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Abstract

Background: Today, stress moderators are employed to mitigate crop loss due to the adverse effects of environmen-
tal stress. The current research aimed to investigate the impacts of time and stress moderator types on agro-physio-
logical responses of cotton on conventional and double-cropping systems during 2017 and 2018 under saline condi-
tions. A split-plot factorial experiment was carried out in a randomized complete block design with three replications.
Cultivation system [conventional (recommended planting date) and double-cropping systems (sowing after harvest
of wheat)] were considered as the main plots, and stress moderator type at four levels [water control, 2 mmol-L™
Salicylic acid (SA), 100 mmol-L™ Glycine betaine (GB), and 100 umoI-L” sodium nitroprusside (SNP)] and application
time (flowering and flowering + bolling stages) were regarded as subplots.

Results: Plant height, reproductive branch number, the number of bolls, 10-boll weight, 1 000-seed weight, biologi-
cal yield, seed cotton yield, lint yield, chlorophyll a, chlorophyll b, carotenoids, total chlorophyll, sodium, potassium,
and proline content were less in double-cropping system comparing with conventional system. Spraying with the
stress moderators alleviated soil salinity effects on yield, yield components, and biochemical traits of cotton. SNP
spraying led to maximum plant height, branch number, the number of bolls per plant, 10-boll weight and seed
cotton yield. SA spraying yielded the highest 1 000-seed weight, biological yield, lint percentage and lint yield. The
highest chlorophyll a, chlorophyll b, carotenoids, and total chlorophyll content resulted from SNP spraying. Yield,
yield components, and biochemical traits did not respond to the stress moderator types in double-cropping system.
However, the highest chlorophyll a, carotenoids, proline content, the number of bolls per plant, and seed cotton yield
resulted from SNP spraying in conventional system. No statistically significant differences were observed between
spraying with SNP and SA in most studied traits.

Conclusions: The results suggest that the optimum cotton planting time and SNP spraying could be recommended
for producing the most suitable yield under saline conditions.

Highlights:

+ External application of stress modulators increases salinity stress tolerance.
« Spraying with sodium nitroprusside has more moderating effect.
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+ Agro-physiological response of cotton to moderators is stronger in early sowing.
+ Maximum seed cotton yield was achieved at early sowing and spraying sodium nitroprusside.

+ Delayed cultivation reduces cotton yield.

Keywords: Cotton, Glycine betaine, Salicylic acid, Salinity, Sodium nitroprusside, Sowing date

Introduction

Environmental stresses have always been considered as
one of the causes of yield decline in crops. Among vari-
ous environmental stresses types, salinity stress is the
cause of more than a 50% reduction in crop yields (Liu
et al. 2020). Although cotton was considered a semi-
salinity-resistant plant, salinity has adverse effects on
its growth and development (Ahmed et al. 2020). Dif-
ferent strategies, such as managing the type of fertilizer,
time of fertilizer application, planting pattern, use of
resistant cultivars, and today’s use of stress modera-
tors, have been employed to alleviate the effects of salin-
ity stress on crops. For example, improving effects of
sodium nitroprusside’ (Rezapour et al. 2019), salicylic
acid’ and putrescine (Bagheri and Mohammadalipour
2011; Yildirim et al. 2008), ascorbic acid, brassinoster-
oids, and melatonin tocopherols (Xiao et al. 2019) have
been reported for the amelioration of tolerance to salinity
stress in cotton. Glycine betaine® spraying in cotton has
been reported to augment lint yield, the number of bolls,
the number of reproductive branches, and plant height
but reduce boll shedding percentage, and promote early
germination; however, it has no significant effects on boll
weight (Ali et al. 2010). Besides GB, SA and SNP are also
applied to alleviate salinity stress effects. Today, both of
these substances are classified as plant hormones. In the
case of external application of SNP in cotton, its foliar
application of 0.05 mol-L™! increases the yield and yield
components, pigment contents, total soluble sugars, pro-
line content, total free amino acids, phenolic content,
soluble proteins, antioxidant, and antioxidant enzyme
activities (Shallan et al. 2012). Noreen et al. (2012) also
reported an increase in cotton growth and yield with SA
consumption.

