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An experiment was conducted to study the effect of plant growth promoting
rhizobacteria (PGPR) on the growth, dry matter production and physiochemical
parameters in a chickpea cultivar (JW-14) under salinity stress. The PGPR- Pseudomonas
aeruginosa (strain 2CpS1) was applied through seed treatment. Seed treatment was
observed to affect growth significantly by increasing the plant height, root length, leaf
area, total dry matter, total chlorophyll content, relative water content under both normal
and salinity conditions with respect to control. A significant decline in the cell membrane
injury (%) was recorded under both normal and salinity treatments, when treated with
Pseudomonas aeruginosa (strain 2CpS1), with respect to control.
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Gramor Chickpea(Cicer arietinumLinn.),
a member of family Fabaceae, is an ancient self
pollinated leguminous crop, diploid annual (2N=16)
grown since 7000 B.C., in different areas of the
world (Tekeoglu et al., 2000) but itscultivationis
mainly concentrated in semi-arid environments
(Saxena, 1990). It isranked 3after common bean
(Phaseolus vulgaris L.) and pea (Pisum sativum
L.). Itiscultivated on 11.98 million haacrossthe
world producing 10.91 million tons with
productivity of 9112 kg/ha(FAO 2010). Indiaisthe
largest producer in the world accounting for 66%
of the total world production. It is cultivated over
anareaof 8.21 million hectaresgiving 7.48 million

* To whom all correspondence should be addressed.
E-mail: afjalahmed24@yahoo.in

tons (FAO 2010) withan averageyield of 9111 kg/
ha. Itisamajor source of protein in human diet and
animal feed. Roy et al. (2001) reported, protein
content of 19-21% and carbohydrates content of
60% from chickpea. A comparison of amino acids
content of various dietary proteins reveals that
chickpea protein is comparable to beef or fish . It
provides an excellent quality of dietary protein.
Soil salinity is a major abiotic stress, adversely
affects physiological and metabolic processes,
leading to dimin-ished growth and yield
(Abbaspoor et al. 2009). Salinity af-fects the
availability of nutrients and water. Moreover, it
induces osmotic stress; the physiological drought,
which typically reduces the growth and
photosynthesis in plants (Munnes and Tester,
2008). Growth reduction due to sa-linity is
attributed to ion toxicity and nutrient imbal-ance,
which causes not only high sodium (Na*) and
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chlo-ride (CI") accumulation in plants, but also
antagonistically affects the uptake of essential
nutrient elements such as potassium (K*), calcium
(Ca?*) and magnesium (Mg?") in competition with
Na" and aso nitrate (NO*) in contrast with Cl’
(Sairam et al., 2004.) Salt stressin addition to the
known components of osmotic stress and ion
toxicity, is also manifested as an oxidative stress
(Esfandiari et al., 2007). Rhizobacteria, when
reintroduced by plant inoculation in a soil
containing competitive microflora, exert abeneficia
effect on plant growth and are termed plant growth
promoting rhizobacteria (PGPR) (Kloepper and
Schroth, 1978). PGPR are naturally occurring soil
bacteriathat aggressively colonize plant roots and
benefit plants by providing growth promotion.
Inoculation of crop plants with certain strains of
PGPR at an early stage of development improves
biomass production through direct effects on root
and shoot growth(L ucy et al. 2004). Inoculation of
ornamentals, forest trees, vegetables, and
agricultural cropswith PGPR may resultin multiple
effects on early-season plant growth, as seen in
the enhancement of seedling germination, stand
health, plant vigor, plant height, shoot weight,
nutrient content of shoot tissues, early bloom,
chlorophyll content, and increased nodulation in
legumes(Yildirim E et al.2005). PGPR arereported
toinfluencethe growth, yield, and nutrient uptake
by an array of mechanisms.( Hamdiaet al. 1978).
They help in increasing nitrogen fixation in
legumes, help in promoting free-living nitrogen-
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fixing bacteria, increase supply of other nutrients,
such as phosphorus, sulphur, iron and copper,
produce plant hormones, enhance other beneficial
bacteria or fungi, control fungal and bacterial
diseases and help in controlling insect pests (
Joseph et al.2011). There hasbeen much research
interest in PGPR and there is now an increasing
number of PGPR being commercialized for various
Ccrops.

