Turkish Journal of Range and Forage Science, 2023, 4(1): 43-52

Research

Turkish Journal of Range and Forage Science
https://dergipark.org.tr/tr/pub/turkjrfs

Exogenous Salicylic Acid Application During Germination of Silage

Maize (Zea mays L.) Exposed to PEG-Induced Drought Condition

Mehmet ARSLAN!"

Tugba Hasibe GOKKAYA!

'Department of Field Crops, Faculty of Agriculture, Akdeniz University, Antalya, Tiirkiye

A RTICLE

I NFO

ABSTRACT

Received 13/04/2023
Accepted 25/06/2023

Keywords:

Drought
Germination
Salicylic acid
Silage maize

The aim of study was to investigate the effects of salicylic acid on germination
and seedling parameters of maize cultivars (Zea mays L.) under drought stress
conditions. The research was carried out in a factorial experiment design with four
replications in random blocks. In this study, three different silage maize cultivars
were used (Side, Pehlivan and Burak). Drought conditions were established using
Polyethylene glycol-6000 (PEG-6000) at three different levels (0.-0.4 MPa and -
0.8 MPa). Salicylic acid applications were calculated at three different doses of
0-0.1-0.2 mM. The parameters examined in Side cultivar gave superior results
exposed to drought conditions compared to other cultivars. Differences were
determined in the response of maize cultivars to drought stress, and statistically
noteworthy diminishes were also observed as the drought level enhanced. It was
displayed that salicylic acid applications generally boosted germination and
seedling parameters exposed to drought conditions compared to control. The
maximum shoot lenght was detected at 0.2 mM SA dose with 2.30 cm but that
did not exhibit significant numerical differences. SA applications, on the other
hand, did not have an effect on root length. Moreover, the best result of shoot
fresh weight was recorded in 0.1 mM SA application, as root fresh weight gave
the best in 0.2 mM SA application. Furthermore, when a correlation is made
between the specified parameters, the highest relation was markedly positive and
linked between GR and GI (r: 0.99, p<0.01). In this study, it was found that the
growth deficiency that may occur under drought stress conditions that maize seeds
may encounter during the germination period can be reduced and even improved
by salicylic acid applications.

1. Introduction

Water restriction stress is a universal matter,
restricting crop fertility and the last climate change
scenarios got it more essential and imperiled food
security (Abd El-Mageed et al., 2016). Water
restriction is also in the substantial restrictions
impressing product productivity (Anjum et al.,

*Correspondence author: mehmetarslan@akdeniz.edu.tr

2011) and yield comprising significant cereals
(Golbashy et al., 2010; Joshi et al., 2016;
Hasanuzzaman et al., 2020). Drought conditions
induce physiological, biochemical, and molecular
modifications in plants (Shao et al.,, 2009),
influencing cereal metabolism, growth, and yield
fertility (Paupi ere et al., 2014; Liang et al., 2020).

Water deficit seriously impresses plant
physiology, modifying processes, such as osmotic
potential, stomatal conductance (Brilli et al., 2019),
carboxylation efficiency, photosynthesis rate (Wu
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et al., 2020; Xu et al., 2020), water potential (Taiz
and Zieger, 2002), transpiration rate, growth (Sattar
et al., 2021; Chakma et al., 2021), germination
(Gokkaya and  Arslan, 2023) osmolyte
accumulation, and the statement of specific genes
(Furlan et al., 2012; Abid et al., 2018).
Furthermore, below in  vitro situations,
Polyethylene glycol (PEG), a non-ionic water
polymer, is not anticipated to pass through plant
tissue rapidly, is completely utilized to cause water
stress (Macar et al., 2009). Since PEG does not go
into the apoplast, water is drawn from the cell wall.
Therefore, PEG solutions imitate dry soils in well
than the others which infiltrate the cell wall
(Verslues et al., 1998).

The damage extent to the physiological, cellular
and molecular responses of plants to drought stress
varies depending on the plant growth stage. Seed
germination is the most noteworthy biological
processes in the plant varieties cycle and
immensely susceptible to its existing environment.
Successful seed germination mostly affects the
yield favorably. In addition as known, weak
germination is common cause of decrease in plant
yield in arid and semi-arid areas (Shatpathy et al.,
2018; Yilmaz and Kizilgegi, 2022).

Successful planting of normal seedlings,
particularly under unfavorable environmental
situations, is immediately addicted on the balanced
synthesis of plant hormones (Gharbi et al., 2018;
Shatpathy et al., 2018). These hormones, which are
synthesized endogenously in plants, are considered
as defense function compounds (Mohaddes
Ardebili et al. 2019) and those that reduce lipid
peroxidation (Nazari et al. 2020) in stress
situations. External application of plant hormones
is one of the most widely used techniques to reduce
the effects of environmental stress on germination
(Eisvand et al. 2010; Hajiabbasi et al. 2020).

