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ABSTRACT

Seed germination and seedling establishment are most vital stages in plant growth
cycle, playing major role in determining the final density of plants. In drought
prone areas, poor seed germination and seedling emergence are the major
problems. Seed priming is known to improve germination and seedling emergence

under different environmental stresses. Salicylic acid (SA) also plays a major role

Keywords in regulation of many physiological processes e.g. growth, development, ion
Germination. Seedi absorption and germination of plants. An experiment was carried out in
growth, Deficitwater. | COMPpletely randomized design with three replications in the Plant Physiology
stress, Seed priming, laboratory of OUAT, Odisha in order to evaluate the effectiveness of seed priming
S with SA of 100 ppm in improving seed germination, seedling vigor index and
Article Info growth characteristics of rice grown under deficit water stress. Experimental

: treatments included 4 rice cultivars (Subhadra, Mandakini, Kalinga Ill and
ﬁg‘gepted' Khandagiri), 2 levels of seed priming (without SA and with SA of 100 ppm) and 5

eptember 2018 . . .

NElE e levels of water stress, which were imposed by applying 0.0, -0.2, -0.4, -0.6 and -
10 October 2018 0.8 MPa osmotic solutions of Polyethylene Glycol (PEG)-6000. The results

showed severe reduction in germination and seedling growth with increasing
stress levels. Seed-priming with SA of 100 ppm not only increased seedling dry
weight but also reduced mean germination time compared to the untreated seeds.
Seedling growth of SA-primed seeds had significantly higher root and shoot
length than non-primed seeds. Such results indicated reduction in severity of the
effect of water stress on germination and seedling growth parameters of rice by
priming with SA of 100 ppm which ultimately could tolerate deficit moisture
conditions to some extent. Among the 4 test rice genotypes, the best alleviation of
stress was achieved in the sensitive cv. Kalinga IlI.
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Introduction

Seed germination is one of the most important
phases in the life cycle of plant which is
highly responsive to its existing environment.
It is one ofthe effective processes for
enhancing the quality of cultivated plants
which are widely consumed in the world. It
gets affected severely under water limiting
conditions and thus establishment of seedlings
in dry environment is a major reason for
seedling mortality. Food productivity is
decreasing due to detrimental effects of
various biotic and abiotic stresses and
smothering of such stresses is the prime
concern under changing climate. Drought,
being the most important environmental stress,
leads to a series of physio-morphological and
molecular changes that severely impairs plant
growth and development more than any other
environmental factor (Shao et al., 2008; Shao
et al.,, 2009 and Gamze et al., 2005). The
success or failure of plant’s establishment is
determined by such a major physical
parameter of an environment (Gamze et al.,
2005). Generally, drought stress occurs when
the available water in the soil is reduced and
the atmospheric conditions cause continuous
loss of water by transpiration or evaporation
(KhajehHosseini et al., 2003). Available water
resources for successful crop production have
been decreasing in recent years. Furthermore,
in view of various climate-change models
scientists suggested that in many regions of
world, crop losses due to increasing water
shortage would further aggravate its impacts
(Anjum et al., 2011).

Drought stress is primarily manifested as
osmotic stress resulting in the disruption of
homeostasis and distribution of ions in the cell
(Wang et al., 2003). Under in vitro conditions,
Polyethylene glycol (PEG), a non-ionic water
polymer which is not expected to penetrate
into plant tissue rapidly is widely used to
induce water stress reproducibly (Macar et al.,

2009). As PEG does not enter into the
apoplast, water is withdrawn from the cell
including cell wall. Thus PEG solutions mimic
dry soils in better way than the solutions of
low-MR osmotica which infiltrate the cell wall
with solution (Verslues et al., 1998).

The name ‘salicylic acid’ (SA) hales its origin
from the Latin word “Salix”, meaning willow
tree. It is ubiquitously distributed in the whole
plant domain (Raskin et al., 1990) and is
classified under the group of plant hormones
(Raskin, 1992). It has diverse controlling roles
in the metabolism (Popova et al., 1997) with
multitude of effects on the morphology and
physiology of plants (Maghsoudia and Arvind,
2010). It also induces protective mechanism
enhancing resistance to biotic and abiotic
stresses (Zahra et al., 2010 and Szepesi et al.,
2011) through regulation of antioxidant-
enzymes with the greatest role in stress
condition in comparison to other hormones
(Khan et al., 2003). Seed imbibition with SA
or acetyl-SA, conferred to stress tolerance in
plants, is more consistent with signaling for
gene expression rather than their direct effects
(Senaratna et al., 2000).

