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Abstract | Salt stress is more detrimental at germination, and seedling establishment stages in a plant life.
Moreover, the escape of crop from salt injury at these stages is direly needed. Melatonin is known as N-acetyl-
5-methoxytryptamine with chemical formula melatonin as C,;H, N,O,. It is a versatile molecule with the
speciality to lessen salt stress on the plant. However, mechanism of melatonin which is involved in salt stress
mitigation is still under inspection of plant scientists. For the purpose, this research was carried out and
the effects of melatonin priming was searched out viz., hydro-priming (HP), 500, 1000 and1500 pM on
seed germination and early seedling establishment of six maize genotypes viz., MMRI-Yellow, NCEV-1530-
9, YH-1898, Composite, SB-9617 and FH-949 under salinity-induced stress. Seed priming with 1000pM
melatonin efficiently lowered the deleterious effects of salt stress on germination and early seedling stages in
all the studied genotypes. Moreover, SB-9617 exhibited comparatively the greater salt tolerance at these stages.
Finally, it was concluded that SB-9617could survive and thrive best in saline soils. Furthermore, seed priming
with 1000pM of melatonin proved to be a good choice to alleviate the adversities of salts at germination and
early seedling establishment stage in maize.
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Introduction of saltiness is reported to be more pronounced at

germination, where salty conditions cause significant

pproximately 90 percent of the total world food reductions of seed germination (Ucarli, 2020). The

consumption rely on 30 different crops; belongs
to the salt-sensitive group of plants, the glycophytes
(Zorb et al., 2019). Maize (Zea mays L.), being the
member of this group, is highly sensitive to salt
stress even at moderate salinity levels i.e., EC 4-8
dSm™ (Koyro ez al., 2008). Interestingly, the severity

excessive concentrations of salts in the soil restricts
water availability to seed, thereby leading to inhibited
seed germination (Welbaum ez a/.,1990). The salinity-
induced ill effects on crop establishment can be
withheld if salt tolerance is achieved especially at
germination stage. Under such circumstances, priming
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of seed with melatonin proved to be a best option
to impart salt tolerance in maize crop. Melatonin
is known as N-acetyl-5-methoxytryptamine. The
chemical formula of melatonin is C H, NO,
(Molar mass, 232.281 g). It is synthesized both in
animals and plants. However, the biosynthesis of
melatonin in plants begins with the production of
tryptophan, a compound that plants can synthesize
de novo via the shikimate pathway (Mannino ez
al., 2021). Tryptophan is then decarboxylated to
tryptamine by tryptophan  decarboxylase (TDGC),
followed by serotonin biosynthesis catalyzed by
tryptamine 5-hydroxylase (T5H) in plants. Serotonin
is converted into 5-methoxytryptamine by N-acetyl
serotonin O-methyltransferase (ASMT) and finally into
melatonin (Byeon ez al., 2014; Lee et al., 2014; Back
et al., 2016). Mitochondria and chloroplast are the
main sites of melatonin synthesis in plants (Kanwar
et al., 2018). Moreover, the potentiality of melatonin
for inducing salt tolerance at germination and early
seedling stage in different crops, is well established
(Castanares and Bouzo, 2019; Jiang ez a/., 2016; Jiang
et al.,2020; Marthandan ez a/.,2020; Chen ez al., 2020;
Arun et al., 2022).

Li et al. (2019) and Eisa ez a/. (2023) reported that an
ample quantity of melatonin in the seed may enhance
salt tolerance at germination stage by utilizing better
nutrient resources and protein formation. Secondly,
the exogeneous application of melatonin safeguards
the photosynthetic machinery (Chloroplast) and
causes significant resumption of the lost activities of
the enzymes e.g. SOD, POD, CAT etc. under salt
stress (Jiang ef al., 2020; Marthandan ez al., 2020,
Alharbi ez al., 2021; Arun et al., 2022). Under salt
stress, the reactive oxygen species (ROS) e.g.’0,,02°-,
H,0,,0OH. O, etc. in the mitochondria, chloroplast,
plasma membranes, peroxisome etc. in plants. They
cause lipid-peroxidation resulting in the generation
of malondialdehyde (MDA) by lipoxygenase activity,
leading to the perforation of cellular membranes
(Kesawat e al., 2023). The application of melatonin
downregulation of lipoxygenase activity
by melatonin protects the cells from the hydro-
peroxidation of polyunsaturated fatty acids of the
membranes during stress (Kopustinskiene ez a/.,2021).
In this connection, a melatonin concentration @ 300
pM L was found effective in wheat crop to alleviate
water stress during germination phase (Zhang e al.,
2022). In another study, Jiang ez a/. (2016) reported

the effectiveness of melatonin to mitigate the saline

causes

stress in maize when used @800 pM L. In the similar
way, the exogenous application of melatonin@ 100
pML! significantly reduces the cellular membrane
damage and safeguards the photosynthetic machinery
in maize crop under salt stress (Chen e al, 2018).
Furthermore, Wang ez a/. (2022) also reported the
effective concentration of melatonin in the rage of 50-
300 puML™* to mitigate the salt stress in wheat during
germination and early seedling phase.

In view of the discussion above, it has been summed up
that melatonin possesses a great potential to ameliorate
salinity-induced ill effects on germination and early
seedling stage in maize crop, in a dose dependent
way. Hence, the present study was done to assess the
efficacy of graded doses of melatonin to induce salt
tolerance in maize with the special emphasis on seed
germination and early seedling stage.

Materials and Methods

The study was carried out by performing two
experiments with the purpose to test the efficacy of
three doses of melatonin (500, 1000 and 1500 pM) to
impart salt tolerance in six maize genotypes (MMRI-
Yellow, NCEV-1530-9, YH-1898, Composite, SB-
9617 and FH-949). Hydro-priming (HP) treatment
was included as control for comparison. The seed
material for this study was collected from Maize and
Millets Research Institute (Sahiwal), Maize Research
Station (Faisalabad), and National Agricultural
Research Center (Islamabad). The study was executed
in the form of two experiments. In the first part of the
study, the impacts of different doses of melatonin on
the germination indices were noticed. For this purpose,
sixty (60) healthy seeds from each genotype were
selected and sterilized in 1 % sodium hypochlorite
solution to avoid any infection. The sterilized seeds of
each genotype (60 seeds) were divided into four parts
i.e., 15 seeds for each of the four-priming treatments
viz., hydropriming (HP), 500, 1000 and 1500 uM.
Accordingly, the solutions of melatonin with requisite
concentrations were prepared by dissolving 0.029,
0.058 and 0.087 g of melatonin powder (Sigma-
Aldrich, 98% purity) in 250 ml of distilled water
separately to achieve the above said concentrations
viz., 500, 1000 and 1500 pM, respectively. The seeds
of each genotype were soaked in the aerated solutions
of melatonin for 24 hours in beakers. For aeration,
an air pump was installed in the experimental set up
to avoid anxious conditions for seed. Moreover, the
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quantities of melatonin were computed by employing
the formula as: weight of melatonin required (g) =
Molarity required (M) x Molar mass of melatonin (i.e.,
232.28 g/mole) x Volume of water used (L). Five (5)
out of fifteen (15) primed seed of each genotype from
each priming treatment were planted equidistantly
in each petri dish well fitted inside with filter paper.
'The petri dishes were placed according to complete
randomized design (CRD) with factorial arrangement
replicated thricely in the laboratory of Agronomy
Department, PMAS-Arid Agriculture University
Rawalpindi. These petri dishes were watered daily
with saline water of EC 8 dSm™ (developed by adding
weighed quantities i.e., 1.831,2.441,1.220 and 0.061
g of NaCl, Na,SO,, CaCl, and MgSO, in one litre
of distilled water in the ratio of 3:4:2:1, respectively).
'This experiment was left up to 14 days from the date
of planting in petri dishes (Figure 1). Finally, the data
regarding germination indices such as germination
percentage (GP), mean germination time (MGT),
seedling vigour index (SVI) and promptness index
(PI) were recorded using the following formulae:

Germination percentage was computed using the
formula as described by Cokkizgin and Colkesen
(2012) as GP(%)= (Germinated seeds)/(Total seeds
)x100. The Mean germination time was determined
by the formula Fuller ez a/. (2012) as MGT=X(NiT1)/
XNi. Where Ni represents the number of seed
germinations on the i" day and T, is the order of
days (number of days observed since the start of
germination). Similarly, the seedling vigour index was
assessed by adopting the procedure of Elis and Robert
(1981) employing the formula as SVI= Germination
(%) x Seedling length (cm). Finally, the promptness
index was computed using the following formula as
PI=nd1(1.00) + nd2 (0.75) + nd3(0.5) + nd4(0.25).
Where, nd1, nd2, nd3 and nd4 were the number of
seeds germinated on the first, second, third, and fourth
day (Ashraf ez /.,2008). Furthermore, the promptness
indicates the number of the seeds germinated at once
or without delay.

In the second experiment of the study, the impact of
above said doses of melatonin was evaluated on the
early seedlings’ traits of maize genotypes under saline
stress. The trial was executed in the green house of
the Soil Salinity Research Institute Pindi Bhattian.
Before starting the experiment, a soil with EC 3.2 dS
m™ was taken from the research farm of the institute.
'The soil was sandy loam (Rasulpur soil series). The soil

was sun dried and sieved properly. Meanwhile, four
salts of NaCl=0.278, Na SO,=0.450, CaCl,=0.176
and MgSO, =0.095 g were weighed on per kg of soil
basis to maintain the salt ratios as 3:4:2:1, respectively
(Haider and Ghafoor, 1992). In after making a very
careful calculation, the weighed quantities of above
four salts were dissolved in fit water and then applied
to soil. The application of salts to the soil followed
the continuous drying and wetting cycles to achieve
the requisite level of EC i.e., 8 dSm™. Finally, the
salty soil was filled into the pots of 21 cm diameter
and 25cm height. After filling the pots, a total of
five primed seed from each genotype were sown in
each pot. Moreover, the priming procedure was like
that as adopted in the first experiment. The pots
were arranged according to complete randomized
design (CRD) with factorial arrangements replicated
thricely. Water was sprinkled daily to keep the soil
moist. Hoagland’s nutrient solution was applied to
ensure ample supply of nutrients (Hoagland and
Arnon, 1950). At the end of the experiment (45 days
after sowing), the early seedlings traits were recorded
using standard scientific procedures as under:

VIR Fellow
(60 sterllzed seecs)
o [

Figure 1: Schematic diagram of the first experiment showing
priming of seed with different melatonin concentrations including
hydropriming. Each beakers contain requisite melatonin solution and
Jifteen (15) seeds out of sixty sterilized seeds (60) from each genotype
and connected with air pump (only beakers). Each petri dish contains
Jfrve (5) primed seed out of fifteen (15) seeds from each beaker and
replicated thrice.

At 45 days after sowing, shoot and root lengths were
recorded with help of scale. The fresh weights of shoot
and root were recorded with digital balance. After
recording the fresh weights of shoots and roots, they
were dried at 70°C for 48h in an oven and their dry
weights were estimated on electrical digital balance.
Stem diameter was measured with the help of digital
vernier caliper. The number of leaves per plant were also
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counted. The diameter of shoots was measured using
digital vernier calliper. Moreover, the leaf area per plant
was measured by the formula of Carleton and Foote

(1965) as Leaf area = Length x Breadth x 0.75.

Statistical analysis

Analysis of variance (ANOVA) and Pearson
correlations were calculated with the latest version of
SPSS statistical software. Further, the means of the
treatments were equated using the single-level Tukey/
HSD test (5% probability (Tukey, 1949). PCA was
performed to select the most appropriate dose using
the computer software R version 1.2.5033 (Blighe
and Lun, 2019).

Results and Discussion

Germination indices

Germination percentage (GP): The final germination
count of un-treated seed (HP-control) was 60%
(Table 1). Interestingly, the treated seed with
melatonin caused significant improvement in the
germination count. However, adding melatonin @
1500 uM increased the count (76.1 %) compared to
melatonin @ 1000 pM (75.0 %). Similarly, among
maize genotypes, SB-9617 recorded the highest
germination count (83.3%) compared with the lowest
count in composite (50.0%).

Salt stress causes a decrease in growth (Khatami ez
al., 2017; Khan ez al., 2023). However, the evolution
of melatonin-regulated genes can be attributed to its
important role in improving nutrient utilization and
the biosynthesis of new proteins responsible for talk
of salt tolerance during saline stress (Li ez al., 2019;
Rosinska ez al., 2023). The results were parallel with
those of Chen e a/. (2020) and Yu ez al. (2021) where
a significant improvement in seed yield of cotton and
alfalfa was observed, when melatonin primed seeds
were exposed to salt stress. Furthermore, inter-specific
genotypic variations in maize genotypes were possibly
the existence of salt tolerance (Zahra ef a/.,2018).

Mean germination time (MGT)

In terms of MGT (Table 1), Composite (5.53 days)
and NCEV-1530-9 (5.45 days) record the highest
average germination time among all maize genotypes.
However, SB-9617 showed the largest reduction of
germination time (5.02 days). Similarly, addition
of melatonin cause shortening of the germination
time. In our results, the application of melatonin @

1000pM (5.19 days) and 1500pM (5.12 days) reduced
the germination time viz., 5.19 and 5.12, respectively
compared to the un-treated seed (HP), the control
treatment (5.43 days).

Khatemi ez a/. (2017) reported that salt stress prolongs
the time required for seed germination. In this context,
melatonin/priming leads to a significant reduction in
the time required for seed germination of corn and
cotton crops in the saline soil (Yu ez al., 202; Chen e#
al.,2020).

Seedling vigour index (SVI)

Table 1 showed a significant response of melatonin
and maize genotypes on seedling vigour index.
Results clearly depicted that SB-9617 exhibited the
better performance for seedling vigour index (763.4)
among the other studied maize genotypes. However,
the least performer was Composite indicating the
lowest seedling vigour index (247.8). Among the
melatonin doses, the melatonin dose when applied @
1000uM significantly produced the maize seedlings
with higher seedling vigour index (602.9) compared
with the lowest index in hydropriming (HP) as
control treatment (310.7).

