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Abstract | Salinity is most significant abiotic factor limiting sesame growth, physio-chemical mechanisms
and productivity. To address this issue a pot trial was conducted to check the effectiveness of hydropriming
(water; control), thiourea (150 mM) seed priming under normal (10.8 mM) and saline conditions (70 mM).
The seeds of two varieties (T'S-05 and TH-06) was sown at Botany Garden, University of Agriculture,
Faisalabad. Results showed that salinity decreases the growth (root and shoot parameters) impaired the balance
between antioxidants (superoxide dismutase, catalase, peroxidase) and oxidants (hydrogen peroxide and
malondialdehyde),and lessened the uptake of essential minerals (potassium and calcium) irrespective of varietal
differences. However, the performance of TH-6 was better than T'S-5.In addition, the seed priming of thiourea
enhanced the sesame photosynthetic pigments and efficiency, secondary metabolites production, antioxidant
machinery, and nutrient uptake in both varieties which increased growth and development as a result. So,
thiourea seed priming is an effective strategy to counteract the negative effects of salt stress by improving
tolerance mechanisms.
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Introduction contributing to various physiological and nutritional
advantages (Langyan ez a/.,, 2022). The growth of

esame (Sesamum indicum L.) belonging to the sesame plants is sustained by tropical, subtropical,
Pedaliaceae family possesses the title queen of and southern temperate regions. Leading sesame-
oilseeds owing to its superior oil quality along with  exporting countries include China, Myanmar,
beneficial compounds like sterols, sesamin, sesamolin, India, and Sudan (Chen ez a4/, 2020). Sesame can

and tocopherols, which serve as nutraceuticals replace animal proteins and fats used in human food
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because it contains a plenty of fats and plant proteins
(Rahman ez al., 2020) and seeds of sesame are rich in
oil contents ranging from 45% to 63% (Biswas ¢ al.,
2018). Additionally, it is a valuable source of minerals,
fibers, and vitamins (Zebib ez a/.,2015). Furthermore,
sesame possesses antioxidant properties which
render it a desirable ingredient in pharmaceutical
formulations (Wan ez al., 2023).

Besides its significance, various climatic factors
impact the productivity of sesame. Sesame cultivation
is challenged by the occurrence of multiple abiotic
stresses consequently leading to a reduction in yield
(Wang et al., 2021). Several abiotic stresses such as
drought, waterlogging, salt, and heat have an impact
on sesame efficiency, yield, and seed quality (Dossa
et al., 2019). The most significant abiotic factor
limiting sesame growth and productivity is salinity.
Salt stress influences emergence, growth and yield
potential (Kanagaraj and Sathish, 2017). Salt stress
has three major effects on plant growth including
reduced soil water potential known as osmotic stress,
ionic imbalance in cells and ion toxicity (Franzisky
et al., 2023; Hualpa-Ramirez ez al., 2024). Salinity
affects a variety of physiological processes including
transpiration, stomatal conductance, photosynthesis,
water potential and ultimately declines the growth
and yield production (Desingh and Kanagaraj, 2019;
Taratima ez al., 2023; Victoria et al., 2023). During
salt stress conditions, the substantial amount of salt
in the leaf reduces water potential. The presence of an
elevated level of salts in the leaf caused the stomata to
close which reduced transpiration and CO, resulting
in decreased photosynthesis (Rangani ez a/., 2016).
Salt stress inhibits photosynthesis by triggering
closure of stomata and averting the diffusion of CO,
(Zahra et al., 2022a). Saline stress may also influence
non-stomatal properties like chlorophyll synthesis,
photosystem structure, and electron transport (Pan ez

al.,2021).

To mitigate the negative effects of salinity in sesame
various strategies were used including seed priming
(Tariq and Shahbaz, 2020), plant growth-promoting
rhizobacteria (Khademian ez a/., 2019), and effective
use of nitrogen fertilizers (Waqas ez a/., 2023) and
other fertilizers application (Mahdavi-Khorami ez a/.,
2020; Dollison and Dollison, 2023). Thiourea (TU)
which is a sulfur and nitrogen-containing compound,
is an important plant growth regulator that influences
plant growth, particularly under stressed conditions

(Hafeez et al., 2024). Thiourea can reduce oxidative
stress-induced growth impairment by increasing the
activity of antioxidant enzymes involved in ROS
scavenging and modulating calcium signaling, redox
state,and hormonal homeostasis (Ahmad eza/.,2022a).
Farooq ez al. (2023), reported that the application of
foliar thiourea increased the activity of peroxidase
(POD) and potassium (K) levels in roots under salt
stress conditions. Additionally, it led to elevated levels
of chlorophyll b, total chlorophyll, and carotenoids.
Overall, it can be concluded that foliar application
of thiourea mitigated the negative effects of salinity
by enhancing potassium ion content and antioxidant
activity including peroxidase. Similarly, in another
study Jhanji and Dhingra (2020) the germination
characteristics of unsoaked seeds, hydroprimed seeds,
and thiourea-primed seeds (at 750 ppm concentration)
were examined under varying conditions of water and
NaCl (30 and 50 mM). However, foliar application
of thiourea on sesame have been reported by Dhillon
et al. (2023) under salinity, and Sonia ez a/. (2024)
under drought. However, there is no study present on
seed priming with thiourea to mitigate the adverse
effects of salinity in sesame. Hypothetically, thiourea
seed priming may enhance growth, physio-chemical
processes under salinity stress. Therefore, the present
study was proposed to assess the impact of thiourea
seed priming to mitigate the salt stress effect in
sesame.

Materials and Methods

Experimental detail

The pot experiment was conducted at Botany
Garden, University of Agriculture, Faisalabad
and the experimental design was used complete
randomized design (CRD) with 3 way factorial
arrangements to check the effectiveness of thiourea
(150 mM) seed priming under normal (10.8 mM)
and saline conditions (70 mM). The seeds of these
two varieties (T'S-05 and TH-06) obtained from Oil
Seed Research Institute, Faisalabad) were soaked
in the 150 mM solution of thiourea for 16 hours.
Then, seeds of varieties were sown in soil (autoclave
at 121°C for 120 minutes) with ten seeds in each
pot. The size of each pot having the dimensions 14
inch width and 16 inch depth were filled with 10
kg of soil. After seed germination five plants per pot
were maintained. Salinity stress was imposed after
one week of germination in each pot, the salt stress
(0 and 70 mM) was imposed after germination of
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seeds in increments of 35 mM initially and then was
attained to the 70 mM and sodium chloride (NaCl)
was used for salinity imposition and the harvesting
was done after one month of sowing date for growth
and biochemical analysis. The growth parameters
including root length, shoot length, root and shoot
fresh weight were determined.

Nutrient content

Root and shoot samples were digested following the
procedure described by Wolf (1982). Initially, 0.1 g of
dry root and shoot sample was placed in a digestion
flask containing 2 mL of concentrated hydrogen sulfate
and allowed to stand overnight. The subsequent day,
the sample underwent heating on a hot plate at 50°C
for an hour. After removing the hydrogen peroxide (2
mL) was mixed in the sample, followed by continued
heating until the sample became colorless. To make
a volume of 50 mL, distilled water was added. The
resulting solution was then filtered, and the filtered
sample was utilized to determine the concentrations
of K*, Na*, and Ca* using a flame photometer.

Photosynthetic pigments

The method of Arnon (1949) and Takaichi ez al.
(1995) was used to measure photosynthetic pigments.
Fresh leaf (0.1g) was mixed in 80% acetone having a
volume of 5 milliliters. The absorbance was observed
with the help of ultraviolet-visible spectrophotometer
at a wavelength of 645, 480, and 663 nm.

Antioxidants

A pre-chilled mortar and pestle was utilized to grind
freshleaves (0.5 g) inbuffersolution (10mL) having pH
7.8. After homogenization, the liquid was centrifuged
for 20 minutes at 12,000 rpm. The supernatant with
enzymatic antioxidants was collected and stored at
-20°C for subsequent analysis of peroxidase, catalase,
and superoxide dismutase activity based on protein
content. The catalase activity was determined using
the method ascribed by Chance and Maehly (1955).
'The peroxidase estimation was conducted following
the Chance and Maehly (1955) method. The activity
of superoxide dismutase was determined using the
technique described by Giannopolitis and Ries
(1977).

Reactive oxygen species
'The H,O, was assessed using the protocol described
by Velikova er a/. (2000). The malondialdehyde

content was assessed using the method followed by

Heath and Packer (1968).

Secondary metabolites

Total phenolic were calculated following the
technique used by Julkunen-Tiitto (1985). The total
alkaloid content was determined using the method
outlined by Singh and Sahu (2006). The flavonoid
content was assessed using the method developed by
Zhishen ez al. (1999). Riboflavin was extracted using
the technique described by Okwu and Josiah (2006).

