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The effect of growth regulators 
and irrigation on remobilization 
and grain filling of bread wheat 
in tropical climatic conditions
Abstract

To study the remobilization rate affected by growth regulators in wheat a field experiment was

carried out in the south of Iran over 2017-2019 with a split-split plot design and three iterations

in completely randomized blocks. The main plots were two irrigation regimes (full irrigation and

irrigation interruption at the grain-filling stage), two wheat cultivars (Chamran 2 and Durum

Karkheh cv.s) were as sub plots, and four growth regulators (control (no growth regulator), sal-

icylic acid, jasmonic acid, and cytokinin) placed in sub-sub plots. Results revealed the signifi-

cant impact of the triple interaction on grain yield. The highest grain yield (4803 kg/Ha) was

observed for Chamran 2 cv. treated with complete irrigation and salicylic acid. Although grain

yield declined by 15.5% in the Karkheh cv. with irrigation interruption at the grain-filling stage

and non-administration of growth regulators, treatment with salicylic acid managed to attenu-

ate the adverse impact of drought stress in grain yield. The highest current photosynthesis and

its contribution were observed in cultivars treated with complete irrigation. Moreover, irrigation

regimen and growth regulators each had significant impacts on proline, catalase enzyme, and

stomatal conductance. Overall, results suggested that using salicylic acid in Chamran 2 cv.

would be advisable to increase growth and grain yield and reduce decline under stress.
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Изучение влияния регуляторов 
роста и орошения на ремобилизацию
и налив зерна мягкой пшеницы 
в условиях тропического климата
Резюме

Чтобы изучить скорость ремобилизации пшеницы, под влиянием регуляторов роста, в

Южном Иране в 2017-2019 годах был проведён полевой эксперимент с разделением и

тройным циклом в полностью рандомизированных кварталах. Основные участки – два

режима орошения (регулярное орошение и перерыв в орошении на стадии созревания

зерна), два сорта пшеницы (Chamran 2 и Durum Karkheh) находившиеся на дополнитель-

ных участках, и четыре варианта с регуляторами роста (контроль (отсутствие регулятора

роста), салициловая кислота, жасмоновая кислота и цитокинин), помещённые в подпод-

раздельные участки. Результаты показали значительное влияние трёх факторов на уро-

жайность зерна. Самая высокая урожайность зерна (4803 кг/га) отмечена у сорта Chamran

2 при полном орошении и с обработкой салициловой кислотой. При том, что урожайность

зерна сорта Durum Karkheh снизилась на 15,5%. при прекращении орошения на стадии

пополнения зерна и отсутствия применения регуляторов роста обработка салициловой

кислотой позволила ослабить негативное влияние давления засухи на урожайность

зерна. Наибольший фотосинтез и его влияние наблюдались при полном орошении. Более

того, режим регулярного орошения и регуляторы роста оказали значительное влияние на

пролин, фермент каталазу и устьичную проводимость. В итоге результаты показали, что

использование салициловой кислоты на сорте Chamran 2 позволяет увеличить рост и

урожайность зерна и снизить потери под влиянием стрессовых условий.
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AGRICULTURE AND PLANT PRODUCTION

Introduction

Wheat (Triticum aestivum L.) is among the most
essential crops worldwide with the largest under-