Therefore, given the importance of water
stress at germination stage of rice (Oryza
sativa L.), the objective of the current research
was to study responses of its seeds and
seedlings to deficit water stress and to
investigate the possibility of mitigating the
effects of water stress on it by pre-treating
seeds with SA.

Materials and Methods

The current experiment was carried out in the
plant physiology laboratory of the College of
Agriculture, Orissa University of Agriculture
and Technology (OUAT), Bhubaneswar, India
during Kharif 2013. It was conducted in a
completely randomized design (CRD) with 3
replications; 4 cultivars (Subhadra,
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Mandakini, Kalinga 11l and Khandagiri) of
rice and 5 different levels of water potentials.
The seeds and petridishes were sterilized by
10% hypochlorite  solution and were
thoroughly rinsed with sterile water. The
sterilized seeds from each variety were
divided into 2 sets. The 1% and 2" sets of
grains from each variety were separately
soaked overnight in sterile-distilled water
(control) or SA (100 ppm), respectively at
25°C. Subsequently, seeds were removed and
the surface was dried by using blotting paper.
Osmotic solutions of -0.2, -0.4, -0.6 and -0.8
MPa water potentials were prepared by
dissolving 11.8, 17.5, 21.2 and 25.4 g of PEG-
6000 in 100 mL of sterile-distilled water,
respectively. The sterile-distilled water was
used as control treatment. The primed seeds
were again rinsed with sterile-distilled water
and dried between two layers of blotting paper
(22°C with relative humidity of 60%). Only 50
pre-treated seeds of each cultivar in each
treatment were allowed to germinate in
petridishes on Whatman No. 1 filter paper.
Each filter paper was saturated with the same
volume of osmotic solutions of respective
potentials and also with the sterile-distilled
water (as control). The procedure was
replicated thrice with 3 sets of such petridishes
used for each variety. Petridishes were
transferred to a germination chamber
maintained at 25 £ 1 °C and 60% relative
humidity with 12 h day light. After 24 h (day
1), the seeds were checked on daily basis up to
day 14 and the number of germinated seeds
were recorded.

After taking out the seedlings from the
petridishes, the hypocotyl and radicle lengths
of 10 randomly selected seedlings from each
replication were measured and were weighed
to get fresh biomass. The 10 seedlings were
then oven dried at 80 °C for 72 h and re-
weighed to measure the dry-biomass. The
germination percentage (GP), seed vigor index
(SVI), germination rate index (GRI), mean

germination time (MGT), etc were also
calculated by using the following equations.

Germination Percentage (GP): The GP was
calculated using the formula; GP = (N1/Ny) x
100 (Shakirova et al., 2003). In this equation,
N; is number of germinated seeds and N is
number of total seeds.

Seed Vigour Index (SVI): The SVI was
calculated as; SVI = (root length + shoot
length) x GP

Germination Rate Index (GRI): The GRI was
calculated by the formula; GRI = G;/T; +
Go/Ty +........ + G,/T, (Evetts and Burnside,
1973). In this equation, G is germination count
on a particular day and T is time interval (in
days).

Mean Germination Time (MGT) in days: After
final count, MGT was measured by the
formula; MGT = YnD/Yn (day) (Ellis and
Roberts, 1981). In this equation, ‘n’ is the
number of germinated seeds per day and D the
number of days after sowing of seeds.

Germination Energy Percentage [GE (%)]:
Where, GE (%) = (Number of germinated
seeds at 2 days after sowing / Total number of
seeds tested) x 100.

Mean Daily Germination (MDG): Where,
MDG = Final GP/ number of days to final GP
(Rubio-Casal et al., 2003).

Peak Value (PV): Where, PV = Final GP / No.
Of days required to reach the peak value of
germination (Czebator, 1962).