Gas exchange attributes

Attributes related to gas exchange were assessed
with the help of a transferable infrared gas analyzer
(LCA - 4 ACD, Hoddesdon, UK). A fully exposed
and mature third leaf from each treatment group was
randomly chosen for data collection. Measurements
were taken between 12:00 and 14:00 hours on the
respective day.

Statistical analysis

A complete block design (CRD) under a factorial
arrangement with three replications was used. The
analysis and evaluation of data were done by using a
statistical package (Statistics 8.1). HSD test was used
to compare the treatment means.

Results and Discussion

Growth attributes

Data depicted in Table 1 showed that rootlength (RL),
shoot length (SL), root fresh weight (REW), root dry
weight (RDW), shoot fresh weight (SFW), and shoot
dry weight (SDW) varied significantly (P<0.05)
in both varieties, salinity stress and seed priming
treatments but, interaction between them was non-
signifcant (P>0.05) differences. Salinity stress resulted
in reduced root length in both varieties but, the seed
priming with 150 mM thiourea improved the RL up
to 20.06% and 27.13% in T'S-5 and TH-6 varieties,
respectively. Salinity conditions decreased the SL of
both varieties. However, seed priming with thiourea
increased the SL 19.26% (T'S-5) and 12.63% (TH-6)
when compared with their respective controls. Salinity
condition decreased the RFW of both varieties, but,
the seed priming with 150 mM thiourea increased
the RFW up to 49.01% and 28.47% in TS-5 and
TH-6 varieties, respectively, when compared with
their respective controls. Saline strress decreased the
RDW of both varieties however, the seed priming
with thiourea increased the RDW up to 98.59%
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Table 1: Influence of seed priming of thiourea on growth parameters of sesame varieties under saline conditions.

Treatments RDW SL
(cm) (cm)
Salinity treatments (ST)
Normal conditions (NC) 0.79 A 65.32 A
Saline conditions (SC) 0.28 B 46.66 B
Varieties (Vr)
TS-5 0.39 B 5191 B
TH-6 0.69 A 60.06 A
Seed Priming (SP)
Hyrdo priming (HP) 0.47 B 52.43 B
Thiourea priming (TP) 0.6106 A 59.54 A
STxVr
NCxTS-5 0.65b 58.89 b
NCxTH-6 0.93 a 71.75 a
SCxTS-5 0.13d 4495 ¢
SCxTH-6 0.44 ¢ 48.37 ¢
STxSP
NCxHP 0.70 a 61.63 a
NCx TP 0.88¢ 69.01 a
SCxHP 0.2369 b 43.25b
SCxTP 0.33b 50.07 b
VixSP
TS-5xTP 0.48 bc 55.96 ab
TH-6x HP 0.63 ab 57.00 a
TS-5xHP 0.31¢ 47.87 c
TH-6xTP 0.74 a 63.13 a
STxVrxSP
NCxTS-5xHP 0.52 ns 54.7 ns
NCxTS-5xTP 0.78 ns 63.0 ns
SCxTS-5xHP 0.08 ns 41.0 ns
SCxTS-5xTP 0.17 ns 48.9 ns
NCxTH-6xHP 0.87 ns 68.5 ns
NCxTH-6xTP 0.99 ns 75.0 ns
SCxTH-6xHP 0.38 ns 45.5 ns
SCxTH-6xTP 0.48 ns 51.2 ns
Significance
ST 0.000** 0.000**
SP 0.025* 0.002**
Vr 0.0000™* 0.001**
STx SP 0.411ns 0.89ns
STx Vr 0.785ns 0.06ns
Vr=xSP 0.564ns 0.64ns
STx SPxVr 0.469ns 0.96ns

RFW RL SDW SFW
(cm) (cm) (8 (8

3.94 A 14.43 A 3.96 A 23.65 A
2.25B 10.78 B 2.66 B 16.92 B
2.34B 11.39B 3.04B 179 B
3.85A 13.81 A 358A 22.67 A
2.63 B 11.39B 2.97B 18.81 B
3.55A 13.81 A 3.65A 21.76 A
3.09b 14.08 ab 3.69 a 22.13 ab
4.7875 a 14.77 a 422 a 2517 a
1.57 ¢ 9.71 ¢ 2.38b 13.75 ¢
291b 11.84 bc 2.94b 20.16 b
3.38b 13.16 b 3.54b 21.87 a
4.50 a 15.69 a 4.36 a 25.43 a
1.88d 9.63 ¢ 2.39¢ 15.75b
2.61 c 11.92 be 2.94 be 18.08 b
2.76 b 12.89 ab 3.37 ab 18.93 bc
3.36 b 11.89b 3.23 ab 20.75b
191 c 10.89 b 2.70b 16.87 ¢
434a 14.73 a 3.93 a 24.59 a
2.55 ns 12.97 ns 3.28 ns 21.14 ns
3.64 ns 15.19 ns 4.11 ns 23.13 ns
1.26 ns 8.82 ns 2.12 ns 12.61 ns
1.88 ns 10.59 ns 2.64 ns 14.72 ns
4.21 ns 13.35 ns 3.81 ns 22.61 ns
5.36 ns 16.2 ns 4.63 ns 27.74 ns
2.50 ns 10.43 ns 2.65 ns 18.88 ns
3.33 ns 13.26 ns 3.24 ns 21.44 ns
0.000™* 0.000™* 0.000™* 0.000™*
0.000™* 0.001** 0.001** 0.003**
0.000™* 0.032* 0.007** 0.000™*
0.276ns 0.854ns 0.468ns 0.506ns
0.336ns 0.260ns 0.935ns 0.071ns
0.713ns 0.507ns 0.943ns 0.335ns
0.835ns 0.863ns 0.913ns 0.467ns

8T, Salinity treatments, NC, normal conditions, SC, saline conditions, Vr, Varieties, SB Seed Priming, HB Hyrdo priming, TR Ihiourea
priming. * depicted significant (p < 0.05), ns depicted non significant (p > 0.05).

and 26.94% in T'S-5 and TH-6 varieties, respectively,
when compared with their respective controls.
Salinity stress resulted in decrease in the SFW of
both varieties. But, the seed priming with 150 mM
thiourea increased the SFW up to 16.70% and
13.52% in TS-5 and TH-6 varieties, respectively.

Salinity decreased the SDW of both varieties, though,
the seed priming with 150 mM thiourea improved
the SDW up to 24.20% and 21.93% in TS-5 and
TH-6 varieties, respectively, when compared with
their respective controls.
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Table 2: Influence of seed priming of thiourea on growth parameters of sesame varieties under saline conditions.

Treatments Shoot Na*  Root Na*
(mg/gd.wt.) (mg/gd.wt.)
Salinity treatments (ST)
Normal conditions (NC) 4.34 B 10.75 B
Saline conditions (SC) 5.65 A 1471 A
Varieties (Vr)
TS-5 4.84 A 11.93 B
TH-6 515 A 13.53 A
Seed priming (SP)
Hyrdo priming (HP) 5.46 A 13.81 A
Thiourea priming (TP) 453 B 11.65B
STxVr
NCxTS-5 4.5 be 10.87 c
NCxTH-6 418 ¢ 10.62 ¢
SCxTS-5 5.18b 13.0b
SCxTH-6 6.12 a 16.43 a
STxSP
NCxHP 4.75b 11.87b
NCx TP 3.94 ¢ 9.62 ¢
SCxHP 6.18 a 15.75 a
SCxTP 5.12b 13.68 b
VixSP
TS-5xHP 5.50a 13.12 a
TH-6x TP 4.87 ab 12.6 ab
TS-5xTP 4.18b 10.75 b
TH-6xHP 543 a 14.5a
STxVrxSP
NCxTS-5xHP 5.25 ns 12.3 ns
NCxTS-5xTP 3.75 ns 9.5 ns
SCxTS-5xHP 5.75 ns 14.0 ns
SCxTS-5xTP 4.62 ns 12.0 ns
NCxTH-6xHP 4.25 ns 11.5 ns
NCxTH-6xTP 4.12 ns 9.75 ns
SCxTH-6xHP 6.62 ns 17.5 ns
SCxTH-6xTP 5.62 ns 15.4 ns
Significance
ST 0.000** 0.000**
SP 0.000** 0.000**
Vr 0.02* 0.005**
STx SP 0.526ns 0.85ns
STx Vr 0.07ns 0.06ns
VrxSP 0.065ns 0.68ns
STx SPxVr 0.121ns 0.59ns

Root K* Shoot K* Root Ca* Shoot Ca*
(mg/gd.wt.) (mg/gd.wt.) (mg/gd.wt) (mg/gd.wt.)

