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ABSTRACT

Chickpea (Cicer arietinum L.) among other pulse legumes contribute majorly in economy of a country. Yield and
quality of the produce is seriously affected by various soil borne pathogens whereas now-a-days use of PGPR as a
substitute to chemicals is very effective. Chickpea desi variety (Bittal-98) was primed by hydrobio priming and drum
priming methods using two rhizobacterial isolates i.e. Pseudomonas putida and Pseudomonas fluorescens. Both
methods showed effective disease control i.e. drum priming (27.16%) and hydro-biopriming (30.5%) and improved
growth parameters. The maximum shoot length was observed in drum priming T3 (22.40cm) as compared to control
(7.88cm). The root length also varied significantly, and the result ranged from 3.78cm (Control) to 12.58cm (T3 Drum
priming). Similarly plants fresh weight (0.91gm) and plants dry weight (0.63gm) also considerably enhanced by drum
priming in comparison with control (0.43gm and 0.27gm, respectively). The most effective treatment was when both

rhizobacteria were applied together i.e. T3 thus resonating the effect of each other.
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INTRODUCTION

Chickpea (Cicer arietinum L.) belongs to family fabaceae
ranked third as major legume crop worldwide (Jukanti
et al, 2012). In Pakistan the total area under chickpea
production is about 944 thousand ha with the
production of 438 thousand tones during 2018-2019
(Pakistan Bureau of Statistics, 2018-19). Chickpea crop
is attacked by numerous pathogens which results in the
yield pathogens
Macrophomina phaseolina (Kumar et al, 2007) and F.

reduction. Among the soil
oxysporum f. sp. ciceris are of significant importance
results in 10-40% economic losses (Bayraktar and Dolar,
2009). Non-judicial use of fungicides results into
resistance development in pathogens and also pollutes
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the environment. Naturally occurring beneficial
microbes in root zone counter fight with the pathogens
to prevent the yield losses. A thin soil layer occupied by
the PGPR surrounding plants root system not only
helping the plants root system to uptake maximum
available nutrients to enhance the growth parameters
but also by colonizing onto the root surface protect
plants from numerous soil borne pathogens (Maleki et
al, 2010; Moeinzadeh et al., 2010). PGPR triggers the
defense mechanisms of the host like volatile compound
Hydrogen cyanide (HCN), phytohormones (Kaur et al,
2006), siderophores (Rashid and Ahmed, 2005) and 1AA,
induced systemic resistance (ISR) (Suzuki et al, 2003)
when any pathogen attack on host. Use of PGPR as a
substitute to the chemicals for seed priming is very
effective method to transfer bio-control agents not only
in the rhizosphere but also effectively colonized onto the
root surface of the plants (Bennett and Whipps, 2008). A
number of methods adopted for the seeds priming such
as Hydro priming, steep priming (Halmer et al, 2004),


https://doi.org/10.33866/phytopathol.032.01.0567
http://www.pakps.com/
http://www.pjp.pakps.com/

Pak. J. Phytopathol., Vol. 32 (01) 2020 - 89-96

solid matrix priming and drum priming (Caseiro et al.,
2004). The  bio-priming techniques changes
physiological behavior of the host under stress
moreover significantly plays vital role to improve seeds
tolerance level under environmental stress conditions
(Entesari et al., 2013). In wheat, maize, chickpea and rice
crop under semi-arid conditions seed bio-priming
techniques found very useful to increase the yield
(Harris et al., 2001). Seed bio-priming with PGPR before
seed sowing provide first line of defense against
pathogens and considerably enhanced the growth
parameters (Halmer et al, 2004). In present study bio-
priming of chickpea seeds was done not only to test the
efficacy of rhizobacteria as disease suppressing agent
but also as plants growth promoting agents.

MATERIALS AND METHODS

Preparation of fungal pathogens: The culture of root
associated pathogenic fungi (F. oxysporum f. sp. ciceris)
was obtained from Department of Plant Pathology,
PMAS-Arid Agriculture University Rawalpindi. The
pathogenic culture was revived on potato dextrose agar
(PDA) media and by following single hyphal tip method
pure culture was maintained. Pathogenicity test was
performed to confirm the disease causing ability of the
fungus and after the confirmation of pathogenicity the
fungus was mass cultured for further study.

Preparation of rhizobacteria: The bio-control agents
Pseudomonas putida and Pseudomonas fluorescens were
taken from the culture collection section of Department
of Plant Pathology, PMAS-Arid Agriculture University
Rawalpindi. The bacterial cultures were maintained in
King’s B broth.

Evaluation of rhizobacterial properties: To evaluate
the rhizobacterial properties
biochemical tests including Gram staining, KOH Loop
test (Suslow, 1982), catalase oxidase test (Schaad, 1980),
antagonistic test and siderophore production test were

of bacterial isolates

performed and the results of these biochemical tests
clearly showed the rhizobacterial nature of the cultures.

