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Aims The present study aims to shed light on the effects of different treatments of gibberellic,
salicylic and ascorbic acid on improving germination parameters of Zygophyllum atriplicoides
under in vitro drought stress condition.

Materials & Methods The experiment was conducted in a factorial in a completely randomized
design. Five levels of drought stress (0, -0.3, -0.6, -0.9, and -1.2Mpa) with and without priming
treatments were used in this experiment. The priming treatments included three levels of
salicylic acid (100, 200, and 300mg/L), three levels of gibberellic acid (125, 250, and 500ppm),
three levels of ascorbic acid (100, 200, and 300mg/L) and simultaneously distilled water were
used as control. Each level of treatments had 4 replications and the total number of replications
was 200. The studied traits included germination rate, germination percentage, rootlet length,
shoot length, seedling length, and seed vigor index.

Findings According to the results, priming improved germination rate, germination percentage,
rootlet length, shoot length, seedling length, and seed vigor index. Among all priming levels,
250ppm gibberellic acid accounted for the highest effect on germination traits of this species
under all drought stress conditions.

Conclusion priming with gibberellic acid had significantly more impact on germination
parameters under drought stress. Hence, this method serves as a promising step to improve
the germination parameters of this plant.
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Introduction

Zygophyllum atriplicoides is a perennial shrub,
characterized with a height of 80 to 100cm and
sometimes up to 2 meters. It has a very wide
distribution range (about 1.8% of the country's
total area) and inhabits arid and desert regions
mostly in Iran, Touran area. It grows well on
sandy hills and dunes, creating an extended
horizontal and vertical root system, sometimes
with a radius of up to 15 meters, as well as
dense crown cover, it is able to stabilize moving
dunes and prevent wind erosion [11.

Water scarcity is one of the major drawbacks of
agricultural production in the world. At present,
Iran is among the world's arid regions with an
average of 250mm/year precipitation. The
more intense drought, the less germination rate
will be, by which this strategy seems to be a
germination adaptation mechanism for seeds in
sand dunes, and germination reduction rate
depends on the plant species and drought
extent [2I. Priming is one of the ways to improve
germination under stress conditions [2l. Seed
priming is controlled by seedlings hydration
before seeding followed by seed dehydration,
which is a common practice to increase the rate
and uniformity of germination and emergence
under stress and non-stress conditions Bl. Seed
priming is used to improve germination
uniformity, shorten the germination period and
enhance the emergence of seedlings, improve
planting and establishment, and to increase
seed vigor and to reduce the damage caused by
late planting [4].

The reports are full of evidence on using
chemical stimuli to improve and accelerate
germination, and most reports have confirmed
positive results. Growth hormones that are
normally used for seed priming include auxins,
acetic acid, polyamines, ethylene, salicylic acid,
and ascorbic acid [51.

Seed priming with gibberellic acid usually
results in improved germination, growth, and
extensive root system. In addition, it increases
tolerance to biotic and abiotic stresses, and at
the same time seedlings primed with gibberellic
acid accelerates flowering and increases the
yield 6] salicylic acid or ortho-hydroxybenzoic
acid belongs to a group of phenolic compounds
that are known as an important molecule to
modulate plant responses to environmental
stresses (7. One of the ways to fight free radicals
for seeds is antioxidant vitamins, including
ascorbic acid (vitamin C). Vitamin C is a water-