9.56 A 1534 A 856 A 1259 A
7.13B 10.719 B 5.7187 B 8.563 B
8.06 A 13.46 A 5.78 B 9.46 B
8.62 A 1259 A 85A 11.688 A
7.59 B 1193 B 6.41B 9.25B
9.09 A 1412 A 7.87 A 1191 A
8.37 ¢ 155a 7.43 Db 12.18 ab
10.75 a 15.18 a 9.68 a 13.0a
7.75b 1143 b 412 ¢ 6.75 ¢
6.5b 10.0b 7.31b 10.37 b
8.68 ab 14.43 ab 7.43b 10.37b
10.43 a 16.25 a 9.68 a 14.81 a
6.50 ¢ 943 ¢ 5.37b 8.12b
7.75 be 12.0 be 6.06 b 9.0b
6.93b 12.00 a 531c¢ 8.62b
9.0 ab 13.31a 95a 13.5a
9.18 a 1493 a 6.25 bc 10.31b
8.25 ab 11.87 a 7.50 ab 9.87b
7.12 ns 14.87 ns 6.87 ns 10.75 ns
9.62 ns 16.12 ns 8.00 ns 13.62 ns
6.75 ns 9.12 ns 3.75 ns 6.50 ns
8.75 ns 13.75 ns 4.5 ns 7.0 ns
10.25 ns 14.0 ns 8.0 ns 10.0 ns
11.25 ns 16.37 ns 11.37 ns 16.0 ns
6.25 ns 9.75 ns 7.0 ns 9.75 ns
6.75 ns 10.25 ns 7.62 ns 11.0 ns
0.000™* 0.000™* 0.000™* 0.000™
0.009™* 0.021* 0.021* 0.000**
0.298ns 0.313ns 0.000™* 0.001*
0.641ns 0.662ns 0.170ns 0.09ns
0.07ns 0.514ns 0.405ns 0.04ns
0.169ns 0.386ns 0.346ns 0.139ns
1.000ns 0.135ns 0.294ns 0.358ns

8T, Salinity treatments, NC, normal conditions, SC, saline conditions, Vr, Varieties, SB Seed Priming, HE Hyrdo priming, TR Thiourea priming.

Ions

The shoot and root Na*, K*and Ca?" content varied
significantly (P<0.05) in both varieties, salinity and
seed priming, whereas the interaction between them

was found to be non-significant (Table 2). Salinity

stress enhanced the shoot Na* of both varieties
however, the seed priming with 150 mM thiourea
decreased the shoot Na* up to 19.56% and 15.09%
in TS-5 and TH-6 varieties respectively when
compared with their respective controls. Salinity
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boosted the root Na* in both varieties. However, the
seed priming with 150 mM thiourea reduced the root
Na* up to 14.28% and 12.14% in TS-5 and TH-6
varieties, respectively, when compared with their
respective controls. Overall, TH-6 variety performed
better when compared with TS-5 variety. Salinity
stress decreased the K* ions in root in both varieties.
However, the seed priming with 150 mM thiourea
increased the K* ions in root up to 29.62% and 8%
in TS-5 and TH-6 varieties, respectively, when
compared with their respective controls. Overall,
TH-6 variety performed better when compared with
TS-5 variety. Salinity decreased the K* ions in shoot
in T'S-5 (38.65%) and in TH-6 (30.35%), moreover,
the seed priming with thiourea improved the shoot
K*up to 50.68% and 5.13% in TS-5 and TH-6
varieties, respectively, when compared with their
respective controls. Salinity decreased the root Ca*
in both varieties moreover the seed priming with 150
mM thiourea increased the root Ca?* 20% (T'S-5) and
8.92% (TH-6) when compared with their respective
controls. Salinity stress decreased the shoot Ca®* in
both varieties; moreover, the seed priming with 150
mM thiourea increased the shoot Ca** by 7.69% (T'S-
5) and 12.82% (TH-6).

=m0 (Water soaked)

3.5 -
3-
=
1.5 -
1-
0.5 -
0-
2-
1.5 -
1-
0.5 4
0 -
3
2.5 4
2
1.5 4
1-
0.5 -
0 o

| 70 mM NacCl
TS-5

= 150 mM Thiourea

Chl a (mg/g fwt.)
0
v

Chl b (mg/g fwt.)

Carotenoids (mg/g f.

Control Control 70 mM NaCl

Figure 1: Effect of thiourea seed priming on photosynthetic pigments

of Sesame plant under salinity stress.

Photosynthetic pigments
‘The chlorophyll a content varied significantly

(P<0.05) in both varieties, salinity stress, and seed
priming, although the interaction between them
depicted non-significant (P>0.05) differences expect
carotenoids (Figure 1; Table 3). Salt stress decreased
the chlorophyll a content of both varieties; though, the
seed priming with 150 mM thiourea increased the chl
a 3.59% (TS-5) and 5.45% (TH-6) when compared
with respective controls. Salinity stress reduced the
contents of chlorophyll b in both varieties; however,
the seed priming with 150 mM thiourea improved
the chlorophyll b up to 8.33% and 34.69% in T'S-5
and TH-6 varieties, respectively, when compared
with their respective controls. Overall, TH-6 variety
performed better when compared with TS-5 variety.
Salinity stress decreased the carotenoids contents of
both varieties, however, the seed priming with 150
mM thiourea increased the carotenoids 8.51% (T'S-5)
and 21.86% (TH-6) when compared with respective

controls.

Table 3: Influence of Seed priming of thiourea on
photosynthetic pigments of sesame varieties under saline
conditions.

Significance  Chla Chlb CAR
(mg/gfwt.) (mg/gfwt) (mg/gfwt.)

ST 0.000** 0.000** 0.000**

SP 0.02* 0.021* 0.004**

Vr 0.000** 0.150ns 0.000**
STxSP 0.182ns 0.956ns 0.683ns
STx Vr 0.498ns 0.08ns 0.06ns
VrxSP 0.821ns 0.306ns 0.424ns
STx SPxVr 0.734ns 0.786ns 0.503ns

ST, Salinity treatments, NC, normal conditions, SC, saline
conditions, Vr, Varieties, SB, Seed Priming, HE Hyrdo priming, TR

Thiourea priming.

Oxidative stress

Statistical results for malondialdehyde and hydrogen
peroxide revealed that salt stress and cultivars and seed
priming had significant differences but the interaction
among them was non-significant (P>0.05) (Figure
2A; Table 4). Salinity stress increased the MDA of
both varieties; however, the thiourea seed priming
decreased the MDA up to 20.68% and 14.01% in
TS-5 and TH-6, respectively, when compared with
their respective controls. Salinity stress increased
the hydrogen peroxide of both varieties by 63.51%
(T'S-5) and 10.45% (TH-6) as compared to controls;
however, the seed priming with 150 mM thiourea
decreased the hydrogen peroxide up to 25.26% and
23.08 % in T'S-5 and TH-6 varieties, respectively.
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Table 4: Influence of Seed priming of thiourea on
photosynthetic pigments of sesame varieties under saline
conditions.

Signifi- SOD POD CAT H,0, MDA
cance (units  (units  (units  (pmolg™ (mmolg™!
mg! mg! mg! fwt.) fwt.)
protein) protein) protein)
ST 0.000**  0.000** 0.000** 0.000™ 0.005**
Sp 0.000**  0.025* 0.000** 0.000™ 0.008**
Vr 0.761ns 0.003** 0.135ns 0.005™ 0.012**
STxSP 0.137ns 0.276ns 0.984ns 0.638ns 0.983ns
STx Vr 0.062ns 0.929ns 0.921ns 0.063ns 0.264ns
VrxSP 0.389ns  0.359ns 0.766ns 0.237ns 0.278ns
STx SPxVr 0.061ns 0.976ns 0.539ns 0.073ns 0.871ns

8T, Salinity treatments, NC, normal conditions, SC, saline
conditions, Vr, Varieties, SB Seed Priming, HE Hyrdo priming, TP,
Thiourea priming.

B0 (Watersoaked) ™ 150 mM Thiourea

359
30 1
25

20 1
15 1
10 1
5
0

30 1

20 A
15 4
10 A
5
0

Control I 70 mM NaCl
TS-5

MDA ( mmolg™! fwt.)

H;0, (nmolg™! fwt)

70 mM NacCl

Control

TH-6

Figure 2: Effect of thiourea seed priming on reactive oxygen species
in sesame under salinity stress.

Antioxidants

'The SOD, POD, CAT varied significantly (P<0.05)
in salinity stress, seed priming, and varieties while
the interaction among them was non-significant
(P>0.05) differences (Figure 3A; Table 4). Salinity
stress increased the SOD of both varieties. Likewise,
the seed priming 150 mM thiourea also increased
the SOD up to 7.57% (TS-5) and 38.32% (TH-
6) as compared to their respective controls. Salinity
stress increased this attribute by 14.41 and 17.15%
respectively as compared to control plants. Salinity
stress increased the CAT of both varieties. Moreover,

the seed priming with 150 mM thiourea also increased
the CAT upto 14.14% and 17.51% in T'S-5 and TH-6,

respectively, as compared to their respective controls.
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Figure 3: Effect of thiourea seed priming on enzymatic antioxidant
in sesame under salinity stress.
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Figure 4: Effect of thiourea seed priming on osmolytes and secondary

metabolites in sesame under salinity stress.

