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ABSTRACT. In order to study the plant
growth regulator, using salicylic acid (SA)
on germination and growth indices for
laboratory research in crop year 2014-2015,
which was conducted at the research center
Safiabad-Dezful, Khuzestan province. The
treatments included four levels of priming
with salicylic acid {control (distilled water),
0.7, 1.2, 17 mM} in a completely
randomized design in three replications. The
results showed that the control treatment
reduced the decrease in germination time.
The highest percentage of germination and
related characteristics of the control
(distilled water) was obtained. Seed vigor
and seedling vigor index were reduced in
high concentrations of salicylic acid. The
germination percentage of an average daily
germination, seed vigor and seedling vigor
index had a positive and significant
correlation with the daily germination rate
showed a significant negative correlation.
The results of comparison of treatments
showed that the treatment concentration of
0.7 mM salicylic acid highest (22.3 days)
and control (distilled water) lowest (0.3 day)

had mean germination time. Effects of
priming showed the highest mean daily
germination (15.44) related to the control
and the lowest (2.97) related to the
concentration of 7.1 mM salicylic acid.
Also, the results showed that the 1.7 mM
salicylic acid treatment had the highest
number of germinated seeds per day
(0.3880) and control treatment had the least
number of germinated seeds per day
(0.6467). The highest vigor index was
observed in control treatment with seedling
length of (8.15 cm) and the lowest vigor
index was observed in 1.7 mM salicylic acid
treatment with seedling length of (1.54 cm).
The highest seedling vigor index was
observed in control treatment (33.58) and
the lowest seedling vigor index was
observed in 1.7 mM salicylic acid treatment
(17.20). The coefficient velocity
germination rate in control treatment was
highest (3) and in the 1.7 mM salicylic acid
treatment was lowest (0.15). The correlation
coefficient between vigor index and
seedling vigor index has the highest value
(98%). There was a positive correlation
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between germination percentage and mean
daily germination and there was a negative
correlation between germination percentage
and daily germination speed.
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acid; seed vigor;
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INTRODUCTION

Wheat is one of the major crops
that provides energy and protein for
humans. It is of importance to
increase the performance of this
product per hectare using breeding
and agronomic research is absolutely
necessary. One of the most important
and new approaches to improve
performance, quality and quantity of
crops, such as wheat, is the use of
plant growth regulators. This material
has low rates, prodigious ability to
regulate some aspects of growth and
development of their crops (Fathi &
Esmaeilpour, 2010). Salicylic acid is a
plant growth regulator that its use has
become customary in recent years in
most crops. The salicylic acid has a
physiological impact on the structure
and synthesis on different enzymes
(particularly, anti-stress enzymes)
play an important role in crop
tolerance to biotic and abiotic stress
factors and ultimately the
performance of the plant. For
example, in a field experiment
conducted on wheat, application of
(5.0 mM), salicylic acid was effective
due to an increasing resistance to
fungal diseases of wheat seedlings,
and enabled growth and increases
yield (Shakirova et al., 1997, 2000).
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Priming, this is a technique by
which seeds are exposed to both
environmental and ecological
conditions before putting on bed, in

terms of  physiological and
biochemical readiness to acquire
germination.

This can cause biological and
physiological numerous protests on
primed seeds and plants, to be sure of
this, germination, seedling
establishment, operation of
environmental inputs, also, in an early
stage, it is important to increase the
quality and quantity observed.
Priming increases the speed and
uniformity of germination of seed
efficiency. The positive effects
includes: improvement of the speed of
plant growth, accelerate the maturity
date, increase in the quantity and

quality of seeds in throughput
performance (Baalbaki et al., 1999).
The results of  several

experiments show that priming causes
quicker, better tolerance to drought,
early flowering, plant growth peas,
corn and wheat in semi-arid areas
(Harris et al., 2001b; Musa et al,
1999; Burgne & Job, 2000).

