of the Selected Antagonists

Molecular characterization using 16S-rDNA targeted 
genus-specific PCR primers for Bacillus genus showed 
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amplification only in 2 of the isolates with a product yield 
of 618 bp (Plate 1a) [49], however positive PCR amplifica-
tion with Pseudomonas specific primers for the fragments of 
16S rDNA of other three isolates (initially morphologically 
or phenotypically identified on Pseudomonas agar medium), 
obtained from the pigment producing isolates on pseu-
domonads specific Kings B medium [25] yielded a product 
of about 1.5 Kb [11] (Plate 1b) confirming their identity as 
isolates belonging to Pseudomonas sp. Several reports for 
rhizobacterial isolates belonging to Bacillus sp. as promising 
agents for disease management due to their abundance and 
persistence in soil are well documented [24, 27, 30]. Bacilli 
are reported to produce a number of volatile, non-volatile 
and thermostable metabolites which are part of their inhibi-
tory mechanism against the pathogens [44, 47]. However, 

among PGPR, fluorescent pseudomonads have been well 
recommended as biofertilizer and biocontrol agent due to 
their plant growth promoting and antagonistic activity [2].

Plant Growth Promotion Activity of Rhizobacterial 
Isolates

All the isolates were found positive for the production of 
plant growth hormones such as indole acetic acid (IAA), 
gibberellic acid and iron chelating agent, siderophores as 
their excreations. Studies revealed that plant growth hor-
mones like gibberellins, IAA and cytokinin play important 
role in bacterial plant interactions [14]. Further they were 
also found efficient in zinc (Plate 2b) and phosphate solu-
blization (Plate 2a), indicating the production and release of 

Plate 1  Gel electrophoretic analysis of PCR products amplified using a Bacillus genus-specific primers (amplified product of ~ 618 bp), b Pseu-
domonas genus-specific primers (amplified product of ~ 1.5 kb)

Plate 2  Plant growth promoting 
traits of rhizobacterial isolates



90 S. Kumari, V. Khanna 

1 3

various organic acids responsible for the nutrient solubliza-
tion, one of the mechanisms by which plant growth promot-
ing rhizobacteria deprive the pathogen from these essential 
nutrients and enhance the nutrient availability to the plants 
[10].

Compatibility Test

Rhizobacterial antagonists were evaluated for their compat-
ibility with Mesorhizobium ciceris (recommended culture 
of Department of Microbiology), specific for chickpea. The 
overlapping growth to each other on Yeast Mannitol agar 
plates was determined as compatible interaction between the 
paired microorganisms. All the antagonists showed positive 

interaction with Mesorhizobium indicating, their synergistic 
influence on plant growth promoting performace (Plate 3).

Elucidation of Antiphytopathogenic Potential 
to Reduce the Disease Severity in Chickpea

Wilt symptoms started after 30 days of sowing, with droop-
ing, decoloured leaves and plants became almost dry and 
dead in negative control after 50 days. Same as the seed 
growth, wilt incidence was noticeably reduced by rhizobac-
terial isolates co-inoculated with Mesorhizobium (M). In 
this study total loss of plants due to loss in germination and 
wilt incidence, was recorded and according to observations 
Ps45+M treatment was most effective as inhibited minimum 
loss i.ie 23.3% followed by Ps47+M (26.7%) and Ba1a+M 
(30%) against negative control (80%) in GPF-2 (Plate 
4a). However total loss in variety JG-41 90% of loss was 
recorded in negative control and minimal loss was recorded 
with Ps47+M (36.6%) (Table 1, Plate 4b). Similar to the 
present study, bacterial biocontrol agents have also been well 
explored for their potential to inhibit various other soil borne 
fungal pathogens. For example, seed treatment with B. thur-
ingiensis B2 (KU158884), B. subtilis B10 (KT921327), B. 
amyloliquefaciens B13 (KT951658), B. amyloliquefaciens 
B15 (KT923051) and E. cloacae B16 (KT921429) led to 
total suppression of cottony rot disease in tomato plants to 
20% compared to 100% disease incidence in control, where 
the soil was infested with S. sclerotium without any seed 
treatment [1]. This study emphasize on the effective role of 
plant growth promoting rhizobacteria to control wide range 
of pathogens, by various antagonistic mechanisms, so as to 
reduce the disease severity and enhance the germination, 
growth and thus yield of economically important crops.Plate 3  Compatibility test between rhizobacteria and native Mes-

orhizobium 

Plate 4  Symptoms of wilt between the treatments under glass house conditions
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Enhancement in Plant Growth by Rhizobacteria