cultivation area at 221 million hectares (and total production
of 766 million tons) in 2021. The area under wheat cultivation
and its production were 6.70 million hectares and 16.75 mil-
lion tons, respectively, in the same year in Iran [36]. A total of
20% of the calories consumed by the world population is
estimated to be supplied by wheat, which is cultivated in
14.6% of all agricultural land worldwide annually [36]. Wheat
is cultivated in winter and early spring in Iran. Water availabil-
ity to plants declines as the temperature rises from mid-
spring, which aligns with wheat’s growth period (pollination
and grain filling) [23]. Drought and water shortage are thus
among the most crucial factors limiting wheat production in
arid and semi-arid areas [41]. While cereal breeding
research in Iran has chiefly been focused on introducing
high-yield crops in optimal irrigation conditions over the past
decades, the confined wheat farm irrigation –specifically at
the end of the season- has placed a greater accentuation on
the identification and introduction of cultivars yielding a
favorable yield with a maximum of two irrigation turns in
spring following spring precipitations [34]. The fact that the
largest part of Iran’s area is considered among arid and
semi-arid regions indicates that drought is among the most
crucial abiotic stresses in the country [37]. Plants need
mechanisms to identify and respond to stresses since they
cannot escape them. Osmotic regulation is one of such
mechanism. Playing a prominent role in the osmotic regula-
tion inside the cell, proline is among the amino acids
involved in osmotic regulation [33]. Cereal grain yield
depends on the three factors of current photosynthesis,
stored assimilate transfer to grains before flowering, assimi-
lates stored temporarily in the stem following flowering [21].
Researchers argue that plants increase dry matter transfer
to grains as they suffer stresses due to moisture and nutrient
scarcity to compensate the resulting reduced photosynthe-
sis [7]. Limited water content in soil increases the depend-
ence of crop yield on dry matter redistribution processes at
the grain-filling stage due to reduced leave area and, conse-
quently, reduced current photosynthesis [16]. Growth regu-
lators such as salicylic acid, jasmonic acid, and cytokinin can
help prevent the adverse impacts of drought stress on plants
under drought conditions [19]. Salicylic acid (orthohydrox-
ybenzoic acid) is a water-soluble phenolic compound, an
antioxidant, and one of the plant hormones closely involved
in the plant’s response to abiotic stresses including
drought [13, 26]. Jasmonates are among the newest
growth regulators reducing environmental stresses in
plants. Jasmonic acid has been reported to have protective
effects against drought stress through antioxidant activity,
altering proteins, and malondialdehyde [22]. Cytokinin is
another growth-regulating hormone with favorable impacts
on plant survival under abiotic stresses [39]. Cytokinin
plays a significant part in growth regulation and photosyn-
thesis system stability during drought and moderates many
of the physiological activities that drought stress induces
[40]. Sedaqat and Emam [27] reported that interrupting
irrigation reduced grain yield significantly compared to
conventional irrigation. They also suggested that although
irrigation interruption reduced yield and its components,
spraying growth regulators made up for some of the
reduced yields due to drought stress. 

Given the prominent role of growth regulators in attenuat-
ing the impacts of drought stress in plants, the present study
seeks to examine the influence of growth regulators on the
transmission rate, physiological traits, and grain yield in wheat
cultivars in response to growth regulators and irrigation regi-
mens. 

Material and methods
Experimental design, treatments,
and crop management
The present study was performed on a field in Ahwaz situ-

ated in the southwest of Iran (31º20’52” N. 48º40’31” E.;
22.5m above sea level) during 2017-2019. Tables 1 and 2
demonstrate the average meteorological indices and soil
characteristics of the research site. The study was carried out
on wheat cultivated in split-split fields in the form of complete-
ly randomized blocks with three irrigations. The primary irriga-
tion regimen factor was investigated in the two levels of irriga-
tion until the end of the season and irrigation interruption at
the grain-filling stage (69th Zadoks stage at March 19th to April
17th in the first year and March 17th to April 19th in the second
year). Wheat cultivars included Chamran 2 and Durum
Karkheh, and growth regulators were examined in the four
groups of no growth regulator (control), salicylic acid, jas-
monic acid, and cytokinin placed in sub-sub plots. A total of 96
plots were tested. Wheat grains used in the present study
included Chamran 2 and Durum Karkheh cultivars obtained
from Khuzstan Agriculture Research Center. Chamran 2 is a
high-yield cultivar resistant to late-season heat tolerance up to
38˚C that matures quickly and is suitable for cultivation in rain
irrigation systems thanks to its thicker stems. Chamran 2
wheat line is resistant to brown and strip rust, sees shattering,
and dormancy. Durum Karkheh cv is also suitable for cultiva-
tion in the hot and arid areas of the south of the country with a
mean shrub height of approximately 9 cm and resistance to
strip rust, powdery mildew, and Karnal bunt. Each plot con-
tained eight five-meter lines placed 20 cm from one another.
The main plots and sub-plots had distances of 1.5 and one
meter, respectively. Sub-sub plots had a distance of half a
meter, and iterations were placed two meters away from one
another. Following land preparation through pre-planting,
potassium and phosphorus fertilizers from a triple superphos-
phate source containing 100 kg pure phosphorus, potassium
fertilizer at the 100 kg/Ha potassium sulfate rate, and nitrogen
fertilizer from a urea source (46%) at a rate of 150 kg/Ha were
distributed in the farm to provide the necessary nutrient, half
of which was spread with a disc and the other half of nitrogen
was distributed at the end of the tillering stage and beginning
of stem growth. Seeds were planted in November 6th, 2017,
and  2018. The seeds were manually prepared and planted
regularly at a density of 400 seeds/m2. Planting strips were
then covered with 4 cm of soil. The first irrigation was per-
formed after planting. Drought stress was applied at the seed-
filling stage per research design. Treatment with 0.5mmol jas-
monic acid, 1mmol salicylic acid, and 50µM cytokinin was per-
formed at the two stages of stem growth and flag leaf growth
(30th and 41stZadoks stages, respectively) using a 20l spray
pump in the early morning in the absence of wind. . To
increase leaves adhesion cytokinin Tween 20 was adminis-
tered to plants at the 0.5% volume ratio [15]. Weeds from the
Gramine family that started to grow during crop growth were
manually removed, and the farm remained intact in terms of
pest attacks and diseases. 
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Measuring traits
Crops were harvested from the four middle strips with an