soluble vitamin that has the ability to react and
eliminate the effects of super-oxide and
hydroxyl-free radicals [8l. Seed priming elevates
glucose and proline content, improving
germination quality and index in drought
conditions 9. Much research has conducted on
the effect of drought and salinity on the plants,
but there is relatively little research on the
effect of priming on reducing the effect of
drought stress. Heydariyan et al. [10 indicated
that acetylsalicylic acid 200mg/L had the
greatest effect among of levels (three levels of
gibberellic acid and ascorbic acid) used in
priming on the germination of Capparis spinosa
under drought stress. Li et al. [11], investigated
the seed germination of Tanacetum
cinerariifolium and they reported germination
was decreased with increasing salinity, drought
and light. They reported that hydro-priming
improves the germination percentage and
reduces mean time to germinate in all osmotic
potential. Ansari and Sharifzadeh [12] mentioned
0smo and hydro-priming improved
germination characteristics and enzyme
activity of Mountain Rye (Secale montanum)
seeds under drought stress. Fang et al. [13
showed that height, base diameter and number
of leaves were reduced under drought
conditions in two species of Salix paraqplesia
and Hippophae rhamnoides and root to shoot
ratio was increased to enhance tolerance of the
plants under drought stress. Kaya et al. [14] used
seed treatment to overcome salt and drought
stress during germination in sunflower
(Helianthus annuus L.). Zhu et al. 151 mentioned
that seed priming treatment with appropriate
GA3 concentration and priming time could
enhance seed germination and drought
resistance of Oldenlandia diffusa in seedling
stage. Alvani et al. [16] investigated the effects of
seed priming with ascorbic acid on seed
germination and morphological traits of
Taverniera cuneifolia under drought stress. The
highest specific leaf area (cm2/g), leaf area
(cm2), and dry weight biomass were found in
priming seeds in 200mM. Shatpathy et al. [17]
reported that seed-priming with ascorbic acid
of 100ppm not only increased seedling dry
weight, but also reduced the mean germination
time compared to the untreated seeds of Oryza
Sativa. Seedling growth of SA-primed seeds had
significantly higher root and shoot length than
non-primed seeds. Seed priming and tolerance
to salt and water stress in divergent grain



sorghum genotypes were investigated by
Pinheiro et al. 18l. They mentioned the seeds
that underwent priming processes improved
the performance of the genotypes under salt
and water stress conditions, especially when
using seeds of the more tolerant genotype (BRS
330) subjected to hormonal priming at 100ppm
gibberellic concentration.

Given the lack of understanding of behavior of
rangeland species against environmental
stresses, there is an urgent need to extensive
studies in this field for a better understanding
of the types of resistant species to
environmental stresses such as salinity, and
drought to establish vegetation in arid and
semi-arid areas. Z. atriplicoides is an important
species for rehabilitation of arid region with 70-
250mm precipitation. The highest seed vigor
was reported 70-75% and its germination
percentage was reported 70% with seed
soaking treatment [l This species is a
xerophytes and has a high tolerance to drought.
The present research aims to shed light on the
effects of different treatments of gibberellic,
salicylic and ascorbic acid on improving
germination parameters of Z. atriplicoides
under in vitro drought stress condition.

Materials and Methods

This study was conducted in 2014 in the
laboratory of the University of Zabol. Seeds of Z.
atriplicoides were purchased from Pakan Bazr
Isfahan. Seeds were first sterilized with 5%
sodium hypochlorite solution and then washed
with distilled water. After that, seeds were
pretreated separately for 10 hours with
salicylic acid (100, 200, and 300mg/L) and 24
hours with gibberellic acid (125, 250, and
500ppm), and 8 hours with ascorbic acid (100,
200, 300mg/L) at 25°C and simultaneously
distilled water was used as a control. Four
replications were used for each level of
treatments. After the soaking period, all seeds
were rinsed with distilled water. Once dried,
the seeds were placed in Petri dishes with a
diameter of 9cm on a Whatman's filter paper to
be exposed to drought stress at different
concentrations. Polyethylene glycol 6000
solution was used to prepare different drought
concentrations. To calculate the amount of
polyethylene glycol needed for osmotic
pressure [19], the following formula was used:

Ps=  -(1.18x10-2)C-(1.18x10-4)C2+(2.67x10-
4)CT+(8.39x10-7)C2T

Ps= Osmotic pressure in bar (Bar); C=
Concentration of polyethylene glycol 6000 in
grams per kilogram of water (g/kg H.0); T=
Temperature in centigrade (°C)

Distilled water was used to create zero water
potential (control). The experiment was done
as a factorial based on a completely randomized
design with four replications (25 seeds per
replicate) at different concentrations (0, 3, 6, 9,
12 Megapascal) in the germinator at 25°C
during 16 hours light and 8 hours darkness.
The total number of replications was 200. In a
period of 15 days, germinated seeds with a root
length of more than 2mm were counted each
day [0 In this study, the germination
percentage, germination rate [21l and seed vigor
index [221 were calculated based on the
following equations:

GP= 100x”;"
ni
GR=3%

GP: Germination percentage; S: Total number of
seeds; ni: Germinated seeds at time ti; GR:
Germination rate; ti: Days after germination

Plant lengthxFinal germination percentage=
Seed vigor index

Data analysis was performed using MSTAT-C
2.1 software and Microsoft Excel 2013 was
used to create Graphs. Before performing
ANOVA, normality of data was tested using the
Kolmogorov-Smirnov  test and Duncan’s
Multiple Range test was applied to assess
differences in means.