MATERIALS AND METHODS

A pot experiment was carried out at wire
house of the Department of Horticulture, Institute
of Agricultural Sciences, BanarasHindu University,
Varanasi with chickpea variety (JW-14), four
treatmentsand three replications during rabi season
2011- 2012. Disease free and healthy seeds of
chickpea(Cicer arientinumL.) cultivar JG-14, semi-
erect having 92- 95% viability were obtained from
the Department of Genetics and Plant Breeding,
Jawaharlal Nehrukrishi VishwaVidyaaya, Jabalpur.
The seeds were subjected to seed treatment by
the plant growth promoting rhizobacteria,
Pseudomonas aeruginosa (strain 2CpS1) following
the method in which the population of the
rhizobacterial strainto be obtained was 107 cfu mi-
1, Seedswere surface sterilized with 1% NaOCI for
3-5 minutes and subsequently washed in sterilized
distilled water 34 times and air dried. Care was
taken to avoid clumping of seeds. Seeds coated
with only adlurry of CMC without bacteriaserved

Table 1. Effect of PGPR Pseudomonas aeruginosa (2CpS1) on growth and
morphological parameters in chickpea under salinity stress.(28 DAST)

Treatment  Plant Height Root length  Leaf area Root dry Shoot dry Total dry

(cm) (cm) (cm? plant) matter matter matter
(mg plant?)  (mg plant)  (mg plant)

T, 17.17 19.90 59.97 63.11 305.70 368.35

T, 20.83 27.13 61.78 68.77 387.17 455.96

T, 16.03 18.83 48.83 54.88 258.95 313.83

T, 19.31 24.04 53.39 64.91 370.36 470.67

Sem+ 13 2.93 3.83 2.95 26.73 24.59

C.D at 5% 3.01 6.76 8.83 6.81 61.64 56.72

T, : Control [No Pseudomonas aureginosa (2CpS1) treatment + No Nacl treatment]

T,: Pseudomonas aureginosa (2CpS1) treatment + No Nacl treatment

T, : No Pseudomonas aureginosa (2CpS1) treatment + 150 mM Nacl treatment

4

DAST : Days after salinity treatment
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: Pseudomonas aureginosa (2CpS1) treatment + 150 mM Nacl treatment
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Table 2. Effect of PGPR Pseudomonas aeruginosa (2CpS1) on physio-chemical
parameters in chickpea under salinity stress.(28 DAST)

Treatment Chlorophyll Chlorophyll Total Relative water Cdl
‘a(mgg*FW) ‘b’(mgg*FW)  Chlorophyll content (%) membrane
(mgg*FW) injury (%)
T, 0.51 0.70 121 82.22 36.76
T, 0.81 0.75 1.55 86.17 28.45
T, 0.38 0.36 0.75 78.05 37.97
T, 0.75 0.57 1.33 82.03 34.16
Sem+ 0.07 0.12 0.16 1.84 2.57
C.D at 5% 0.16 0.27 0.37 4.25 5.93

T

1
2
3

T, : Control [No Pseudomonas aureginosa (2CpS1) treatment + No Nacl treatment]
: Pseudomonas aureginosa (2CpSl) treatment + No Nacl treatment

T, : No Pseudomonas aureginosa (2CpSl) treatment + 150 mM Nacl treatment
T, : Pseudomonas aureginosa (2CpSl) treatment + 150 mM Nacl treatment

DAST : Days after salinity treatment

ascontrol (Sharmaet al., 2008). Soil tobeusedin
the pots were dried, powdered and mixed
thoroughly. Soil, sand and FY M were mixed inthe
ratio of 1: 3: 1 and then sterilized by using 4%
formaldehyde (HCHO). The potswerewashed with
tap water and then sterilized by using 70%
methanol and kept for drying. The pot filling was
done after 5-6 days of soil and pot sterilization.
Each plastic pot (20x20 cm) with the closed bottom
end wasfilled-up with air dried soil, sand and farm
yard manure. 6-8 seeds were sown in each pot of
size 20 x 20 cm. Half of the pots were sown with
treated seeds with Pseudomonas aureginosa,
whereas, remaining pots were sown with non
treated seeds. After germination a population of
four plants per pot were maintained. The potswere
kept under net house condition and consistent
care and precaution was taken. After 21 days of
sowing, six pots each having Pseudomonas
aureginosa treated seeds and non treated seeds
were imposed with 150 mM NaCl treatment and
similar number of potswere not given any salinity
treatment. The pots having salinity treatment were
poured with 100 ml of 150 mM Nacl. There were
four treatments with three replications.