Table 1: Germination indices as affected by melatonin
priming and maize genotypes under saline stress conditions.

Treatments GP MGT SVI PI

%)  (Days)
Genotypes (G)
MMRI-yellow 700bc  5.22b  4135c  4.93bc
NCEV-1530-9 62.5c 5.45a 336.4cd 4.05cd
YH-1898 742 abc  5.18bc 5589b 5.26b
Composite 50.0d 5.53a 247.8d 3.18d
SB-9617 83.3a 5.02c  763.4a 6.25 a
FH-949 80.0ab 5.13bc 656.4ab 5.73ab
LSD 12.474 0.1734 113.70 0.9506
Melatonin doses (IM)
HP-control 60.0b 543a 310.7c¢ 396¢
Mel@500pM 68.9ab  528b 4781b 4.76b
Mel@1000pM 75.0 2 519bc 602.9a 5.33ab
Mel@1500pM 76.1a 512¢ 592.7a 556a
LSD 9.132 0.127 83.239 0.696
Significance
G o o o o
M o o o o
GxM ns ns ns ns

Dissimilar letters with treatment mean indicated the significant
dgj‘l’rence among treatment means; Ns=non-si gnyimnl; G= genotypes;
M=melatonin levels, GP-germination percentage, MGT-mean
germination time, SVI-seedling vigour index, PI-promptness index.

June 2024 | Volume 40 | Issue 2 | Page 493

o -0
Qols Links
“*@Researchers



OPEN aACCESS

Sarhad Journal of Agriculture

Akram ez al. (2020) reported that salinity is injurious
to the vigour of maize seedlings. While the addition of
melatonin causes improvement in the said parameter
in maize crop during saline stress (Jiang ez al., 2016),
which is very consistent with our findings.

Promptness index (PI)

In terms of promptness index, SB-9617 recorded
the highest promptness index (6.25). Moreover, the
composite had the PI value (3.18). However, the other
maize genotypes were ranked places in the middle
between them. Similarly, in melatonin priming
treatment, the maximum PI (5.56) was calculated
for melatonin at a dose of 1500pM that was non-
significant with melatonin @ 1000pM treatment
(5.33). Finally, the lowest value (3.96) in terms of PI

was recorded in the HP control treatment.

'The results of this study show similarity with the Ashraf
et al. (2008) reported a decrease in the promptness
index due to salinity. However, the seed prepared with
phytohormones before planting have better PI values
than seed without treatment (Al-Tabbal, 2017). From
the similar findings as reported by Ali ez a/. (2019), co-
application of jasmonoid and humic acids are found
helpful in producing robust plant seedling even in the

saline soil.

Early seedling traits

Length of shoot (LS): In the Table 2, the length of
shoot was influenced significantly by melatonin and
maize genotypes. The highest length of shoot was
ofSB-9617(46.28 ¢cm) and the lowest was measured
in Composite (36.49 cm). All the other genotypes
were found in-between them. Likewise, the maximum
length of shoot was measured in the treatment with
melatonin application @1000 pM (45.00 cm) and the

minimum was recorded in control (37.20 cm).

Abdelgawad ez a/. (2019) also inferred that salt stress
causes shortening of shoot length by limiting leaf
expansion rate. The findings are consistent with Batool
et al. (2020); Chen ez al. (2020); Shafique ez a/. (2021)
and Wang ez al. (2021) observed stunted growth
in various crops due to accelerated leaf abscission/
senescence during saline stress. Furthermore, the
protective potential of melatonin in controlling salt-
induced damage to photosynthetic machinery in
different crops has also been reported (Ahmad ez al.,
2021, Jiang et al., 2021; Eisa ez al. 2023; Hussain ez
al., 2023; Karumannil ez al., 2023), which provides a
strong support to our data in the present study.

Table 2: Early seedling traits as affected by melatonin priming and maize genotypes under saline stress conditions.

Treatments LS FSW DSW LR
cm gperplant  cm
Maize genotypes
MMRI-yellow 42.6b 474c 144c 432c
NCEV-1530-9 412b 452c¢ 1.13d 41.0c¢
YH-1898 43.0ab 5.68b 1.57c 475b
Composite 36.5¢ 327d 071e 36.1d
SB-9617 46.3a 741a 2.09a 519a
FH-949 443ab 6.63a 1.86b 49.6ab
LSD 3.5390 0.8440 0.1697 3.6202
Melatonin priming
HP (Control) 372c¢ 3.08c 071c 39.1c¢
Mel@500pM 423b 565b 1.57b 445b
Mel@1000pM 450a 6.50a 1.82a 474a
Mel@1500pM 449ab 6.27a 1.76a 48.7a
LSD 2.5909 0.6179 0.1242 2.6504
Significance
G - o - o
M - o o o
GxM ns ns ns ns

FRW  DRW SD NL LA
g per plant cm perplant cm’per plant

490b  0.86c 0.54c 482 c 196.7 d
423c¢  073d 049d 426d 1704 ¢
531ab 1.00b 0.62ab 5.20b 233.8¢
289d 054e 043¢ 3.78 ¢ 121.3 f
5.64a 1.12a 0.63a 5.60a 283.1a
545ab  1.02ab 0.60b 546ab  254.0b
0.5464  0.1037 0.0340  0.3317  16.634
3.67 ¢ 0.65¢ 047c¢ 429 c 1729 ¢
465b  0.86b 0.55b 4.80 b 203.6 b
527a 1.01a 0.58a 519a 230.2a
5352  09%9a 0.60a 513a 232.8a
0.4000  0.0759 0.0249  0.2428  12.178

ek kk ok Kok ek

ek Kk kok Kok ok

ns ns ns ns ns

Dissimilar letters with treatment mean indicated the significant difference among treatment means at 5% probability level according to
Tukeys HSD Test. s; ns=non-significant; G=genotypes; M=melatonin priming, LS-length of shoot, LR-length of roots, FSW-fresh shoot
weight, DSW-dry shoot weight, FRW-fresh root weight, DRW-dry root weight, SD-stem diameter, LA-leaf area and NL-number of leaves.
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Fresh shoot weight (FSW)

Fresh shoot weight (Table 2) of SB-9617(7.41 g
plant™) produced the highest FSW followed by FH-
949 (6.63g plant). Additionally, the lowest fresh shoot
weight was attained in Composite (3.27g plant™?).
When comparing the melatonin treatments, the
seedling produced from seeds primed with melatonin
at 1000pM (6.50 g plant ') produced more FSW
than the control treatment (HP) (3.08 g plant ). The
results were alike with Jiang ez a/. (2016); Ahmad ez
al. (2021); Rajora e al. (2022) and Jiang ez al. (2021),
reported that growth and biomass accumulation is
enhanced by the melatonin seed priming.

Dry shoot weight (DSW)

As far as the dry shoot weight is concerned, SB-9617
(2.09 g plant?) had the highest DSW among maize
genotypes while composite (0.71 g plant?) had the
lowest DSW. When comparing priming treatments,
the maximum DSW was attained by the seedlings
where melatonin was applied at 1000 uM (1.82 g
plant?) followed by treatment with the melatonin
applied at 1500 pM (1.75 g plant™). Despite this,

control treatment (0.71 g plant™) showed the lowest
DSW.