Findings

Germination percentage

Results of ANOVA showed that drought stress
and chemical stimuli had a significant effect on
germination percentage at the 1% level (Table
1).

The results of the Duncan test showed that
application of chemical stimuli increased the
germination percentage of Z. atriplicoides seeds
compared to control in drought stress
conditions. The greatest influence of priming on
germination percentage was in -3MPa using
250ppm gibberellic acid followed by 200mg/L
salicylic acid, 125ppm gibberellic acid, so that
these stimuli at -3MPa potential increased



germination percentage from 30% in control
treatment at the same potential to 67.5, 60, and
60%, respectively. There was no significant
difference between the two concentrations of
125ppm gibberellic acid and 200mg/L salicylic
acid, in concentration -0.3MPa. The lowest
germination was observed in the control
treatment. There was not any germination
percentage on high levels of drought stress
spatially on 1.2MPa on all treatments (Diagram
1).

Germination rate

Chemical stimuli and drought concentrations
had a significant effect on the germination rate
of Z. atriplicoides species at a level of 1% (Table
2).

Table1) Analysis of variance of the effects of chemical
stimuli on germination percentage of Z. atriplicoides seed
under drought stress

CV Pretreatment Drought Pretreatment Error
xDrought

Df 9 4 36 150
Ss 12860.5 123458 5922 2075
Ms 1428.94 30839.5 164.5 13.83
F 103.29* 2229.36" 11.89" s
**; Significant at probability level of 1%
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Diagram 1) Means comparison for interactions of
chemical stimuli on germination percentage of Z
atriplicoides seed under drought stress; There was not any
germination percentage on high levels of drought stress
spacially on 1.2MPa.

Table 2) Analysis of variance for the effects of chemical
stimuli on the germination rate of Z atriplicoides seed
under drought stress

CV Pretreatment Drought Pretreatmentx Error
Drought

Df 9 4 36 150

Ss 11.66 109.140 6.31 7.61

Ms 1.29 27.285 0.175 0.051

F 25.53" 537.78" 3.45* s

**; Significant at 1% level

As drought increased, the germination rate
decreased. In all drought priming levels,
250ppm gibberellic acid accounted for the
highest germination rate followed by salicylic
acid levels hand ascorbic acid. At 0, 0.3, and
0.6MPa priming with 250ppm gibberellic acid,
increased germination rate of 20, 0.6, and 0.3
seeds per day increased to 20, 1.66, and 1.15
seeds per day. The germination rate was the
lowest at -0.9 concentrations of gibberellic acid
and salicylic acid. No germination occurred in
pretreatment with ascorbic acid at -0.9MPa
(Diagram 2).
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Diagram 2) Means comparison for interactions effects of
chemical stimuli on germination rate of Z atriplicoides
seed under drought stress; There was not any germination
percentage on high levels of drought stress spatially on
1.2MPa.

Rootlet length

The results of ANOVA on root length showed
that the interaction of chemical stimuli and
different levels of drought on root length were

significant (Table 3).
The rootlet length decreased by increasing
drought stress, but all chemical stimuli

increased rootlet length. The highest rootlet
length was observed in non-stress conditions
and the application of gibberellic acid 250ppm
and the lowest root length was related to
control treatment. The results showed that in -
0.3MPa, the highest root length was obtained by
250ppm gibberellic acid that it elongated root
length from 0.8cm at -0.3 MP to 2.8cm also, all
concentrations of gibberellic acid in 0.6MPa
resulted in an increase in rootlet length relative
to the control treatment. Salicylic acid and
ascorbic acid increased rootlet length at
different concentrations (Diagram 3).



Shoot length

According to the analysis of variance, effects of
chemical stimuli and drought stress on shoot
length are significant (Table 4).

Table 3) Analysis of variance for effects of chemical
stimuli on seed germination root length of Z. atriplicoides
under drought stress

CV Pretreatment Drought AR U Error
xDrought
Df 9 4 36 150
Ss 43.31 98.58 15.70 0.158
Ms 4.81 24.64 0.43 0.001
F 4583.96 23427.18** 415.52* -
**; Significant at 1% level
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Diagram 3) mean comparison for interactions of chemical
stimuli on rootlet length of Z atriplicoides seed under
drought stress. There was not any germination percentage
on high levels of drought stress spatially on 1.2 MPa.