Germination Value (GV): Where, GV = PV x
MDG (Czebator, 1962).

Statistical analyses: The data collected from
the experiment relating to various germination
parameters were analyzed in analysis of
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variance (ANOVA) technique as prescribed
by Panse and Sukhatme (1985). The standard
error of mean (S.Em ) and the critical
difference (CD) at 5% level of significance
were calculated by the SPSS programme and
statistical package.

Results and Discussion
Germination percentage (GP)

The germination count decreased with
decrease in water potential or increase in
osmotic potential of the growing medium
(Table 1), but it was more pronounced in
seeds without SA pre-treatment, which is
consistent with the earlier findings of
Murungu et al., (2004). All four cultivars of
rice exhibited similar trend of germination but
with variations among themselves. The seed
germination was 100% irrespective of
genotypes tested in control. The lowest GP
was recorded in -0.8 MPa in both treated and
untreated seeds and it reduced by 70.5% in
non-treated seeds compared to the control.
The effects of varieties, varieties X SA priming
interaction, varieties X moisture stress
interaction, SA priming X moisture stress
interaction and varieties x SA priming X
moisture stress interaction at P=0.05 were
significant (Table 3). The mean GP in cv.
Subhadra was the highest and in cv. Kalinga
I it was the lowest (Fig. 1). Lower
germination due to limited water uptake by the
seeds was also reported by Dodd and Donovan
(1999). The pre-treatment with SA improved
the DP which corroborates the earlier findings
of Shakirova et al., (2003) and Basra et al.,
(2006) who advocated for use of SA as
germination inducer. Even at lower water
potential (i.e. -0.6 and -0.8 MPa), the GP
significantly increased due to SA pre-
treatment in all the varieties. Interaction of SA
and water potential on GP was found to be
significant. It might be due to induction of
antioxidant responses that protected the plants

from dehydration damage (Singh and Usha,
2003; Hayat and Ahmad, 2007). The reason
for decreasing germination with increasing
level of moisture stress could be due to the
decreased water potential and increased
osmotic potential as mediated by solute-
developed additive effect on the inhibition of
seed germination. From present investigations,
it is quite clear that seeds primed with SA of
100 ppm proved to be effective in inducing
stress tolerance at the germination stage in
rice.

Seed vigour index (SVI)

The SVI decreased with increase in osmotic
stress (Table 1) and the minimum SVI was at -
0.8 MPa. Such reduction due to moisture
stress was also observed by Das et al., (2005)
in rice cultivars. The maximum SVI was
observed in cv. Subhadra followed by cv.
Mandakini, cv. Khandagiri and cv. Kalinga Ill
in descending order (Fig. 1). The SVI
increased significantly (28.6%) with the
application of SA. It was much more effective
at -0.8 MPa than control. Seed pre-treatment
with SA increased the SVI which is in
agreement with the result of Khodary (2004)
in maize plants. In hybrid rice, seeds with SA
pre-treatment showed better germination
pattern and higher vigour level than non-
treated seeds under stress (Ruan et al., 2003).
The SA presumably allowed some repairs of
the damaged membrane caused by lower water
potential. Nascimento and West (1998)
indicated that the improvement in germination
and vigour index of SA-primed seeds might be
due to reserve mobilization of food material,
activation and resynthesis of some enzymes,
DNA and RNA.

Germination rate index (GRI)
With decrease in water potential, the GRI also

decreased having the lowest value at -0.8 MPa
irrespective of the varieties (Table 1). The
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GRI of non-treated seeds had decreased by
91.7% at -0.8 MPa as compared to the control
(0.0 MPa) which however decreased by 70.1%
in the SA treated seeds. Among the cultivars,
cv. Subhadra had the highest GRI followed by
cv. Khandagiri, cv. Mandakini and cv. Kalinga
Il in descending order (Fig. 1). Pre-treatment
with 100 ppm SA had substantially increased
the GRI in the seeds by 21.5% as compared to
the non-treated seeds irrespective of the test-
varieties. The present result corroborated to
the earlier findings of Yadavi et al., (2000),
Jatai and Afzal (2001), Gholami et al., (2010)
and Basu et al., (2004).