area of around two meters square after excluding half a
meter from either end of each plot and the first and last
rows of the plot to examine grain yield. Grain was separat-
ed from straw after threshing, and kg/Ha grain yield was
calculated [21]. 

Catalase activity
Fresh leaf samples were obtained from the plants,

which were frozen in liquid nitrogen and stored at -80˚C
until biochemical analysis to examine the catalase antiox-
idant enzyme’s activity in the full flowering stage
(59thZadoks stage). For this purpose, 900µl of the reac-
tion solution (containing 10 mM hydrogen peroxide solu-
tion in PVP-free phosphate-buffered saline and 100µ
lenzyme extract) was added to hydrogen peroxide (H2O2)
resulting in immediate H2O2 decomposition due to cata-
lase, which was measured using a spectrophotometer
(Uvi Light XS 5 SECOMAM model) to calculate enzyme
activity [10].

Proline
The proline content accumulated in the plant at the flow-

ering stage was calculated in mg/g f.w. at the 520 nm
wavelength using a spectrophotometer based on the pro-
line content standard curve at the flowering stage [9]. 

Stomatal conductance 
A Leaf Prometer (Decagon Devices INV. Version 1.06)

was used to calculate stomatal conductance (by putting
the conductance of a leaf in series with two known con-
ductance elements, and comparing the humidity meas-

urements between them). It displayed information in
mmol/m2s (millimoles per meter squared seconds) unit.

The amount and contribution of remobilization and the
amount and contribution of current photosynthesis were
also calculated from the following formulas [42]:

Dry weight of vegetative organs in stage – maximum dry
matter yield of vegetative organs (g/m2) = amount of dry
matter in physioligical remobilization (g/m2).

Contribution of remobilization process in grain yield (%)
= Dry matter weight in remobilization process (g/m2)/grain
yield (g/m2) x 100.

Weight of dry matter in remobilization process (g/m2) -
grain yield (g/m2) = Weight of dry matter resulting from cur-
rent photosynthesis (g/m2). 

Contribution of remobilization in grain yield-100=contri-
bution of current photosynthesis in grain yield.

Statistical analysis
To perform complex variance analysis, a split-split statis-

tical design was used as completely randomized blocks
after performing the Bartlett test. Variance analysis was
performed in SAS (V.8), and Duncan's test was conducted
to compare means at the 5% significance level. The result-
ing tables were ultimately drawn in Word 2007. 

Results and Discussion 
Grain yield 
We observed grain yield to be under a significant influ-

ence of year, irrigation regimen treatments, wheat culti-
vars, and growth regulators, the mutual impact of irrigation
regimen and growth regulators, and the interaction
between irrigation regimen, wheat cultivars, and growth
regulators (Table 3). 

Table 2. Soil characteristics of the tested field
Таблица 2. Характеристики почвы опытного поля

Crop year Soil depth 
Soil

Texture
pH EC

Organic
Matter

K P N

(cm) (ds.m-1) (%) (mg.kg) (%)

2016-17 0-30 Sandy Loam 7.51 3.92 0.88 174 10.35 0.42

2017-18 0-30 Sandy Loam 7.3 3.71 0.91 180.1 11 0.38

Table 1. Average biennial meteorological parameters of the tested site
Таблица 1. Средние двухлетние метеорологические параметры полигона

Month
Rainfall 

(mm)

Average 
minimum

temperature 
(oC)

Average 
maximum

temperature 
(oC)

Average 
minimum

relative humidity 
(%)

Average 
maximum

relative humidity 
(%)