RESULTS AND DISCUSSION

Seed treatment with Pseudomonas
aeruginosa (strain 2CpS1) resulted in an overall

increase in the morphological, physiological and
biochemical parameters in chickpea plant under
salinity treatments as well as under control as
indicated in Table 1. The parameters such as plant
height, root length, leaf area, total dry matter,
relativewater content and chlorophyll content were
observed to have the maximum value for the
treatment T2 [Pseudomonas aeruginosa (2CpS1)
treatment + No NaCl treatment]. Treatment with
Pseudomonas aeruginosa resulted in significant
increasein plant height (cm), Root length (cm) and
Leaf area (cm? plant?) as compared to control,
under both normal and saline condition. Significant
increasein root dry matter (mg plant?), Shoot dry
matter (mg plant*) and total dry matter (mg plant
1) was observed as a result of treatment with
Pseudomonas aeruginosa under both normal and
saline condition. The chlorophyll ‘&, chlorophyll
‘b’ and Total chlorophyll content (mg g* fresh
weight) wasrecorded to beincreased significantly,
resulting from the treatment with Pseudomonas
aeruginosa with respect to control, under both
normal and saline condition. Relativewater content
(%) was observed to be increased significantly on
treatment with Pseudomonas aeruginosa ,with
respect to control, under both normal and saline
condition. Treatment with Pseudomonas
aeruginosa resulted in significant decreasein cell
membraneinjury (%) ascompared to control, under
both normal and saline condition, and it wasfound
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to be maximum in case of saline condition (no
Pseudomonas aer uginosa treatment+ 150mM NaCl
treatment).

CONCLUSIONS

Thus, it can be concluded that seed
treatment with Pseudomanas aeruginosa strain
2CpSl, can ameliorate the del eterious effect of salt
stress by increasing plant height, root length, |eaf
area, chlorophyll content, relative water content
and decreasing cell membraneinjury in chickpea.
The positive effect of PGPR treatment on these
parameterswas observed in comparison to control
under both salt stress and normal (without salt)
condition. Feasible strategy for improving thecrop
production, could therefore, be the application of
PGPR to enhance stress tolerance. However, the
study doesn’t provide evidence on salt stress
toleranceinduction at plant tissue, cell or molecular
level. Thus, futureline of work could beto determine
theeffect of different locally isolated PGPR to be
tested at plant tissue, cell or molecular levels and
the efficiency of these PGPRs under natural field
condition at different salinity levels.

REFERENCES

1. Abbaspoor, A., Movafegh, S. and Hossein, M.
The efficiency of Plant Growth Promoting
Rhizobacteria (PGPR) on yield and yield
components of two varieties of wheat in salinity
condition. Am.-Eurasian J. Sustain.
Agric,2009;3(4): 824-828.

2. Esfandiari E., Shekari F., Shekari F. and Esfandiari
M.. The effect of salt stress on antioxidant
enzymes activity and lipid peroxidation on the

J PURE APPL MICROBIO, 10(2), JUNE 2016.

10.

11.

wheat seedling. Notulae Botanicae Horti
Agrobotanicae Cluj-Napoca, 2007; 35:48-56.
FAO, FAO production statistics, http://
faostat.fao.org/site/567/, 2010.

Hamdia, M.A., El-Komy, H.M. Effect of
salinity, gibberellic acid and Azospirillum
inoculation on growth and nitrogen uptake of
Zeamays. Biol Plant,1997;40:109-120.
Joseph, B. and D. Jini.. Development of salt
stress-tolerant plants by gene manipulation of
antioxidant enzymes. Asian J. Agric. Res,2011;5:
17-27.

Kloepper JW, Schroth MN, Plant growth
promoting rhizobacteria on radishes. In Station
de pathologie vegetale et phyto-bacteriologie
(ed.), Proceedings of the 4th International
Conference on Plant Pathogenic Bacteria, vol.
I1. Gilbert- Clarey, Tours, France,1978;62:879-
882.

Lucy, M., Reed, E. and Glick, B.R. Application
of free living plant growth promoting
rhizobacteria. Anton van L eeuwenhock, 2004;86:
1-25.

Munns R and Tester M. Mechanism of salinity
tolerance. Annual Review of Plant Biology,
2008;59:651-681.

Sairam, R.K. and Tyagi, A. Physiology and
molecular biology of salinity stresstolerancein
plants,2004; Current science 86(3).

Sharma, Y. K., Leon, J., Raskin, |. and Davis, K.
R. Ozone-induced responses in Arabidopsis
thaliana: the role of salicylic acid in the
accumulation of defense related transcripts and
induced resistance. Proc Natl Acad Sci
USA,1996;93, 5099- 5104.

Yildirim E, Donmez MF, Turan M Use of
bioinoculants in ameliorative effects on radish
(Raphanus sativus L.) plants under salinity
stress. J. Plant Nutr,2008;31: 2059-2074.