Mean germination time (MGT)

The mean time taken for the maximum
germination expressed as MGT (days)
increased in all the varieties with decrease in
water potential (Table 2). The rate of increase
was higher at lower water potentials and it was
the highest at -0.8 MPa irrespective of 4
varieties. Among the varieties, cv. Kalinga 1l
had taken the highest time (1.84 days)
followed by cv. Mandakini (1.78 d), cv.
Khandagiri (1.70 d) and cv. Subhadra (1.67 d)
in reducing order attaining the maximum
germination (Fig. 2). Pre-treatment of SA at
100 ppm reduced the MGT by 24.4 % in all
the stress treated seeds irrespective of varieties
compared to stress. The varietal and treatment
differences were found to be statistically
significant. Gamze (2005) in pea also
observed decreased GP and increased GMT
with increase of drought stress (due to PEG).
The SA reduced GMT due to early starting of
the germination processes in pre-treated seeds
under stress condition and they emerged out of
the soil earlier and established faster with
lesser time exposed to pests and diseases to be
splashing (Agarwal et al.,, 2005) and Arif
(2005) also attributed the probable reason for
such early emergence of the SA pre-treated
seeds in soybean to the completion of pre-
germination metabolic activities making the

seed ready for radicle protrusion compared to
untreated seeds.

Seedling growth

The plumule and radicle length decreased in
all the varieties with advancement of the
moisture stress (Table 2). Although the rate of
decrease was slightly gradual up to water
potentials of -0.4 MPa but it stepped up
thereafter.

Rice varieties responded differentially to the
decrease in moisture regime with shoot and
root growth. Overall, the cv. Kalinga Il had
the highest shoot length and cv. Subhadra the
lowest under all water stress conditions except
control. However, in all the non-treated seeds
at -0.8 MPa there was no plumule initiation.
Pre-treatment of seeds with SA increased the
shoot length at -0.8 MPa, but only in case of
cv. Kalinga Il and cv. Mandakini. Shoot
growth was absent in cv. Subhadra and cv.
Khandagiri even in SA application (Fig. 2).

On an average, SA increased the shoot length
by 28% in the different varieties albeit
significant varietal variations. The root length
also decreased significantly with decrease in
water potentials and such decrease was higher
at lower water potential beyond -0.4 MPa. The
highest root growth was observed in cv.
Subhadra (2.73 cm) followed by cv.
Mandakini (2.10 cm), cv. Khandagiri (2.08
cm) and the lowest was in cv. Kalinga Ill
(1.73 cm) (Fig.2). The decrease in root length
under stress at -0.8 MPa was 99.2% as
compared to the control under un-treated
condition but, SA treatment substantially
increased the root length by 28.6%,
irrespective of varieties and water stress.

The cv. Subhadra produced the longest roots
but shortest shoots among 4 varieties of rice
under different levels of moisture deficit
conditions.
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Table.1 Effect of salicylic acid on germination percentage (GP), seed vigor index (SVI) and
germination rate index (GRI) of rice varieties under moisture stress

Sres

ST \Without  With SA Without  With SA Without  With SA
SA SA SA

Subhadra Control 10000  100.00 107467 1228.67 3500  35.00
02 10000 10000 411.67 57267 3176  32.42
04 8806 10000 16381 24933 2505  31.98
06 8640 9215 6379 11775 1943 2755

08 2521 51.66 2.52 14.71 4.63 12.97
Mean  79.94 88.76 343.29 436.63 23.17 27.98
Mandakini Control  100.00 100.00 826.67  1010.67 35.00 35.00

0.2 100.00 100.00 667.67 751.00 30.37 31.27
04 54.25 86.66 44.68 178.53 25.52 26.98
06 56.18 77.15 24.13 95.58 14.17 17.69

0.8 8.55 51.88 0.26 31.19 2.48 5.61

Mean  63.80 83.14 312.68 413.39 21.51 2ol

Kalinga I11 Control  100.00 100.00  1022.67 1182.00 34.25 35.00
0.2 100.00 98.55 409.00 S574.17 32.67 34.13