Salicylic acid (SA) functions in the regulation of
various physiological processes in plants
(Shakirova et al., 2003). These tasks are to evolve
plant growth (Metwally et al., 2003; Khodary,
2004, Wang et al., 2013), transpiration rates,
stomatal regulation and photosynthesis (Khan et
al., 2003), ion uptake and transport (Gunes et al.,
2005), flowering and protein synthesis (Zaki and
Radwan, 2011; Ullah et al., 2012), inhibition of
ethylene synthesis (Ghassemi-Golezani et al.,
2015) especially in drought conditions (Latif et al,
2016).

Selection and breeding is known to be essential
to produce stress tolerant crop plants, but besides,

exogenous application of osmoprotectants, growth
promoting compounds to plants has been
considered as a temporary solution to mitigate the
negative effects of different stresses on plants in the
last decade. The aim of study was to conducted
with the effects of salicylic acid on germination and
seedling parameters of maize (Zea mays L.) under
drought stress conditions.

2. Material and Methods

This experiment was carried out in the forage
crops laboratory, Department of Field Crops,
Akdeniz University, Turkey during the autumn of
2022. The maize (Zea mays L.) seeds were
obtained from Western Mediterranean Agricultural
Research Institute. Three varieties were selected as
Side, Pehlivan and Burak, that were provided as
genetic material, that materials were harvested in
2022. Ten seeds from each cultivar were chosen
and placed in 9 mm petri dishes, two Whatman
filter papers were lined in. The petri dishes were
settled in a growth chamber at 20 °C under
photoperiodic condition 16 hours light 8 hours
dark. The experiment was carried out in four
replications with factorial arrangement according
to the randomized blocks design. Observations
were recorded daily. Three drought stress levels
causing 0, -0.4 MPa and -0.8 MPa were calculated
by the equation of Michel and Merrill (1973) using
PEG 6000 concentration. Salicylic acid was
administered at doses of 0-0.1-0.2 mM due to its
therapeutic effect. 10 ml of solution was used for
moistening in each application. The study ended on
the seventh day.

Germinatcion tests were carried out according
to ISTA rules (2017). The seed of germination
(MGT) was calculated using formulas described by
Majda et al. (2019). Germination rate (GR) was
calculated according to Xia et al. (2019).
Germination index (GI) and seedling vigor index
(SVI) were counted by the method of Xia et al.
(2019). The root/shoot ratio (R/S ratio) was
calculated as the following equation (Shtaya et al.,
2021).

MGT(day):Z number of seeds germinated on the ith day (1)

number of days to count the nthday
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number of germinated seed 2
GR(%)= g /100 2)
total number of seed tested
GI_Z the number of germinated seeds in day (3)
day of counting seed germination
SVI_germination percentagexaverage seedling lenght (4)
100
. _rootslenght 5
R/S ratio—————£— (5)

shoot lenght

Data obtained for the investigation subjected to
analysis variance using R (ANOVA) and means were
compared by one-way ANOVA and post hoc test of
Duncan in the agricolae, which differed significantly at
0.05 levels. (4.3.19) package program.

3. Results and Discussion

According to variance analysis of the plant
growth parameters of maize cultivars exposed to
drought conditions with effects of salicylic acid
application and were given in Table 1 and Table 2.

Based on variance analysis, maize cultivars
gave a statistically noteworthy effect on

experimental parameters except MGT, GR and GI
(p<0.01). Similarly, boosting drought conditions
substantially affected the growth parameters
(p<0.01), yet only root fresh weight was
significantly influenced (p<0.05) except mean
germination time, germination rate, germination
index, seedling vigor index. Moreover, increasing
salicylic acid application caused notable (p< 0.01)
effect on root length. The mean germination time,
shoot length, root fresh weight and root/shoot ratio
were noteworthy influenced by the cultivars and
enhancing drought level interactions. Closely,
cultivars and increasing salicylic acid doses caused
a statistically (p<0.01) substantial change in
germination and growth parameters of maize.
Enhancing drought and salicylic acid interaction
conditions showed a meanful effect on parameters
examined in the study, except root parameters.
Furthermore, that application interactions did not
cause a statistically noteworhty change in the SVI
and RL. (Table 1 and 2).