Selected antagonistic rhizobacterial treatments along 
with Mesorhizobium were also effective in enhancing 
the plants growth in addition to enhancement in seed-
ling emergence and concision of wilt incidence. Plants 
were observed for growth in the terms of root/shoot 

length and at 30th, 40th and 50th day and fresh weight 
at 20th (10 days before the disease emerged) and 40th 
day (10 days after the disease symptoms started). Treat-
ment of Ps47+M exhibited highest shoot length in GPF-2 
(28.5 ± 1.53 cm) and JG-41 (31.9 ± 1.44 cm) (Table 2, 
Plate 5a, b). Isolates Ps45, Ba1a and Ba19 alongside 
Mesorhizobium were also found effective in enhancing 
the shoot length as well as weight in GPF-2, compared 
to negative control (Table 2). In a similar report, shoot 
length and dry weight of chickpea after rhizobacterial 
inoculation increased up to 92% and 43% respectively 
in comparison to control Moreover seed inoculation 
with all isolated bacteria (Pseudomonas fluorescens and 
Bukholderia spp.) resulted in increased plant height and 
leaf numbers in chickpea [13]. Supporting reports also 
revealed the enhancement in plant height in different 
crops such as sorghum pearl millet, potato and radish 
plants inoculated with Azospirillum, Pseudomonas and 
Azotobacter strains [34, 42, 45]. Same as the shoot, root 
length was also maximally enhanced by Ps47 co-inocu-
lation with Mesorhizobium in GPF-2 (13.8 ± 0.52 cm), 
however in JG-41 Ba1a + Mesorhizobium inhibited maxi-
mum root growth (15.0 ± 0.88 cm) (Table 3). However 
negative effect on root length was also recorded in some 
of the treatments due to severity of wilt disease. Observa-
tions related to root weight was variably different as Ps45 
and Ps47+M inoculation was recorded with maximum 
root weight i.e. 0.91 g/plant in GPF-2, whereas in Jg-41 
Ba19+M inhibited maximum root weight i.e. 0.81  g/
plant, followed by Ba1a+M (0.74 g/plant) compared to 

Table 1  Total loss of chickpea plants during the glass house experi-
ment (GPF-2 and JG-41)

Values represent mean ± SE (Standard Error) of three replication
CD Critical difference

Treatments Total loss of plants (%)

GPF-2 JG-41

Absolute control 36.7 ± 1.30 46.6 ± 2.70
Negative control 80.0 ± 0.95 90.0 ± 1.95
Fungicide 36.7 ± 0.80 50.0 ± 2.50
Ps44 43.3 ± 1.60 46.6 ± 1.25
Ps45 33.0 ± 1.55 53.3 ± 2.50
Ps47 36.0 ± 1.30 50.0 ± 3.95
Ba19 46.7 ± 0.75 60.0 ± 1.90
Ba1a 47.0 ± 0.75 50.0 ± 0.45
Ps44 + Mesorhizobium 40.0 ± 1.05 40.0 ± 2.05
Ps45 + Mesorhizobium 23.3 ± 1.70 40.0 ± 0.75
Ps47 + Mesorhizobium 26.7 ± 1.75 36.6 ± 1.25
Ba19 + Mesorhizobium 36.6 ± 2.50 46.6 ± 3.25
Ba1a + Mesorhizobium 30.0 ± 1.30 46.6 ± 2.70
CD at 5% 2.43 3.47

Table 2  Effect of antagonistic 
rhizobacteria on plant growth 
in terms of shoot length of 
chickpea under pot conditions

Values represent mean ± SE (standard error) of three replication
CD critical difference

Treatments Shoot length (cm)