Table 4) Analysis of variance for the effects of chemical
stimuli on shoot length of Z atriplicoides seed under
drought stress

shoot length during drought stress, its effect on
shoot length was not significant compared to
other acids (Diagram 4).

0 0.3 0.6 09 0O12
2.5 -
—_ a a a
g 2
= d bc b ¢
%i d d dd d
& 15 -
2 £ ¥
2 of ¢ £ f f f foof
=] 1 A h g
@ . by
1 1 1 1 1 1 ]
05 A " J
Ko
0 T T T T
100 200 300|125 250 500

100 200 300 lfontml
Ascorbic acid

Salicylic acid | Gibberlic acid

Diagram 4) mean comparison (Duncan test) for
interactions of chemical stimuli on shoot length of Z
atriplicoides seed under drought stress. There was not any
germination percentage on high levels of drought stress
spacially on 1.2MPa.

Seedling length

According to Table 5, drought stress and
chemical stimuli had a significant effect on
seedling length. The effect of drought stress on
the reduction of seedling length for both
primed and non-primed seeds was significant.

Table 5) Analysis of variance of the effects chemical
stimuli on seedling length of Z. atriplicoides under drought
stress

CV Pretreatment Drought Pretreatment Error
xDrought

Df 9 4 36 150

Ss 18.39 58.60 7.77 0.42

Ms 2.04 14.62 0.21 0.003

F 730.29"  5235.62* 77.17"

CV Pretreatment Droughts Pretreatment Error
xDrought

Df 9 4 36 150

Ss 116.47 312.285 39.31 0.35

Ms 12.94 78.071 1.09 0.002

F 54733.49" 32777.83" 458.49

**; Significant at 1% level

As Duncan test showed, the more intense the
drought, the shorter the shoots of Z
atriplicoides such reduction in primed seeds
was by far much less than non-primed seeds.
Among the stimuli studied, gibberellic acid
showed the greatest effect on shoot length to
adjust negative effects of drought stress on all
levels, so that at a potential of -0.3MPa, the
shoot length was 0.5cm in control seed and was
1.77cm  in seeds primed with 250ppm
gibberellic acid. Also, due to the application of
200mg/L salicylic acid, shoot length at -0.6MPa
increased compared to control treatment about
0.85 cm. Although, ascorbic acid improved the

**. Significant at 1% level

The result showed that dry weight at -0.3MPa
of seedling length of 1.3cm in the control
treatment was 4.7cm in seeds primed with
250ppm gibberellic acid. At in all drought
levels, gibberellic acid had the most significant
effect on reducing the negative effects of
drought stress and in the concentration of -0.6
MPa seedling lengths, it was increased from
0.75cm in the control treatment to 3.92cm
250ppm gibberellic acid (Diagram 5).

Seed vigor index

A significant effect between chemical stimuli
and different levels of drought was observed
(Table 6).
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Diagram 5) Mean comparison of interactions of chemical
stimuli on seedling length of Z. atriplicoides under drought
stress; There was not any germination percentage on high
levels of drought stress specially on 1.2MPa.

Table 6) Analysis of variance of the effects of chemical
stimuli on seed vigor index of Z atriplicoides under
drought stress

Pretreatment

CV Pretreatment Drought xDrought Error
Df 9 4 36 150
Ss 455475.57 1703188.48 312041.28 15858.61
Ms 5060839 425797.12 8667.81 105.72
F 478.68™ 4027.43™ 81.98™ -

**; Significant at 1% level

Duncan test showed that the chemical stimuli
increased the seed vigor so that the highest
increase was achieved by using a concentration
of 250ppm of gibberellic acid. The interaction
between chemical stimuli and different levels of
drought stress was significant on the seed vigor
index. The highest seed vigor index in drought
stress conditions was obtained using gibberellic
acid 250ppm. This level increased the acidity of
the strawberry index from 39 in the control and
dry matter from -0.3MPa to 286.5. After
gibberellic acid, different levels of salicylic acid
had a positive role in reducing the negative
effects of drought stress. There was no
significant difference between 100mg/L and
200mg/L of salicylic acid in terms of the effect
on the seed vigor index in -0.3MPa. Also, in high
levels of ascorbic acid, there was little role in
increasing the index of seed vigor than control
(Diagram 6).
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Diagram 6) Mean comparison of interactions for chemical
stimuli on seed vigor index of Z atriplicoides under
drought stress; There was not any germination percentage
on high levels of drought stress specially on 1.2MPa.