Secondary metabolites

Statistical data presenting total phenolics, alkaloids,
flavonoids, and riboflavin, salinity stress, seed
priming, and varieties displayed significant (P<0.05)
differences, however, the interaction was found to be
non-significant (P>0.05) difference (Figure 4A; Table
5). Salt stress increased the total phenolics of both
varieties; likewise, the seed priming also increased the
total phenolics up to 11.03% and 8.53% in T'S-5 and
TH-6 varieties, respectively, when compared with
their respective controls. Salinity stress increased the
alkaloids of both varieties and the seed priming also
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increased alkaloids up to 10% and 3.28%, in TS-5
and TH-6 varieties, respectively, when compared
with their respective controls. Salinity stress increased
the flavonoids in both varieties and the seed priming
also increased flavonoids upto 4.83% (TS-5) and
5.83% (TH-6), when compared with their respective
controls. Salinity stress increased the riboflavin of
both varieties and the seed priming with thiourea also
increased riboflavin up to 14.81% and 1.45% in TS-5
and TH-6 varieties respectively, when compared with
their respective controls.

Table 5: Influence of Seed priming of thiourea on
secondary metabolites af sesame varieties under saline
conditions.

Significance Total soluble Alkaloids Flavo- Ribofla-
phenolics noids  vin
(mgg-lfresh (pg/g  (ng/z  (ng/g
ST 0.000** 0.000**  0.000**  0.000**
Sp 0.000** 0.003**  0.004™  0.000**
Vr 0.008™* 0.0001* 0.029*  0.108ns
STxSP 0.111ns 0.872ns  0.686ns 0.103ns
STx Vr 0.17ns 0.827ns  0.064ns 0.085ns
VrxSP 0.55ns 0.329ns  0.223ns  0.08ns
STx SPxVr  0.74ns 0.458ns 0.278ns 0.06ns

ST, Salinity treatments, NC, normal conditions, SC, saline
conditions, Vr, Varieties, SB, Seed Priming, HE Hyrdo priming, TP

Thiourea priming.

Gas exchange attributes

The photosynthetic rate, Ci, gs, and Tr varied
significantly (P<0.05) in varieties, salinity stress and
seed priming, while the interaction among them was
non-significant (P>0.05) differences (Figure 5A;
Table 6). Salinity stress decreased the photosynthetic
activity upto 41.8% (TS-5) and 51.14% (TH-6) of
both varieties. Moreover, the seed priming with
150 mM thiourea also increased the photosynthetic
activity upto 47.88% and 48.23% in TS-5 and TH-6,
respectively, as compared to their respective controls.
Salinity stress increased the Ci of both varieties
however, the seed priming with 150 mM thiourea
decreased the Ci up to 16.10% and 12.84% in TS-5
and TH-6 varieties, respectively. Salt stress reduced
the Stomatal conductivity in both varieties; conversely,
the seed priming increased Stomatal conductivity
up to 6.10% (TS-5) and 13.73% (TH-6), when
compared with their respective controls. Salinity
stress decreased the transpiration rate in both varieties
but the seed priming with 150 mM thiourea increased

transpiration rate up to 54.74% and 34.16%, in TS-5
and TH-6 varieties, respectively, when compared with
their respective controls.
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Figure 5: Effect of thiourea seed priming on gaseous exchange

attributes in sesame under salinity stress.

Table 6: Influence of Seed priming of thiourea on gas
exchange parameters of sesame varieties under saline
conditions.

Significance gs PN E Ci
(mmol H,O (pmol (mmol H,O (pmol CO,
m2g?) m2g7) m2s) mol )
ST 0.000** 0.000™ 0.000** 0.000™*
SP 0.026* 0.000** 0.000™ 0.000**
Vr 0.000™ 0.011** 0.034* 0.000**
STxSP 0.366ns 0.349ns 0.09ns 0.08ns
STx Vr 0.80ns 0.249ns 0.268ns 0.06ns
VrxSP 0.178ns 0.822ns 0.182ns 0.268ns
STx SPxVr 0.582ns 0.591ns 0.919ns 0.869ns

8T, Salinity treatments, NG, normal conditions, SC, saline
conditions, Vr, Varieties, SP, Seed Priming, HE Hyrdo priming, TH
Thiourea priming.

Plants response under stress conditions is to employ
their potential to advance the defense mechanism
instead of productivity (Zhang ez al., 2023). Likewise
salinity stress also negatively affected the mechanisms
in plants and ultimately reduced growth (Dabravolski
and Isayenkov, 2023). It also negatively exaggerated
the root and shoot lengths, root fresh and dry weight
(Table 1), this research was supported by Nikfekr ez a/.
(2023) and Dangue ez a/.(2022). Similar reduction was
observed in various other crops such as maize (Sabagh
etal.,2021; Ali ez al.,2023),wheat (Hmissi ezal.,2023),
sorghum (Kaur ez a/., 2023) and coriander (Vojodi-
Mehrabani and Kheirollahi, 2023; Sdnchez-Navarro
et al., 2024). Thiourea could effectively alleviate the
adverse effects of salt stress and toxicities (Yadav ez
al., 2023), for example, thiourea application increased
the growth and physiological attributes of mustard
(Saleem ef al., 2024), enhanced the antioxidant
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(Ahmad ez al.,2023; Fiaz et al.,2024). The mechanism
for stress mitigating effects of TU applications either
foliar or seed priming have been investigated at
physiological and molecular levels. Thiourea mainly
controls the redox equilibrium mechanism in a
cellular environment under stress (Patade ez a/.,2020).

Thiourea (TU) is increasingly being studied as a
bioregulator for crop plant growth and development
(Ahmad ez al., 2022b). TU seed priming increased
the root and shoot lengths, root fresh and dry
weight of sesame varieties, however, TH-6 showed
better growth indicators than TS-5 (Table 1),
Exogenous administration of TU increases plant
growth and productivity in both normal and stressful
conditions (Zahra ez al., 2022b). Previous research
has demonstrated the benefits of exogenous TU
application as a priming agent for seed pretreatment,
foliar spray, and medium supplement for a variety
of crop species. The use of TU has been shown to
improve plant tolerance to a variety of environmental
stresses, including salinity, heat, heavy metals, and
drought (Granaz et al., 2022; Harisha ez al., 2023;
Zahid e al., 2024).

Salinity stress negatively impacts the photosynthetic
machinery and causes irreparable damage to it
at any developmental stage. Photosynthesis is
essential for the survival of all organisms and is a
major factor in plant productivity by creating all
precursor biomolecules. Both varieties TS-5 and
TH-6, photosynthetic pigments (Chl a, Chl b, and
carotenoids) were decreased under salinity, however,
seed priming with thiourea improved photosynthetic
pigments (Figure 1). The present study outcomes
corroborate with the results of Saddiq ez a/. (2021),
Shahid ez al. (2023), and Lalarukh ez al. (2023).
Under salinity stress, a significant decrease in
photosynthetic content was observed; this could be
because salinity stress negatively affects leaf anatomy,
chloroplast ultrastructure and metabolism (Hameed
et al.,2021; Barhoumi ez al., 2022). Moreover, salinity
stress decreased the gas exchange indicators like
transpiration rate, photosynthetic rate and stomatal
conductance while increased the sub-stomatal CO,
level (Figure 1). Lower gas exchange characteristics
under salinity stress may be associated with increased
ROS generation, which closes the stomata while
thiourea application decreased the production of
abscisic acid and controls the ROS induced stomatal
closure (Sahoo ez al., 2023).