GPF-2 Variety JG-41 Variety

30th day 40th day 50th day 30th day 40th day 50th day

Absolute control 17.5 ± 0.66 19.0 ± 0.57 21.3 ± 1.05 21.6 ± 0.29 25.6 ± 1.05 26.5 ± 0.74
Negative control 15.0 ± 0.72 16.3 ± 2.32 12.3 ± 3.55 16.7 ± 0.77 20.3 ± 1.74 23.6 ± 1.21
Fungicide 15.4 ± 0.52 17.6 ± 0.40 19.1 ± 0.27 20.3 ± 0.72 24.5 ± 0.83 25.7 ± 1.74
Ps44 18.1 ± 0.43 21.3 ± 0.86 22.6 ± 0.20 20.0 ± 0.00 23.1 ± 1.30 24.0 ± 0.86
Ps45 20.0 ± 2.96 20.6 ± 0.58 21.4 ± 0.14 20.6 ± 2.14 28.2 ± 1.75 28.9 ± 1.28
Ps47 21.3 ± 1.17 24.3 ± 1.39 25.3 ± 0.96 22.7 ± 1.68 26.8 ± 1.33 27.4 ± 1.04
Ba19 21.6 ± 0.90 24.1 ± 0.27 25.2 ± 0.97 22.0 ± 0.94 26.3 ± 0.58 26.9 ± 0.87
Ba1a 19.2 ± 1.30 22.3 ± 0.48 23.5 ± 0.39 21.3 ± 1.17 26.7 ± 2.61 27.5 ± 2.15
Ps44 + Mesorhizobium 20.3 ± 0.52 24.0 ± 1.33 26.0 ± 1.15 23.5 ± 0.86 26.3 ± 2.23 27.0 ± 2.37
Ps45 + Mesorhizobium 21.3 ± 0.29 25.4 ± 2.02 26.4 ± 1.93 23.8 ± 0.06 26.5 ± 0.86 27.5 ± 1.07
Ps47 + Mesorhizobium 22.2 ± 0.56 25.7 ± 0.28 28.5 ± 1.53 25.7 ± 1.12 30.2 ± 1.74 31.9 ± 1.44
Ba19 + Mesorhizobium 20.4 ± 0.86 24.0 ± 1.15 25.1 ± 0.82 22.7 ± 1.15 29.6 ± 0.77 31.4 ± 0.26
Ba1a + Mesorhizobium 21.7 ± 0.55 25.3 ± 1.17 26.0 ± 0.67 23.8 ± 0.29 29.0 ± 0.66 30.0 ± 0.00
CD at 5% 2.33 1.44 1.54 2.76 2.47 3.75
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negative control (0.49 g/plant) (Table 4). Landa et al. [29] 
report indicated that combined seed and soil treatment 
with P. macerans RGAF 101 at 20 °C, P. fluorescens RG 
26 at 25 or 30 °C or P. fluorescens RGAF 19 at 30 °C 
significantly (P < 0·05) promoted chickpea growth (as 
determined by stem length and shoot and root weights) 
compared with non treated control. Enhancement in root 
and shoot parameters can be as a result of various plant 
growth hormones and solubilisation and mobilization of 
various essential macro and micro nutrients in the soil by 
these PGPR’s [10, 22].

Evaluation of Bioantagonists to Induce Phenolic 
Compounds Under Glass House Conditions

Prior application of PGPR generally enhances the level of 
phenolics in the plant tissues to boost the defensive capa-
bility of the plants against the respective pathogen [23]. 
Considering their (PGPR’s) role to reduce the pathogenic 
effect of Foc on the chickpea plants, the selected PGPR 
were further evaluated for their potential to induce phe-
nolic compounds in chickpea root tissues. Total phenolics 
were estimated in relation to time i.e. at 10 days interval 

Plate 5  Relative growth between the treatments under glass house conditions

Table 3  Effect of antagonistic 
rhizobacteria on plant growth in 
terms of root length of chickpea 
under glass house conditions

Values represent mean ± SE (standard error) of three replication
CD Critical difference

Treatments Root length (cm)