In recent years, much research
has been done on the effect of
salicylic acid on multiple reaction, on
plants and showed that this hormone

(SA) helps in the regulation of
important physiological processes,
such as plant growth, flower

formation, cell division, ion control
by root absorption, photosynthesis,
stomatal closure germination plays a
vital role (Chavez et al., 2003). Kaya
et al. (2006) reported that priming
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with salicylic acid cause increase
daily germination rate and uniformity
of germination and seed emergence,
according to research Zare et al.
(2010), Hsu & Sung (1997) and
Sharafizadeh (2013). The effects of
salicylic acid treatment on daily
germination rate were significant.
They concluded that seed priming
with low concentrations of salicylic
acid increases the antioxidant
enzymes in the seeds, thus increasing
the germination rate of seeds. El-
Tayeb (2005) reported that the
salicylic acid can be used to stimulate
the germination of barley. In order to
evaluate pretreatment by salicylic acid
on germination of barley seeds, an
experiment was conducted. In this
test, priming with salicylic acid on

seed germination average was
significant. The results showed that
pretreatment with  salicylic acid

increases the germination in different
varieties of barley (Noori & Fotovat,
2013). Seeds pretreated with salicylic
acid has the lowest average time
required for germination of rape and
compared to those with no salicylic
acid showed significant differences
(Miarsadeghi et al., 2010). The results
of Sharafizadeh (2013) showed that
priming with salicylic acid in wheat
seedling vigor index were significant.
He said seedling vigor index, in
addition to control without salicylic
acid, salicylic acid treatment was
lower by increasing the concentration
of salicylic acid was less seedling
vigor index. Similar results in this
area by Saberi & Toveili (2010) and
Korkmazet al. (2005) have been
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reported. In another study, it was
reported that an increase in the
concentration of salicylic acid impairs
germination and emergence of wild
mustard seeds and seedling vigor
index reduction of wild mustard
(Fariduddinet al., 2003). The study of
Sharafizadeh (2013) revealed that
priming effect of salicylic acid in
Chamran seeds and on seed vigor
index was significant and with
increasing concentration of salicylic
acid, vigor decreased. In their study,
high concentrations of salicylic acid
reduces the potential of water and
reduces water absorption and slow
down the germination enzymes
activity and reduces the vigor of
wheat seeds.

This study aimed to investigate
the effect of salicylic acid and
germination in seeds and accelerate
the priming effect of salicylic acid on
germination  characteristics  and
growth indicators of Chamran variety
in laboratory research.

MATERIALS AND METHODS

This research was conducted at Seed
Technology Laboratory in the research
center, Safiabad- Dezful, Khuzestan
province, Iran. The treatments included
four levels of priming with salicylic
acid {control (distilled water), 0.7, 1.2,
1.7 mM} in a completely randomized
design in three replications. Based on
ISTA (2015), 50 seeds were soaked
separately in these solutions for 12 h and
then germination test was conducted
using the inter paper method. To test
germination, germinator was used at 25°C
temperature and 60% humidity. The
second day after the test, the number of
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germinated seeds were counted each day
(green criteria when the tip of the root to
reach about 2 mm). At the end of the final
day count (8 days) in the laboratory, mean
daily germination, germination
percentage, average time required for
germination, germination rate index was
calculated using the following formula:

Mean Time Germination (MTG)

The mean time required for
germination, which is considered an
indicator of the speed and acceleration of
germination, was calculated from the
following equation (Ellis & Roberts,
1981).

2. (nd)

>n '
where, n is the number of germinated
seeds during the day, d is the number of
days from the beginning of germination
and Zn is the total number of germinated
seeds.

MTG =

Mean Daily Germination (MDG)

Mean daily germination index of
daily germination speed. In this regard,
FGP is the final germination percentage
(viability) and d is the number of days to
achieve maximum final germination
(during the test period) (Scott et al.,
1984).

MDG:E%E

Daily Germination Speed (DGS)
Conversely mean daily germination
and the following equation (Hunter et al.,
1984):
DGS = !

MDG
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Coefficient
(CVG)
The speed and acceleration of seed
germination was calculated using the
following equation (Maguire, 1962):

Velocity ~ Germination

G +G, +G3+..+G,

CVG = 5
(1xG) + (2xG,) + (3xG,) +... + (nxG,)

where, G1-Gn is the number of
germinated seeds from the first day to the
last day of the show.

Germination Percentage (GP)
The following equation was used to
calculate the germination percentage:

EixlOO,
T

where, S is the number of germinated
seeds and T is the total number of seeds.