Oxidative stress is one of the most promising effects
on plants resulting in the reactive oxygen species
production, causing the cellular compartments
degradation and inhibition of their functions
(Hasanuzzaman ef al., 2021; Zahra et al., 2021).
However, there is noteworthy inter and intraspecific
variance in production of ROS and also tolerance
against salinity stress. In the current study, there was
a significant increase in the production of H,O, and
MDA under saline conditions while the seed priming
with thiourea proved helpful to limit their production
in both normal and saline conditions (Figure 4).
Moreover, higher H O, and MDA production was
noted in TH-5 than TS-6. Among various harmful
ions the Na* and CI" were proved particularly to be
more damaging in terms of plants cellular membranes
(Khare ez al., 2020). These ions move taken up by
roots and transported to other plant bodies causing
additional damage. Impairment to cellular structures
results in the increase in the production of ROS, and in
different reactive species H,O, is the most damaging
and longer half-life (Dumanovi¢ ez a/., 2021). In
salinity stress, the production of antioxidants assists
the plants to overcome the adverse oxidative stress
(Ahmad ez al., 2019). Sesame priming with thiourea
under saline conditions exhibited higher activities of
POD, CAT and SOD (Figure 5). Fiaz ez al. (2024)
noted that the application of thiourea enhanced the
activity of SOD, CAT and POD and reduced the level
of MDA and H,O, The results of the current trial
were similar with the outcomes of Nouman and Aziz
(2022) which depicted that seed priming of thiourea
the increased activity of SOD, CAT, POD, riboflavin,
flavonoids, and alkaloids in Calotropis procera. Salinity
stress increased total phenolics, flavonoids, riboflavin
and alkaloids in both varieties. Moreover, thiourea seed
priming also improved these secondary metabolites
under saline and control conditions (Figure 2). Zhang
etal.(2017) reported that amino acid and carbohydrate
metabolic pathways significantly improved in the
adaption to salinity stress. In current experiment, the
total phenolics, flavonoids, riboflavin and alkaloids
enhanced under salinity stress was comarable in sugar
beet (El-Mageed ez al., 2022), maize (Shahid ez a/.,
2023) and sunflower (Barros ez a/., 2019). Salinity
stress resulted in the increase of Na* ions in both root
and shoot while resulted in a decrease in the Ca*
and K*, while the thiourea treatment decreased the
accumulation of Na*ions and increased the K* and Ca**
ions (Table 2). High salinity results in disturbance of

K* ions cytosolic homeostasis and plants endurance,

September 2024 | Volume 40 | Issue 3 | Page 748

.0 .
ot Links
GResearchers



OPEN aACCESS

Sarhad Journal of Agriculture

which are deliberates the most essential salt tolerance
mechanisms in plants, resulting in significant K-
efflux and Na* buildup (Abbasi e# al., 2014). In the
current trial, salinity-stressed plants mount up more
Na* and less K* than control sesame plants, this could
be the consequence of potential antagonism between

K* and Na* (Ferreira ez al., 2020).
Conclusions and Recommendations

Salinity is the major threat to the growth of sesame.
Salinity decreases the photosynthetic pigments and
efficiency, impairs the balance between antioxidants
and oxidants, and lessens the uptake of essential
minerals irrespective of varietal differences. However,
the performance of TH-6 was better than TS-5. In
addition, the seed priming of thiourea enhanced
the sesame photosynthetic pigments and efficiency,
secondary metabolites production, antioxidant
machinery, and nutrient uptake in both varieties
which increased growth and development as a result.
So, thiourea seed priming is an effective strategy
to counteract the negative effects of salt stress by
improving tolerance mechanisms.

Acknowledgements

We are thankful to the University of Agriculture,

Faisalabad for providing research facilities.
Novelty Statement

Priming seeds with thiourea offers a promising
approach to mitigate the detrimental effects of salt
stress by enhancing tolerance mechanisms.

Author’s Contribution

Bushra Irfan: Conducted the experiment and data
collection.

Muhammad Shahzad: Supervised the experiment as
Project Head.

Asif Mukhtiar: Data collection

Muhammad Zubair Akram: Initial drafting and
finalizing the MS.

Muhammad Atif Bashir: Statistical analysis.

Sabina Asghar: Helped in relevant literature.

Abdul Ghaffar and Samreen Nazeer: Reviewed final
draft of the MS.

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

References

Abbasi, G.H., J. Akhtar, M. Anwar-ul-Haq, S.
Ali, Z. Chen and W. Malik. 2014. Exogenous
potassium differentially mitigates salt stress
in tolerant and sensitive maize hybrids. Pak. J.
Bot., 46: 135-146.

Ahmad, M., E.A. Waraich, U. Zulfiqar, A. Ullah
and M. Farooq. 2023. Thiourea application
increases seed and oil yields in Camelina under
heat stress by modulating the plant water
relations and antioxidant defense system. J.
Soil Sci. Plant Nutr., 23: 290-307. https://doi.
org/10.1007/s42729-021-00735-2

Ahmad, M., E.A. Waraich, U. Zulfiqar, S. Hussain,
M.U. Yasin and M. Farooq. 2022a. Thiourea
application improves the growth and seed and
oil yields in canola by modulating gas exchange,
antioxidant defense, and osmoprotection under
heat stress. J. Soil Sci. Plant Nutr., 22: 3655-
3666.  https://doi.org/10.1007/s42729-022-
00917-6

Ahmad, N., A.L. Virk, S. Hussain, M.B. Hafeez,
F.U. Haider, M.I.A. Rehmani, T.A. Yasir and
A. Asif. 2022b. Integrated application of plant
bioregulator and micronutrients improves
crop physiology, productivity and grain
biofortification of delayed sown wheat. Environ.
Sci. Pollut. Res., 29: 52534-52543. https://doi.
org/10.1007/s11356-022-19476-5

Ahmad, R., S. Hussain, M.A. Anjum, M.F. Khalid,
M. Sagqib, I. Zakir, A. Hassan, S. Fahad and S.
Ahmad. 2019. Oxidative stress and antioxidant
defense mechanisms in plants under salt stress.
Plant abiotic stress tolerance: Agronomic,
molecular biotechnological approaches, pp.
191-205. https://doi.org/10.1007/978-3-030-
06118-0_8

Ali, Q.,, M. Ahmad, M. Kamran, S. Ashraf, M.
Shabaan, B.H. Babar, U. Zulfiqar, F.U. Haider,
M.A. Ali and M. Elshikh, 2023. Synergistic
effects of Rhizobacteria and salicylic acid on
maize salt-stress tolerance. Plants 12: 2519.
https://doi.org/10.3390/plants12132519

Arnon, D., 1949. Copper enzymes in isolated
chloroplasts.  Polyphenoloxidase in  Beta
vulgaris. Plant Physiol. Biochem., 24: 1. https://
doi.org/10.1104/pp.24.1.1

September 2024 | Volume 40 | Issue 3 | Page 749

.0 .
ot Links
GResearchers


https://doi.org/10.1007/s42729-021-00735-2
https://doi.org/10.1007/s42729-021-00735-2
https://doi.org/10.1007/s42729-022-00917-6
https://doi.org/10.1007/s42729-022-00917-6
https://doi.org/10.1007/s11356-022-19476-5
https://doi.org/10.1007/s11356-022-19476-5
https://doi.org/10.1007/978-3-030-06118-0_8
https://doi.org/10.1007/978-3-030-06118-0_8
https://doi.org/10.3390/plants12132519
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1104/pp.24.1.1

OPEN aACCESS

Sarhad Journal of Agriculture

Barhoumi, Z., A. Atia, A.A. Hussain, T.H.
Albinhassan and K.A. Saleh. 2022. Effects of
high salinity on photosynthesis characteristics,
leaf histological components and chloroplasts
ultrastructure of Avicennia marina seedlings.
Acta Physiol. Plant, 44: 85. https://doi.
0rg/10.1007/s11738-022-03418-2

Barros, C.V.S.D., Y.L. Melo, M.d.F. Souza, D.V.
Silva and C.E.C. de Macedo. 2019. Sensitivity
and biochemical mechanisms of sunflower
genotypes exposed to saline and water stress.
Acta Physiol. Plant, 41: 159. https://doi.
0rg/10.1007/s11738-019-2953-3

Biswas, S., S. Natta, D.P. Ray, P. Mondal and
U. Saha. 2018. Til (Sesamum indicum L.)-
An underexploited but promising Oilseed
with multifarious applications: A review. Int.
J. Bioresour. Sci., 5: 127-139. https://doi.
org/10.30954/2347-9655.02.2018.8

Chance, B. and A. Maehly. 1955. Assay of
catalases and peroxidases. Method Enzymol.,
2: 764-775. https://doi.org/10.1016/50076-
6879(55)02300-8

Chen, Y., H. Lin, M. Lin, Y. Zheng and J. Chen.
2020. Effect of roasting and in vifro digestion
on phenolic profiles and antioxidant activity
of water-soluble extracts from sesame. Food
Chem. Toxicol., 139: 111239. https://doi.
org/10.1016/j.£ct.2020.111239

Dabravolski, S.A. and S.V. Isayenkov, 2023. The
regulation of plant cell wall organisation under
salt stress. Front. Plant Sci., 14: 1118313.
https://doi.org/10.3389/1pls.2023.1118313

Dangue, A., O.Y. Ali, D. Diaw, M.A.F. Ndiaye and
T.A. Diop. 2022. Physiology and adaptation
strategy of sesame (Sesamum indicum L.) to
salinity. GSC Adv.Res.Rev.,11:029-036.https://
doi.org/10.30574/gscarr.2022.11.2.0117

Desingh, R. and Kanagaraj. 2019. Differential
responses to salt stress on antioxidant enzymatic
activity of two horse gram [Macrotyloma
uniflorum (Llam.) Verdc] varieties. Int. J. Res.
Anal. Rev., 6: 425-430.