Table 1. Results of variance analysis on germination and growth parameters of salicylic acid doses in maize cultivars

exposed to drought stress levels

Mean

Seedling

Source of o Germination Germination . Shoot Root

. df Germination Vigor
Variance . Rate Index Length Length

Time Index

C 2 0.44 94.52 49.86 14.10%* 15.36%* 126.22%*
DL 2 1.63 499.60 743.85 0.31 29.93%* 11.21*
SA 2 2.71 545.83 836.50 0.43 0.924 15.71%*
C*DL 4 2.61*% 391.60 575.75 0.32 3.15%* 6.42
C*S 4 4.07** 680.96** 1038.65%* 0.63%* 3.90%* 18.01%**
DL*SA 4 3.45% 744.63** 1066.59** 0.35* 1.41%** 0.82
C*DL*SA 8 2.35% 487.58* 698.43* 0.19 2.73%* 3.29

*Significant at the 0.05 probability level.**Significant at the 0.01 probability level. (Cultivar: C, Drought level: DL, Salicylic acid: SA)

Table 2. Results of variance analysis on growth parameters of salicylic acid doses in maize cultivars exposed to drought

stress levels

Source of df Shoot Fresh Root Fresh Total Root/
Variance Weight Weight Biyomass Shoot Rate
C 2 4704.56** 48207.30** 88454.20** 35.20%*
DL 2 58221.45%* 15150.19* 110460.07** 47.71%*
SA 2 2181.80 4529.44 6267.86 1.31
C*DL 4 1675.62 9297.07* 13173.95 14.38%*
C*S 4 5424.96** 13991.86** 26207.77** 5.95%
DL*SA 4 3367.59** 7564.95 17746.17* 8.99%#*
C*DL*SA 8 7122.54%* 6931.35* 22977.06** 8.24**

*Significant at the 0.05 probability level.**Significant at the 0.01 probability level. (Cultivar: C, Drought level: DL, Salicylic acid: SA)
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Figure 1. Effects of salicylic acid doses on growth of maize cultivars under drought conditions (Shoot length:
SL, Root length: RL, Shoot fresh weight: SFW, Root fresh weight: RFW).

The effects of salicylic acid doses on
germination and growth of maize cultivar exposed
to drought stress were given in Figure 1 and Table
3. In this experiment investigated on silage maize
cultivars, a distinction was recorded as expected.
The unfavorable effects of drought stress on the
growth, improving, and yield of maize is attached
to the intensity of water deficit, growth stage and
genotype (Ghassemi-Golezani et al. 2018).

In general, the best results were obtained in the
Side cultivar. In this cultivar, shoot lenght was
found almost half times higher than the others.
Moreover, the root lengths were determined to be
much longer than the shoot lengths. And, the root
lengths were determined to be much longer than the
shoot lengths. When examined in terms of fresh

weight, the lowest averages were detected in
Pehlivan, as expected based on observations of
their length (Figure 1). The responses of the
cultivars under stress conditions differ in terms of
the parameters studied (Vishnupradeep et al., 2022)

Side was observed as an major cultivar from the
standpoint of both component characteristics and
germination speed, cause its mean germination
time was the maximum. Germination rate and
germination index were determined close and did
not show a statistically substantial difference. It
was stated that the difference between the root and
shoot lengths of the Burak cultivar was high and
therefore the R/S ratio was the highest,
nevertheless the lowest total weight was found in
this cultivar (Table 3).

Table 3. The effects of salicylic acid doses on growth parameters of maize cultivars exposed to drought stress levels

o Germination Germination . . Root/ Total
. Mean Germination Seedling Vigor .
Cultivars Time (day) Rate Index Tndex (%) Shoot Biyomass
C (%) (%) : Rate  (mg)
Side 5.71 83.80 100.00 2.46a 2.66b 201.33a
Pehlivan 5.93 80.56 99.99 2.45a 2.08b 103.96b
Burak 5.88 82.18 97.96 1.37b 4.01a 168.76a

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.

The germination and growth parameters of
maize cultivars under drought stress were
displayed in Figure 2 and Table 4. As predicted,
whilst the means were recorded at the superiorly in
the control application, it was determined as the
least in the PEG application at the dose of -0.8
MPa. The drought levels boosted as the growth
declined. Some symptoms of drought stress lead to
diminished leaf water content, loss of turgor

pressure and stomatal closure, resulting in
decreased cell and plant growth (Estaji and Niknam
2020). These negative effects adversely affect
germination.

The parameters most affected by PEG-induced
drought stress were noted as shoot length and fresh
weight. Notwithstanding no large numerical
difference was recorded in root lengths, it was
found to be statistically noteworthy. Moreover, the
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maximum and minimum root fresh weight were
obtained as 110.12 and 70.80 mg, respectively
(Figure 1). The decreasing results of experiment
were similar to the studies on plant height (Ye et

SL RL
0 Mpa
6 a
5
4
a
8
2
1
o
{ b
b a
0.8 Mpa 0.4 Mpa

al., 2016), fresh weight (Ghazi 2017; Shemi et al.,
2021; Naz et al., 2021), root lenght (Bijanzadeh et
al., 2019; Tanveer et al., 2023; Baltacier et al.,
2023).
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Figure 2. Effects of drought conditions on growth of maize cultivars (Shoot length: SL, Root length: RL,
Shoot fresh weight: SFW, Root fresh weight: RFW).