Yamazaki ef al. (2020) and Li ez al. (2023) found
that the toxic build-up of salts negatively impacted
the photosynthesis process with the severe reduction
of biomass accumulation in plants. Moreover, the
plants can be compensated for this reduction by
inducing salt tolerance. According to Muhammad e#
al. (2022), melatonin significantly enhances biomass
accumulation in maize under salt stress. Alharbi ez a/.
(2021) and Ahmad ez al. (2021) also found similar
findings. They observe a noticeable increase of dry
shoot weight was observed in soyabean, and maize
were observed when melatonin priming was used to
mitigate salinity-induced stress.

Length of roots (LR)

'The length of roots as affected by melatonin priming
and the genotypes is presented in the Table 2 showed
considerable increase of LR in SB-9617(51.92 cm)
when compared with the least performer maize
genotype, the composite (36.12 cm). Similarly,
adding melatonin at 1000 and 1500 uM produced
the seedlings with maximum LR viz., 47.36 cm and
48.62 cm, respectively. However, the minimum LR
was recorded in the control treatment (39.10 cm).

Plant growth and development is restricted by
the osmotic and ionic effects if exposed to saline
environment (Muns and Tester, 2008; Acosta et
al., 2017). It is worth mentioning that plant roots
experience severe alterations of architecture under salt
stressed conditions (Balasubramaniam ez a/., 2023).
The use of melatonin under such circumstances may
be a good opportunity to mitigate the salinity-induced
impairment on plant growth for a robust type of roots

system (Rajora ez al., 2022; Jiang et al., 2021).

Fresh root weight (FRW)

Table 2 indicated that SB-9617(5.64 g plant™?)
produced higher FRW with respect to composite
(2.89 gplant?). Furthermore, all the other maize
genotypes were ranked in-between them. By taking
melatonin priming treatments, adding melatonin at
1500 pM (5.35 g plant?) produced the maximum
FRW that was non-significant with melatonin at
1000 uM (5.27 g plant™?). Moreover, the least FRW
was achieved in control treatment (3.67g plant™). The
results clearly indicated that the reduction of FRW
may be compensated by adding melatonin under
saline conditions. The findings of the present study
are in accordance with Alharbi ef a/. (2021); Ahmad
et al.(2021); Wang e al., 2021 and Rajora ez al. (2022)
reported that melatonin application has a pivotal role
in improving growth and biomass especially during
saline conditions.

Dry root weight (DRW)

In terms of dry root weight (Table 2), SB-9617 (1.12
g plant?) attained the maximum Which was non-
significant with FH-949 (1.02 g plant™). Additionally,
the minimum DRW was recorded in composite (0.54
g plant?). In case of melatonin priming treatments,
melatonin application at 1000 pM (1.01g plant™?)
gave higher DWR compared with control treatment
(0.65g plant™).

Sandhu ez a/. (2020) and Dikobe ez al. (2021) reported
the drastic effects of salinity in plants (Sandhu
et al., 2020; Dikobe ez al., 2021). In other study,
Muhammad ez a/. (2022) also reported the reduction
of DRW under saline condition. Such reductions can
be compensated in plants by the extrinsic application
of melatonin in a stressful environment (Ahmad ez a/.,

2021; Rajora ez al., 2022).

Shoot diameter (SD)

Shoot diameter was also influenced significantly
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by different melatonin seed treatments and maize
genotypes (Table 2). Among the maize genotypes,
the highest SD was measured in SB-9617 (0.63 cm)
while the lowest value was recorded in composite (0.43
cm). By comparing melatonin priming treatments,
the use of melatonin at 1500pM (0.60 cm) produced
the plants with higher SD which was non-significant
with melatonin application at 1000pM (0.58 cm).
However, the lowest SD was observed in control
treatment (0.47 cm).

In this context, Othman ez a/. (2023) reported the
significant alteration of stem thickness in salt stressed
plants. Similarly, Jiang e a/. (2021) investigated the
appreciable potential of melatonin to mitigate the
adversities of salt stress in plants. The current results
agree with the findings as published by Park ez a/.
(2021) and Jiang e a/. (2021) reported that melatonin
application had positive effects on stem diameter in
Brassica juncea and cotton crops under saline stress.

Number of leaves (NL)

Salinity not only a source of limiting the leaf growth
butalso a big reason of decreasing number of leaves per
plant. The results indicated that SB-9617 (5.60) had
the higher value of NL. However, the least number
of leaves per plant were recorded in composite (4.24).
Irrespective of the maize genotypes, addition of
melatonin at1000 pM (5.19) produced the maximum
number of leaves compared with control treatment

(4.29).

Dikobe ef al. (2021); Hannachi ef a/. (2022) and Khan
et al.(2023) reported the declination of leaves number
when plants are exposed to salt stress. The declined
number of leaves associated with saline stress might
be due to the accelerated leaf senescence. However,
the addition of melatonin augments the tolerance
potential of a plant to withstand salinity stress by
delaying senescence process (Jiang ez al, 2021;

Hussain ez al., 2023).

Leaf area (LA)

When comparing the maize genotypes, SB-9617
(283.12 cm? plant™) attained the highest LA among
the other genotypes. The lowest LA was computed
in composite (121.30 cm? plant™?). By taking priming
treatments, the significantly higher LA was recorded
with melatoninat 1500pM (232.80 cm?plant™). While
the same was non-significant with the treatment

when melatonin was applied at 1000 pM (230.20 cm?

plant?). Despite this, the lowest LA was recorded in
the control treatment (172.90 cm? plant™).

Alvarez-Méndez et al. (2022); Hussain ez al. (2023)
and Khan ez al. (2023) also reported the reduction
of leaf area in ranunculus during saline stress. Similar
reductions were also reported by Alvarez-Méndez et
al. (2022). Interestingly, Jiang e a/l. (2020) reported
the similar findings that the application of melatonin
alleviates salinity-induced inhibition of leaf growth in
cotton and maize crops.

Pearson’s correlation and principal component analysis

Highly significant (P<0.01) correlations were noticed
between the recorded parameters (Table 3). Moreover,
the positive correlation values of r= 0.978, 0.950,
0.906 and 0.901 were observed between PI and GP,
DSW and FSW, DRW and DSW and LA and NL,

respectively.

Variables - PCA

10-
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M 975

0.850

0.825

Dim2 (2.3%)

0.800

. . U » .
-1.0 -0.5 () 05 1.0
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Figure 2: Variable PCA.

Figure 2 showed the variable CA which indicates
the contribution of each component ie., Diml
(92.8%) and Dim2 (2.3 %) towards explaining the
total variations. The positively correlated variables
i.e.,, GP,SVI, PI, LS, FSW, DSW- LR, FRW, DRW,
SD, NL and LA, were grouped together. However,
the negatively correlated variable ie., MGT was
positioned on the opposite side of the plot. Moreover,
a high cos2 in thevariable PCA indicated the quality
of representation of the variables on the principal
component. The variables very close to the center of
the circle of the plot were less important for the first
component (Dim 1). In our case all the variables were
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Table 3: Pearson’s correlations coefficients for different parameters as affected by melatonin priming and maize

genotypes under salt stress conditions.