Dhillon, S.A., N. Mujahid, M. Shahbaz and A.
Debez. 2023. Response of sesame (Sesamum
indicum L.) to foliar-applied thiourea under
saline conditions. Int.J. Appl. Exp. Biol.,2: 167-
177. https://doi.org/10.56612/ijaeb.v2i2.54

Dollison,M.D.and B.B. Dollison.2023. Agronomic
performance of sesame (Sesamum indicum) under
different fertilizer management. Biosaintifika:

J. Biol. Biol. Educ., 15: 378-385. https://doi.
org/10.15294/biosaintifika.v15i3.47277

Dossa, K., J. You, L. Wang, Y. Zhang, D. Li, R.
Zhou, J. Yu, X. Wei, X. Zhu and S. Jiang. 2019.
Transcriptomic profiling of sesame during
waterlogging and recovery. Sci. Data, 6: 204.
https://doi.org/10.1038/s41597-019-0226-z

Dumanovi¢, J., E. Nepovimova, M. Nati¢, K.
Kuc¢a and V. Jacevi¢, 2021. The significance of
reactive oxygen species and antioxidant defense
system in plants: A concise overview. Front.
Plant Sci., 11: 552969. https://doi.org/10.3389/
£pls.2020.552969

El-Mageed, T.A.A., A.A. Mekdad, M.O. Rady,
A.S. Abdelbaky, H.S. Saudy and A. Shaaban.
2022. Physio-biochemical and agronomic
changes of two sugar beet cultivars grown in
saline soil as influenced by potassium fertilizer.
J. Soil Sci. Plant Nutr., 22: 3636-3654. https://
doi.org/10.1007/s42729-022-00916-7

Farooq, M., J. Uzma, T. Dayakar, G.A. Pizzio
and P. Mamidala. 2023. Foliar spray of
thiourea enhances salt tolerance and improves
biochemical induced physiological responses
in Gerbera jamesonii. https://doi.org/10.20944/
preprints202310.1725.v1

Ferreira, J.F., J.B. da Silva Filho, X. Liu and
DJ.P. Sandhu. 2020. Spinach plants favor
the absorption of K+ over Na+ regardless of
salinity, and may benefit from Na+ when K+ is
deficient in the soil. Plants, 9: 507. https://doi.
org/10.3390/plants9040507

Fiaz, K., M.F. Magsood, M. Shahbaz, U. Zulfiqar,
N.Naz, A.-R.Z. Gaafar, A. Tariq, F. Farhat, F.U.
Haider and B. Shahzad. 2024. Application of
thiourea ameliorates drought induced oxidative
injury in Linum usitatissimum L. by regulating
antioxidant defense machinery and nutrients
absorption. Heliyon. https://doi.org/10.1016/;.
heliyon.2024.e25510

Franzisky, B.L.,]. Solter, C. Xue, K. Harter, M. Stahl
and C.M. Geilfus. 2023. In planta exploitation
of leaf apoplastic compounds: A window of
opportunity for spatiotemporal studies of ap-
oplastic metabolites, hormones and physiology.
Biorxiv, https://www.biorxiv.org/content/10.1
101/2023.1104.1105.535553v535551.abstract,
https://doi.org/10.1101/2023.04.05.535553

Giannopolitis, C.N.and S.K. Ries. 1977. Superoxide
dismutases: I. Occurrence in higher plants.

Plant Physiol. Biochem., 59: 309-314. https://

September 2024 | Volume 40 | Issue 3 | Page 750

QO ] .
ot Links
GResearchers


https://doi.org/10.1007/s11738-022-03418-2
https://doi.org/10.1007/s11738-022-03418-2
https://doi.org/10.1007/s11738-019-2953-3
https://doi.org/10.1007/s11738-019-2953-3
https://doi.org/10.30954/2347-9655.02.2018.8
https://doi.org/10.30954/2347-9655.02.2018.8
https://doi.org/10.1016/S0076-6879(55)02300-8
https://doi.org/10.1016/S0076-6879(55)02300-8
https://doi.org/10.1016/j.fct.2020.111239
https://doi.org/10.1016/j.fct.2020.111239
https://doi.org/10.3389/fpls.2023.1118313
https://doi.org/10.30574/gscarr.2022.11.2.0117
https://doi.org/10.30574/gscarr.2022.11.2.0117
https://doi.org/10.56612/ijaeb.v2i2.54
https://doi.org/10.15294/biosaintifika.v15i3.47277
https://doi.org/10.15294/biosaintifika.v15i3.47277
https://doi.org/10.1038/s41597-019-0226-z
https://doi.org/10.3389/fpls.2020.552969
https://doi.org/10.3389/fpls.2020.552969
https://doi.org/10.1007/s42729-022-00916-7
https://doi.org/10.1007/s42729-022-00916-7
https://doi.org/10.20944/preprints202310.1725.v1
https://doi.org/10.20944/preprints202310.1725.v1
https://doi.org/10.3390/plants9040507
https://doi.org/10.3390/plants9040507
https://doi.org/10.1016/j.heliyon.2024.e25510
https://doi.org/10.1016/j.heliyon.2024.e25510
https://www.biorxiv.org/content/10.1101/2023.1104.1105.535553v535551.abstract
https://www.biorxiv.org/content/10.1101/2023.1104.1105.535553v535551.abstract
https://doi.org/10.1101/2023.04.05.535553
https://doi.org/10.1104/pp.59.2.309

OPEN aACCESS

Sarhad Journal of Agriculture

doi.org/10.1104/pp.59.2.309

Granaz, K. Shaukat, G. Baksh, N. Zahra, M.B.
Hafeez, A. Raza, A. Samad, M. Nizar and A.
Wahid. 2022. Foliar application of thiourea,
salicylic acid, and kinetin alleviate salinity stress
in maize grown under etiolated and de-etiolated
conditions. Discov. Food, 2: 27. https://doi.
org/10.1007/s44187-022-00027-3

Hafeez, M.B., A. Ghaffar, N. Zahra, N. Ahmad, H.
Shair, M. Farooq and J. Li. 2024. Exogenous
application of plant growth regulators improves
economic returns, grain yield and quality
attributes of late-sown wheat under saline
conditions. Int. J. Plant Prod., 18: 217-228.
https://doi.org/10.1007/s42106-024-00285-4

Hameed, A., M.Z. Ahmed, T. Hussain, 1. Aziz,
N. Ahmad, B. Gul and B.L. Nielsen. 2021.
Effects of salinity stress on chloroplast structure
and function. Cells, 10: 2023. https://doi.
0rg/10.3390/cells10082023

Harisha,C.B.,V.B.Narayanpur,].Rane,V.M.Ganiger,
S.M. Prasanna, Y.C. Vishwanath, S.G. Redd;,
H.M. Halli, K.M. Boraiah and P.S. Basavaraj.
2023. promising bioregulators for higher water
productivity and oil quality of chia under
deficit irrigation in semiarid regions. Plants, 12:
662. https://doi.org/10.3390/plants12030662

Hasanuzzaman, M., M.R.H. Raihan, A.A.C.
Masud, K. Rahman, F. Nowroz, M. Rahman,
K. Nahar and M. Fujita. 2021. Regulation of
reactive oxygen species and antioxidant defense
in plants under salinity. Int. J. Mol. Sci., 22:
9326. https://doi.org/10.3390/ijms22179326

Heath,R.L.and L. Packer. 1968. Photoperoxidation
in isolated chloroplasts: I. Kinetics and
stoichiometry of fatty acid peroxidation. Arch.
Biochem. Biophys., 125: 189-198. https://doi.
0rg/10.1016/0003-9861(68)90654-1

Hmissi, M., M. Chaieb and A. Krouma. 2023.
Difterences in the physiological indicators of
seed germination and seedling establishment of
durum wheat (7riticum durum Desf.) cultivars
subjected to salinity stress. Agronomy, 13: 1718.
https://doi.org/10.3390/agronomy13071718

Hualpa-Ramirez, E., E.C. Carrasco-Lozano, J.
Madrid-Espinoza, R. Tejos, S. Ruiz-Lara, C.
Stange and L. Norambuena, 2024. Stress salinity
in plants: New strategies to cope with in the
foreseeable scenario. Plant Physiol. Biochem.,
208:  108507.  https://doi.org/10.1016/j.
plaphy.2024.108507

Jhanji, S. and M. Dhingra, 2020. Ameliorative
effect of thiourea priming on germination
characteristics of mungbean (Vigna radiata L.)
under water and salinity stress. Legume Res.
Int.J., 43: 353-358.

Julkunen-Tiitto, R., 1985. Phenolic constituents
in the leaves of northern willows: Methods for
the analysis of certain phenolics. J. Agric. Food
Chem., 33: 213-217. https://doi.org/10.1021/
j00062a013

Kanagaraj, G. and C. Sathish, 2017. Salt stress
induced changes in growth, pigments and
protein. J. Sci. Agric., 8: 18.