Discussion and Conclution

In the current study, drought stress reduced
germination percentage and germination index,
which is in line with the findings of Ramazani et
al. 1231 and Haydarian et al. [10. Seeds should
absorb enough water to be germinated [24l. The
soluble materials such as polyethylene glycol,
can reduce water absorption of seeds and
subsequently can delay or stop germination. In
germination under drought stress due to
osmotic pressure drop, the water absorption
process is impaired and the activity of the
enzyme alpha-amylase is further inhibited [251.
By increasing drought stress, the length of
rootlet and shoot was decreased in the
treatments. Reduction of root and shoot lengths
has been confirmed by other researchers (26 11]
under drought stress, which is consistent with
the results of the present study. The main
reason for reducing shoot length under drought
stress is that it reduced non-transferring
nutrients from cotyledons to embryo. In
addition, decreasing water absorption by seeds
under stress conditions reduces hormonal
secretion and enzyme activity and thus disrupts
seedlings growth. Also, with increasing drought
stress, seed strain decreased [27],

Zeng et al. 1281 while working on xerophyte
seeds showed that Caragana korshinskii
accounted for the highest germination
percentage (about 15%) at the most negative
osmotic potential of -2.1MPa and Hedysarum



scoparium species had 6.4 germination
percentage in osmotic potential of -1.8MPa and
Reaumuria soongorica had 2.2 germination
percentage at a potential of -1.8MPa.
Additionally, Artemisia sphaerocephala had 8.3
germination percentage at a potential of -
1.5MPa while Zygophyllum xanthoxylum had 5.2
germination percentage at a potential of -
1.2MPa. It seems to be a germination
adaptation mechanism for native sand dune
seeds.

In general, priming improved seeds
germination parameters under stress and non-
stress conditions. This is consistent with the
findings of Zare et al. and Li et al. 129 11]. Seed
priming accelerates germination by extending
two phases from three phases of germination
by shortening the metabolic timing [30l. Priming
increases the antioxidant enzymes, such as
glutathione in seeds, which these enzymes
reduce the activity of lipid peroxidation during
germination and so increase germination
percentage [31l. Improving germination makes it
possible to begin seed sooner germination so
that they can be successful in competing with
weeds. In other words, the treated seeds start
seed germination sooner than their control
seeds, and these seeds can be established faster
under the environmental stresses [321.

The results of the present study showed that
applying gibberellic acid significantly increased
the germination and growth of Z atriplicoides
seedlings under nonstress and drought stress
conditions. One of the reasons for the positive
effect of chemical stimuli, such as gibberellic
acid, on the early growth of Z atriplicoides
seedlings is probably due to the equilibrium of
the hormonal ratio of seeds and the reduction
of growth retardant materials, such as abscisic
acid (ABA). Gibberellins increase the synthesis
of hydrolytic enzymes that are beneath the
aleuronic layer. The synthesized enzymes are
transmitted to endosperm and break down
stored food and provide energy for germination
and growth [331. Pretreatment with salicylic acid
also improved the germination traits under
drought stress, which is consistent with the
results of Demiral and Tiirkan B4, The
mechanism by which salicylic acid increases
seed germination is still not clear, salicylic acid
can inhibit the activity of the catalase enzyme.
Reducing catalase leads to an increase in H202,
high oxide hydrogen is toxic to plant tissues,
which is able to improve seed germination [35.

Under stress conditions, ascorbic acid acts as an
effective antioxidant. Ascorbic acid, due to the
removal of free radicals from stress, especially
radical oxygen and its role in stimulating and
expanding cells and absorbing materials into
cells, prevents the oxidation of plants from
environmental stresses [36, Due to the fact that
most of the country's lands are exposed to soil
(primary and secondary) erosion and
dehydration, chemical stimuli especially
gibberellic acid as a pretreatment can increase
significantly seed germination and hence can
increase succession of plant recovering in
biological project in arid zone like what
reported by Saberi et al. 371. Hence, this method
serves as a promising step to improve the
germination parameters of the plant in arid and
also semi-arid regions.

Acknowledgments: This study was funded by the
Faculty of Natural Resources, University of Zabol, in
Iran as a MSc dissertation. The authors are grateful
to the university for this generous support.

Ethical Permissions: The case was not found by the
authors.

Conflicts of Interests: The authors declare that they
have no conflicts of interests.