The cropping sequence affects the planting time by
making land fallow. Harvesting of previous crop and cul-
tivation of successive crop determines the planting time.
Double-cropping cotton following wheat is essentially
late-planted cotton. The cotton crops sown in wheat-cot-
ton, sunflower- cotton, and maize-cotton sequence often

! Sodium nitroprusside (SNP).
2 Salicylic acid (SA).
3 Glycine betaine (GB).

get late (Ahmed et al. 2020; Tariq et al. 2018). In many
parts of Iran, cotton cultivation was delayed by about
1 month of the proper sowing date to harvest winter
wheat and barley (Bagherabadi et al. 2019). Sedighi et al.
(2012) reported that the delays in cotton planting after
harvesting barley reduced the lint yield by more than 30%
compared with its timely sowing. Low yields caused by
late cotton cultivation compared with its planting at the
optimal date have been attributed to its reduced repro-
ductive period, heat stress due to increased temperature
during early growth stages, shortened day length, and
lower solar radiation than desired during the reproduc-
tive stages (Rahman et al. 2019).

Due to the relatively good tolerance of cotton to salin-
ity stress, its cultivation in saline soils was considered by
many farmers. Therefore, finding a simple solution for
increasing its yield in saline conditions can lead to proper
economic production. The use of stress moderators is a
practical and low-cost method to alleviate environmen-
tal stresses effects on crops. However, little information
exists about the effects of foliage time and moderator type
on the cotton yield and the yield components. Hence, this
research aimed to investigate the responses of cotton to
the time and type of stress moderator in different plant-
ing dates under soil salinity conditions.

Materials and methods

This research was conducted on a private farm, located
10 km from Sabzevar at latitude 36° 13’-N, longitude 57°
44/-E, and 990 m altitude above sea level during 2017 and
2018. According to the Koppen climate classification,
the study area had a semi-arid climate with cold winters
and hot summers and an average rainfall of 187.7 mm.
The maximum and minimum average temperatures are
37.7 °C and —2 °C in July and January, respectively. The
meteorological data (monthly weather data, maximum
and minimum temperature, total rainfall, and sunshine
hour) are given in Fig. 1. Climate data were obtained
from Sabzevar Meteorological Station (Islamic Republic
of Iran Meteorological Organization 2020).

A split-plot factorial experiment was carried out in
a randomized complete block design with three rep-
lications. Cultivation system [conventional (recom-
mended planting date) and double-cropping systems
(sowing after harvest of wheat)] (Sedighi et al. 2012)
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Fig. 1 Maximum and minimum temperatures, total rainfall and sunshine hours in the growing seasons during the 2 experimental years

Table 1 Physicochemical properties of the soil at the experimental site

Manganese  Sodium  Zinc Copper Iron Phosphorus Potash  Nitrogen /% Sand Clay Silt EC PH(:5)
/(mg-kg™") /(mg-kg™") /% /(dS-m~")
7 40.5 0.55 0.46 242 4 110 0.02 63 13 24 10.5 7.2

were considered as the main plots and stress modera-
tor type at four levels [water control, 2 mmol-L™' SA,
100 mmol-L™! GB, and 100 pumol-L™' SNP] and appli-
cation time (flowering and flowering+ bolling stages)
as the subplots. In the flowering stage, foliar spraying
was done approximately 40~45 days after emergence,
and in bolling stages, foliar spraying was performed
60~65 days after emergence. Triton X100 was used as a
surfactant at 1% concentration for better leaf area cov-
erage during spraying. In the water control treatment,
pure water spraying was performed. For spraying,
a back sprayer with an 8002 nozzle at the pressure of
2 MPa was utilized. The consumed water had a volume
of 500 L-ha™". Foliar spraying was performed in sunny
weather with an average wind speed of 2 kmh™ in the
afternoon during the two studied years. In the study
area, the conventional and double-cropping systems are
usually conducted from the 6th of May and June (after
harvesting barley or wheat) onward, respectively. The
experimental plots were laid fallow and allocated to
wheat cultivation during the previous years of the 2017
and 2018 years on conventional and double-cropping
systems. Land preparation was done with deep plowing
in the fall of the previous year in 2017 and after wheat

harvesting in 2018, and tillage operation included sur-
face plowing, double-disc plowing, and complete lev-
eling in May. Before planting, soil samples were taken
at depths of 0-30 cm, and physicochemical properties
were determined (Table 1). According to the soil anal-
ysis results (Table 1), the studied soil was of a Sandy
Loam type with a pH of 7.2, EC of 10.5 dS-m~%, and
total N, P, and K contents of 0.02%, 110 mg~l<g‘1 and
4 mgkg™, respectively. A threshold salinity level, at
which initial yield of cotton declines, is 7.7 dS-m™!
with a 50% reduction in yield at 17.0 dS-m ™! (Maas and
Hoffman 1977).