August 0.0 32.9 48.1 14.3 49.1

September 0.0 26.4 42.5 13.8 43.8

October 0.0 21.9 38.4 11.42 35.12

November 12.5 17.6 32.1 10.3 28.8

December 25.0 8.5 24.3 8.1 26.1

January 29.0 8.1 21.2 7.9 25.4

February 28.5 12.1 22.5 8.3 26.0

March 14.5 14.4 30.7 13.3 31.0

April 10.0 19.3 37.6 14.5 28.0

ОБЩЕЕ ЗЕМЛЕДЕЛИЕ И РАСТЕНИЕВОДСТВО
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Results revealed that the highest yield was observed in
2017 (at an average of 4,676 kg/Ha) due to yield compo-
nents in this year, which increased yield by 10% compared
to 2018 (Table 4). The reason for this yield difference
appears to be the higher precipitation rate in the first year
of the study.

The highest grain yield (4,803 kg/Ha) was observed
under complete irrigation until the end of the season and

treatment with salicylic acid in the Chamran 2 cv (not signif-
icantly different from complete irrigation until the end of
season and treatment withjasmonic acid in Chamran 2),
which was significantly higher (by 15.5%) than plants treat-
ed with interrupted irrigation at the grain-filling stage and
no growth regulator (Table 5). 

The reduced grain yield due to drought stress could
stem from pollen grain sterility due to the stress, abnormal

Table 3. Composite variance analysis of studied traits in wheat in two years of experiment (first series)
Таблица 3. Комплексный дисперсионный анализ изучаемых признаков пшеницы за два года опыта (первая вариация)

S.O.V Df Seed yield Catalase Proline Stomatal conductance

Year (Y) 1 131.2* 1.04 ns 4.07* 0.19 ns

(Year)*Replication 4 9.17 3.61 0.27 2.2

Irrigation regime (I) 1 409251 * 7501.2 ** 603* 2248.1 *

Y*I 1 1563.2 ns 0.28 ns 0.58 ns 4.78 ns

Main plots error 4 18044 139.5 2.04 30.62

Varieties (V) 1 316450 * 3.1 ns 425.2 ** 0.17 ns

Y*V 1 269.9 ns 10.66 ns 0.09 ns 1.44 ns

I*V 1 93 ns 15.4 ns *198.2 0.05 ns

Y*V*I 1 101.5 ns 28.75 ns 0.08 ns 1.02 ns

Sub-plots error 8 18039.42 102.18 1.22 18

Growth regulators (G) 3 267531 ** 5129.76 ** 267.01 ** 0.03 ns

Y*G 3 714.2 ns 16.44 ns 0.17 ns 0.17 ns

I*G 3 825709 ** 6008.2 ** 0.031 ns 0.12 ns

Y*I*G 3 810.6 ns 30.12 ns 0.04 ns 0.67 ns

V*G 3 282.2 ns 2.65 ns 0.02 ns 1.75 ns

Y*V*G 3 500.4 ns 45.01 ns 0.07 ns 2.32 ns

I*V*G 3 109631.5 ** 20.36 ns 0.003 ns 3.14 ns

Y*I*V*G 3 628.4 ns 52.05 ns 0.01 ns 5.32 ns

Sub sub plots error 48 6500 85.09 0.12 16.08

Coefficient of variation (%) - 18.13 8.53 17.40 6

ns, * and **: no significant, significant at the 5% and 1% probability levels, respectively.

Table 4. Mean comparison of traits under year, irrigation regime, cultivars, and growth regulators
Таблица 4. Сравнение средних показателей по годам, режиму орошения, сортам и регуляторам роста

Treatment
Seed yield

(kg.ha-1)

Catalase
(Unit.mg1

Protein)
Proline

Stomatal 
conductance

Remobilization 
rate (g.m-2)

Remobilization 
contribution (%)

Current 
photosynthesis 

(g.m-2)

Current 
photosynthesis
contribution (%)