GPF-2 JG-41

30th day 40th day 50th day 30th day 40th day 50th day

Absolute control 10.8 ± 0.33 11.0 ± 0.67 11.3 ± 0.45 11.2 ± 0.22 11.8 ± 0.21 12.5 ± 0.89
Negative control 8.10 ± 0.30 10.0 ± 0.44 10.5 ± 0.44 9.40 ± 0.08 9.76 ± 0.89 13.5 ± 1.02
Fungicide 13.8 ± 0.74 11.5 ± 1.42 11.67 ± 1.28 11.8 ± 0.80 10.3 ± 0.87 10.9 ± 0.79
Ps44 8.50 ± 0.60 9.00 ± 0.33 9.50 ± 0.18 10.8 ± 0.05 11.5 ± 0.72 11.8 ± 0.78
Ps45 9.60 ± 2.93 9.67 ± 0.27 10.0 ± 0.22 15.0 ± 1.33 12.1 ± 0.53 12.7 ± 0.36
Ps47 9.16 ± 0.29 12.2 ± 0.67 11.3 ± 1.62 13.3 ± 1.11 12.6 ± 0.40 13.4 ± 0.17
Ba19 9.16 ± 0.05 12.0 ± 1.44 11.6 ± 1.44 15.3 ± 0.56 11.3 ± 0.67 12.0 ± 1.00
Ba1a 9.33 ± 0.14 9.77 ± 0.11 9.67 ± 0.11 11.0 ± 0.33 11.0 ± 1.76 12.5 ± 0.81
Ps44 + Mesorhizobium 8.50 ± 0.92 10.8 ± 0.62 11.3 ± 0.49 11.2 ± 0.05 13.0 ± 0.66 14.2 ± 0.50
Ps45 + Mesorhizobium 9.66 ± 0.14 11.7 ± 0.400 11.7 ± 0.40 10.6 ± 0.29 11.7 ± 0.14 11.8 ± 0.14
Ps47 + Mesorhizobium 11.1 ± 0.15 13.0 ± 0.33 13.8 ± 0.52 11.0 ± 0.00 11.6 ± 0.86 13.8 ± 0.48
Ba19 + Mesorhizobium 10.3 ± 0.11 10.6 ± 0.86 11.4 ± 0.78 10.9 ± 0.02 14.1 ± 0.43 13.7 ± 0.83
Ba1a + Mesorhizobium 11.4 ± 0.96 12.7 ± 0.58 13.2 ± 0.30 10.3 ± 0.05 15.0 ± 0.89 15.0 ± 0.88
CD at 5% 2.12 NS 4.11 2.32 1.42 2.68
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for 50 days after the germination (i.e. 10 days after sow-
ing). Observations revealed highest accumulation of phe-
nolics at 30th day after germination in both the varieties. 
Likewise in the seed emergence and disease control, Mes-
orhizobium used in combination with antagonists enhanced 
the stimulation effect of the phenolics in chickpea root tis-
sues. Maximum accumulation of phenol was observed in 
Ps45 (745.84 μg/gfw) followed by Ba1a (673.9 μg/gfw) and 
Ps47 (621.4 μg/gfw) in combination with Mesorhizobium, 
compared to captan (507.8 μg/gfw) that was significantly 
higher than the negative control (484.0 μg/gfw) in chickpea 

variety GPF-2 (Fig. 1). Likewise in JG-41, Ps44 and Ps45 
alongside Mesorhizobium, recorded with highest amount of 
phenolics i.e. 724.1 and 722.0 μg/gfw in the treated root tis-
sues of chickpea plants, comparatively higher than captan 
treatment (472.8 μg/gfw) treated plants (Fig. 1). Seed bac-
terization of Ps45 without Mesorhizobium was also found 
efficient to induce the production and accumulation of phe-
nolics with the value of 671.4 μg/gfw in JG-41, where seed 
treatment with other antagonists alone were also found at 
par the fungicide treatments in both the cultivars. In our 
previous similar study, out of the five potent antagonists 

Table 4  Effect of antagonistic rhizobacteria on fresh weight of chickpea plants under wilt conditions in glass house

CD Critical difference, Values represent mean ± SE (standard error) of three replication

Treatments GPF-2 (g/plant) JG-41 (g/plant)