According to the soil test, 160 kg-ha™" of nitrogen from
urea source was applied in the three stages: planting time
(45 kg-ha™'), first weeding (70 kg-ha™?), and early flow-
ering (45 kg-ha™!), along with 70 kg-ha™! of P,O; from
triple superphosphate source before planting. Before
sowing, the seeds were disinfected with Carboxin-Thi-
ram (Vitavax) at a ratio of 2%.. To combat thrips pests,
they were impregnated with Larvin (thiodicarb) at a ratio
of 7%o. Each plot consisted of six rows with 5 m length,
50 cm between rows and a distance of 20 cm between
plants in the rows. The main plot measured 15 m in
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length and 5 m in width and the size of each sub-plot was
3 m long and 5 m in width.

The sowing dates in conventional system occurred on
May 4, 2017, and April 30, 2018, and the double-cropping
system was on June 9, 2017, and June 7, 2018, respectively.
In 2018, planting occurred after harvesting wheat with
a combine harvester. The remaining straw and stubble
were first collected with a blender, and other plant resi-
dues were mixed with soil using a rotating plow. Planting
was done by using the delinted seeds of the Varamin cul-
tivar and a pneumatic sowing machine. The 2nd irrigation
was performed 10 days later to prevent soil crusting and
improve the germination condition of cotton seedlings.
Irrigation was carried out according to the depletion of
40% of the total available water from the root zone dur-
ing the whole experiment. Irrigation was applied equally
to all treatments, according to the Agricultural and Nat-
ural Resources Research Center of Khorasan Province’s
recommendation (Sirjani et al. 2018). After complete
establishment at 5-6-leaf-growing stage, the plants were
thinned on rows at a distance of 20 cm from each other to
achieve the desired density. Weeding operations were per-
formed manually. Other required operations were carried
out following local customs. The third terminally evolved
leaves were selected in each of the two experimental years
2 weeks after applying the stress-moderating treatments
to measure physiological traits based on their wet weights.
The amounts of photosynthetic pigments (chlorophyll a,
chlorophyll b, total chlorophyll, and carotenoids) were
measured according to Arnon’s (1967) method, and the
concentrations of the pigments were calculated in milli-
grams per gram of fresh weight (mg-g~' FW). The method
presented by Bates et al. (1973) was employed to measure
the proline contents of the leaf tissues. The concentrations
of sodium and potassium elements were measured with a
JENWAY PFP7 flame photometer.

Harvesting operations were conducted at a single har-
vest time on November 10 and 25 in the first and second
years, respectively. At the end of the growing season, ten
plants per plot were randomly selected, and the plant
height, the numbers of reproductive branches, the num-
bers of bolls per plant, and 10-boll weights were meas-
ured as the yield components. Seed cotton yield was
measured after manually removing the marginal effects
from 3 m? of the middle rows of each plot. The lint per-
centage of the seed cotton was measured after separating
the lint with laboratory saw ginning. Lint yield was cal-
culated by multiplying the seed cotton yield by lint per-
centage, and seed yield was calculated by subtracting lint
yield from seed cotton yield. One hundred cotton seeds
were randomly separated and weighed using a digital
scale with an accuracy of 0.01 g to determine the 1 000-
seed weight.
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The analysis of variance (ANOVA) was done in SAS
(Ver. 9.3) using PROC GLM. Sources of variation due
to replication, year, sowing date, foliage time, modula-
tor type, and the interaction of year, sowing date, foliage
time, modulator type (all interaction) were used in the
statistical model. Testing of homogeneity of the error
mean squares from different locations or years are neces-
sary for combined analysis. So, the test for homogeneity
of error mean squares (variance) is necessary before tak-
ing up the combined analysis of variance. Bartlett’s test or
Hartley’s test for homogeneity variance can be performed
(Sahu 2016). The test of variance uniformity (Bartlett
test) showed the uniformity of variance (Table 2); hence
the data are presented as a combined year for all param-
eters. The least significant difference (LSD) test was uti-
lized at a 5% confidence level to compare the means, and
Excel software was applied to draw the figures.

Results

Yield and yield components

Double-cropping system caused 36.2%, 21.6%, 49.3%,
35.5%, 17.7%, 50.7%, 62.1%, 20.9%, and 69.7% reductions
in the final height, the number of reproductive branches,
the number of bolls per plant, average weight of 10-bolls,
1 000-seed weight, biological yield, seed cotton vyield,
lint percentage, and lint yield, respectively (Table 3).