GP MGT SVI PI LS FSW
GP 1
MGT -0.726** 1
SVI  0.879** -0.736** 1
PI 0.978** -0.842** 0.897** 1
LS  0.577** -0.680** 0.645** 0.638** 1
FSW 0.693** -0.725%* 0.823** 0.748** 0.821** 1
DSW 0.745** -0.760** 0.853** 0.791** 0.802** 0.950**
RL  0.697** -0.751** 0.795** 0.754** 0.777** 0.868**
FRW 0.707** -0.812** 0.750** 0.767** 0.845%* (.857**
DRW 0.749** -0.783** 0.812** (0.798** (0.810** (.872**
SD  0.569** -0.653** 0.724** 0.636** 0.559** (.713**
NL  0.799*%* -0.792** (.855%** 0.832** (.724** (.822%**
LA  0.807** -0.791** 0.892** 0.846** 0.720** (.848**

DSW LR FRW DRW SD NL LA
1

0.883** 1

0.876** 0.836** 1

0.906** 0.862** 0.892** 1

0.710** 0.692** 0.632** 0.731** 1

0.870** 0.842** 0.856** 0.865** 0.681** 1

0.878** 0.856** 0.857** 0.906** 0.698** 0.901** 1

“Correlation significant at 0.01 level, LS-length of shoot, LR-length of roots, FSW-fresh shoot weight, DSW-dry shoot weight, FRW-fresh
root weight, DRW-dry root weight, SD-stem diameter, LA-leaf area and NL-number of leaves.
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Figure 3: Bi-plot showing the dispersion of different treatments

combinations.

B

positioned away from the center of the circle indicated
the good representation in first component. Similarly,
SB-9617 with melatonin @ 1000pM indicated as
the best combination compared with other treatment
combinations (Figure 3).

Conclusions and Recommendations

In this study, it was confirmed that salinity stress
negatively influences the germination and early
stages in maize crop. Moreover, SB-9617 may be
used as salt tolerant genotype for improving maize
crop yield in saline fields. Furthermore, priming of
seed with melatonin at 1000pM proved to be best

option for inducing salt tolerance in maize genotypes.
Additionally, the present findings can be a supportive
tool to explore the exact mechanism underway in
achieving salt tolerance in other crops including
maize in future.

Acknowledgements

Thank to anonymous reviewers for their valuable
suggestions in improving the research article.

Novelty Statement

‘The impacts of salinity is found to be more pronounced
on seed germination and early seedling stage leading
to the loss of yield and poor quality of agricultural
output. Melatonin improved the ability of the plant
defense system to withstand the negative effects of
salt, which led to increased tolerance in plants.

Author’s Contribution

Syed Saqlain Hussain: Designed the experiment,
collected data, and wrote the manuscript.
Muhammad Rasheed, Zammurad Iqbal Ahmed
and Ghulam Jilani: Supervised the research work
and curate the data.

M. Irfan, M. Kashif Aziz and Fiaz Hussain: Carried
out PCA, statistical analysis and graphs.

M. Akhlaq Mudassar and Zuhair Hasnain: Done
proof reading. Moreover, all the authors approved the

June 2024 | Volume 40 | Issue 2 | Page 497

o -0
Qols Links
“*@Researchers



OPEN aACCESS

Sarhad Journal of Agriculture

manuscript final version for publication.

Conflicts of interest
The authors have declared no conflict of interest.

References

Abdelgawad, FK., M.M. El-Mogy, I[.A.M.
Mohamed, C. Garchery and G.R. Stevens.
2019. Increasing ascorbic acid content and
salinity tolerance of cherry tomato plants by
suppressed expression of the ascorbate oxidase
gene. Agron. 9(51): 10-3390. https://doi.
org/10.3390/agronomy9020051

Acosta, M., J.R. Ortuno, V.M.F. Bernal, V.A.P.
Diaz, B.M.]. Sanchez and J.A.B. Hernandez.
2017. Plant responses to salt stress: Adaptive
mechanisms. Agron, 7(1): 18. https://doi.
org/10.3390/agronomy7010018

Ahmad, S., W. Cui, M. Kamran, I. Ahmad, X.
Meng, X. Wu, W. Su, T. Javed, H.A. El-Serehy,
Z.Jia and Q.Han. 2021. Exogenous application
of melatonin induces tolerance to salt stress by
improving the photosynthetic efficiency and
antioxidant defence system of maize seedling.
J. Plant Grow. Reg., https://doi.org/10.1007/
s00344-020-10187-0

Akram, M., M. Zahid, A.B.U. Farooq, M. Nafees
and A. Rasool. 2020. Effects of different levels
of NaCl on the seed germination of cyamopsis
tetragonoloba L. Bangladesh J. Bot., 49(3): 625-
632. https://doi.org/10.3329/bjb.v49i3.49995

Alharbi, BM., A.H. Elhakem, G.S.H. Alnusairi,
H. Mona, M.H. Soliman, K.R. Hakeem, M.M.
Hasan and M. T. Abdelhamid. 2021. Exogenous
application of melatonin alleviates salt stress-
induced decline in growth and photosynthesis
in Glycine max (L.) seedlings by improving
mineral uptake, antioxidant, and glyoxalase
system. Plant Soil Environ., 67: 208-220.
https://doi.org/10.17221/659/2020-PSE

Ali, AY.A., M.E.H. Ibrahim, G. Zhou, N.E.A.
Nimir, X. Jiao, G. Zhu, A.M.I. Elsiddig, W. Zhi,
X. Chen, and H. Lu. 2019. Ameliorative effects
of Jasmonic acid and humic acid on antioxidant
enzymes and salt tolerance of forage sorghum
under salinity conditions. Agron.]J.,111(6): 1-10.
https://doi.org/10.2134/agronj2019.05.0347

Al-Tabbal, J.A.S.M., 2017. Germination and
physiological traits to ascertain the ability of
hormonal priming to improve salinity tolerance

in Sorghum bicolor L. J. Agron., 16: 138-146.
https://doi.org/10.3923/ja.2017.138.146

Alvarez-Méndez, S.J. and A. Urbano-Gilvez.2022.
Mitigation of saltstress damagesin Caricapapaya
L. seedlings through exogenous pretreatments
of gibberellic acid and proline. Chil. J. Agric.
Res., 82(1): https://doi.org/10.4067/S0718-
58392022000100167

Arnao, M.B. and ]. Hernindez-Ruiz. 2017.
Melatonin and its relationship to plant
hormones. Ann. Bot., 121: 195-207. https://
doi.org/10.1093/a0b/mcx114

Arun, ML.N,, S.S. Hebbar, B. Bhanuprakash, T.
Senthivel, A.K. Nair, G. Padmavathi, P. Pandey,
A. Singh. 2022. Seed priming: The way forward
to mitigate abiotic stress in crops. In: (eds. M.
Hasanuzzaman and K. Nahar), plant stress.
Phys. Persp. Agric. Intech Open.