The result of gram staining showed that both of the
isolates were gram negative in nature. Loop formation
was observed in both isolates which confirmed staining
results in KOH test. Similarly, catalase oxidase test
confirmed the aerobic nature of the bacteria when
treated to H202 both formed gas bubbles. Siderophore
production of bacteria was identified by the production
of fluorescent pigment. Low iron media have high iron
(Fe*3) chelator affinity (Calinski et al, 1981). Both
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bacterial isolates were found positive for siderophore
production. The color was diffused into the medium
around the colony. The isolates produced yellow to
greenish color. To check the antifungal activity of the
bacterial isolates dual culture test was performed by
using PDA media and after 72 h of incubation the zone of
inhibition clearly illustrates the antifungal nature of the
bacterial isolates.

culture preparation: The antagonistic
rhizobacterial isolates were inoculated to King’s B broth
media and incubated on shaker incubator at 28 °C for 48
hours. The antagonistic rhizobacterial isolates were
suspended in 1% Carboxy Methyl Cellulose solution to
attain 108 CFU mL! measured by spectrophotometer
(Tahir et al, 2016).

C = Control + F. oxysporum f.sp. ciceris

T1 = P. putida + F. oxysporum £.sp. ciceris

T2 = P. fluorescens + F. oxysporum f.sp. ciceris

Ts = P. putida + P. fluorescens + F. oxysporum f.sp. ciceris
Biopriming of Chickpea Seeds: Two techniques were
applied for bio-priming of chickpea seeds

Hydro Bio Priming: Chickpea seeds of desi variety
(Bittal-98) were surface sterilized with 1% solution of
sodium hypochlorite for 2-3 minutes approximately
followed by washing 2-3 times with distilled water. First
for 1 hour the chickpea seeds were soaked in water
followed by 2 hours in PGPR suspension than left at

Bacterial

room temperature for air drying and finally in moist
chamber for 24 hours. Chickpea seeds only treated with
Carboxy Methyl Cellulose (CMC) sown as control.

Drum Priming: Chickpea seeds of desi variety (Bittal-
98) were surface sterilized with 1% solution of sodium
hypochlorite for 2-3 minutes approximately followed by
washing 2-3 times with distilled water. The seeds of
chickpea were bio-primed with PGPR suspension for 2-3
hours in a rotating drum than left at room temperature
for air drying and finally in moist chamber for 24 hours.
Chickpea seeds only treated with Carboxy Methyl
Cellulose (CMC) sown as control.

Data Collection and statistical analysis: Three
replications of each treatment were maintained. After 42
days the parameters included seed germination, disease
incidence, shoot length, root length, plant fresh weight,
and plant dry weight were recorded. The data was
statistically analyzed using statistix (v 8.0). The
treatment means were compared by ANOVA and the
least significance difference test was applied for
checking the significance of values (P=0.05).


https://doi.org/10.33866/phytopathol.032.01.0567

Pak. ]. Phytopathol,, Vol. 32 (01) 2020 - 89-96

RESULTS
Disease Incidence: Diseases incidence was recorded by
following formula

Disease incidence (%)

Number of infected plants
- f infected p x 100

Total number of plants

DOI: 10.33866/phytopathol.032.01.0567

Disease incidence: The PGPR isolates considerably
control the disease in comparison with control (Figure
1). Minimum disease incidence was observed in T3 with
drum priming (27.16%) followed by 30.5% (T3) hydro-
biopriming. Results showed the effectiveness of PGPR
isolates to control the disease.
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Figure 1. Disease Incidence on chickpea plants treated with rhizobacteria using drum priming and hydro biopriming

method.

Growth parameters
Seed germination: Germination percentage
calculated by using following formula.

Seed Germination (%)
_ Number of seeds germinated

was

100

"~ Total number of seeds sown
Shoot and Root length: To check the effect of PGPR on
the growth of plants shoot and root system the chickpea
plants were carefully uprooted after 6th week and the
data of plants shoot length and root length were

measured in centimeters (cm). The positive influence of
PGPR was clearly observed by comparing PGPR treated
plants with control.

Seed Germination: PGPR treated and untreated
chickpea seeds showed very clear difference
germination percentage of seeds. Minimum seeds
germination was recorded in control, whereas maximum

in

seeds germination was observed in T3 with drum
priming. T: and Tz also show promising outcomes in
comparison with control (Figure 2).
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Figure 2. Germination of chickpea seeds treated with rhizobacteria using drum priming and hydro biopriming method.
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Shoot length: The PGPR isolates significantly improve
the plants shoot length (Figure 3). Outcomes illustrate
that shoot length significantly enhanced in PGPR treated

DOI: 10.33866/phytopathol.032.01.0567

plants over untreated plants. The maximum shoot length
(22.40 cm) was observed in T3 with drum priming
method whereas Ts with Hydro-biopriming (20.01 cm).
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Figure 3. Shoot length of chickpea plants treated with rhizobacteria using drum priming and hydro biopriming

method.