Foliar application at the flowering + bolling stages sig-
nificantly increased plant height, the number of bolls,
10-boll weight, seed cotton yield, and lint yield by 8.8%,
30.2%, 7.09%, 17.81%, and 15.9%, compared with the
foliar application at the flowering stage, respectively.
However, other studied traits did not display any statisti-
cal responses to the foliage time (Table 3).

Among the moderators, spraying with SNP led to the
highest effects on increasing the height, branch number,
boll number per plant, 10-boll weight, and seed cotton
yield, while SA spraying produced the highest 1 000-seed
weight, biological yield, lint percentage and lint yield
(Table 3). Although GB enhanced 10-boll weight by 32.7%
compared with the water control, the 10-boll weights
were 4.92% and 9.05% lower than SA and SNP applica-
tions, respectively (Table 3). Additionally, no statistically
significant difference was observed between foliar appli-
cations with SNP and SA for lint yield. Spraying with GB
and SNP did not result in a statistically significant differ-
ence in 1 000-seed weight and biological yield. However,
a statistically significant difference was found between
SA and GB spraying in biological yield. Compared with
the water control, foliar application with GB increased
the number of reproductive branches; however, the high-
est number was obtained by foliar application with SNP,
which did not have a statistically significant difference
from that achieved by SA foliar application (Table 3).
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Table 3 The main effects of cultivation system, foliage time, and stress modulator type on the yield and yield components
Plant height Branch Boll number 10-boll 1000-seed Biological Seed Lint Lint yield /
/em number per plant weight /g weight /g yield / cottonyield percentage (kg-ha™’)
(kg-ha™") /tkg-ha™") /%
Cultivation system
Conven- 81.8+£8.3°% 134436° 14.6448° 87.0+£11.1° 11741322 432343527 18794958 348+24° 65548497
tional
Double-  522445°  105+3.1° 7414£17°  561449° 9624269° 2131+£141°  713+£521° 2754+41b  198+£524°
cropping
Foliage time
Flowering 642463°  11.1433° 952455°  69.14£117° 1054187 32774515 11904688 314+48 395+257°
Flower- 69.9+11.1° 12.7+37° 124434° 7404159° 108 £27.8° 31774£529° 14024846 309+5.1° 458 +£30.1°
ing+ bol-
ling
Modulator type
Water 613+6.6° 952429 80143.1° 5524£7.1¢ 92.3£8.24° 29314302 1019457.1¢ 288448 3074+189°
control
GB 6644612 116+£35°  116+52° 7334£137°  1074£79° 31834464° 12254705 320+£38%  411+262°
SA 69.5+119° 13.043.2° 11.94+36° 7714£117% 1204144 3487496.2° 14674848 330+48° 504431.7°
SNP 7094£10.2° 13.643.5° 123453° 80.1£15.3° 106 +£7.9° 33084+604° 1473+884% 30.8452° 48343242

Similar letters within the same column denote insignificant differences based on FLSD level of 5% (Mean =+ SD)

Plant height did not respond to foliage time in the
double-cropping system; however, foliar application at
the flowering + bolling stages led to a higher plant height
than the foliar application at the flowering stage in the
conventional system (Table 4). Both in the conventional
and double-cropping systems, foliar application at the
flowering + bolling stages produced more bolls per plant
than the foliar application at the flowering stage. The
highest (16.7) and lowest (6.86) numbers of bolls per
plant were observed with foliar applications at the flower-
ing+ bolling and flowering stages in the conventional and
double-cropping systems, respectively (Table 4). In the
double-cropping system, 10-boll weight did not respond
to the application time of the stress moderators; however,
foliar application at the flowering+ bolling stages led to
10.6% more 10-boll weight than the foliar application at
the flowering stage in the conventional system (Table 4).
Seed cotton vyield revealed the highest response to the
consumption times of the moderators in both the con-
ventional and double-cropping systems. In both cultiva-
tion systems, foliar applications at the flowering + bolling
stages led to higher seed cotton yield compared with
foliar applications in the flowering stage (19.89% higher
seed cotton yield in the conventional system, and 12.5%
higher in the double-cropping system). The 1 000-seed
weight responses to the foliage time and cultivation sys-
tems were similar to 10-boll weight (Table 4).