04 67.33 88.33 26.81 163.62 9.83 24.89

06 5451 71.33 16.35 66.50 11.44 20.49

0.8 12.85 27.36 0.13 5.47 L87 14.94

Mean  66.94 77.11 294.99 398.35 17.90 25.89

Khandagiri Control  100.00 100.00 1019.00 1117.67 34.49 35.00

0.2 98.55 100.00 516.58 644.00 32.14 33.01
04 77.15 91.40 65.48 129.67 22.11 25.59
06 61.18 86.18 22.20 66.63 12.48 19.16
08 1591 42.36 0.32 2.12 3.09 8.41
Mean  70.56 83.99 324.72 392.02 20.86 24.23
Total Mean 70.31 83.25 318.92 410.10 20.86 25.35

Vv PxV T PxT VXT PxVxT
121 1.08 241 0.76 1.70 1.52 3.41
CD at 3.39 3.03 6.78 2.14 4.80 4.29 9.59
5%
SEm 7.99 7.14 15.98 5.05 11.30 10.10 22.59

CD at 22.48 20.10 44.96 14.22 31.79 28.43 63.58
5%
SEm 0.19 0.17 0.38 0.12 0.27 0.24 0.54
CD at 0.54 0.48 1.08 0.34 0.77 0.69 1.53
5%
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Table.2 Effect of salicylic acid on mean germination time (MGT), shoot length (SL) and root
length (RL) of rice varieties under moisture stress

Stress MGT (day) SL (cm) RL (cm)

ST Wwithout  With  Without With SA Without  With SA

SA SA SA SA

Subhadra Control 1.00 1.00 4.94 5.36 5.81 6.93

0.2 1.19 1.18 0.40 1.46 3.72 4.27

04 205 1.45 0.04 0.15 1.84 2.35

0.6 2.44 1.61 0.00 0.00 0.74 1.28

0.8 2.70 2.08 0.00 0.00 0.10 0.28

Mean 1.88 1.46 1.08 1.39 2.44 3.02

Mandakini Control 1.12 1.00 411 5.85 4.16 4.26

0.2 1.25 1.18 2.74 3.29 3.94 4.22

04 201 1.39 0.18 0.44 0.65 1.67

0.6 2.65 1.47 0.00 0.16 0.43 1.09

08  3.42 2.31 0.00 0.08 0.03 0.52

Mean 2.09 1.47 1.41 1.96 1.84 2.35

Kalinga 111 Control 1.06 1.00 6.20 7.51 4.03 431

0.2 1.13 1.05 1.60 2.21 2.49 3.61

0.4 1.95 1.72 0.12 0.31 0.29 1.54

06  3.03 2.11 0.10 0.17 0.20 0.76

08 3.1 2.33 0.00 0.10 0.01 0.10

Mean 2.04 1.64 1.60 2.06 1.40 2.06

Khandagiri [RRes ] 1.00 1.00 5.30 5.79 4.89 5.39

0.2 1.31 1.14 1.83 2.18 3.42 4.26

0.4 1.44 1.32 0.10 0.24 0.75 1.18

0.6 2.91 1.66 0.04 0.21 0.32 0.56

08  3.09 2.11 0.00 0.00 0.02 0.05

Mean 1.95 1.45 1.45 1.68 1.88 2.29

1.99 1.51 1.38 1.78 1.89 2.43
e \Y PxV T PxT VXT  PxVxT

YIell SEm 0.03 0.03 0.06 0.02 0.04 0.04 0.09

CDat5% 0.09 0.08 0.17 0.05 0.12 0.11 0.24

S SEm 004  0.04 0.09 0.03 0.06 0.05 0.12

. CDat5% 0.12 0.11 0.24 0.08 0.17 0.15 0.34

SIS SEm 0.06 0.05 0.11 0.04 0.08 0.07 0.16

. CDat5% 0.16 0.14 0.32 0.10 0.23 0.20 0.46
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Table.3 Effect of salicylic acid on seedling fresh weight (SFW), seedling dry weight (SDW) and
germination energy percentage (GEP) of rice varieties under moisture stress

Stress SFW (mg) SDW (mg)