Year

2017 4676 a 114.1° 431.02 a 36.01° 109.2 a 23.35 a 363.42 a 76.65 b

2018 4215 b 103.04° 424.29 a 32.11 b 91.1 b 21.63 b 325.4 b 78.37 a

Irrigation regime

Full irrigation 4903 a 90.63 b 430.01 a 37.11 a 85.24 b 17.37 b 405.09 a 82.63 a

Stop irrigation in 
the stage of seed filling

3987 b 126.52 a 425.3 a 31.02 b 115.07 a 28.85 a 283.67 b 71.15 b

Varieties

Chamran 2 4728 a 109.26 a 442.12 a 35.1 a 108.8 a 23.01 a 366.3 a 77 ab

Karkheh 4163.2 b 107.74 a 413.18 b 33.03 b 91.51 b 21.98 b 324.61 b 78.02 a

growth regulators

Control 3800 c 89.08 c 402.58 c 30 c 112.01 a 29.47 a 268.01 c 70.53°

Jasmonic acid 4761 ab 115.03 ab 430.03 b 36.21 a 100.15 b 21.03 b 375.97 ab 78.97°

Salicylic acid 4880 a 117.16 a 460.2 a 38.03 a 93.4 c 19.13 c 394.61 a 80.87 a

Cytokinin 4342 b 113.1 b 417.8 bc 32.01 b 95.2 c 21.92 b 339.03 b 78.08 a

Different letters in each column indicate a significant difference by Duncan's multiple range test at the 5% probability level.

AGRICULTURE AND PLANT PRODUCTION
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photosynthesis, and reduced material transfer to grain,
leading to grain weight and yield decline [11]. The present
study found that growth regulators enhanced grain yield
under complete irrigation and interrupted irrigation at the
grain-filling stage by 15.5 and 7.5%, respectively.
Treatment with salicylic acid under interrupted irrigation
enhanced yield under both normal irrigation and drought
stress conditions by increasing growth and leaf area [25].
In this regard, Sadaqat and Emam [27] suggested that
although interrupting irrigation reduced yield and its com-
ponents, spraying growth regulators made up for a portion
of the reduced yield due to the drought stress, which is
consistent with our results. On the other hand, the results
of the present study revealed that the highest grain yield
was observed in the Chamran 2 cv. This finding indicated
that Chamran 2 cv had a higher capability in terms of grain
production and consequently, yield components com-
pared to Kharkheh, resulting in better yield and potential to
utilize available resources and conditions. As Shakirova
and Bezrukova [31] reported, salicylic acid enhanced plant
growth and photosynthesis under stress conditions
through anti-stress reactions including increased proline
accumulation, resulting in improved growth after stress
relief. Results of other studies also pointed out the positive

impact of growth regulators on grain yield under interrupt-
ed irrigation [32]. Results of stepwise linear multivariate
regression (Table 6) indicated that grain yield (Y) was a
function of number of seeds per spike (X1), weight per
thousand spikes (X2), and number of spikes per meter
square (X3). These traits were entered into the stepwise
regression model and justified about 98.8% of variations.
The number of seeds per spike, weight per thousand
spikes, and number of spikes per meter square were
revealed to be remarkably significant in this model. The
number of seeds per spike and the number of spikes per
meter square had the greatest and smallest impact on
grain yield, respectively. The mathematical regression
model is as follows:

(X3)0.51+(X2)0.67+(X1)0.88+715.12=Y

Catalase enzyme activity 
As the table indicating the results of complex variance

analysis (Table 3) demonstrates, irrigation regimen and
growth regulators and the interaction between them left a
significant impact on catalase activity. Among the studied
cultivars, Chamran 2 had the highest catalase activity at
109.26 mmol decomposed peroxide per minute per mil-

Table 5. Mean comparison of traits under the interaction of irrigation regime×varieties×growth regulators
Таблица 5. Среднее сравнение признаков при взаимодействии режима орошения, сорта,  регуляторов роста

Irrigation regime Varieties Growth regulators Seed yield (kg.ha-1)

Full irrigation

Chamran 2

Control 4552 bc

Jasmonic acid 4765 a

Salicylic acid 4803 a

Cytokinin 4724 ab 

Karkheh

Control 4512 c

Jasmonic acid 4603.1 b

Salicylic acid 4689.7 ab

Cytokinin 4584 b

Stop irrigation in the 
stage of seed filling

Chamran 2

Control 4101 ef

Jasmonic acid 4360.5 d

Salicylic acid 4402 d

Cytokinin 4301 de

Karkheh

Control 4065 f

Jasmonic acid 4237 de

Salicylic acid 4252 de

Cytokinin 4194.1 e

Different letters in each column indicate a significant difference by Duncan's multiple range test at the 5% probability level.