Root length: The PGPR isolates considerably enlarged
the root length of the treated plants (Figure 4). The
length of the roots ranges from 3.78 to 12.58 cm. T3
(Drum priming) produced the maximum root length

12.58 cm followed by T3 (Hydro biopriming) 11.15 cm.
In comparison with control T1 (9.25 cm), T2 (10.56 cm)
(Drum priming) and T1 (9.03 c¢cm) (Hydro biopriming)
also significantly enhance the root length of the plants.
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Figure 4. Root length of chickpea plants treated with rhizobacteria using drum priming and hydro biopriming method.

Plant Fresh Weight: The PGPR isolates plays a vital role
in enhancing the plants fresh weight. As for as both
methods are concerned drum priming again showed
best results in comparison with hydro-bio priming and
control. Treatment T3 0.91 gm (drum priming) showed
promising outcomes as compared to the rest of the
treatments (Figure 5).

Plant Dry Weight: A considerable difference in chickpea
plants dry weight was observed in response to PGPR
isolates (Figure 6). The minimum plants dry weight was
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noticed in control (0.27 gm) with hydro bio-priming
method, whereas maximum plants dry weight was
observed in T3 (0.63 gm) followed by Tz (0.54 gm) with
drum priming.

Total biomass: The accumulation of total biomass of
PGPR treated plants increased significantly in both
methods as compared to control. Treatment T3 (Drum
priming) showed best outcomes followed by treatment
Ts (Hydro biopriming), T2 (Drum priming) and T1 (Drum
priming) (Figure 7).
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Figure 5. Plants fresh weight of chickpea plants treated with rhizobacteria using drum priming and hydro biopriming
method.
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Figure 6. Dry weight of chickpea plants treated with rhizobacteria using drum priming and hydro biopriming method.
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Figure 7. Total biomass of chickpea plants treated with rhizobacteria using drum priming and hydro biopriming
method.
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DISCUSSION

The growth of the plants has been significantly
enhanced by various rhizobacterial strains (Raj et al.,
2004; Beneduzi et al, 2012). Plant growth promoting
rhizobacteria (PGPR) not only plays vital role in
disease suppression but also shows the ability to
colonize and helps roots system of plants to obtain
maximum available nutrients (Frankenberger and
Arshad, 1995). The basic aim of the current study was
to select the suitable rhizobacterial strain that
enhanced resistant against pathogens and improve
growth parameters of plants. Many seed priming
methods including solid-matrix priming and hydro-
priming were reported to improve the growth
parameters (Venkatasubramanian and Umarani,
2007). Plant growth promoting rhizobacteria
uniformly distributed on the seeds surface by bio-
priming techniques, similar research work illustrated
the efficient role of bio-priming methods (Moeinzadeh
et al, 2010). As current work shows that both hydro-
bio priming technique and drum priming technique
improved the growth parameters like seed
germination, shoot length, root length, fresh and dry
weight of shoot and root as well as reduce the disease
incidence. Drum priming method found more efficient
to transfer the PGPR on seeds surface (Bennett and
Whipps, 2008) same as the current research work
exhibited that drum priming method performs better
as compared to the other applied method. Improved
seed germination rate in sunflower and wheat crop
were reported by the use of PGPR (Shaukat et al,
2006) similar outcomes also reported by Dobbelaere
et al. (2002) in spring wheat. The bio-priming of
chickpea seeds with PGPR by using drum priming and
hydro-bio priming shows same results as reported by
Shaukat et al. (2006) and Dobbelaere et al. (2002).
The conducted work showed that priming with PGPR
not only improved the total biomass of the plants but
also reduced the disease incidence as compared to
control. The finding was similar to the outcomes of
Erdogan and Benlioglu (2010). Shoot and root length
of chickpea plants considerably improved by using
PGPR and same results were reported earlier by
Kamal et al. (2008). On treating seeds with the PGPR
the radical emergence is greatly influenced as PGPR
invade root system of seedling plants via germinating
radical (Park et al, 2004). The PGPR application to the
seeds by any means like bio-priming methods, seeds
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dipping or sprays significantly enhanced the growth
parameters and helps to control seed, soil and root
associated pathogens (Nakkeeran et al). As compared
to the control the bio-priming of chickpea with PGPR
showed less disease incidence with significant
improvement in growth parameters as reported by

(Mancini and Romanazzi, 2014). The use of PGPR is

environment friendly and helps to reduce the need of

pesticides as well.

CONCLUSION

The application of chemicals for seed treatment poses

hazards to environment and this study has highlighted

the possible alternative to synthetic chemicals. Seeds can
be treated with PGPRs that can be beneficial in several
ways i.e. by inhibiting pathogens as well as providing
compounds that promote plant growth at the same time.

It is further recommended that priming methods be

explored and tested for improved results.
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