Seedling Vigor Index (SV1)

After the determination of the
normal and abnormal seedlings, five
seedlings were randomly selected from
each stand, then the seedling and leaf
primordial and primary roots were
determined. Using data from the past two
seedling, vigor index was determined
from the following equation (Waseem,
2006):

SVI = Viability x (Mean length of primary
root + Mean length of primary stem)

Vigor Index (VI)
The following equation was used to
calculate the index (Agrawal et al.,2005):
Seedling length x number of germinated
seeds on the last day count

Statistical analysis

Statistical analysis was performed
using SAS software. Means comparison
was done by Duncan test. Tables and
charts were drawn by Excel software.
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RESULTS AND DISCUSSION

Mean time germination (MTG)

The effect of treatments on the
mean time required for germination
was significant at 1%. The results of
comparison of treatments showed that
the treatment concentration of 0.7 mM
salicylic acid highest (22.3 days) and
control  (distilled water) lowest
(0.3 day) had mean germination time.
With increasing concentrations of
salicylic acid increased the mean time
required for germination. As Zare et
al. (2010) also Jalilian & Tavakol
Afshari (2005) reported. Increasing the
concentration of salicylic acid, due to
reduced osmotic pressure and reduce
water  absorption  reduces  the
germination and increase the time
required for germination. The results
were consistent with the results of this
test.

M ean daily germination (MDG)

Effect of different of levels
priming on average daily germination
was significant. The results of
comparison of the effects of priming
showed the highest mean daily
germination (15.44) related to the
control and the lowest (2.97) related
to the concentration of 7.1 mM
salicylic acid. Rajaskaran et al. (2002)
suggest that high concentrations of
abscisic acid and salicylic acid, the
same effect as a deterrent GA is the
duty of the synthesis of alpha-amylase
enzyme responsible for the acts of the
aleurone layer, which reduces daily
average seed germination.
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Daily germination speed (DGS)

The results of analysis of
variance showed that the effect of
salicylic acid treatment on
germination rate was significant daily
at 5% probability level. The results of
the comparison showed that the
treatment of 1.7 mM salicylic acid
had the highest number of germinated
seeds per day (0.3880) and the control
treatment had the lowest amount of
germinated seeds (0.6467). Kaya et al.
(2006) reported that the priming with
salicylic ~ acid daily increased
germination rate and uniformity of
germination and emergence is sent.

Coefficient velocity germination
(CVG)

The results of analysis of
variance showed that the effect of
salicylic acid treatment on
germination rate coefficient was

significant at 1%. The results of
comparison of the effect of salicylic
acid treatment revealed that control
most (3.0 number of days for each
single seed) and 1.7 mM treatment
with salicylic acid (0.15 numbers of
days for each single-seed) the
coefficient velocity germination rate
had. Significant effect of seed priming
on germination of wheat seeds by
Sharafizadeh (2013) was reported.
Their results showed that the highest
rate of germination rate, in addition to
control, the low concentration of
salicylic acid. It seems that with
increasing concentration of salicylic
acid and germination rates have
fallen. Similar results in this area by



SH. LORZADEH, M. SHARAFIZADEH, M.R. ENAYAT GHOLIZADEH

Saberi and Toveili (2010) have been germination percentage was the
reported. highest mM concentrations of
salicylic acid. In many studies, the
Germination percentage (GP) effect of pretreatment salicylic acid
The results of analysis of increased the germination percentage
variance revealed that the germination is sent. According to researches of
treated with salicylic acid were Metraux (1970) and Shim et al.
significant at 1%. The results of (1999), a low concentration of
comparison of the effect of salicylic salicylic ~ acid  increased  the
acid treatment revealed that control germination been through ethylene
highest (100%) and 1.7 mM treatment biosynthesis. The results of this
with salicylic acid lowest (51.50%) research can be concluded that
had. Sharafizaden (2013) also salicylic acid pretreatment due to
reported that the highest germination increased germination and seedling
percentage of low mM concentrations growth further reduces stress on the
of salicylic acid and the lowest seed germination process.