Table 4. The growth parameters of maize cultivars exposed to salinity

Drought Level Mean. . Germination Germination Seedling Vigor Root/ Total Biyomass
(MPa) G.ermmatlon Rate Index Index Shoot (mg)
Time (day) (%) (%) (%) Rate
0 MPa 5.73 86.34a 104.39a 2.20 1.82¢ 214.78¢
-0.4 MPa 5.70 79.17b 95.60b 2.02 2.81b 155.16b
-0.8 MPa 6.08 81.02ab 97.95ab 2.20 4.12a 104.11c

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.

Interestingly, germination time was detected
close to non-drought conditions with PEG at -0.4
MPa level, and even a little faster mean
germination time in drought condition. On the
contrary, the slowest germination was observed at
the level of -0.8 MPa. The negative effects of
drought conditions on plant growth criteria were
determined, even the root/shoot ratio was
approximately one in non-drought stress
conditions, as it enhanced fourfold in the drought
highest dose. Furthermore, this was another proof
that the roots lengthen meanwhile the trunk
shortens under stress conditions (Table 4). Droght
produced a extraordinary reduction in germination
percentage (Yilmaz and Kizilgegi, 2022),
germination index and seedling vigor index
compared to control. Similar results of drought
stress on germination were noted by Shatpathy et
al. (2018), Ilyas et al. (2020) and Tanveer et al.,
(2023).

The corrective effect of low salicylic acid doses
on maize cultivars germination and growth
exposed to drought stress conditions were
exhibited in Figure 3 and Table 5. The supreme
means were obtained at 0.2 mM SA level. It was
displayed that low doses impressed the growth
criteria. The maximum shoot length was detected
at 0.2 mM SA dose with 2.30 cm but that did not
exhibit significant numerical differences. SA
applications, on the other hand, did not have an
effect on root length. Moreover, the best result of
shoot fresh weight was recorded in 0.1 mM SA
application, as root fresh weight gave the best in 0.2
mM SA application (Figure 3). The curative effect
of salicylic acid in drought conditions was
determined close to this research (Ghazi, 2017;
Koo et al., 2020; Sohang et al., 2020; Shemi et al.,
2021).
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Figure 3. Effects of salicylic acid doses on growth of maize cultivars (Shoot length: SL, Root length: RL,
Shoot fresh weight: SFW, Root fresh weight: RFW).

Table 5. The effects of salicylic acid doses on growth parameters of maize cultivars

Salicylic acid Mean Germination Germination Germination Seedling Vigor 1;1(1) Ot/t Total

(mM) Time (day) Rate (%) Index (%) Index (%) Raft)eo Biyomass (mg)
0 mM 5.99 85.19a 103.11a 2.19a 3.06 145.95

0.1 mM 6.00 83.57ab 100.94ab 2.12ab 2.70 156.00

0.2 mM 5.52 77.78b 93.89b 1.97b 3.00 172.10

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.

SA applications did not have much effect on
mean germination time, germination time was
found to be 5.84 days on average. The highest GR
and GI levels occurred without SA administration.
Moreover, the root/shoot ratios were not
statistically different in general and were found to
be approximately as 3 (Table 5). The application of
low doses of salicylic acid reduces the effect of

inhibiting germination in drought conditions, is
also supported by other studies (Miura and Tada,
2014; Kulak et al., 2021). Salicylic acid increases
water absorption in seeds. The use of salicylic acid
prevented the destructive effects of drought stress
on germination (Shatpathy et al., 2018; Bahrabadi
et al., 2022) and growth (Tanveer et al., 2023;
Sohang et al., 2020).

Table 6. Correlation of germination and growth parameters in maize cultivars

MGT GR GI SVI RL R/L SFW RFW
GR 0.891**
Gl 0.899**  (0.995**
SVI 0.558**  0.622**  0.662**
SL -0.168 0.044 0.024 0.177
RL 0.122 0.273**  0.219* 0.100 0.412%*
R/L 0.207* 0.095 0.068 -0.226*  -0.518**  0.327*
SFW  -0.077 0.124 0.100 0.090 0.790**  0.308**  -0.491**
RFW  -0.076 0.079 0.037 -0.119 0.500**  0.580**  -0.069 0.526**
1B -0.008 0.183 0.151 0.072 0.685**  0.552**  -0.267**  0.791**  0.854**