Author’s Contribution: Shahnaz Rafatpour (First

author), Introduction author/Original
researcher/Statistical analyst (25%); Ali Reza
Shahriyari (Second author),

Methodologist/Assistant (23%); Morteza Saberi
(Third author), Assistant/Discussion author (22%);
Mahdiyeh Karvarinasab (Fourth author),
Introduction author/Discussion author (15%);
Farajollah Tarnian (Fifth author) Introduction
author/Discussion author (15%)

Funding/Support: The authors are grateful to
research affairs of university of Zabol for the
financial support (Grant number: UOZ-GR-9618-72).

References

1- Moghimi ]. Introduction of some important rangeland
species suitable for development and improvement of
Iranian rangelands. 1st Edition. Tehran: Arvan Press; 2005.
[Persian]

2- Maraghni M, Gorai M, Neffati M. Seed germination at
different temperatures and water stress levels, and
seedling emergence from different depths of Ziziphus
lotus. South Afr ] Bot. 2017;76(3):453-9.

3- Ashraf M, Foolad MR. Pre-sowing seed treatment-a
shotgun approach to improve germination, plant growth,
and crop yield under saline and non-saline conditions. Adv
Agron. 2005;88:223-71.

4- Baalbaki RZ, Zurayk RA, Bleik MM, Talhouk SN.
Germination and seedling development of drought
tolerant and susceptible wheat under moisture stress.
Seed Sci Technol. 1999;27(1):291-302.



5- Esvand HR. Effect of seed priming on seed old
physiological quality under drought stress wheat grass
[Dissertation]. Tehran: University of Tehran; 2008.
[Persian]

6- Kaur S, Gupta AK, Kaur N. Effect of GA3, kinetin and
indole acetic acid on carbohydrate metabolism in chickpea
seedlings germination under water stress. Plant Growth
Regul. 2000;30(1):61-70.

7- Senaratna T, Touchell D, Bunn E, Dixon K. Acetyl
salicylic acid (Aspirin) and salicylic acid induces multiple
stress tolerance in bean and tomato plants. Plant Growth
Regul. 2000;30(2):157-61.

8- Black M, Bewley ]D. Seed technology and its biological
basis. Boca Raton: CRC Press; 2000.

9- Yuan-Yuan SU, Yong-Jian SU, Ming-Tian WA, Xu-Yi LI,
Xiang GU, Rong HU, et al. Effects of seed priming on
germination and seedling growth under water stress in
rice. Acta Agron Sinica. 2010;36(11):1931-40.

10- Heydariyan M, Basirani N, Sharifi-Rad M, Khmmari I,
Rafat Poor SR. Effect of seed priming on germination and
seedling growth of the caper (capparis spinosa) under
drought stress. Int ] Adv Biol Biomed Res. 2014;2(8):2381-
9.

11- Li ], Yin LY, Jongsma MA, Wang CY. Effects of light,
hydropriming and abiotic stress on seed germination, and
shoot and root growth of pyrethrum (Tanacetum
cinerariifolium). Ind Crop Prod. 2011;34(3):1543-49.

12- Ansari O, Sharifzadeh F. Osmo and hydro priming
improvement germination characteristics and enzyme
activity of Mountain Rye (Secale montanum) seeds under
drought stress. ] Stress Physiol Biochem. 2012;8:253-61.
13- Fang ], Wu F, Yang W, Zhang ], Cia H. Effects of drought
on the growth and resource use efficiency of two endemic
species in an arid ecotone. Acta Ecol Sin. 2012;32(4):195-
201.

14- Kaya MD, Okcu G, Atak M, Cikili Y, Kolsarici O. Seed
treatment to overcome salt and drought stress during
germination in sunflower (Helianthus annuus L.). Eur ]|
Agron. 2006;24(4):291-5.

15- Zhu ZB, Lu WW, Guo QS, Cao YY, Feng S, Ning ZJ.
Impact of priming on seed germination and seedling
growth of Oldenlandia diffusa under drought stress.
Zhongguo Zhong Yao Za Zhi. 2014;39(8):1391-5. [Chinese]
16- Alvani F, Dianati Tilaki GA, Sadati E. The effects of seed
priming with ascorbic acid on seed germination and
morphological traits of Taverniera cuneifolia under
drought stress. ] Rangel Sci. 2018;8(3):264-71.