Ashraf, M.Y., F. Hussain, J. Akhter, A. Gul, M.
Ross and G. Ebert. 2008. Effect of different
sources and rates of nitrogen and supra optimal
level of potassium fertilization on growth, yield
and nutrient uptake by sugarcane grown under
saline conditions. Pak.J. Bot.,40(4): 1521-1531.

Back, K., D.X.Tan and R.]. Reiter. 2016. Melatonin
biosynthesis in plants: Multiple pathways
catalyze tryptophan to melatonin in the
cytoplasm or chloroplasts. J. Pineal Res., 61:
426-437. https://doi.org/10.1111/jpi.12364

Balasubramaniam, T., G. Shen, N. Smaeili and H.
Zhang. 2023. Plants response mechanisms to
salinity stress. Plants, 12(12): 2253. https://doi.
org/10.3390/plants12122253

Batool, M., M. Saqib, M.A. Qayyum, M. Jan,
S.A. Hameed, A.K. Khan, A. Khaliq, T. Naz,
A. Hussain and S. Nawaz. 2020. Screening of
different maize (Zea mays L.) genotypes against
salinity under hydroponics. Pure Appl. Biol.
9(1): 1118-1129. https://doi.org/10.19045/
bspab.2020.90117

Blighe,K.,and A.Lun.2019.PCA tools: Everything
principal components analysis.

Byeon, Y., H.Y. Lee, K. Lee and K. Back. 2014.
Caffeic acid O-methyltransferase is involved
in the synthesis of melatonin by methylating
N-acetylserotonin in Arabidopsis. J. Pineal
Res., 57: 219-227. https://doi.org/10.1111/

jpi.12160
Carleton M. and K. Foote. 1965. A
comparison of methods for estimating

total leaf area of barley plants. Crop Sci.,

June 2024 | Volume 40 | Issue 2 | Page 498

o9 .
Sols Links
GResearchers


https://doi.org/10.3390/agronomy9020051
https://doi.org/10.3390/agronomy9020051
https://doi.org/10.3390/agronomy7010018
https://doi.org/10.3390/agronomy7010018
https://doi.org/10.1007/s00344-020-10187-0
https://doi.org/10.1007/s00344-020-10187-0
https://doi.org/10.3329/bjb.v49i3.49995
https://doi.org/10.17221/659/2020-PSE
https://doi.org/10.2134/agronj2019.05.0347
https://doi.org/10.3923/ja.2017.138.146
https://doi.org/10.4067/S0718-58392022000100167
https://doi.org/10.4067/S0718-58392022000100167
https://doi.org/10.1093/aob/mcx114
https://doi.org/10.1093/aob/mcx114
https://doi.org/10.1111/jpi.12364
https://doi.org/10.3390/plants12122253
https://doi.org/10.3390/plants12122253
https://doi.org/10.19045/bspab.2020.90117
https://doi.org/10.19045/bspab.2020.90117
https://doi.org/10.1111/jpi.12160
https://doi.org/10.1111/jpi.12160

OPEN aACCESS

Sarhad Journal of Agriculture

5(6):  602-603.  https://doi.org/10.2135/
cropscil965.0011183X000500060041x

Castanares, J.L., and C.A. Bouzo. 2019. Effect of
exogenous melatonin on seed germination and
seedling growth in melon (Cucumis melo L.)
under salt stress. Hortic. Plant J., 5(2): 79-87.
https://doi.org/10.1016/j.hpj.2019.01.002

Chen, L., L. Liu, B. Lu, T.Ma, D. Jiang and J. Li.
2020. Exogenous melatonin promotes seed
germination and osmotic regulation under salt
stress in cotton (Gossypium hirsutum L.). PLoS
One, 15(1): 1-17. https://doi.org/10.1371/
journal.pone.0228241

Chen, Y.E,, ].J. Mao, L.Q. Sun, B. Huang, C.B.
Ding, Y. Gu, J.Q. Liao, C. Hu, Z.W. Zhang, S.
Yuan and M. Yuan. 2018. Exogenous melatonin
enhances salt stress tolerance in maize seedlings
by improving antioxidant and photosynthetic
capacity. Physiol. Plant, 164(3): 349-363.
https://doi.org/10.1111/ppl. 12737

Cokkizgin, A.and M. Colkesen.2012. Germination
responses of pea (Pisum sativum L.) seeds to
salinity. Int. J. Agric. Biol. Eng. Res., 1(3): 71—
77.

Dikobe, T., B. Mashile, R. Sinthumule, and O.
Ruzvidzo. 2021. Distinct morpho-physiological
responses of maize to salinity stress. Am.]. Plant
Sci.,, 12: 946-959. https://doi.org/10.4236/
ajps.2021.126064

Eisa, E.A., P. Honfi, A. Tilly-Méndy and I.
Mirmazloum. 2023. Exogenous melatonin
application induced morpho-physiological
and  biochemical regulations conferring
salt tolerance in Ranunculus asiaticus L.
Horticulturae, 59(2): 327-336. https://doi.
org/10.3390/horticulturae9020228

Ellis, R.A. and E.H. Roberts. 1981. The
quantification of ageing and survival in
orthodox seeds. Seed Sci. Tech., 9: 373-380.

Fuller, M.P,, J.H. Hamza, H.Z. Rihan and M. Al-
Issawi.2012. Germination of primed seed under
NaCl stress in wheat. Int. Sch. Res. Netw., pp.
1-5. https://doi.org/10.5402/2012/167804

Haider, G. and A. Ghafoor. 1992. Manual of
salinity research methods. International Water
Logging and Salinity Research Institute,
Lahore, Pakistan.

Hannachi, S., K. Steppe, M. Eloudi, L. Mechi, 1.
Bahrini and M.C. Van-Labeke. 2022. Salt
stress induced changes in photosynthesis and
metabolic profiles of one tolerant (bonica) and

one sensitive (black beauty’) eggplant cultivars
(Solanum melongena L.). Plants, 11(5): 590.
https://doi.org/10.3390/plants11050590

Hoagland, D.R. and D.I. Arnon. 1950. The water
culture method for growing plant without soil.
Cal. Agric. Exp. Station Circ., 347: 39.

Hussain, S.S., M. Rasheed, M.H. Saleem Z.I.
Ahmed, A. Hafeez, G. Jilani, S. Alamri, M.
Hashem and S. Ali. 2023. Salt tolerance in
maize with melatonin priming to achieve
sustainability in yield on salt affected soils. Pak.
J. Bot., 55(1): 19-35. https://doi.org/10.30848/
PJB2023-1(27)

Jiang, D.,B.Lu, L. Liu, W.Duan, L. Chen, J. Li and
Z. Bai. 2020. Exogenous melatonin improves
salt stress adaptation of cotton seedlings by
regulating active oxygen metabolism. Peer J., 8:
¢10486. https://doi.org/10.7717/peerj.10486

Jiang, D., B. Lu, L. Liu, W. Duan, Y. Meng, J. Li, K.
Zhang, H. Sun, Y. Zhang, H. Dong and Z. Bai.
2021. Exogenous melatonin improves the salt
tolerance of cotton by removing active oxygen
and protecting photosynthetic organs. BMC
Plant Biol., 21: 1-19. https://doi.org/10.1186/
s12870-021-03082-7

Jiang, X., H. Li and X. Song. 2016. Seed priming
with melatonin effects on seed germination and
seedling growth in maize under salinity stress.
Pak. J. Bot., 48(4): 345-1352.