*Significant at the 0.05 probability level.**Significant at the 0.01 probability level. (Mean germination time: MGT, Germination Rate: GR,
Germination index: GI, Seedling Vigor index: SVI, Shoot length: SL, Root length: RL, Root/shoot rate:R/S, Shoot fresh weight: SFW, Root fresh

weight: RFW, Total biomass: TB).
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The values of Pearson’s correlation coefficients
between germination and growth parameters of
salicylic acid doses in maize cultivars exposed to
drought stress levels were given in Table 6. RL had
the most association with other parameters. The
maximum relation was markedly positive and
linked between GR and GI (r: 0.99, p<0.01). MGT
was positively correlated with GR (0.891*%), GI
(0.899**), SVI (0.558**) and R/L (0.207%).
Similarly, GR observed noteworthy positive
correlations with GI, SVI and RL (p<0.01). In
addition, a strong positive correlation was
determined between GI and SVI (r: 0.662, p<0.01)
and also moderate relation was reported between
GI and RL (0.219%). Moreover, SL showed high
positive association with RL, SFW, RFW and TB.
Obviously, it substantially negatively correlated
with R/L. That parameter did not have any
significant ~ correlation =~ with ~ germination
parameters. Furthermore, R/L, SFW, RFW and TB
exhibited strong relation with RL. A marked
negative correlation was detected between SFW
and TB. And also, RFW and TB showed
noteworthy with SFW (p<0.01, Table 6).

4. Conclusion

As conclusion, PEG-6000 induced drought
stress reduced germination and growth parameters.
And, cultivars also were found to be different
responses. The parameters examined in Side
cultivar gave superior results exposed to drought
conditions compared to other cultivars.
Furthermore, noted that salicylic acid applications
produced an boost in the parameters investigated
under improving drought conditions. Thereby,
thought that the different levels of drought and
salicylic applications effect applied in the
experiment on growth during the germination
period may be beneficial for future research.

Acknowledgements

This experiment was conducted Forage Crops
Laboratory of the Field Crops Department of
Akdeniz University. The silage maize cultivars
(Zea mays L.) obtained from the Western
Mediterranean Agricultural Research Institute.

Researchers Contribution Rate Declaration
Summary

The authors declared that they have contributed
to the article equally. All authors discussed the
results and contributed to the final manuscript.

Statement of Conflict of Interest
Author has declared no conflict of interest.
References

Abd El-Mageed, T.A., El-Sherif, AM.A., Ali, M.M., &
Abd El-Wahed, M.H. (2016). Combined effect
of deficit irrigation and potassium fertilizer on
physiological response, plant water status and
yield of soybean in calcareous soil. Arch.
Agron. Soil Sci., 63, 827-840.
https://doi.org/10.1080/03650340.2016.124036
3.

Abid, M. Alj, S. Qi, L.K. Zahoor, R. Tian, Z. Jiang, D.
Dai, T. (2018). Physiological and biochemical
changes during drought and recovery periods at
tillering and jointing stages in wheat (7riticum
aestivum L.). Sci. Rep., 8(1), 1-15, 10.1038/
s41598-018-21441-7.

Anjum, S.A., Xie, X., Wang, L., Saleem. M.F., Man, C.,
& Lei, W. (2011). Morphological,
physiological and biochemical responses of
plants to drought stress. African Journal of
Agricultural Research, 6,2026-2032.

Bahrabadi, E., Tavakkol Afshari, R., Mahallati, M. N.,
& Seyyedi, S. M. (2022). Abscisic, gibberellic,
and salicylic acids effects on germination
indices of corn under salinity and drought
stresses. Journal of Crop Improvement, 36(1),
73-89.

Baltacier, G., Donat, S., & Acar, O. (2023). The effects
of exogenous salicylic acid and strigolactone
applications on seedling growth and antioxidant
activity in tomato seedlings under short-term
drought stress. Journal of the Institute of
Science and Technology, 13(1), 89-101.

Bijanzadeh, E., Naderi, R., & Egan, T.P. (2019).
Exogenous application of humic acid and
salicylic acid to alleviate seedling drought
stress in two corn (Zea mays L.) hybrids.
Journal of Plant Nutrition, 42(13), 1483-1495.

Brilli, F., Pollastri, S., Raio, A., Baraldi, R., Neri, L.,
Bartolini, P., Podda, A., Loreto, F., Maserti,
B.E., & Balestrini, R. (2019). Root colonization
by Pseudomonas chlororaphis primes tomato
(Lycopersicum esculentum) plants for enhanced
tolerance to water stress. J. Plant Physiol., 232,
82-93.

49



Turkish Journal of Range and Forage Science, 2023, 4 (1): 43-52

Chakma, R., Biswas, A., Saekong, P., Ullah, H., &
Datta, A. (2021). Foliar application and seed
priming of salicylic acid affect growth, fruit
yield, and quality of grape tomato under
drought stress. Scientia Horticulturae, 280,
109904.