Table 6. Step-by-step regression steps for grain yield as a function variable and other traits as an independent variable
Таблица 6. Пошаговая регрессии для урожайности зерна как функциональной переменной 

и других признаков как независимой переменной

Variable added to the model

Step-by-step regression step

3 2 1

Constant number 482.05 591.22 715.12

Grains/Spikes 0.42 ** 0.73 ** 0.88 **

1000-grain  weight 0.54 ** 0.67 **

Spikes/m2 0.51 **

Explanatory coefficient 67.38 70.23 98.8

The step-by-step regression coefficients in the last step are significant at the probability levels of 1% (step 1) and 5% (step 2).
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ligram protein, while Karkheh had the lowest values figures;
however, the differences were not statistically significant
(Figure 1).

Moreover, examination of the mutual impact of irrigation
regimen and growth regulators revealed that the highest
catalase activity was observed at the grain-filling stage
under treatment with jasmonic and salicylic acid, indicating
a growth improvement of 25 and 23%, respectively, com-
pared to complete irrigation and no growth regulator
administration (Table 5). Catalase which catalyze decom-

position of hydrogen peroxide to water and molecular oxy-
gen, is important members of the antioxidant defense sys-
tem in plant cells and is activated due to high hydrogen per-
oxide contents in the internal environment [24]. In the
stress conditions such as drought, hydrogen peroxide
accumulates (oxidative stress) and reduces the activity of
peroxidase enzyme (one of the important enzymes
involved in physiological processes), so antioxidants such
as catalase are activated to protect peroxidase. [5].
Salicylic acid appears to regulate antioxidant compounds’
synthesis under environmental stress, which enhances
plant resistance against drought stress [14, 17]. In this
regard, Agarwal et al. [1] reported that spraying 1mM of
salicylic acid on wheat under drought stress increased
catalase and superoxide dismutase enzymes’ activity.
Moreover, Ananieva et al. [2] reported that treatment with
salicylic acid alone increased catalase activity by 17% com-
pared to the control treatment, which resonates with our
results. 

Proline
Results of complex variance analysis indicated that pro-

line was significantly affected by year, irrigation regimen,
cultivar, and growth regulators and the interaction between
irrigation regimen and cultivars (Table 3). The results
revealed that proline accumulation was higher in 2017
compared to 2018 by 38.21% (Table 4). Examining the
mutual impact of irrigation regime on cultivars revealed that
drought stress increased proline significantly in both stud-
ied cultivated in both years, so Chamran 2 cv had the high-
est proline at the grain-filling stage under interrupted irriga-
tion while the Karkheh cv had the lowest proline content
under complete irrigation (Figure 2). These results suggest
that increasing resistance to drought enhances cultivars’
capability to accumulate amino acids especially proline [3].

Previous studies suggest that proline accumulation
increases in response to treatment with salicylic acid [35]
so that it declines at lower salicylic acid concentrations but
increases immediately after treatment with higher concen-
trations [28]. In this regard, Ashraf and Foolad [6] observed
that proline accumulation was increased compared to
other amino acids (particularly glycine) in root growth sites
under drought conditions. This reveals that proline proba-
bly stimulates root growth under drought stress, which is in
agreement with the present results.

Stomatal conductance 
Results of complex variance analysis revealed that the irri-

gation regime treatment left significant impacts on stomatal
conductance at the 5% significance level (Table 3). The high-
est stomatal conductance was observed under complete irri-
gation, which was approximately 8% higher at the grain-filling

stage compared to interrupted irrigation (Table 4). The trend
of stomatal conductance indicates its decline with the onset
of drought stress. Closure of stomata is among plants' first
responses to drought stress. Stomatal closure may limit the
plant's access to carbon dioxide. The plant maintains its
stomatal conductance and transpiration at maximum for a
while after the drought stress is applied, and narrows and
eventually closes its stomata as the stress persists [12].
Studies suggest that plants under no moisture stress (control
treatments) had the lowest stomatal resistance compared to
other treatments, suggesting that stomatal conductance
would be lower under stress conditions [20].