Kanwar, M.K,, J. Yu and ]J. Zhou. 2018.
Phytomelatonin: ~ Recent  advances and
prospects. J. Pineal Res., 65: €12526. https://
doi.org/10.1111/jpi.12526

Karumannil, S., T.A. Khan, S. Kappachery and
M.A. Gururani. 2023. Impact of exogenous
melatonin  application on photosynthetic
machinery under abiotic stress conditions.
Plants, 12: 2948. https://doi.org/10.3390/
plants12162948

Kesawat, M.S., N. Satheesh, B.S. Kherawat, A.
Kumar, H.U. Kim, S.M. Chung and M. Kumar.
2023. Regulation of Reactive Oxygen Species
during Salt Stress in Plants and Their Crosstalk
with Other Signaling Molecules-Current
Perspectives and Future Directions. Plants
(Basel, Switzerland), 12(4): 864. https://doi.
org/10.3390/plants12040864

Khan, A., M. Thsan, M. Bibi, G. Rahim, F. Ullah,
K. Khan and A. Hazrat. 2023. Response of
different concentration of salt stress on the
morphological traits of maize (Zea mays).

June 2024 | Volume 40 | Issue 2 | Page 499

o9 .
Sols Links
GResearchers


https://doi.org/10.2135/cropsci1965.0011183X000500060041x
https://doi.org/10.2135/cropsci1965.0011183X000500060041x
https://doi.org/10.1016/j.hpj.2019.01.002
https://doi.org/10.1371/journal.pone.0228241
https://doi.org/10.1371/journal.pone.0228241
https://doi.org/10.1111/ppl.12737
https://doi.org/10.4236/ajps.2021.126064
https://doi.org/10.4236/ajps.2021.126064
https://doi.org/10.3390/horticulturae9020228
https://doi.org/10.3390/horticulturae9020228
https://doi.org/10.5402/2012/167804
https://doi.org/10.3390/plants11050590
https://doi.org/10.30848/PJB2023-1(27)
https://doi.org/10.30848/PJB2023-1(27)
https://doi.org/10.7717/peerj.10486
https://doi.org/10.1186/s12870-021-03082-7
https://doi.org/10.1186/s12870-021-03082-7
https://doi.org/10.1111/jpi.12526
https://doi.org/10.1111/jpi.12526
https://doi.org/10.3390/plants12162948
https://doi.org/10.3390/plants12162948
https://doi.org/10.3390/plants12040864
https://doi.org/10.3390/plants12040864

OPEN aACCESS

Sarhad Journal of Agriculture

Sarhad J. Agric., 39(3): 672-677. https://doi.
org/10.17582/journal.sja/2023/39.3.672.677
Khatami, S.R., M. Sedghi, H.M. Garibani and S.
Ghahremani. 2017. The effect of priming on
seed germination characteristics of maize under
salt stress. Ann. West Univ. Timisoara, Ser.

Biol., 20(1): 65-70.

Kopustinskiene, D.M. and J. Bernatoniene. 2021.
Molecular mechanisms of melatonin-mediated
cell protection and signaling in health and
disease. Pharmaceutics, 13(2): 129. https://doi.
org/10.3390/pharmaceutics13020129

Koyro, H.O.W., H. Lieth and S. Said. 2008. Salt
tolerance of Chenopodium quinoa Willd,
grains of the Andes, influence of salinity on
biomass production, yield, composition of
reserves in the seeds, water, and solute. In: (eds.
H. Lieth, M.G. Sucre, B. Herzog). Mangroves
and halophytes, restoration and utilisation
III. Tasks for vegetation sciences. Dordrecht:
Springer Netherlands; 43: 133-145. https://doi.
org/10.1007/978-1-4020-6720-4_13

Lee, H.Y., Y. Byeon, K. Lee, HJ. Lee and K.
Back. 2014. Cloning of Arabidopsis serotonin
N-acetyltransferase and its role with caffeic
acid O-methyltransferase in the biosynthesis
of melatonin in witro despite their different
subcellular localizations. J. Pineal Res., 57: 418.
https://doi.org/10.1111/jpi.12181

Li, J., C. Zhao, M. Zhang, F. Yuan and M. Chen.
2019. Exogenous melatonin improves seed
germination in Limonium bicolor L. under salt
stress. Plant Sig. Beh., 14(11): 1659705. https://
doi.org/10.1080/15592324.2019.1659705

Li, L., X.Liu,F.Meng,A.Jiang,C.Lu,H.Fanand M.
Chen. 2023. Salt stress inhibits photosynthesis
and  destroys  chloroplast  structure by
downregulating  chloroplast  development
related genes in Robinia pseudoacacia seedlings.
Res. Sq. pp. 1-26. https://doi.org/10.21203/
1s.3.rs-2431422/v1

Mannino, G., C. Gentile, A. Ertani, G. Serio
and C.M. Bertea. 2021. Anthocyanins:
Biosynthesis, distribution, ecological role, and
use of biostimulants to increase their content
in plant foods. A review. Agriculture, 11: 212.
https://doi.org/10.3390/agriculture11030212

Marthandan, V., R. Geetha, K. Kumutha,
V.G. Renganathan, A. Karthikeyan and J.
Ramalingam. 2020. Seed priming: A feasible

strategy to enhance drought tolerance in crop

plants. Int. J. Mol. Sci. 21(21): 8258. https://
doi.org/10.3390/ijms21218258

Muhammad, I., L. Yang, S. Ahmad, I.S.M. Mosaad,
A.A. Al-Ghamdi, A.M. Abbasi and X.B.
Zhou. 2022. Melatonin application alleviates
stress-induced photosynthetic inhibition and
oxidative damage by regulating antioxidant
defense system of maize: A Meta-Analysis.
Antioxidants, 11: 512. https://doi.org/10.3390/
antiox11030512

Munns, R. and M. Tester. 2008. Mechanisms of
salinity tolerance. Ann. Rev. Plant Biol., 59:
651-681. https://doi.org/10.1146/annurev.
arplant.59.032607.092911

Othman, Y.A., M.B. Hani, J.Y. Ayad and R.S.
Hilaire. 2023. Salinity level influenced morpho-
physiology and nutrient uptake of young
citrus rootstocks. Heliyon, 9(2): https://doi.
org/10.1016/j.heliyon.2023.e13336

Park, H.S., E.A. Kazerooni, S.M. Kang, A.M. Al-
Sadiand I.]. Lee .2021. Melatonin enhances the
tolerance and recovery mechanisms in ébrassica
juncea (L.) czern. under saline conditions.
Front. Plant Sci., 12. https://doi.org/10.3389/
tpls.2021.593717