Shoot Root Shoot Root

20th day 40thday 20th day 40thday 20th day 40thday 20th day 40thday

Absolute control 0.60 ± 0.12 0.63 ± 0.20 0.25 ± 0.01 0.23 ± 0.01 0.54 ± 0.23 0.78 ± 0.06 0.46 ± 0.02 0.67 ± 0.04
Negative control 0.32 ± 0.01 0.38 ± 0.04 0.19 ± 0.12 0.30 ± 0.14 0.30 ± 0.15 0.63 ± 0.09 0.33 ± 0.06 0.49 ± 0.02
Fungicide 0.42 ± 0.03 0.58 ± 0.03 0.22 ± 0.03 0.35 ± 0.16 0.67 ± 0.14 0.69 ± 0.11 0.42 ± 0.10 0.82 ± 0.04
Ps44 0.47 ± 0.10 0.82 ± 0.31 0.25 ± 0.09 0.40 ± 0.05 0.59 ± 0.06 0.69 ± 0.20 0.34 ± 0.06 0.63 ± 0.06
Ps45 0.43 ± 0.06 0.59 ± 0.24 0.31 ± 0.16 0.45 ± 0.06 0.38 ± 0.09 0.84 ± 0.06 0.40 ± 0.02 0.66 ± 0.12
Ps47 0.48 ± 0.99 0.73 ± 0.14 0.20 ± 0.06 0.54 ± 0.01 0.66 ± 0.01 0.69 ± 0.01 0.40 ± 0.06 0.61 ± 0.12
Ba19 0.32 ± 0.16 0.58 ± 0.21 0.23 ± 0.02 0.31 ± 0.15 0.57 ± 0.02 0.71 ± 0.06 0.33 ± 0.02 0.64 ± 0.06
Ba1a 0.45 ± 0.12 0.50 ± 0.09 0.28 ± 0.12 0.54 ± 0.17 0.56 ± 0.20 0.72 ± 0.12 0.40 ± 0.11 0.38 ± 0.04
Ps44 + Mesorhizobium 0.44 ± 0.13 0.68 ± 0.14 0.32 ± 0.13 0.47 ± 0.06 0.70 ± 0.14 0.74 ± 0.07 0.41 ± 0.06 0.64 ± 0.07
Ps45 + Mesorhizobium 0.95 ± 0.36 0.96 ± 0.01 0.59 ± 0.16 0.91 ± 0.17 0.55 ± 0.16 0.85 ± 0.06 0.40 ± 0.08 0.63 ± 0.12
Ps47 + Mesorhizobium 0.64 ± 0.23 0.87 ± 0.06 0.73 ± 0.21 0.91 ± 0.14 0.69 ± 0.09 0.82 ± 0.03 0.52 ± 0.02 0.61 ± 0.16
Ba19 + Mesorhizobium 0.53 ± 0.25 0.71 ± 0.23 0.29 ± 0.15 0.57 ± 0.12 0.69 ± 0.05 0.77 ± 0.11 0.37 ± 0.04 0.81 ± 0.06
Ba1a + Mesorhizobium 0.59 ± 0.01 0.87 ± 0.23 0.47 ± 0.02 0.69 ± 0.02 0.68 ± 0.07 0.86 ± 0.09 0.47 ± 0.01 0.74 ± 0.03
CD at 5% NS NS NS NS 0.07 NS 0.41 NS

Fig. 1  Induction of phenolics 
(μg/g fresh weight) by rhizobac-
terial isolates in chickpea roots
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of Fusarium oxysporum f. sp. ciceris, isolate 28P exhib-
ited maximum phenolic value of 408.5 μg/mg, followed by 
34P (401.9 μg/mg) and 38P (348.8 μg/mg) in comparison 
to negative control (189.5 μg/mg) in terms of μg of cat-
echol mg−1 of fresh weight [26]. Phenolic accumulation was 
also recorded in the collar region of chickpea in the range of 
886.70 to 1099.9 μg/gfw and the combined inoculation of 
Trichoderma and Pseudomonas along with Mesorhizobium 
was found most effective under Sclerotium rolfsii infected 
conditions [46]. As the pathogen itself induces the defence 
response in the plants on exposure, results presented by Patel 
et al.[36] revealed the highest phenol content in the roots of 
susceptible genotype (T15-15) of pigeon pea at preinfec-
tion stages of Fusarium udum Butler than the other resist-
ant genotypes in contracts to the present study where the 
susceptible variety JG-41 was recorded with comparatively 
low phenolics i.e. 385.70 μg/gfw, compared to the resistant 
GPF-2 genotype (484.27 μg/gfw).

Influence of Bioantagonists on Peroxidase (PO) 
and Polyphenol Oxidase (PPO) Activity

Similar to phenolics, highest PO and PPO activity was 
recorded on 30th day after the germination. The PO activ-
ity was recorded significantly higher in all the treatments 
compared to absolute and negative control, indicating the 
effective role of inducing agents for active defence mecha-
nism. In case of chickpea GPF-2 variety, highest PO activ-
ity was recorded in Ps45 (581.9 μmol min−1 mgfw−1) and 
Ba1a and Ps47 (467.7 μmol min−1 mgfw−1) when used 
in combination with native Mesorhizobium, compared 
to fungicide (387.8 μmol min−1 mgfw−1), however Ps45 

alone was also recorded with 378.6 μmol min−1  mgfw−1 of 
PO activity that was found at par the fungicide treatment. 
On the other hand Ps47+M was maximally recorded with 
PO activity with 426.1 μmol min−1 mgfw−1, followed by 
Ps45+M (417.5 μmol min−1 mgfw−1), compared to fun-
gicide (354.4 μmol min−1 mgfw−1) and negative control 
(297.57 μmol min−1 mgfw−1) (Fig. 2).