Eisvand, H. R., Tavakkol Afshari, R., Sharifzadeh, F.,
Maddah Arefi, H., & Hesamzade-hejazi, S. M.
(2010). Effects of hormonal priming and
drought stress on activity and isozyme profiles
of antioxidant enzymes in deteriorated seed of
tall wheatgrass (Agropyron elongatum Host).
Seed Science and Technology, 38(2), 280-297.
doi:10.15258/ sst.2010.38.2.02.

Estaji, A., & Niknam, F. (2020). Foliar salicylic acid
spraying effect on growth, seed oil content, and
physiology of drought-stressed  Silybum
marianum L. Agricultural Water Management,
234, 106-116.

Furlan, A., Llanes, A., Luna, V., & Castro, S. (2012).
Physiological and biochemical responses to
drought stress and subsequent rehydration in
the symbiotic association peanut
Bradyrhizobium sp. Int. Sch. Res. Not. 318083,
https://doi.org/ 10.5402/2012/318083.

Gharbi, E., Lutts, S., Dailly, H., & Quinet, M. (2018).
Comparison between the impacts of two
different modes of salicylic acid application on
tomato (Solanum lycopersicum) responses to
salinity. Plant Signaling & Behavior, 13(5),
1469361. doi:10.1080/
15592324.2018.1469361.

Ghassemi-Golezani, K. & Lotfi, R. (2015). The impact
of salicylic acid and silicon on chlorophyll a
fluorescence in mung bean under salt stress.
Russian Journal of Plant Physiology, 62, 611-
616.

Ghassemi-Golezani, K., Heydari, S., & Dalil, B. (2018).
Field performance of maize (Zea mays L.)
cultivars under drought stress. Acta
agriculturae Slovenica, 111, 25-32.

Ghazi, D. (2017). Impact of drought stress on maize
(Zea mays) plant in presence or absence of
salicylic acid spraying. Journal of Soil Sciences
and Agricultural Engineering, 8(6), 223-229.

Golbashy, M., Ebrahimi, M., Khorasani, S.K., &
Choukan, R. (2010). Evaluation of drought
tolerance of some corn (Zea mays L.) hybrids in
Iran. Afr. J. Agric. Res, 5,2714-2719.

Gokkaya, T. H., & Arslan, M. (2023). The Boron
Application Effects on Germination and
Seedling Parameters of Sorghum Cultivars
[Sorghum bicolor (L.) Moench] in Drought.
Yuzuncu Yil University Journal of Agricultural
Sciences, 33(1), 140-149.

Gunes, A., Inal, A., Alpaslan, M., Cicek, N., Guneri, E.,
Eraslan, F., & Guzelordui T. (2005). Effects of
exogenously applied salicylic acid on the

induction of multiple stress tolerance and
mineral nutrition in maize (Zea mays L.). Arch.
Agron. Soil Sci., 51, 687-695.

Hajiabbasi, M., Tavakkol Afshari, R., Abbasi, A., &
Seyyedi. S.M. (2020). Germination and gene
expression as affected by aminocyclopropane-
1-carboxylic acid in deteriorated soybean seed.
Journal of Crop Improvement, 34(4), 505-517.
doi:10.1080/ 15427528.2020.1737612.

Hasanuzzaman, M., Bhuyan, M. H. M., Zulfiqar, F.,
Raza, A., Mohsin, S. M., Mahmud, J. A. &
Fotopoulos, V. (2020). Reactive oxygen species
and antioxidant defense in plants under abiotic
stress: revisiting the crucial role of a universal
defense regulator. Antioxidants, 9(8): 681.

Ilyas, N., Mumtaz, K., Akhtar, N., & Yasmin, H.R.S.
(2020). Exopolysaccharides producing bacteria
for the amelioration of drought stress in wheat.
Sustainability, 12, 8876.

ISTA, (2017). International for Seed Testing Rules.
International Seed Testing Association, Zurich,
Switzerland.

Joshi, R., Wani, S.H., Singh, B., Bohra, A., Dar, Z.A.,
Lone, A.A., Pareek, A., & SinglaPareek, S.L.
(2016). Transcription factors and plants
response  to  drought stress:  current
understanding and future directions. Front.
Plant Sci., 7, 1029.

Khan, W., Prithiviraj, B., & Smith. D.L. (2003).
Photosynthetic responses of corn and soybean
to foliar application of salicylates. J. Plant
Physiol., 160, 485-492.

Khodary, S.E.A. (2004). Effect of salicylic acid on the
growth, photosynthesis and carbohydrate
metabolism in salt-stressed maize plants. /ntl. J.
Agri. Biol., 6, 5-8.

Koo, Y.M., Heo, A.Y., & Choi, H.W. (2020). Salicylic
acid as a safe plant protector and growth
regulator. Plant Pathol. J, 36, 1-10.
https://doi.org/10.5423/PPJ.RW.12.2019.0295.