S Without  With SA Without  With SA Without  With SA

SA SA SA

Subhadra Control  18.80 21.05 7.05 7.55 100.00 100.00
0.2 4.50 8.60 4.05 5.10 96.67 96.67

0.4 1.85 3.00 0.85 1.50 69.28 91.66

0.6 0.75 0.90 0.55 0.60 67.37 86.19

0.8 0.00 0.30 0.00 0.25 18.09 35.24

Mean 5.18 6.77 2.50 3.00 70.28 81.95

Mandakini Control  17.70 20.85 6.35 6.80 100.00 100.00
0.2 8.25 12.20 5.20 5.40 98.34 90.24

0.4 1.40 2.40 1.05 1.65 65.51 78.34

0.6 0.00 1.30 0.00 0.75 49.23 50.24

0.8 0.00 0.60 0.00 0.32 5.72 14.52

Mean 5.47 7.47 2.52 2.98 63.76 66.67

Kalinga Il Control ~ 13.00 13.33 4.75 5.02 96.67 100.00
0.2 6.55 8.35 3.75 4.35 100.00 100.00

0.4 0.65 2.60 0.45 1.20 31.19 70.00

0.6 0.00 1.20 0.00 0.62 36.91 59812

0.8 0.00 0.00 0.00 0.00 2.85 41.66

Mean 4.04 5.10 1.79 2.24 53.52 74.24

Khandagiri Control  14.45 18.50 5.85 6.65 98.34 100.00
0.2 6.50 8.00 3.60 4.55 95.24 98.34

0.4 0.70 1.75 0.60 1.40 70.00 81.91

0.6 0.34 1.10 0.25 0.75 49.52 78.81

0.8 0.00 0.00 0.00 0.00 13.09 26.19

Mean 4.40 5.87 2.06 2.67 65.24 77.05

4.77 6.30 2.22 2.72 63.20 74.98

_ P Vv PxV T PxT VXT PxVXx
T

SIS SEm 0.12 0.10 0.23 0.07 0.16 0.15 0.33
CD at 0.33 0.29 0.66 0.21 0.46 0.41 0.93
5%

SIDAR SEm 0.04 0.03 0.08 0.02 0.05 0.05 0.11
CD at 0.11 0.10 0.22 0.07 0.15 0.14 0.30
5%

€IS SEm 0.99 0.89 1.99 0.63 1.41 1.26 2.81
CD at 2.80 2.50 5.99 1.77 3.95 3.54 7.91

5%
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Table.4 Effect of salicylic acid on mean daily germination (MDG), peak value (PV) and
germination value (GV) of rice varieties under moisture stress

Stress

UL Without  With SA Without  With SA Without  With SA
SA SA SA

Control 7.14 7.14 100.00  100.00 71429  714.29
Subhadra 0.2 7.14 7.14 55.55 54.80 396.81  391.43
0.4 6.29 7.14 51.51 55.84 321.90  398.83
0.6 6.17 6.58 7.89 16.48 48.82 108.56
0.8 1.80 3.69 0.99 2.98 1.79 11.11
Mean 5.71 6.34 43.19 46.02 296.72  324.84
VEGLEQul  Control 7.14 7.14 75.00 100.00 53571  714.29
0.2 7.14 7.14 66.66 75.00 476.17  535.71
0.4 3.88 6.19 8.11 29.08 31.38 180.58
0.6 4.01 5.51 5.58 19.60 22.44 108.63
0.8 0.61 3.71 1.07 7.41 0.67 28.52
Mean 4.56 5.94 31.28 46.22 21327 31355
EIMEENTIN  Control 7.14 7.14 70.00 100.00  500.00  714.29
0.2 7.14 7.04 55.77 59.58 398.36  419.03
0.4 4.81 6.31 9.29 12.87 44.65 80.85
0.6 3.89 5.10 7.40 10.17 27.91 51.05
0.8 0.92 1.95 4.69 9.05 4.22 17.56
Mean 4.78 5.51 29.43 38.33 195.03  256.56
PGERLEeddl Control 7.14 7.14 100.00  100.00 71429  714.29
0.2 7.04 7.14 62.50 62.50 439.44  446.43
0.4 5.51 6.53 10.36 58.34 57.09 379.35
0.6 4.37 6.16 8.23 11.94 35.95 73.51
0.8 1.14 3.03 5.65 8.78 6.59 26.54
Mean 5.04 6.00 37.35 48.31 250.67  328.02
Total 5.02 5.95 35.31 44.72 238.92  305.74
Mean
- P \Y; PxV T PxT VXT PxVx
T
SEm 0.09 0.08 0.17 0.05 0.12 0.11 0.24
CD at 0.24 0.22 0.48 0.15 0.34 0.31 0.69
5%
SEm 0.93 0.84 1.87 0.59 1.32 1.18 2.64
CD at 2.63 2.35 5.26 1.66 3.72 3.32 7.43
5%