Table 1 - Analysis of variance (mean square) of traits measured in the laboratory

SOV ___ df MTG MDG DGS CVG GP SV Vi
:(‘:f‘i'c'fy“c 3 0.0059* 0.0001** 0.0250* 0.0001** 0.0067** 0.0028** 0.0089**
Error 8 2584  1.146 0.0L _ 0.0001 152.35 6489.71 63516.8
Y] 23.96  19.84 1519 154 5.87 14.08  32.28

** refer to significant at 1% probability levels.

Seedling vigor index (SVI) seed germination in the early stages of

The results of analysis of germination and then increased vigor
variance showed that seed vigor seed. In his study, Sharafizadeh
treated with salicylic acid were (2013) revealed that priming effect of
significant at 1%. The results of salicylic acid in Chamran seeds on
comparison of the effect of salicylic seed vigor index was significant. With
acid treatment revealed that control increasing concentrations of salicylic
highest (33.58) and 1.7 mM salicylic acid decreases vigor. It seems that
acid treatment lowest (17.20) had the high concentrations of salicylic acid
seedling vigor index. Kaur et al. to reduce the potential for water and
(2000) reported that priming with reduce water absorption and the lack
distilled water or low concentrations of enzyme activity reduces the vigor
of osmotic ingredients like salicylic of germination and vigor of wheat
acid due to the activation of metabolic seeds is sent.

enzymes necessary for germination
and increase the activity of alpha and
beta amylase improve the quality of

20
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Vigor index (VI)

The results of analysis of
variance showed that the effect of
salicylic acid treatment on seedling
vigor index were significant at 1%.
The results of comparison of the
effect of salicylic acid treatment
revealed that control highest (8.15
seedling length by cm) and 1.7 mM
salicylic acid treatment lowest (1.54
seedling length by cm) seedling vigor
index had. The results of the research
findings by Fariduddin et al. (2003)
were consistent. He checked the Hindi
mustard plant and said that increasing
concentrations of salicylic acid
reduces water potential was more like
water stress and disruption of absence
seed germination and seedling index
reduction corresponded. The results of
Sharafizadeh (2013) showed that
priming with salicylic acid in wheat
seedling vigor index was significant.
He said seedling vigor index, in
addition to low levels of salicylic acid
treatment was in control. Seedling
vigor index was lower by increasing
the concentration of salicylic acid.

Correlation between traits in the
laboratory

The  correlation  coefficient
between germination percentage and
seedling vigor index was (0.94). The
correlation  coefficient  between
germination percentage and vigor
index was (0.91). The correlation
coefficient between seedling and
seedling vigor index has the highest
value (0.98). There was a positive and
significant ~ correlation  between
germination percentage and daily
average germination (0.74), and there
was a negative and significant
correlation  between  germination
percentage and daily germination rate
(-0.95). It seems that with increasing
concentration of salicylic acid, due to
reduced water uptake and thus reduce
the activity of enzymes responsible
for seed germination, decreased daily.
Therefore, by  increasing  the
concentration of salicylic, acid seed
vigor and seedling vigor index also
fell.

Table 2 - The correlation coefficient traits in the laboratory

VI SVI GP CVG DGS MDG MTG

MTG 1
MDG 1 0.852**
DGS 1 0.7457*  0.5606ns
CVvG 1 -0.5442ns  0.9512**  -0.8491*
GP 1 0.5265ns  -0.9552**  0.7423**  0.4723ns
SVI 1 0.9425*  0.6844*  -0.9211**  0.8629** -0.6223*
VI 1 0.9834** 0.9147** 0.6413**  -0.8704*  0.8265** -0.6039*

ns,*, ** refer to non significant, significant at 5% and 1% probability levels, respectively.
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CONCLUSION

Germination percent, seed vigor
index, seedling vigor index, average
daily = germination and  speed
germination rate in control (distilled
water) was highest. This traits in
concentration of 1.7 mM salicylic acid
was lowest. In the treatment
concentration of 1.7 mM salicylic
acid, daily germination rate was
highest and in control treatment this
trait and mean germination time was
the lowest. By increasing salicylic
acid concentration, the potential for
water absorption by seeds decreases
because, in such a condition, the
enzyme activity in the seed is
interrupted. In fact, salicylic acid at
optimal concentration increases some
plant hormones, such as auxins and
cytokinines, and reduces cell ion
leakage and helps seed germination.
Salicylic acid in stress conditions, due
to stimulation of proline production in
young seedlings, accelerates growth
after stress relief.
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