Kulak, M., Jorrin-Novo, J. V., Romero-Rodriguez, M.
C., Yildirim, E. D., Gul, F., & Karaman, S.
(2021). Seed priming with salicylic acid on
plant growth and essential oil composition in
basil (Ocimum basilicum L.) plants grown
under water stress conditions. Industrial Crops
and Products, 161, 113235.

Latif, F., Ullah, F., Mehmood, S., Khattak, A., Khan, A.
U., Khan, S., & Husain, 1. (2016). Effects of
salicylic acid on growth and accumulation of
phenolics in Zea mays L. under drought stress.
Acta Agriculturae Scandinavica, Section B-Soil
& Plant Science, 66(4), 325-332.

Liang, M., Gao, Y., Mao, T., Zhang, X., Zhang, S.,
Zhang, H., & Song, Z. (2020). Characterization
and expression of KT/HAK/KUP transporter
family genes in willow under potassium

50



Turkish Journal of Range and Forage Science, 2023, 4 (1): 43-52

deficiency, drought, and salt stresses. BioMed.
Res. Int., 2690760,
https://doi.org/10.1155/2020/2690760.

Macar, T. K., Turan, O., & Ekmekci, Y. (2009). Effects
of Water Deficit Induced by PEG and NaCl on
Chickpea (Cicer arietinum) Cultivars and Lines
at Early Seedling Stages. Gazi University
Journal of Science, 22(1): 5-14.

Majda, C., Khalid, D., Aziz, A., Rachid, B., Badr, A.S.,
Lotfi, A., & Mohamed, B. (2019). Nutri-
priming as an efficient means to improve the
agronomic performance of molybdenum in
common bean (Phaseolus vulgaris L.). Science
of the Total Environment, 661, 654-663.

Metwally, A., Finkemeier, 1., George M., & Dietz. K.
(2003). Salicylic acid alleviates the cadmium
toxicity in barley seedlings. Plant Physiol., 132,
272-281.

Michel, E. B. & Merrill, R. K. (1973). The osmotic
potential of polyethylene glycol 60001. Plant
Physiol., 51,914-916.

Miura, K., & Tada, Y. (2014). Regulation of water,
salinity, and cold stress responses by salicylic
acid. Front. Plant Sci. 5, 4,
https://doi.org/10.3389/1pls.2014.00004.

Mohaddes Ardebili, Z., Abbaspour, H., Tavakkol
Afshari, R., & Nabavi Kalat. S.M. (2019).
Evaluation of germination and antioxidant
activity in GA3-primed deteriorated wheat
seed. Russian Journal of Plant Physiology,
66(6), 958-965. doi:10.1134/
S1021443719060025.

Naz, R., Sarfraz, A., Anwar, Z., Yasmin, H., Nosheen,
A., Keyani, R., & Roberts, T. H. (2021).
Combined ability of salicylic acid and
spermidine to mitigate the individual and
interactive effects of drought and chromium
stress in maize (Zea mays L.). Plant Physiology
and Biochemistry, 159, 285-300.

Nazari, R., Parsa, S., Tavakkol Afshari, R., Mahmoodi,
S., & Seyyedi, S. M. (2020). Salicylic acid
priming before and after accelerated aging
process increases seedling vigor in aged
soybean seed. Journal of Crop Improvement,
34(2), 218-237. doi:10.1080/
15427528.2019.1710734.

Paupi‘ere, M.J., Van Heusden, A.W., & Bovy, A.G.
(2014). The metabolic basis of pollen thermo-
tolerance:  perspectives  for  breeding.
Metabolites, 4(4), 889-920,
https://doi.org/10.3390/metabo4040889.

Sattar, A., Ul-Allah, S., [jaz, M., Sher, A., Butt, M.,
Abbas, T. & Alharbi, S.A. (2021). Exogenous
application of strigolactone alleviates drought
stress in maize seedlings by regulating the
physiological and antioxidants defense
mechanisms. Cereal Research
Communications, 1-10.

Shakirova, F.M., Sakhabutdinova, A.R., Bezrukova,
M.V., Fatkhutdinova R.A., & Fatkhutdinova,
D.R. (2003). Changes in the hormonal status of
wheat seedlings induced by salicylic acid and
salinity. Plant Sci., 164: 317-322.

Shao, H.B., Chu, L.Y., Jaleel, C.A., Manivannan, P.,
Panneerselvam, R., & Shao, M.A. (2009).
Understanding water deficit stress-induced
changes in the basic metabolism of higher
plants biotechnologically and sustainably
improving agriculture and the ecoenvironment
in arid regions of the globe. Critical Review of
Biotechnology, 29, 131-151.