Remobilization rate 
Results of complex variance analysis revealed that the irri-

gation regime treatment, year, cultivar, and growth regulators
left significant impacts on the dry matter remobilization rate
(Table 7). Results indicated that the remobilization rate was
higher in 2017 than in 2018 by 16.5% (Table 4). The present
study found  that  interrupted  irrigation increased  remobiliza-
tion in various parts of the plant at the grain-filling stage. The
highest retransmission rate was thus observed under the
interrupted irrigation treatment until the end of the period,
which indicated an increase of approximately 26% (Table 4).
In terms of growth regulator, the control treatment indicated
the highest remobilization, whereas the lowest rates were
observed in plants treated with salicylic acid (Table 4). Among

Fig. 1. Relationship between  irrigation regime 
and growth regulators and catalase activity
Рис. 1. Связь режима орошения 
с регуляторами роста и активностью каталазы

Fig. 2. Effect of irrigation regeme 
on proline accumulation by Chamran 2 and Karkheh cvs
Рис. 2. Влияние режима орошения 
на накопление пролина у сортов Chamran 2  и Karkheh
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studied cultivars, Chamran 2 indicated the highest remobiliza-
tion rate, which was about 16% higher than Karkheh (Table
4). The present study found that water limitations appear to
reduce grain yield under drought stress through reduced
photosynthesis. As a result, the stored photosynthetic materi-
als are retransmitted. The retransfer of photosynthesis mate-
rials thus becomes more crucial in grain filling [4]. Treatment
with salicylic acid appears to provide plants with better condi-
tions to perform more current photosynthesis under drought
stress, resulting in a larger amount of dry matter accumula-
tion. On the contrary, current photosynthesis drops under
drought stress in the absence of salicylic acid as a result of
which the plant supplies a portion of the dry matter through
photosynthesis material retransfer [30].

Remobilization contribution
Results of complex variance analysis revealed that the irri-

gation regimen treatment, year, cultivar, and growth regula-
tors left significant impacts on dry matter remobilization con-
tribution (Table 7). Results indicated that the remobilization
contribution was higher in 2017 than in 2018 by 7.36%.
Increasing the drought stress increased the remobilization
contribution significantly, so the highest remobilization contri-
bution was observed at the grain-filling stage under interrupt-
ed irrigation, which was about 40% higher than in no-stress
conditions (Table 4).

In terms of growth regulator, the control treatment indicat-
ed the highest remobilization contribution, whereas the low-
est contributions were observed in plants treated with salicylic
acid (Table 4). Among the cultivars, Chamran 2 had the high-
est remobilization contribution at a rate of approximately 5%

higher than Karkheh (Table 4). It would appear that the high
remobilization contribution and remobilization rate in
Chamran 2 wheat cv may be due to its fast maturation and its
greater reliance on previous storages in leaves and stems.
Accumulated reserves are also highly correlated with the
plant's life cycle, which contributed to remobilization in this
cultivar. In this regard, Voltas et al. [38] reported that environ-
mental conditions during the stages of plant growth deter-
mine the photosynthesis materials available for grain growth
and reserve (grain) potential. Further, they found that geno-
types with higher dry matter remobilization from aerial organs
outperformed others in terms of dry matter efficiency, which
was consistent with our results. The present study recorded
that ceasing irrigation at the grain-filling stage increased dry
matter transmission rate and contribution so that drought
stress increased the contribution of vegetative parts in grain
yield as a result of the decline in current photosynthesis [8].

Current photosynthesis 
Results of complex variance analysis revealed that the irri-

gation regimen treatment, year, cultivar, and growth regula-
tors left significant impacts on current photosynthesis (Table
7). Results indicated that the current photosynthesis was
higher in 2017 than in 2018 by 10.5% (Table 4). The highest
current photosynthesis was observed under complete irriga-
tion throughout all growing stages (control), which surpassed
irrigation interruption at the grain-filling stage by approximate-
ly 30% (Table 4). In terms of growth regulator, the control
treatment indicated the lowest current photosynthesis,
whereas the highest current photosynthesis was observed in
plants treated with salicylic acid (Table 4). Among the culti-

Table 7. Composite variance analysis of studied traits in wheat in two years of experiment (second series)
Таблица 7. Комплексный дисперсионный анализ изучаемых признаков пшеницы за два года опыта  (вторая вариация)