GV SEm 6.42 5.74 12.85 4.06 9.08 8.12 18.17
CD at 18.07 16.17 36.15 11.43 25.56 22.86 51.12

5%
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Fig.1 Effect of Salicylic acid on germination percentage (GP), seed vigour index (SVI) and

germination rate index (GRI) of rice genotypes under moisture stress
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Fig.2 Effect of Salicylic acid on mean germination time (MGT), shoot length (SL) and root
length (RL) of rice genotypes under moisture stress
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Fig.3 Effect of salicylic acid on Seedling fresh weight (SFW), Seedling dry weight (SDW) and

Germination energy percentage (GEP) of rice varieties under moisture stress
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Fig.4 Effect of salicylic acid on Mean daily germination (MDG), Peak Value (PV) and
Germination value (GV) of rice varieties under moisture stress
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Thus, it could divert more of its dry matter to
the roots than shoots on exposure to moisture
stress. It was also evident that the tolerant
varieties were more proficient in this aspect
compared to less tolerant and susceptible
varieties of rice. Werner and Finkelstein
(1995) indicated that lower water potential
slowed down water uptake by seeds, thereby
inhibited their germination and root
elongation. In this case, like GP, SA pre-
treated seeds had higher shoot and root length
compared with un-primed seeds. The present
result correlated with the earlier findings of

2-0.4
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Hassanpouraghdam et al., (2009) in Brassica
napus advocating positive effects due to the
probable stimulatory effects of SA pre-
treatment on the early stages of germination
process by mediation of cell division in
germinating seeds.

Seedling fresh weight (SFW)

The fresh weight of seedlings decreased with
the reduction in water potential (Table 3).
Ultimately, at -0.8 MPa, there was no shoot
growth for all the varieties. Hence, very less
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or minimum seedling weight was obtained at -
0.8 MPa. It was the heaviest in cv. Mandakini
followed by cv. Subhadra, cv. Khandagiri and
cv. Kalinga Il (Fig. 3). On an average, the
seedling fresh-weight increased by 32.1%
with the application of SA (100 ppm). Since
there was significant interaction between
varieties x SA priming x moisture stress, the
highest seedling fresh weight was relative to
cv. Subhadra under control (PEG solution at
0.0 MPa) with priming (21.05 mg) and the
lowest seedling fresh weight was obtained
under PEG solution at -0.8 MPa without
priming in all 4 cultivars. Such results are in
consonance with Hanan (2007) in wheat and
barley.

Seedling dry weight (SDW)

The dry weight of seedlings decreased with
the reduction of water potential (Table 3). On
an average, it was found to be equal for cv.
Subhadra and cv. Mandakini (2.75 mg each)
followed by cv. Khandagiri (2.37 mg) and cv.
Kalinga 11l (2.01 mg) (Fig. 3). The seedling
dry-weight increased by 22.5% with the
application of 100 ppm SA. The present
findings were in conformity with Singh and
Usha (2003), reporting increased dry mass of
wheat seedlings with application of SA under
deficit water stress. The protective and growth
promoting effect of SA were presumably due
to increased level of cell division within the
apical meristem of seedling root, which
caused an increase in plant growth. It is
pertinent to mention here that SA has strong
potential power, as a non-enzymatic molecule
that helps to mitigate stress injury, water
stress in particular, vis-a-vis sustenance of
plants in dried ecosystem.