Rajora, N., S. Vats, G. Raturi, V. Thakral, S. Kaur, V.
Rachappanavar, M. Kumar, A.K. Kesarwani, H.
Sonah, T.R. Sharma and R. Deshmukh. 2022.
Seed priming with melatonin: A promising
approach to combat abiotic stress in plants.
Plant Stress, 4(2022): 100071. https://doi.
org/10.1016/].stress.2022.100071

Rosinska, A., R. Andrzejak and V. Kakkerla.
2023. Eftect of osmo priming with melatonin
on germination, vigour, and health of Daucus
carota L. seeds. Agriculture, 13: 749. https://doi.
org/10.3390/agriculture13040749

Sandhu, D., M.V. Pudussery, R. Kumar, A. Pallete,
P. Markley, W.C. Bridges and R.S. Sekhon.
2020. Characterization of natural genetic
variation identifies multiple genes involved in
salt tolerance in maize. Funct. Integr. Genom.,
20: 261-275. https://doi.org/10.1007/s10142-
019-00707-x

Shafique, F., Q. Alj, S. Nazir, H. Ejaz, D. Mushtagq,
N.U.Saifullah,S. Ashiq, Q.M. Sharan, R.Mokal,
S. Anwer and Y.T. Bhatti. 2021. Evaluation of
maize genotypes for morphological traits under
salt stress. Plant Cell Biotech. Mol. Biol., 22(9
and 10): 92-104.

Tukey, J., 1949. Comparing individual means in the

June 2024 | Volume 40 | Issue 2 | Page 500

o9 .
Sols Links
GResearchers


https://doi.org/10.17582/journal.sja/2023/39.3.672.677
https://doi.org/10.17582/journal.sja/2023/39.3.672.677
https://doi.org/10.3390/pharmaceutics13020129
https://doi.org/10.3390/pharmaceutics13020129
https://doi.org/10.1007/978-1-4020-6720-4_13
https://doi.org/10.1007/978-1-4020-6720-4_13
https://doi.org/10.1111/jpi.12181
https://doi.org/10.1080/15592324.2019.1659705
https://doi.org/10.1080/15592324.2019.1659705
https://doi.org/10.21203/rs.3.rs-2431422/v1
https://doi.org/10.21203/rs.3.rs-2431422/v1
https://doi.org/10.3390/agriculture11030212
https://doi.org/10.3390/ijms21218258
https://doi.org/10.3390/ijms21218258
https://doi.org/10.3390/antiox11030512
https://doi.org/10.3390/antiox11030512
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1016/j.heliyon.2023.e13336
https://doi.org/10.1016/j.heliyon.2023.e13336
https://doi.org/10.3389/fpls.2021.593717
https://doi.org/10.3389/fpls.2021.593717
https://doi.org/10.1016/j.stress.2022.100071
https://doi.org/10.1016/j.stress.2022.100071
https://doi.org/10.3390/agriculture13040749
https://doi.org/10.3390/agriculture13040749
https://doi.org/10.1007/s10142-019-00707-x
https://doi.org/10.1007/s10142-019-00707-x

OPEN aACCESS

Sarhad Journal of Agriculture

analysis of variance. Biometrics, 5(2): 99-114.
https://doi.org/10.2307/3001913

Ucarli, C., 2020. Effects of salinity on seed
germination and early seedling stage. In: (eds. S.
Fahad, S. Saud, Y. Chen, C. Wu and D. Wang).
Abiotic stress in plants. Intech Open, https://
doi.org/10.5772/intechopen.93647

Wang, D.Y., J. Wang, S.H. Shi, L.X. Huang, M.
Zhu and F.H. Li. 2021. Exogenous melatonin
ameliorates salinity-induced oxidative stress
and improves photosynthetic capacity in sweet
corn seedling. Photosynthetica, https://doi.
org/10.32615/ps.2021.031

Wang, JPL., D. Yan, Z. Zhang, X. Xu, T.
Wang, Y. Wang, Z. Peng, C. Yu and Y. Gao.
2022. Exogenous melatonin improves seed
germination of wheat (Z¥iticum aestivum L.)
under salt stress. Int. J. Mol. Sci., 23: 8436.
https://doi.org/10.3390/ijms23158436

Welbaum, G., T. Tahar and Bradford, K. 1990.
Water relations of seed development and
germination in muskmelon (Cucumis melo
L.) III. Sensitivity of germination to water
potential and abscisic acid during development.
Plant Physio. 92: 1029-1037. https://doi.
org/10.1104/pp.92.4.1029

Yamazaki, K., M. Ishimori, H.K. Kanegae, H.
Takanashi, M. Fujimoto, J.I. Yoneda, K. Yano,

T. Koshiba, R. Tanaka, H. Iwata, T. Tokunaga,
N. Tsutsumi and T. Fujiwara. 2020. Effect of
salt tolerance on biomass production in a large
population of sorghum accessions. Breeding
Sci., 70(2): 167-175. https://doi.org/10.1270/
jsbbs.19009

Yu, R., T. Zuo, P. Diao, J. Fu, Y. Fan, Y. Wang, Q.
Zhao, X. Ma, W. Lu, A. Li, R. Wang, F. Yan,
L. Pu, Y. Niu and H. Wuriyanghan. 2021.
Melatonin enhances seed germination and
seedling growth of Medicago sativa under
salinity via a putative melatonin receptor
mspmtrl. Front. Plant Sci., 12: 702875. https://
doi.org/10.3389/1pls.2021.702875

Zahra, N., S. Mahmood and Z.A. Raza. 2018.
Salinity stress on various physiological and
biochemical attributes of two distinct maize
(Zea mays L.) genotypes. J. Plant Nut., 41(11):
1368-1380. https://doi.org/10.1080/01904167
.2018.1452939

Zhang, T.G,, J. Wang, Y.P. Sun, L. Zhang and
Zheng, S. 2022. Versatile roles of melatonin
in growth and stress tolerance in plants. J.
Plant Growth Reg. 41: 507-523. https://doi.
0rg/10.1007/s00344-021-10317-2

Zorb, C., C.M. Geilfus and K.J. Dietz. 2019.
Salinity and crop yield. Plant Biol., 21: 31-38.
https://doi.org/10.1111/plb.12884

June 2024 | Volume 40 | Issue 2 | Page 501

o9 .
Sols Links
GResearchers


https://doi.org/10.2307/3001913
https://doi.org/10.5772/intechopen.93647
https://doi.org/10.5772/intechopen.93647
https://doi.org/10.32615/ps.2021.031
https://doi.org/10.32615/ps.2021.031
https://doi.org/10.3390/ijms23158436
https://doi.org/10.1104/pp.92.4.1029
https://doi.org/10.1104/pp.92.4.1029
https://doi.org/10.1270/jsbbs.19009
https://doi.org/10.1270/jsbbs.19009
https://doi.org/10.3389/fpls.2021.702875
https://doi.org/10.3389/fpls.2021.702875
https://doi.org/10.1080/01904167.2018.1452939
https://doi.org/10.1080/01904167.2018.1452939
https://doi.org/10.1007/s00344-021-10317-2
https://doi.org/10.1007/s00344-021-10317-2
https://doi.org/10.1111/plb.12884