Kaur, M., N. Gupta, N. Kaur, R. Sohu, A.K. Mahal
and A. Choudhary. 2023. Preliminary screening
of sorghum (Sorghum bicolor L.) germplasm for
salinity stress tolerance at the early seedling
stage. Cereal Res. Commun., 51: 603-613.
https://doi.org/10.1007/s42976-022-00327-5

Khademian, R., B. Asghari, B. Sedaghati, Y.
Yaghoubian and Products. 2019. Plant
beneficial rhizospheric microorganisms
(PBRMs) mitigate deleterious effects of salinity
in sesame (Sesamum indicum L.): Physio-
biochemical properties, fatty acids composition
and secondary metabolites content. Indust.
Crops, 136: 129-139. https://doi.org/10.1016/].
indcrop.2019.05.002

Khare, T., A.K. Srivastava, P. Suprasanna and V.
Kumar. 2020. Individual and additive stress
impacts of Na+ and CI” on proline metabolism
and nitrosative responses in rice. Plant
Physiol. Biochem., 152: 44-52. https://doi.
org/10.1016/j.plaphy.2020.04.028

Lalarukh,I.,N.Zahra, A. Shahzadi,M.B. Hafeez, S.
Shaheen, A. Kausar and A. Raza. 2023. Role of
aminolevulinic acid in mediating salinity stress
tolerance in sunflower (Helianthus annuus L.).
J. Soil Sci. Plant Nutr., 23: 5345-5359. https://
doi.org/10.1007/s42729-023-01406-0

Langyan, S., P. Yadava, S. Sharma, N.C. Gupta, R.
Bansal, R. Yadav, S. Kalia and A. Kumar. 2022.
Food and nutraceutical functions of Sesame oil:
An underutilized crop for nutritional and health
benefits. Food Chem., 389: 132990. https://doi.
org/10.1016/j.foodchem.2022.132990

Mahdavi-Khorami, A., J.M. Sinaki, M.A.
Dehaghi, S. Rezvan and A. Damavandi. 2020.
Sesame (Sesame indicum 1..) biochemical and
physiological responses as aftected by applying

chemical, biological, and nano-fertilizers in

September 2024 | Volume 40 | Issue 3 | Page 751

QO ] .
ot Links
GResearchers


https://doi.org/10.1104/pp.59.2.309
https://doi.org/10.1007/s44187-022-00027-3
https://doi.org/10.1007/s44187-022-00027-3
https://doi.org/10.1007/s42106-024-00285-4
https://doi.org/10.3390/cells10082023
https://doi.org/10.3390/cells10082023
https://doi.org/10.3390/plants12030662
https://doi.org/10.3390/ijms22179326
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.3390/agronomy13071718
https://doi.org/10.1016/j.plaphy.2024.108507
https://doi.org/10.1016/j.plaphy.2024.108507
https://doi.org/10.1021/jf00062a013
https://doi.org/10.1021/jf00062a013
https://doi.org/10.1007/s42976-022-00327-5
https://doi.org/10.1016/j.indcrop.2019.05.002
https://doi.org/10.1016/j.indcrop.2019.05.002
https://doi.org/10.1016/j.plaphy.2020.04.028
https://doi.org/10.1016/j.plaphy.2020.04.028
https://doi.org/10.1007/s42729-023-01406-0
https://doi.org/10.1007/s42729-023-01406-0
https://doi.org/10.1016/j.foodchem.2022.132990
https://doi.org/10.1016/j.foodchem.2022.132990

OPEN aACCESS

Sarhad Journal of Agriculture

field water stress conditions. J. Plant Nutr., 43:
456-475. https://doi.org/10.1080/01904167.2
019.1683189

Nikfekr, R., S.K. Kazemitabar, G. Ranjbar, S.H.
Hashemi-Petroudi and P.M. Joubani. 2023.
Study of genetic diversity and evaluation of
some sesame genotypes under salinity stress.
Environ. Stresses Crop Sci.,

Nouman, W. and U. Aziz. 2022. Seed priming
improves salinity tolerance in Calotropis procera
(Aiton) by increasing photosynthetic pigments,
antioxidant activities, and phenolic acids.
Biologia, 77: 609-626. https://doi.org/10.1007/
$11756-021-00935-2

Okwu, D. and C. Josiah. 2006. Evaluation of
the chemical composition of two Nigerian
medicinal plants. Afr. J. Biotechnol., 5: 357-
361.

Pan, T, M. Liu, V.D. Kreslavski, S.K.
Zharmukhamedov, C. Nie, M. Yu, V.V.
Kuznetsov, S.I. Allakhverdiev and S.
Shabala. 2021. Non-stomatal limitation
of photosynthesis by soil salinity. Crit. Rev.
Environ. Sci. Technol., 51: 791-825. https://
doi.org/10.1080/10643389.2020.1735231

Patade, V.Y., G.C. Nikalje and S. Srivastava.
2020. Role of thiourea in mitigating different
environmental stresses in plants. Protective
chemical agents in the amelioration of plant
abiotic stress: Biochemical and molecular
perspectives,  pp.  467-482.  https://doi.
0rg/10.1002/9781119552154.ch23

Rahman, A., S. Bhattarai, D. Akbar, M. Thomson,
T. Trotter, S. Timilsina and C. Australia. 2020.
Market analysis of sesame seed. CQUniversity.
Report.

Rangani, J., A.K. Parida, A. Panda and A. Kumari,
2016. Coordinated changes in antioxidative
enzymes protect the photosynthetic machinery
from salinity induced oxidative damage and
confer salt tolerance in an extreme halophyte
Salvadora persica L. Front. Plant Sci., 7: 50.
https://doi.org/10.3389/1pls.2016.00050

Sabagh, A., F. Cig, S. Seydosoglu, M.L. Battaglia, T.
Javed, M.A. Igbal and M. Awad. 2021. Salinity
stress in maize: Effects of stress and recent
developments of tolerance for improvement.
Cereal Grains, 1: 213. https://doi.org/10.5772/
intechopen.98745

Saddiq, M.S,, S.Igbal, M.B. Hafeez, A.M. Ibrahim,
A. Raza, E.M. Fatima, H. Baloch, Jahanzaib,
P. Woodrow and L.F. Ciarmiello, 2021. Effect

of salinity stress on physiological changes in
winter and spring wheat. Agronomy, 11: 1193.
https://doi.org/10.3390/agronomy11061193

Sahoo, S.A., R.D. Singh, J. Kulkarni, G.S. Kamble,
M. Pandey, S.B. Verulkar and A.K. Srivastava.
2023. Thiourea mitigates potassium deficiency
in soybean varieties through redox or ABA
dependent mechanisms.J. Plant Growth Regul.,
https://doi.org/10.1007/500344-023-10963-8

Saleem, I.,S.R. Ahmed, A.H. Lahori, M. Mierzwa-
Hersztek, S. Bano, A. Afzal, M. T. Muhammad,
M. Afzal, V. Vambol and S. Vambol. 2024.
Utilizing  thiourea-modified biochars to
mitigate toxic metal pollution and promote
mustard (Brassica campestris) plant growth
in contaminated soils. J. Geochem. Explor.,
257:  107331.  https://doi.org/10.1016/].
gexplo.2023.107331

Sinchez-Navarro, A., A. Girona-Ruiz and M.].
Delgado-Iniesta. 2024. Green manuring and
irrigation strategies positively influence the
soil characteristics and yield of coriander
(Coriandrum sativum L.) crop under salinity
stress. Land, 13: 265. https://doi.org/10.3390/
land13030265

Shahid, S., A. Kausar, N. Zahra, M.B. Hafeez, A.
Raza and M.Y. Ashraf, 2023. Methionine-
induced regulation of secondary metabolites and
antioxidants in maize (Zea mays L.) subjected
to salinity stress. Gesunde Pflanzen, 75: 1143-
1155.  https://doi.org/10.1007/s10343-022-
00774-4

Singh, D. and A. Sahu, 2006. Spectrophotometric
determination of caffeine and theophylline
in pure alkaloids and its application in
pharmaceutical formulations. Anal. Biochem.,
349:  176-180.  https://doi.org/10.1016/.
ab.2005.03.007

Sonia, E., P. Ratnakumar, B.B. Pandey, K. Ramesh,
S.N. Reddy, V. Hemalatha, A. Sravanthi, P.J.
Daniel, C.L. Manikanta and K. Ramya, 2024.
The Influence of plant growth modulators
on physiological yield and quality traits of
sesame (Sesamum indicum) cultivars under
rainfed conditions. Agric. Res., https://doi.
org/10.1007/s40003-024-00704-y

Takaichi, S., H. Yazawa and Y. Yamamoto,
1995. Carotenoids of the fruiting gliding
myxobacterium, Myxococcus sp. MY-18, isolated
from lake sediment: Accumulation of phytoene
and keto-myxocoxanthin glucoside ester. Biosci.