As with the foliage time, the type of moderator used
affected the final height of cotton only in the conven-
tional system, but the height did not indicate a statisti-
cally significant response to the use of moderators in the

double-cropping system although the use of moderators
elevated the height compared with the water control. In
the conventional system, foliar application with GB had
no significant effect on the height compared with the
water control treatment; however, foliar application with
SNP and SA enhanced the height by 22.15% and 21.32%
compared with the water control, respectively (Table 5).
Compared with the water control, foliar spraying with
the moderators increased the numbers of bolls per plant
up to 70.2% and 48.3% in the conventional and double-
cropping system, respectively. SNP and SA spraying pro-
duced the highest boll number per plant, respectively, in
the conventional and double-cropping systems (Table 5).
In both conventional and double-cropping systems,
foliar application with SA caused higher biological yield
compared with other stress moderators. In the double-
cropping system, the use of SNP reduced biological yield
compared with GB, which was similar to that of the water
control. Foliar application with SNP produced a biologi-
cal yield identical to SA in the conventional system. The
response of seed cotton yield to the type of moderator in
the conventional system was higher. SNP, SA, and GB had
statistically similar impacts on the seed cotton yield in
the double-cropping system. However, foliar application
with SNP produced higher seed cotton yield in the con-
ventional system, which was not statistically significantly
different from that induced by SA consumption (Table 5).
In the double-cropping system, lint yield depicted less
response to the type of consumed moderator, and all the
moderators had a statistically similar effect on lint yield.
Although GB spraying produced more lint yield than
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the water control treatment, the highest lint yield was
observed with SA spraying in the conventional system
(Table 5).

Foliar applications of all the stress moderators pro-
duced more seed cotton yield in the flowering + bolling
compared with the flowering stage. The highest seed cot-
ton yield was observed with SA foliar application in the
flowering + bolling stages, which was not statistically sig-
nificantly different from SNP application at this stage of
the plant growth. Yet, a higher growth percentage of seed
cotton yield (24.7%) was seen with GB foliar application
than other moderators in the flowering+ bolling stages,
while the enhancements were 22.2% and 15.9% for SA
and SNP, respectively (Fig. 2).

Foliar spraying of all the moderators studied in this
experiment yielded a higher lint yield in the flower-
ing+ bolling stages than foliar application in the flower-
ing stage. SA foliar application in the flowering + bolling
stages produced the highest lint yield, while its non-foliar
application produced the lowest. There was no statisti-
cally significant difference between foliar applications
with SA and SNP in the flowering + bolling stages (Fig. 3).

Biochemical properties

Double-cropping system lowered the contents of chlo-
rophyll a, chlorophyll b, carotenoids, and total chloro-
phyll by 52.1%, 33.9%, 24.5%, and 43.8%, respectively
(Table 6). Foliar application in the flowering+ bolling
stages increased chlorophyll a, chlorophyll b, and total
chlorophyll contents compared with foliar application
in the flowering stage. Among the consumed modera-
tors, spraying with SNP had more beneficial effects on
enhancing chlorophyll pigments than other stress mod-
erators. Although GB spraying augmented the contents
of chlorophyll pigments compared with the water con-
trol group, it had less elevating effects than other mod-
erators. Compared with the water control, SNP spraying
increased the contents of chlorophyll a, chlorophyll b,
total chlorophyll, and carotenoids by 137%, 160%, 150%,
and 133%, respectively (Table 6).

The proline content accumulated in the leaves in the
conventional system was higher than that in the double-
cropping system. Foliar spraying at the flowering+ bol-
ling stages also enhanced proline amount compared with
the foliar application at the flowering stage. Comparison
of the means of the treatments revealed that the highest
proline content was obtained with SNP spraying, which
did not have a statistically significant difference from that
of SA. The lowest proline amount was observed in the
non-spraying treatment. GB spraying also enhanced pro-
line content compared with the water control (Table 6).
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Both sodium and potassium contents were higher in
the conventional system compared with the double-crop-
ping system. Foliage time had only a significant effect on
potassium content, and foliar application at the flower-
ing+bolling stages displayed more impacts than that
in the foliar application at the flowering stage. Under
the conditions of this study, foliar application with SA
played a higher role in reducing sodium content than
other moderators; however, potassium content was not
affected by the type of moderator used (Table 6).

At all levels of the consumed moderators, the content
of chlorophyll a was lower in the double-cropping system
compared with the conventional system (Table 7). None-
theless, in both cultivations, spraying with SNP had more
increasing effects on the chlorophyll a content compared
with other moderators. In the conventional system, foliar
application with SA had no statistically significant differ-
ence in chlorophyll a content from foliar application with
SNP, and spraying with SA and GB were not statistically
significantly different in the double-cropping system.

The highest carotenoid content was produced by spray-
ing with SA and SNP in double-cropping and conven-
tional system, respectively. The contents of carotenoids
showed a higher response to foliar applications with the
consumed moderators in the double-cropping system
with the conventional system. Compared with the water
control treatment, spraying with SNP resulted in 108%
and 168% enhancements of the contents of carotenoids
in the conventional and double-cropping system, respec-
tively (Table 7).