Seed bacterization with Ps47+M induced maxi-
mum PPO activity i.e. 342.5 μmol min−1 mgfw−1 fol-
lowed by Ps 45+M (313.1  μmol  min−1  mgfw−1) and 
Ps44+M (279.4  μmol  min−1  mgfw−1), significantly 
higher than the fungicide induced PPO activity of 
186.6 μmol min−1 mgfw−1 in root tissues challenged with 
the pathogen (Fig. 3). Somewhat similar results were found 
in JG-41, where Ps45, Ps44 and Ba19 alongside Mes-
orhizobium treated plants were recorded with highest PPO 
activity of 303.6, 299.5 and 232.3 μmol min−1 mgfw−1, 
compared to fungicide (194.0 μmol min−1 mgfw−1) and 
negative control (137.1 μmol min−1 mgfw−1). Likewise 
PO, comparatively higher PPO activity was recorded in 
resistant GPF-2 variety, compared to the JG-41 in cor-
roboration to one of the the observations by Sarwar et al. 
[40], where the inoculation of Ascochyta rabiei although 
enhanced the level of PPO in all the varieties of chickpea, 
but comparatively higher activity was recorded in resistant 
varieties (CM-72 and CM-88), than the susceptible ones 
(6153 and PB-1). In corroboration to the present findings, 
Ashraf et al. [6], also reported high PPO levels in resist-
ant chickpea cultivars than the susceptible ones, revealing 
the role of resistant cultivars to exhibit better interaction 
efficacy with surrounding microbial flora.

Fig. 2  Induction of peroxydase (μmol min−1 mg−1 fresh weight) by rhizobacterial isolates in chickpea roots
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Induction of Phenylalanine Ammonia Lyase (PAL) 
Activity by Rhizobacterial Antagonists

Activity of PAL enzyme was also significantly affected by 
the treatments containing the rhizobaterial isolates and the 
effect of evaluation was recorded highly significant after 
20th day of germination. PAL activity was expressed in the 
terms of nmol of cinnamic acid min−1 mgfw−1 as it cat-
abolizes phenylalanine to cinnamic acid as a product, being 
involved in cell lignifications process, providing first line of 
defence for the prevention and establishment of phytopatho-
genic microflora [18]. Seed priming with Ps44+M, Ps45+M 
and Ba19 along with Mesorhizobium were evaluated with 
highest PAL activity with the 57.0, 54.2 and 48.3 nmol of 

cinnamic acid released  min−1 mgfw−1 compared to fungicide 
(39.1 nmol cinnamic acid min−1 mgfw−1 and negative con-
trol (15.3 nmol cinnamic acid  min−1 mgfw−1). However in 
JG-41, Ps45, Ba1a and Ba19 co-inoculated with Mesorhizo-
bium were found to be efficient PAL inducers with the lib-
eration of 54.2, 51.4 and 47.5 nmol of cinnamic acid  min−1 
 mgfw−1 (Fig. 4). All these observations on PAL revealed 
that its production and activity needs stimulation by the prior 
application of pathogen or chemical fungicide or inducing 
PGPR that were absent in absolute control, one of the rea-
son for the low PAL activity in that treatment of both the 
varieties of chickpea and mungbean. In concurrent with the 
present finding, Kavino et al. [24], reported a consortium 
of 2 pseudomonads (Pf and Py15) and a Bacillus culture 

Fig. 3  Induction of polyphenol 
oxydase (μmol min−1 mg−1 
fresh weight) by rhizobacterial 
isolates in chickpea roots

Fig. 4  Induction of phenyl ammonia lyase (nmol of cinnamic  acid−1 min−1 mg−1 fresh weight) by rhizobacterial isolates in chickpea roots
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(Bs16) to significantly enhance the PAL activity along with 
phenolics, PO, PPO and β-1,3-glucanase in treated tomato 
plants, compared to the negative control. Likewise pheno-
lics and PO, seed bacterization with Methylobacterium also 
recorded to enhance the cinnamic acid levels in groundnut 
leaves during initial hours when challenged with A. niger 
and S. rolfsii [31].