17- Shatpathy P, Kar M, Kumar Dwibedi SK, Dash A. Seed
priming with salicylic acid improves germination and
seedling growth of rice (Oryza sativa L.) under PEG-6000
induced water stress. Int ] Curr Microbiol Appl Sci.
2018;7(10):907-24.

18- Pinheiro CL, Araujo HT, De Brito SF, Da Silva Maia M,
Da Silvia Viana ], MedeirosFilho S. Seed priming and
tolerance to salt and water stress in divergent grain
sorghum genotypes. Am ] Plant Sci. 2018;9(9):606-16.

19- Michel BE, Kaufmann MR. The osmotic potential of
polyethylene glycol 6000. Plant Physiol. 1973;51(5):914-
6.

20- Kaya MD, Okcu G, Atak M, Cikili Y, Kolsariar O. Seed
treatments to overcome salt and drought stress during
germination in sunflower (Helianthus annuus L.). Europ ]

Agron. 2006;24(4):291-5.

21- Agarwal PK. Techniques in seed (science and
technology). New Delhi: South Asian Publishers; 1995.

22- Aman Publishing House. Seed technology. 2nd Edition.
New Delhi: Aman Publishing House; 2011.

23- Ramazani GM, Taghvaei M, Masoudi M, Riahi A,
Behbahani N. The evaluation of drought and salinity
effects on germination and seedling growth caper
(Capparis spinosa). ] Rangel. 2009;2(4):411-20. [Persian]
24- Tobe K, Li X, Omasa K. Seed germination and radicle
growth of a  halophyte, Kalidium capsicum
(Chenopodiaceae). Anno Bot. 2000;85(3):391-6.

25- Afzal 1. Seed enhancements to induced salt tolerance in
wheat (Triticum aestivum L.) [Dissertation]. Pakistan:
University of Agriculture Faislabad; 2005.

26- Bayoumi TY, Eid MH, Metwali EM. Application of
physiological and biochemical indices as a screening
techniques for drought tolerance in wheat genotypes. Afr |
Biotechnol. 2008;7(14):2341-52.

27- Kafi Falavarjani FM, Nezami A, Hosseini H, Masomi A.
Physiological effects of drought stress by polyethylene
glycol on germination of lentil (lens culinaris medik.)
genotypes. Iran ] Field Crop Res. 2005;3(1):69-80.
[Persian]

28- Zeng Y], Wang YR, Zhang JM. Is reduced seed
germination due to water limitation a spatial survival
strategy used by xerophytes in arid dunes?. ] Arid Environ.
2010;74(4):508-11.

29- Zare S, Tavili A, Shahbazi A, Riyahi A. The Effect of
different salicylic acid concentrations on improved
germination characteristics of sanguisorba minor L. under
salt and drought stress. Iran | Nat Resour. 2010;63(1):29-
39. [Persian]

30- Netondo GW, Onyango JC, Beck E. Sorghum and
salinity: I response of growth, water relation, and ion
accumulation to NaCl salinity. Crop Sci. 2004;44(3):797-
805.

31- Hsu JL, Sung JM. Antioxidant role of glutathione
associated with accelerated aging and hydration of triploid
Watermelon seeds. Physiol Plant. 1997;100(4):967-74.

32- Mauromicale G, Cavallaro VA. Comparative study of
the effects of different compounds on priming of tomato
seed germination under suboptimal temperatures. Seed
Sci Technol. 1997;25(3):399-408.

33- Cirak C, Ayan AK, Kevseroglu K. The effects of light and
some presoaking treatments on germination rate of st.
John’s worth (Hypericum perforatum L.) seeds. Pak ] Biol
Sci. 2004;7(2):182-6.

34- Demiral T, Tiirkan I. Comparative lipid peroxidation,
antioxidant defense systems and proline content in roots
of two rice cultivars differing in salt tolerance. Environ
Exp Bot. 2005;53(3):247-57.

35- Nun NB, Plakhine D, Joel D, Mayer AM. Changes in the
activity of the alternative oxidase in Orobanche seeds
during conditioning and their possible physiological
function. Phytochemistry. 2003;64(1):235-41.

36- Smirnoff N. The function and metabolism of ascorbic
acid in plants. Ann Bot. 1996;78:661-9.

37- Saberi M, Niknahad-Gharmakhe H, Heshmati G, Barani
H, Shahriari AR. Effects of different drought and salinity
levels on seed germination of citrullus colocynthis.
Ecopersia. 2017;5(3):903-1917.



	1358
	Shariyari-Text