The proline content in the conventional system was
higher compared with the double-cropping system
although the difference was not statistically significant.
However, spraying with SA produced the highest proline
content in the double-cropping system, indicating a sig-
nificant difference from SNP; however, it was not statisti-
cally significant with GB spraying (Table 7).

In both conventional and double-cropping systems,
foliar application with SA significantly decreased sodium
accumulation in the leaves. In the conventional sys-
tem, no statistically significant difference was observed
between the stress moderators in terms of the accumula-
tion of sodium content, but spraying with GB compared
with other studied moderators led to fewer reductive
effects on sodium uptake in the double-cropping system,
although it lowered sodium accumulation compared with
the water control (Table 7).

In the conventional system, statistically significant dif-
ferences were observed between all the consumed mod-
erators for potassium uptake; however, no statistically
significant difference was seen between spraying with
SNP and GB. The highest rates of potassium uptake were
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documented with spraying with SNP and SA in the con-
ventional and double-cropping systems, respectively
(Table 7).

Page 10 of 15

Discussion

Based on the results, cultivation system affected yield
components, yield, and physiological traits. These find-
ings are consistent with the previous reports on the
effects of sowing dates on cotton. It was reported that
the cotton cultivated on the 20th of August had a lower
height compared with the plants cultivated on the 7th
of July (Wrather et al. 2008). Similar to our results, a
25.84% decrease in the number of reproductive branches
associated with delayed sowing was reported by Bagh-
erabadi et al. (2019). The number of bolls per plant was
also indicative of the negative response to delayed sowing
with double-cropping. According to these results, Pan-
jeh Koub et al. (2008) reported a 22% and 48% decrease
in the number of bolls per unit area accompanied by the
delays in the mid-time (June 10) and late (July 1) cot-
ton cultivations compared with the usual sowing date
(May 20). Pettigrew (2002) also reported that delays in
cotton planting reduced the number of bolls per plant.
Despite the higher number of bolls per plant, a decreased
10-boll weight was expected, but the increase in 10-boll
weight in our conventional system might be since the
boll growth time had been associated with suitable envi-
ronmental conditions. In contrast, boll formation and
development faced a high temperature and early autumn
coldness in the delayed cultivation. As a result, the bolls
had not grown and developed well. Similar to these
results, Bagherabadi et al. (2019) reported that delays
in cotton planting alleviated 10-boll weight by 34.02%.
Reduced food storage and reduced current photosynthe-
sis are the reasons for lower 1 000-seed weight caused by
delayed planting compared with the traditional sowing
date (Bagheri and Mohammadalipour 2011). The highest
and lowest 1 000-seed weights in cotton were reported in

Table 6 The main effects of cultivation system, foliage time, and stress modulator type on some biochemical properties

Chlorophylla Chlorophyll b Total chlorophyll Carotenoid  Proline Na K Na/k
/(mg.g™' FW) /(umol.g™"  /(mg-g~' DW)
FW)
Cultivation system
Conventional 14524009° 1324015  278+053° 08114£003" 106+23*  61.7+£86° 513+51% 1.20+0.05°
Double-cropping  0.691+£0.05°  08724007°  1.564048° 06124£002°  982420° 521+47° 438+52b 1.18+004°
Foliage time
Flowering 09824067°  0981£008° 196+027° 07334004  9414+19° 562+54a 451+104° 1284004
Flowering+bol-  1.0240.08° 12240117 2394034 06824003° 111428 5754526 499+39° 1294006
ling
Modulator type
Water control 05814002 05724003  1.15+0.06¢ 039140029 7454081 742453 421426 1.71+003°
GB 1154007°  1.03£007° 2184008 07114003 10841.19° 583£51° 489455  1.31+£005°
SA 12140.14° 1314012 248+011° 08224002° 113141170 4154619 502458  0.86140.03°
SNP 13840.18° 1494009 2874009 09114003" 11334+156° 5358422° 488+72° 1.18+004°

Similar letters within the same column denote insignificant differences based on FLSD level of 5% (Mean =+ SD)
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the conventional and double-cropping systems, respec-
tively (Krzyzanowski and Delouche 2011). The delays in
planting were associated with reduced biological yield.
The decrease in biological yield was due to the reductions
in plant height, the number of lateral branches, the num-
ber of bolls per plant, 10-boll weight, and lint weight
per boll. Nemati (2000) reported that delays in the sow-
ing date after the 13th of April would alleviate yields. In
the same way as other traits, lint yield showed a similar
response to planting delays in our study. Several results
have been reported on the effects of sowing date on lint
percentage. For example, Bednarz et al. (2005) believed
that seed cotton growth and development would not fully
occur in delayed sowing conditions, which could lower
lint percentage.