Malonic Aldehyde (MDA) Concentration

Malon-dialdehyde or Malonic aldehyde (MDA) being a prod-
uct of lipid peroxydation determines the same in the plant 
tissues under severe stress conditions due to the generation 
of reactive peroxides, toxic to the plant metabolic reactions. 
MDA concentration was observed on 30th day after germina-
tion when the plants were in their initial stage of development 
and the disease severity and the responsive induced resistance 
was also active in the treated chickpea plants challenged with 
Fusarium oxysporum f. sp. ciceris. Observation revealed that, 
MDA concentration was effectively reduced in rhizobacterial 
treated plants compared to the chemical fungicide and negative 
control. Moreover co-inoculation with respective Mesorhizo-
bium also significantly reduced the MDA concentrations in the 
stem tissues of treated chickpea plants of both the varieties. 
In chickpea variety GPF-2, due to the highly active defence 
response Ps45 + Mesorhizobium was recorded with the lowest 
MDA concentration i.e. 39.77 mM gfw−1 (Fig. 5), however 
in JG-41, Ba19 co-inoculation with Mesorhizobium ciceris, 
recorded lowest lipid peroxidation with 41.4 mM gfw−1 of 
MDA in treated chickpea stem tissues, compared to captan 
treatment with 84.3 and 81.2 mM gfw−1 of MDA concentra-
tion in GPF-2 and JG-41 respectively. The plants challenged 
with Fusarium oxysporum f. sp. ciceris without rhizobacte-
rial treatments recorded comparatively high levels of MDA 

in GPF-2 (122.0 mM gfw−1) and JG-41 (136.7 mM gfw−1) 
varieties (Fig. 5), probably due to higher disease severity or 
biotic stress in these plants, resulting in elevation of reactive 
peroxides to liberate MDA as a product of lipid peroxida-
tion. The plants in absolute control were observed to exhibit 
relatively low MDA concentrations than the other treatments 
due to absence of pathogen infection, indicating the role of 
pathogens to induce the lipid peroxidation activity due to their 
pathogenic effects on the respective crops. Further the vari-
ability in MDA concentrations had also given an idea about the 
severity of the disease as well as the resistance efficacy of both 
the chickpea varieties and their positive interaction with micro-
bial agents to induce or stimulated the defence mechanism and 
to reduce the respective pathogenic effects. In support, Ferraz 
et al. [18], reported lower MDA concentarion in Fol infected 
tomato plants, when sprayed with UFV 618, UFV 252 and 
UFV 592 antagonists. In a study Mhadhbi et al. [32], reported 
induction and accumulation of MDA as a result of lipid peroxi-
dation in root nodules of test plant Medicago truncatula, when 
exposed to osmotic stress, where Sinorhizobium meliloti was 
observed to reduce the same when implied as seed inoculum. 
Observations revealed that lipid peroxidation in the cell wall 
membranes of plant tissues, include one of the mechanisms 
by which plants respond to various abiotic and biotic stress 
conditions and can be significantly reduced to low levels by 
the application of potential biocontrol agents.

Conclusion

In the present study, screened antagonistic isolates alone and 
in combination with native Mesorhizobium were evaluated 
for their potential to induce the plants own defence reactions. 
Results revealed that though antagonists alone were also 

Fig. 5  Relative malonic alde-
hyde concentrations (mM g−1 
fresh weight) in chickpea stem
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effective but dual inoculation of antagonists and respective 
rhizobia induced high levels of pathogenesis related proteins 
as well as phenolics with much lower Malonic aldehyde con-
centrations and total loss in plants, inferring their cumulative 
role in enhancing the defence response in tested plants com-
pared to the fungicide and negative control in both the chick-
pea varieties under glass house studies. Moreover the effect 
of co-inoculation on the plant growth parameters i.e. root/
shoot length and weight revealed the enhanced defensive 
capacity of bacterized plants against the Fusarium oxyspo-
rum f. sp. ciceris to grow. On the basis of these observations, 
Ps 45 and Ps47 and Ba1a along with native Mesorhizobium 
can be used as biofungicides on the condition of their similar 
effectiveness under field conditions. Further investigations 
are focussed to even enhance the self defence mechanism in 
other crops by different combinations of these antagonists 
against different soil borne pathogens to evaluate their syn-
ergistic potential to control a broad range of pathogens to 
formulate various combinations of these so as to have better 
results against such soil borne phytopathogens.
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