
Abstract The study was conducted to find the changes in physiological responses of drought facing maize seedlings
when inoculated with phosphate solubilizing Paenibacillus polymyxa. Drought stress was imposed by withholding of
water supply for 3 days. Stress caused decreased in photosynthetic pigment content but enhanced carotenoid content.
Superoxide dismutase activity is reported higher in seedlings undergo biological seed priming. The results suggest the
positive effect of seed priming on growth of maize seedlings under mild water stress.
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Introduction

Drought stress is a type of abiotic stress, which is an
unavoidable situation in any plant's life. Plant experience
scarcity of water due to successive decrease in ground
water level, low rainfall, high transpiration rate due to high 
temperature, etc. Limitations of water supply can be
considered as first signal of stress (Zhu, 2016, Skirycz and
Inze 2010). Every plant device some mechanism to cope
up with the adverse effects caused by drought, up to some
extent. But if scarcity of water persist for a longtime,
biochemical reactions alters which consequently leads to
death of cell (Jaleel et.al, 2009).

Drought causes hyperosmotic stress or also called as
osmotic stress (Rubio et. al, 2002; Zhu, 2002). Osmotic
stress can effects sub-cellular components, almost all the
cell organelles get affected (Walter and Ron 2011).
Different types of reactive oxygen species (ROS) are
generated in response to oxidative stress. Superoxide
radicals and hydrogen peroxide are the commonest ROS
produce during stress (Giortti, 1990; Smirnoff, 1993).
Lipid peroxidation, membrane leakage, decreased
photosynthetic pigments (Singh et al. 2010) and distortion
in proteins are common consequences of oxidative stress
(Hou et.al, 2016; Neill et.al, 2002, Moller et.al, 2007). To
combat with the deleterious effects caused by ROS

mediated oxidative stress, production of superoxide
dismutase (SOD)enzyme and its activity increased under
different abiotic stress (Rubio, et.al, 2002; Singh
et.al,2009; Singh et.al, 2015).

Plant-growth promoting rhizobacteria (PGPR) are
recognised as a potential mean in increasing plant growth
and overall development (Timmusk et al., 1999; Singh
et.al, 2009). PGPR enhanced plant growth by their diverse
function. PGPR provide nitrogen and solubilizes
phosphates (Singh et al, 2010), and other nutrients.

Maize plant is selected as test crop due to its high
economic importance. It also known as 'corn' or 'bhutta',
widely grown crop in North India and in many part of
world. It belongs to grass family Poaceae. Maize is
susceptible to water deficits, intolerant of
nutrient-deficient soils, due to its shallow root system only 
1-2 inches deep. Present study conducted to find out the
growth and biochemical changes in maize seedlings under
drought stress. Also investigates the influence of surface
seed inoculation with PGPR.

Materials and Methods

Growth Inoculation and Stress Condition

The seeds of test plant i.e. maize (Zea mays), were
surface sterilized with 30% ethanol and divided into two
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major groups C (control) and T (treatment) which further
divided into two sub groups -b and +b representing
without and with Paenibacillus polymyxa respectively.
Seeds were surface inoculated with PGPR (108 CFU
mL-1) for 30 min then air dried in shade. Inoculated and
non-inoculated seedlings were raised up to 20 days. After
20 d one set (T) was subjected to drought stress by
withholding of water supply for 3 d. Stressed plants then
rewatered to check recovery status.Leaves were harvested
from 23 d old seedlings from each set for RWC and other
biochemical analysis.

Measurement of Relative Water Content 

          For the measurement of relative water content
(RWC) leaves samples were cut into a definite number of
discs of uniform size by means of cork borer fitted with a
piston. Fully expanded leaves were selected which
showing no sign of senescence. Freshly cut leaf discs were
weighed for a fresh weight (FW) and then they were
immediately floated on distilled water at 25°C in darkness
and allowed to maintain turgidity. After 24 h leaf-discs
were taken out from water and the excess water was
removed with filter paper. Then the turgid discs were
weighed for turgid weight (TW). The discs were dried in
oven at 80°C for 48 h for the dry weight (DW). The RWC
was calculated following Bars and Weatherley (1962):

RWC (%) = (FW-DW)/ (TW-DW) x 100

Determination of pigments : The pigments, viz.
chlorophyll a, chlorophyll b and carotenoids from leaf
were extracted with 80% acetone and quantify following
Lichtenthaler (1987).

Enzyme assay: Superoxide dismutase (EC 1.15.11)
activity was determined by the nitroblue tetrazolium
(NBT) photochemical assay method following Beyer and
Fridovich (1987). About 0.2 g fresh leaf tissue was
homogenized in 1% polyvinyl pyrrolidone (PVP)
prepared in 50 mM potassium phosphate buffer (pH 7.0)
and centrifuged at 15,000 g for 30 min at 40C. The reaction 
mixture contained 0.5 ml clear supernatant, 2 ml 0.15 mM
ethylene di-amine tetra acetic acid (EDTA), 20 mM
methionine, 0.12 mM NBT and 0.5 ml 11.96 lM
riboflavin, 0.5 ml PVP and determined
spectrophotometrically against blank at 560 nm. One unit
of enzyme was defined as the amount of enzyme which
caused 50% inhibition of NBT reduction.