Biotechnol. Biochem., 59: 464-468. https://doi.

September 2024 | Volume 40 | Issue 3 | Page 752

.0 .
ot Links
GResearchers


https://doi.org/10.1080/01904167.2019.1683189
https://doi.org/10.1080/01904167.2019.1683189
https://doi.org/10.1007/s11756-021-00935-2
https://doi.org/10.1007/s11756-021-00935-2
https://doi.org/10.1080/10643389.2020.1735231
https://doi.org/10.1080/10643389.2020.1735231
https://doi.org/10.1002/9781119552154.ch23
https://doi.org/10.1002/9781119552154.ch23
https://doi.org/10.3389/fpls.2016.00050
https://doi.org/10.5772/intechopen.98745
https://doi.org/10.5772/intechopen.98745
https://doi.org/10.3390/agronomy11061193
https://doi.org/10.1007/s00344-023-10963-8
https://doi.org/10.1016/j.gexplo.2023.107331
https://doi.org/10.1016/j.gexplo.2023.107331
https://doi.org/10.3390/land13030265
https://doi.org/10.3390/land13030265
https://doi.org/10.1007/s10343-022-00774-4
https://doi.org/10.1007/s10343-022-00774-4
https://doi.org/10.1016/j.ab.2005.03.007
https://doi.org/10.1016/j.ab.2005.03.007
https://doi.org/10.1007/s40003-024-00704-y
https://doi.org/10.1007/s40003-024-00704-y
https://doi.org/10.1271/bbb.59.464

OPEN aACCESS

Sarhad Journal of Agriculture

org/10.1271/bbb.59.464

Taratima, W., N. Kunpratum and P.
Maneerattanarungroj. 2023. Effect of salinity
stress on physiological aspects of pumpkin
(Cucurbita moschata duchesne. laikaotok) under
hydroponic condition. Asian ]. Agric. Biol,
2023:202101050.

Tariq, A. and M. Shahbaz, 2020. Glycinebetaine
induced modulation in oxidative defense system
and mineral nutrients sesame (Sesamum indicum
L.) under saline regimes. Pak. J. Bot., 52: 775-
782. https://doi.org/10.30848/P]B2020-3(34)

Velikova, V., 1. Yordanov and A. Edreva, 2000.
Oxidative stress and some antioxidant systems
in acid rain-treated bean plants: Protective
role of exogenous polyamines. Plant Sci.,
151: 59-66. https://doi.org/10.1016/50168-
9452(99)00197-1

Victoria, O., U. Idorenyin, M. Asana, L. Jia, L.
Shuoshuo, S. Yang, .M. Okoi, A. Ping and
E.A. Egrinya. 2023. Seed treatment with
24-epibrassinolide improves wheat germination
under salinity stress. Asian J. Agric. Biol., 2023,

Vojodi Mehrabani, L. and N.J. Kheirollahi. 2023.
Effects of salinity stress and foliar application
of mineral elements and methanol on growth
and some physiological traits of Coriandrum
sativum L. J. Plant Process Funct., 12: 81-90.

Wan, Y., Q. Zhou, M. Zhao and T. Hou.
2023. Byproducts of sesame oil extraction:
Composition, function, and comprehensive
utilization. Foods, 12: 2383. https://doi.
org/10.3390/foods12122383

Wang, L., K. Dossa, J. You, Y. Zhang, D. Lj,
R. Zhou, ]J. Yu, X. Wei, X. Zhu and S. Jiang.
2021. High-resolution temporal transcriptome
sequencing unravels ERF and WRKY as the
master players in the regulatory networks
underlying sesame responses to waterlogging
and recovery. Genomics, 113: 276-290. https://
doi.org/10.1016/j.ygeno.2020.11.022

Wagqas, M., M.J. Hawkesford and C.M. Geilfus.
2023. Feeding the world sustainably: Efficient
nitrogen use. Trends Plant Sci., 28: 505-508.
https://doi.org/10.1016/j.tplants.2023.02.010

Wolf, B., 1982. An improved universal extracting
solution and its use for diagnosing soil fertility.
Commun. Soil Sci. Plant Anal., 13: 1005-1033.
https://doi.org/10.1080/00103628209367331

Yadav, T., R. Yadav, G. Yadav, A. Kumar and G.
Makarana. 2023. Salicylic acid and thiourea
ameliorated adverse effects of salinity and

drought-induced changes in physiological traits
and yield of wheat. Cereal Res. Commun., pp.
1-14.  https://doi.org/10.1007/s42976-023-
00382-6

Zahid, A., K. ul din, M. Ahmad, U. Hayat, U.
Zulfigar, SM.H. Askri, M.Z. Anjum, M.F.
Magsood, N. Aijaz and T. Chaudhary. 2024.
Exogenous application of sulfur-rich thiourea
(STU) to alleviate the adverse effects of cobalt
stress in wheat. BMC Plant Biol., 24: 126.
https://doi.org/10.1186/s12870-024-04795-1

Zahra, N., A. Wahid, K. Shaukat, M.B. Hafeez, A.
Batool and M. Hasanuzzaman. 2021. Oxidative
stress tolerance potential of milk thistle
ecotypes after supplementation of different
plant growth-promoting agents under salinity.
Plant Physiol. Biochem., 166: 53-65. https://
doi.org/10.1016/j.plaphy.2021.05.042

Zahra,N.,M.S. Al Hinai,M.B.Hafeez, A. Rehman,
A. Wahid, K.H. Siddique and M. Farooq.
2022a. Regulation of photosynthesis under salt
stress and associated tolerance mechanisms.
Plant Physiol. Biochem., 178: 55-69. https://
doi.org/10.1016/j.plaphy.2022.03.003

Zahra, N., A. Wahid, M.B. Hafeez, K. Shaukat, S.
Shahzad, T. Shah and M.N. Alyemeni. 2022b.
Plant growth promoters alleviate oxidative
damages and improve the growth of milk thistle
(Silybum marianum L.) under salinity stress. J.
Plant Growth Regul., 41: 3091-3116. https://
doi.org/10.1007/s00344-021-10498-w

Zebib, H., G. Bultosa and S. Abera. 2015. Physico-
chemical properties of sesame (Sesamum indicum
L.) varieties grown in Northern Area, Ethiopia.
Agric. Sci.,, 6: 238. https://doi.org/10.4236/
as.2015.62024

Zhang,Y.,]. Xu,R.Li, Y. Ge, Y. Li and R. Li. 2023.
Plants response to abiotic stress: Mechanisms
and strategies. Int. J. Mol. Sci., 24: 10915.
https://doi.org/10.3390/ijms241310915

Zhang, Z., C. Mao, Z. Shi and X. Kou. 2017.
The amino acid metabolic and carbohydrate
metabolic pathway play important roles
during salt-stress response in tomato. Front.
Plant Sci., 8: 1231. https://doi.org/10.3389/
tpls.2017.01231

Zhishen, J., T. Mengcheng and W. Jianming,
1999. The determination of flavonoid contents
in mulberry and their scavenging effects
on superoxide radicals. Food Chem., 64:

September 2024 | Volume 40 | Issue 3 | Page 753

555-559. https://doi.org/10.1016/50308-
8146(98)00102-2
0w Links

“*@Researchers


https://doi.org/10.1271/bbb.59.464
https://doi.org/10.30848/PJB2020-3(34)
https://doi.org/10.1016/S0168-9452(99)00197-1
https://doi.org/10.1016/S0168-9452(99)00197-1
https://doi.org/10.3390/foods12122383
https://doi.org/10.3390/foods12122383
https://doi.org/10.1016/j.ygeno.2020.11.022
https://doi.org/10.1016/j.ygeno.2020.11.022
https://doi.org/10.1016/j.tplants.2023.02.010
https://doi.org/10.1080/00103628209367331
https://doi.org/10.1007/s42976-023-00382-6
https://doi.org/10.1007/s42976-023-00382-6
https://doi.org/10.1186/s12870-024-04795-1
https://doi.org/10.1016/j.plaphy.2021.05.042
https://doi.org/10.1016/j.plaphy.2021.05.042
https://doi.org/10.1016/j.plaphy.2022.03.003
https://doi.org/10.1016/j.plaphy.2022.03.003
https://doi.org/10.1007/s00344-021-10498-w
https://doi.org/10.1007/s00344-021-10498-w
https://doi.org/10.4236/as.2015.62024
https://doi.org/10.4236/as.2015.62024
https://doi.org/10.3390/ijms241310915
https://doi.org/10.3389/fpls.2017.01231
https://doi.org/10.3389/fpls.2017.01231
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1016/S0308-8146(98)00102-2