Germination energy percentage (GEP)
The GEP decreased with increase in osmotic

stress, whereas it increased with pre-treatment
of SA at 100 ppm compared to untreated one,
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in all the four cultivars under consideration
(Table 3). On an average, PEG solution at -
0.8 MPa significantly reduced GEP as
compared with (-0.0 MPa) distilled water.
The GEP was significantly different among
the rice varieties with the highest in cv.
Subhadra (76.1) followed by cv. Khandagiri
(71.1), cv. Mandakini (65.2) and cv. Kalinga
I11 (63.8) (Fig. 3). Pre-treated seeds and non-
treated seeds had shown GEP 75% and
63.2%, respectively. The GEP had increased
18.6% in SA pre-treated seeds as compared to
seeds without SA treatment. This was in
consonance with the findings of Naderi et al.,
(2013) in wheat.

Mean daily germination (MDG)

This trait is an index of the velocity and
acceleration of germination (Table 5). With
the successive decrease in water potential (-
Yw), there was concomitant decrease in MDG
(percent day™) in all 4 varieties of rice. The
value was the lowest at -0.8 MPa (1.12) in
case of untreated seeds. The overall mean
value implied that MDG was the highest in
cv. Subhadra (6.02) followed by cv.
Khandagiri (5.52), cv. Mandakini (5.25) and
lowest being recorded in cv. Kalinga IlI
(5.14) (Fig. 4). Application of SA had visibly
increased such values under stress condition.
On the whole, it increased the value of MDG
by 18.5% as compared to the stress and such
increase could be attributed to oxidative stress
management  induced by  simulating
environment. This corroborates with the result
of Sharafizad et al., (2013) in wheat.

Peak Value (PV)

A significant variation in peak value was
observed to decline with the reduction in
water potential (Table 4). On an average, the
mean reduction in PV of non-treated seeds at
-0.8 MPa was 96.4% as compared to control
values. Cv. Subhadra had significantly higher
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PV (44.6) than other three genotypes and the
cv. Kalinga Il had the least (Fig. 4).
Application of SA in stress increased the PV
to the tune of 26.6% over the stress condition.
When SA pre-treatment was induced, all 4
varieties showed full PV under control
condition. The lowest mean was related to cv.
Kalinga Il under moisture stress. This result
was in conformity with the findings of
Farahbakhsh (2012) in fennel seeds.

Germination value (GV)

The GV decreased with the successive
decrease in water potential (Table 4). The
water stress had negatively affected the GV.
Due to decrease in water potential, GV of
untreated seeds had reduced drastically by
99.4% at -0.8 MPa as compared to control
(0.0 MPa). However, the SA helped in
counteracting this negative effect and
increased the GV value from 3.32 to 20.93
even at -0.8 MPa. The highest GV was
observed in cv. Subhadra (310.8) followed by
cv. Khandagiri (289.4), cv. Mandakini (263.4)
and cv. Kalinga 111 (225.8) (Fig. 4).

On the whole, the application of SA increased
GV by 28% over the untreated seeds. This
correlates with the findings of Metwally et al.,
(2003) in barley seedlings.

Analyzing the findings of the present
investigation, it could be concluded that
increase in deficit moisture stress level caused
severe reduction in all the germination
parameters in rice seeds and increase in the
MGT. Pre-treatment of rice seeds with 100
ppm SA increased the moisture stress
tolerance of rice seeds by overcoming the
adverse effect of stress on stated parameters.
The beneficial response of SA in ameliorating
the adverse effect of water stress was more in
sensitive genotype cv. Kalinga Ill. Therefore,
it could be used as an ameliorant to alleviate
the negative effects of drought injury in rice.
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Based on the results of this study, inference
could be drawn that deficit moisture stress
severely reduced germination and rice plantlet
growth. Pretreatment of rice seeds by 100
ppm SA considerably improved germination
and plantlet growth in moisture stress
condition and will increase the GV and GP.
The plantlet establishment was faster and
resistance against biological and non-
biological stress was more. Thus, priming of
seeds reduced the severity of the effect of
deficit moisture stress and the best alleviation
of stress was achieved in the sensitive cv.
Kalinga IlI.
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