Our studied traits indicated little response to the spray
time. It seemed that the reason for non-responding to the
foliage time in the double cropping cultivation was the
short period between the two consumables. In this con-
dition, cotton went through its vegetative stages earlier
due to high temperatures, and thus the transition from
the flowering to the bolling stage occurred rapidly. The
use of moderators might have even hurt plant growth due
to increasing doses, leading to a lack of response to foli-
age time. In dry stress conditions, spraying SA at a con-
centration of 100 mg-L ™" in the flowering stage compared
with foliar applications of GB and proline was reported
to produce more beneficial effects in increasing yield and
yield components in cotton. And the stress-moderating
effects of GB were higher than those of proline (Noreen
et al. 2012). Foliar spraying with GB during the flowering
stage failed to produce a significantly higher yield com-
pared with the water control treatment. Heitholt et al.
(2001) linked cotton response to SA foliar application at
different growth times to the increased resistance to dis-
eases, insects, and microbes.

In our study, spraying with the stress moderators
increased yield and yield components. It has been
reported that SNP increases cotton plant growth and
stem and root lengths in salinity stress. The enhanced
plant growth is due to the augmented cell osmotic pres-
sure, and improved cytoplasmic viscosity through high
SNP concentrations would inhibit seedling growth
(Dong et al. 2006). SA foliar application also increases
indole acetic acid and cytokinin content in saline condi-
tions and thus increases the height. Meek et al. (2003)
reported that foliar application of GB led to a significant
increase in the number of reproductive branches (having
at least one boll per branch) compared with its non-con-
sumption treatment. Similar to the above results, Zhang
et al. (2011) reported that the numbers of reproductive
branches and leaf areas in cultivars that can accumulate
and synthesize GB and in transgenic lines capable of
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synthesizing it were statistically identical. Foliar applica-
tion with SA enhances the number of bolls per plant by
reducing transpiration rate, especially at high tempera-
tures (Heitholt et al. 2001). As with other yield compo-
nents, 1 000-seed weight was also elevated by spraying
with the stress moderators. The use of stress modulators
increases the period length and seed-filling rate, thus
enhancing 1 000-seed weight (Bagheri and Mohamma-
dalipour 2011) and preventing reductions of the number
of seeds and their weights by augmenting their amounts
of photosynthetic materials (Eraslan et al. 2007). With
the use of stress moderators, lint yield, seed cotton yield,
and seed yield increased. The role of SA in improving
biochemical properties, such as contents of soluble and
free proteins, photosynthetic pigments, and amounts of
plant hormones, and enhancing lint yield under salinity
stress conditions has been shown in many plants (Pakar
et al. 2016). Wang et al. (2017) reported that SA caused
maximum yield components by regulating plant growth
processes, augmenting lint yield. In addition, the use
of GB exogen resulted in 18% to 22% increases in cot-
ton production (Naidu et al. 1998). In this study, the less
response of cotton to the external use of GB appeared
to be related to its ability to synthesize or accumulate
GB by itself (Zhang et al. 2011). Given that lint percent-
age was not influenced by foliage time, the enhanced lint
yield by foliar application in the flowering + bolling com-
pared with the flowering stage was due to higher seed
cotton yield in this treatment, as the lint yield was cal-
culated by multiplying the seed cotton yield by lint per-
centage. Despite the high seed cotton yield in our SNP
treatment, the reduced lint yield could be caused by the
higher reduction of lint percentage compared with that
triggered by SA foliar application.