S.O.V df
Remobilization

rate
Remobilization 

contribution
Current

photosynthesis

Current
photosynthesis

contribution

Year (Y) 1 56.31 * 3.44 * 110.3 * 30.6 **

(Year)*Replication 4 6.2 0.38 24.66 1.08

Irrigation regime (I) 1 9841.2 * 355.1 * 605811** 704.15 *

Y*I 1 35.02 ns 1.66 ns 75.2 ns 3.16 ns

Main plots error 4 160.3 30.5 9621.44 50.01

Varieties (V)ا 1 11348.2 ** 691.02 ** 470552* 589.26 *

Y*V 1 2.34 ns 0.13 ns 205.3 ns 0.39 ns

I*V 1 13.67 ns 0.24 ns 198.4 ns 10.89 ns

Y*V*I 1 10.19 ns 1.51 ns 266.02 ns 25.11 ns

Sub-plots error 8 157.2 23.6 7583.1 43.04

Growth regulators (G) 3 8071.9 ** 438.01 ** 514331.2 ** 9.75 ns

Y*G 3 3.27 ns 6.23 ns 180.4 ns 15.61 ns

¬I*G 3 50.14 ns 14.51 ns 770.3 ns 0.26 ns

Y*I*G 3 69.24 ns 20.94 ns 1050.2 ns 7.05 ns

V*G 3 12.43 ns 5.11 ns 92.23 ns 5.01 ns

Y*V*G 3 15.01 ns 10.33 ns 165.01 ns 12.38 ns

I*V*G 3 20.51 ns 0.67 ns 853.1 ns 0.59 ns

Y*I*V*G 3 39.07 ns 4.23 ns 996.04 ns 7.01 ns

Sub sub plots error 48 128.4 19.52 4023.7 39.22

Coefficient of variation (%) - 11.33 19.6 18.43 8.08

ns, * and **: no significant, significant at the 5% and 1% probability levels, respectively
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vars, Chamran 2 had the highest current photosynthesis at a
rate of approximately 12% higher than Karkheh (Table 4).
Researchers examined the retransfer of photosynthesis
materials from stems to grains and the speed of grain filling
under drought stress and found that genotypes with faster
accumulation and material transmission were less affected by
late-season stresses [18]. Salicylic acid appears to increase
current photosynthesis in plants through better nutrient
absorption and increased growth and leaf area index [13, 14,
29]. It could also be suggested that current photosynthesis
declines due to nutrient and moisture stresses, in response to
which the plant increases dry matter retransmission to grains
[7]. 

Current photosynthesis contribution
Results of complex variance analysis revealed that the irri-

gation regimen treatment, year, and cultivar left significant
impacts on current photosynthesis contribution (Table 7).
Results indicated that the current photosynthesis contribution
was higher in 2017 than in 2018 by 3% (Table 4). The highest
current photosynthesis contribution was observed under
complete irrigation throughout all growing stages (control),
which surpassed irrigation interruption at the grain-filling
stage by approximately 14% (Table 4). Among the cultivars,
Chamran 2 had a higher current photosynthesis contribution-
compared to Karkheh (Table 4). It would appear that
Chamran 2 cv had the highest current photosynthesis contri-
bution due to its higher capability in utilizing environmental
conditions. The contribution of materials stored in vegetative
parts increases in responding to the needs of growing grains
when current photosynthesis is inadequate due to environ-
mental conditions. The present study observed that the cur-

rent photosynthesis contribution in rain yield increased under
optimal conditions, but decline under drought stress at the
grain-filling stage as photosynthesis materials were retrans-
ferred to the grains to maintain grain yield. Retransmission
thus acted as a moderator compensating the damages due to
current photosynthesis deficiency [42]. 

Conclusion 
The highest grain yield (4,803 kg/Ha) was observed in

the Chamran 2 cv treated with complete irrigation and sali-
cylic acid as grain yield declined by 15.5% in the Karkheh
cv with irrigation interruption at the grain-filling stage and
non-administration of growth regulators. Moreover, we
found that interrupting irrigation at the grain-filling stage
increased catalase activity and proline and reduced stom-
atal conductance significantly. Although the best results in
terms of grain yield and current photosynthesis were
observed under complete irrigation conditions and treat-
ment with growth regulators, the moderating effect of reg-
ulators on wheat grain yield under drought stress was sig-
nificant in the case of almost all regulators. Growth regula-
tors thus increased grain yield under complete irrigation
and interrupted irrigation by 15 and 7%, respectively.
Besides, both Chamran 2 and Karkheh cvs were sensitive
to drought stress at the grain-filling stage, resulting in dam-
age to crops. The present study found that growth regula-
tors such as jasmonic and salicylic acid compensated for
the impacts of drought stress on the traits of grain yield and
catalase. Overall, results suggested that using salicylic
acid in Chamran 2 cv would be advisable in the Ahwaz
region and similar areas in terms of climate to increase
growth and grain yield and reduce decline under stress.
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