Statistical Analysis

Treatments were arranged in randomised block design 
with three replications. Data were analysed using analysis
of variance (ANOVA).

Result and Discussion

RWC

Water is a determining factor for plant survival
(Bradford and Hsaio, 1982) and its limitation directly
interferes plant growth and their physiological activities
(Bartels and Sunkar 2005, Osakabe et.al., 2014).
Measurement of relative water content (RWC) of leaves is
a significant technique in determining actual stress
condition even in mild drought. Both the control set with
and without inoculation exhibited RWC above 90%, there
is no significant difference between C-b and C+b
treatment. However lowest RWC was recorded in 3dS
plant without inoculation (Table 1). Low RWC of leaves
minimise CO2 intake as it affect stomatal opening and
ultimately affects rate of photosynthesis (Lawlor, 2002).

Photosynthetic Pigments

Chl a, chl b and accessory pigment carotenoids were
recorded for different sets. Highest chl a content was
recorded in control plant with inoculation (C+b) and
lowest in 3dS plants without inoculation. Rewatering of
plants definitely helped them in maintaining their
photosynthetic pigments. Chl a content of plants under
3dSR+b treatment, is nearly equal to that of control plant
without inoculation. Chl b content doesn't exhibited any
significant difference among stressed and recovered plants 
with or without inoculation. However carotenoids were
recorded highest in stressed plants without inoculation and 
lowest in non-inoculated re-watered plants (Table 2).
Decrease in chlorophyll content in stressed plants
explained the fact that stress caused its degradation
(Latakowska et al. 2006) and also promotes the conversion 
of chlorophyll content into carotenoids, which was in
agreement of results. Carotenoids also help plant to
tolerate stress condition as it function as osmolytes (Singh
et al. 2009).

SOD

Increased SOD activity recorded in plants subjected to 
water stress. Minimum SOD activity was found in control
plants with inoculation. Rewatering of plants minimise
SOD activity which was still greater than control (Table
1). High SOD activity in water stressed plants suggest that
WS caused formation of ROS which triggers the
expressions of antioxidative enzyme. Antioxidative
enzymes serve as defense system of plant. SOD is capable
in removing excess free radicals by converting it into
H2O2. SOD level increased in plants in stress condition to
combat excessive ROS and minimise its deleterious
effects (Reddy et al. 2002, Singh et al. 2010).
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Inoculation with P. polymyxaameliorated the effects
of drought stress as seen in different parameters. P.
polymyxa help plant to maintain good health by
solubilizing phosphate, also it is reported for secretion of
some hormones and vitamins (Ahmad et al. 2008, Singh et
al. 2010).

Table 1: Effect of water stress on relative water content
(RWC) and SOD activity of Zea mays seedlings with and
without inoculation.

Treatments RWC SOD (EU/gFW)

C-b 91.40 ± 0.21 15.6 ± 0.07

C+b 94.63 ± 0.13 12.6 ± 0.18

3dS-b 70.11 ± 3.71 25.6 ± 0.72

3dS+b 75.92 ± 1.13 22.5 ± 0.13

3dSR-b 81.64 ± 2.31 20.2 ± 0.16

3dSR+b 85. 95 ± 0.33 18.9 ± 0.05

Mean ± (SE) values of 3 replicates of each treatment.
C=control, C+b= control with inoculation, 3dS= 3 day
stress, 3dSR= 3day stress recovery (rewatered plants), +b= 
with inoculation, -b=without inoculation.

Table 2: Effect of water stress on photosynthetic pigments 
of Zea mays seedlings with and without inoculation.

Treatments Chl a Chl b
Total

Chlorophyll

Carotenoid

s 

C-b 4.50±0.02 1.04±0.07 5.54±0.05 1.15±0.03

C+b 5.25±0.24 1.12±0.09 6.37±0.09 1.35±0.09

3dS-b 2.82±0.07 0.39±0.05 3.21±0.23 2.07±0.04

3dS+b 3.94±0.18 0.45±0.18 4.39±0.31 1.45±0.28

3dSR-b 3.78±0.13 0.51±0.38 4.29±0.27 0.73±0.06

3dSR+b 4.22±0.72 0.61±0.07 4.83±0.12 0.83±0.11

Mean ± (SE) values of 3 replicates of each treatment.
C=control, C+b= control with inoculation, 3dS= 3 day
stress, 3dSR= 3day stress recovery (rewatered plants), +b= 
with inoculation, -b=without inoculation.

Conclusion

Present study may help in understanding the plant
tolerance mechanism towards drought stress, also help in
recognizing the role of P. polymyxa as potential
biofertilizer and its contribution in increasing plant
tolerance against oxidative stress caused by scarcity of
water. This would definitely improve plant growth by
decreasing dependencies on high need of irrigation.
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