Chlorophyll pigments responded to the cultivation sys-
tem and moderator type as manifested by the amounts
of chlorophyll pigments decreased in double-cropping
system, whereas the use of moderators increased them in
this study. Destructions of chloroplasts and photosyn-
thetic structures, chlorophyll photooxidation, reaction
with unique oxygen, destruction of chlorophyll synthe-
sis precursors, inhibition of biosynthesis of new chlo-
rophylls, activation of chlorophyll-degrading enzymes
like chlorophyllase, and hormonal disorders are among
the reasons for the decrease in chlorophyll levels under
salinity stress conditions (Neocleous and Vasilakakis
2007). Ma et al. (2017) observed that salinity stress sig-
nificantly reduced the contents of chlorophylls a and b,
while treatment with SA reduced the reduction trends of
their amounts. The increased role of SA in chlorophyll
amounts was ascribed to the stimulation of enzymes
associated with chlorophyll biosynthesis or inhibition of
photosynthetic system disturbance, thereby alleviating
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chlorophyll degradation. Moreover, spraying with SA in
saline conditions enhanced the contents of chlorophylls a
and b, total chlorophyll, and carotenoids in cotton, which
is in line with the results of this research. The reinforc-
ing effects of SA on the photosynthetic capacity could be
attributed to its stimulating effects on Rubisco’s activity
and pigment content (Tan et al. 2013). The improving
effects of GB foliar application on increasing chlorophyll
pigment content under salinity stress have been reported.
In corn under salinity stress, the external GB application
has had an increasing effect on chlorophyll pigments,
which is one of the efficient factors in augmenting pho-
tosynthetic capacity in salinity conditions (Nawaz and
Ashraf 2010).

Under salinity circumstances, proline accumulation
takes place as a defense mechanism in plants. Proline is
considered a non-toxic protective material to regulate
osmosis in salinity and other environmental stresses
(Mittler 2002). On the other hand, the accumulated pro-
line in plants increases antioxidant capacity and neu-
tralizes free hydroxyl radicals (Kasote et al. 2015). The
external use of stress moderators enhanced proline con-
tent in cotton. According to the findings of this research,
foliar application of SA in cotton under salinity condi-
tions augmented proline amount, which enabled more
resistance to stress via osmotic regulation. In addition,
proline may act as an energy source that help improve
the tolerance to salinity (El-Beltagi et al. 2017).

There is a difference in absorption between the two ions
of sodium and potassium in saline conditions. The effects
of various factors, such as salinity level or application of
plant hormones, on changing the absorption amounts
of sodium and potassium ions under salinity stress have
been reported by various researchers (Babaei et al. 2021;
Ghadakchiasl et al. 2017; Jayakannan et al. 2013; Mohsen-
zadeh and Zohrabi 2018; Sharif et al. 2019; Zheng et al.
2009). The modulating effects of hormones or semi-hor-
mones in altering the uptakes of sodium and potassium
ions are due to changes in plasma membrane permeabil-
ity (Nadeem et al. 2016). Noreen et al. (2020) reported
that stress modulators triggered more potassium uptake
by changing plasma membrane penetrability. It has been
reported that SA plays a higher role in reducing sodium
accumulation in root and leaf tissues when salinity
increases. Under the salinity level of 5 dS'm~Y, no statis-
tically significant difference was observed between the
use of gibberellin, cytokinin, and SA for lowering sodium
accumulation. Spraying with gibberellin and cyto-
kinin hormones failed to inhibit sodium accumulation
after enhancing salinity to 15 dS-m™' either. Neverthe-
less, spraying with SA compared with the water control
group reduced sodium absorption by 25%. The lower
response of sodium amount absorbed in the leaves to the
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foliar applications of the different consumed moderators
seemed to be due to the salt concentration mechanism in
crops. The absorbed salt frequently accumulates in the
lower and older leaves of the plants in salinity conditions.
Nazar et al. (2011) also reported that treatment with SA
reduced the accumulation of sodium ions in the leaves
and increased resistance to salinity. Similar to the above
results, the decrease in sodium content and increase in
potassium amount with the external use of SA in salinity
stress conditions were reported by El-Tayeb (2005).

Conclusion

Overall, the results of this experiment demonstrated
that the delay in cotton cultivation due to double-
cropping reduced its yield components and ultimately
economic performance by mitigating the amounts of
chlorophyll pigments and thereby lowering the pro-
duction of photosynthetic materials. Although in
most of the studied traits, no statistically significant
differences were observed between spraying during
the flowering and flowering+ bolling stages, foliar
spraying at flowering + bolling stages was more suit-
able than flowering stage. Among the moderators
applied in this experiment, the external use of SNP
had more improvement effects on the studied traits;
however, external use of SA was not statistically dif-
ferent from SNP in most traits. The external use of
GB ameliorated the studied traits compared with the
water control treatment, but the improvements were
lower than those induced by SNP. Spraying with SNP
increased the resistance of cotton to the experimental
salinity conditions and thus enhanced yield by allevi-
ating the sodium uptake and augmenting the amounts
of chlorophyll pigments and proline and potassium
contents. Finally, although the external applications
of the stress moderators were not able to compen-
sate for the adverse effects of delayed cultivation due
to double-cropping, SNP consumption during the
flowering + bolling stages could be recommended for
conventional and double-cropping systems for proper
yield achievement.
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