Shatpathy, P., Kar, M., Dwibedi S.K., & Dash, A.
(2018). Seed Priming with Salicylic Acid
Improves Germination and Seedling Growth of
Rice (Oryza sativa L.) under PEG-6000
Induced Water Stress. International Journal of
Current Microbiology and Applied Sciences,
7(10), 907-924. doi:
https://doi.org/10.20546/ijcmas.2018.710.101.

Shemi, R., Wang, R., Gheith, E. S., Hussain, H. A.,
Hussain, S., Irfan, M., ... & Wang, L. (2021).
Effects of salicylic acid, zinc and glycine
betaine on morpho-physiological growth and
yield of maize under drought stress. Scientific
Reports, 11(1), 1-14.

Shtaya, M.J., Al-Fares, H., Qubbaj, T., Abu-Qaoud, H.,
& Shraim, F. (2021). Influence of salt stress on
seed germination and agromorphological traits
in chickpea (Cicer arietinum L.). Legume
Research-An International Journal, 44(12),
1455-1459.

Sohang, A.A.M. Tahjib-Ul-Arif, M. Brestic, M. Afrin,
S. Sakil, M. A. Hossain, M.T. & et al. (2020).
Exogenous salicylic acid and hydrogen
peroxide attenuate drought stress in rice. Plant
Soil Environ., 66, 7-13.

Taiz, L., & Zeiger, E. (2002). Plant physiology. 3rd ed.
Sunderland, MA: Sinauer Associates.

Tanveer, S., Akhtar, N., Ilyas, N., Sayyed, R.Z.,
Fitriatin, B.N., Perveen, K., & Bukhari, N.A.
(2023). Interactive effects of Pseudomonas
putida and salicylic acid for mitigating drought
tolerance in canola (Brassica napus L.).
Heliyon. e14193.

Ullah, F., Bano, A., & Nosheen, A. (2012). Effects of
plant growth regulators on growth and oil
quality of canola (Brassica napus L.) under
drought stress. Pak. J. Bot., 44, 1873-1880.

Verslues, P.E., Ober, E.S., & Sharp, R.E. (1998). Root
growth and oxygen relations at low water
potentials, impact of oxygen availability in
polyethylene  glycol  solutions.  Plant
Physiology, 116(4), 1403-1412.

Vishnupradeep, R., Bruno, L.B., Taj, Z., Karthik, C.,
Challabathula, D., Kumar, A., ... & Rajkumar,
M. (2022). Plant growth promoting bacteria

51




Turkish Journal of Range and Forage Science, 2023, 4 (1): 43-52

improve growth and phytostabilization
potential of Zea mays under chromium and
drought stress by altering photosynthetic and
antioxidant responses. Environmental
Technology & Innovation, 25, 102154.

Wang, Y., Wen, T., Hu, J., Han, R., Zhu, Y., Guan, Y.,
et al. (2013). Relationship between endogenous
salicylic acid and antioxidant enzyme activities
in maize seedlings under chilling stress. Exp.
Agric., 49, 295-308. doi:  10.1017/
S0014479712001329.

Wu, Y., Ma, L., Liu, Q., Sikder, M.M., Vestergard, M.,
Zhou, K., Wang, Q., Yang, X., Feng, Y. (2020).
Pseudomonas fluorescens promote
photosynthesis, carbon fixation and cadmium
phytoremediation of hyperaccumulator Sedum
alfredii. Sci. Total Environ., 726, 138554.

Xia, F.S., Wang, Y.C., Zhu, H.S., Ma, J.Y., Yang, Y.Y.,
Tian, R.,& Dong, K.H. (2019). Influence of
priming with exogenous boron on the seed
vigour of alfalfa (Medicago sativa L.).Legume
Research-an International Journal, 42(6), 795-
799.

Xu, Q., Ma, X., Lv, T., Bai, M., Wang, Z., & Niu, J.
(2020). Effects of water stress on fluorescence
parameters and photosynthetic characteristics
of drip irrigation in rice. Water, 12, 289.

Ye, J., Wang, S., Deng, X., Yin, L., Xiong, B., & Wang,
X. (2016). Melatonin increased maize (Zea
mays L.) seedling drought tolerance by
alleviating drought-induced photosynthetic
inhibition and oxidative damage. Acta
physiologiae plantarum, 38(2), 48.

Yilmaz, M., & Kizilgeci, F. (2022). Ekmeklik Bugdaya
Salisilik  Asit Uygulamasmmin ~ Cimlenme
Doneminde  Kuraklik  Stresine  Etkisinin
Belirlenmesi. Yiiziincii Yil Universitesi Fen
Bilimleri Enstitiisii Dergisi, 27(2), 315-322.

Zaki, R.N., & Radwan, T.E.E. (2011). Improving wheat
grain yield and its quality under salinity
conditions at a newly reclaimed soil by using
organic sources as soil or foliar application. J.
Appl. Sci. Res., 7, 42-55.

52



