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ABSTRACT 

Wheat (Triticum aestivum L.) is one of the main crops which occupies an important part in agricultural 

production and water shortages, drought stress and low precipitation happen regularly during wheat 

growing periods in semi-arid and arid regions, which can significantly alter physiological processes 

such as respiration and photosynthesis as well as wheat production. Water deficit is widely reported for 

global wheat production, and it is the main constrains influencing wheat production in semiarid regions 

of Iran. Plant growth regulators (PGRs) can bring the most benefits to winter wheat crop to reduce plant 

height, increase stem thickness, reduces the risk of lodging, making managing and harvesting a tall 

winter wheat crop easier. Gibberelic acid can elongate plant cells and encourage cell division. In this 

trial, the highest number of days from seed plantation until seed germination, seed plantation until 

double ridge stage, seed plantation until terminal spikelet stage, seed plantation until swelling of stem 

stage, seed plantation until flowering stage, seed plantation until grain filling stage, and seed plantation 

until grain ripening stage was obtained in interaction between 120 mm evaporation from pan class A and 

control treatment (water treatment), and the minimum data also was belonged to interaction between 80 

mm evaporation from pan class A and superoxide dismutase in both Abarkuh and Faragheh 

experimental research stations. Different stages of winter wheat showed different sensitivity to water 

deficit at various different growth periods. Water shortage is the major limiting parameter which can 

negatively influence plant growth and development of wheat plants.    
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INTRODUCTION 

 

Gibberellic acid (GA3) are known as important plant growth regulators which are also 

considered to induce various physiological responses in plants (Azizi et al., 2023), which is 

unduly suited for improving and stimulating, photosynthetic activity, and plant growth 

(Shayanfar et al., 2011; Soleymani et al., 2013; Soleymani and Shahrajabia, 2017). GA3 is a 

biologically active form of gibberellins (GAs) (Srivastava and Handa, 2005), and GAs promote 

cell numbers, and increase cell elongation, which has shown in importance in stem elongation 

(Hedden and Thomas, 2012; Shen et al., 2020). GAs can stimulate root and stem elongation, 

flowering, leaf expansion, seed germination, fruit senescence, and seed dormancy (Hooley, 

1994; Kato et al., 2011; Hedden and Sponsel, 2015; Cui et al., 2023), as they can lead to better 

cell division, and cell elongation during growth, and improve the expression of hydrolytic 

enzymes which have function in the conversion of starch into sugar (Broumand et al., 2010; 

Khoshkharam et al., 2010; Riaziat et al., 2012; Sayed et al., 2020; Aliahmadi et al., 2021). It 

has been reported that GA3 has significant ability to reduce the adverse impacts of salinity by 

promoting accumulation of osmolytes, antioxidant enzyme activity, and boosting vigor 

(Shahrajabian et al., 2011; Seo et al., 2019). GA3 can significantly promote the stimulation of 

various non-enzymatic and enzymatic antioxidants, and the accumulation of osmolytes in 

plants (Jaleel et al., 2007; Misratia et al., 2015; Shahrajabian et al., 2021). Gibberellins are 

important endogenous hormones produced by fungi and plants which control plant 

development through triggering different physiological mechanisms (Gupta and Chakrabarty, 

2013; Shahrajabian et al., 2023). Its application can boost the development of plant by 

revealing the fact that they improve the amino acid concentration in embryo and promote the 

syntheses of hydrolytic enzyme needed for digestion of endospermic starch when renew growth 

at seed germination (Soleymani et al., 2010; Soleymani et al., 2011; Sun and Shahrajabian, 

2023; Sun et al., 2023). Pan et al. (2017) showed that exogenous application of GA3 ca 

improve seed germination and promote vigorous respiratory metabolism as well as increase 

metabolism time, relative germination time, and critical oxygen pressure. Its application can 

reduce the negative impacts of phytotoxic impacts, as it can restored the mobilization of starch 

and protein reserves from the endosperm to seedling roots during germination of barley plants 

(Amri et al., 2016). Salicylic acid which is an important component can reduce the sensitivity 

of plants to environmental stresses through modulation the antioxidant defense system, 

regulation of transpiration rates, photosynthetic rate, and stomatal movement (Shakirova et al., 

2003; Agarwal et al., 2005; Sahu et al., 2010; Ding et al., 2016; Akbulut et al., 2018). 

Superoxide dismutase (SOD) are defence-related proteins which are active in detoxifying 

reactive oxygen species (ROS) which can enhance grain yield and yield components of wheat 

(Tyagi et al., 2017), and improve tolerance of crops to different stresses such as salt and 
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drought stress (Barra et al., 2016; Shen et al., 2018). Wheat growth and development are all 

affected by different parameters, and according to the physiological parameters, wheat 

development are usually distinguished as germination, emergence, tillering, floral initiation or 

double ridge, terminal spikelet, first node or beginning of stem elongation, boot, spike 

emergence, anthesis, and maturity. It has been reported that the foliar application of GA can 

significantly influence both wheat physiology and morphology, and foliar application of GA 

increased wheat growth and nutritional quality with positive impact on wheat irrespective of 

nanoparticles (NPs) combinations or alone supply (Al-Huqail et al., 2023). This article aimed 

to assess the impacts of different plant growth regulators and irrigation treatments on different 

growth and development of winter wheat.      

 

MATERIALS AND METHODS 

 

In order to experiment the effects of different types of plant growth regulators and 

irrigation treatments on the number of days from seed plantation until different growth stages 

at two research experimental station, namely Abarkuh and Faragheh research stations, an 

experimented was conducted. Two experimental research stations were Abarkuh (E53
o
 14΄

 

and N31
o
7΄) with altitude of 1530 m, and Faragheh (E53

o
14΄

 
and N31

o
3΄) with altitude of 

1713 m. The climate of experimental station is dry and hot with the annual rainfall of 75 mm, 

and the soil physical and chemical properties of two experimental research stations are as 

follow: pH, EC, OC, P, K, Sand, Sily, and Clay in Abarkuh was 7.2, 0.94 dSm
-1

, 0.79%, 9.5, 

398, 25.2%, 40.80%, and 34.0%, respectively, and these amounts for Faragheh was 6.8, 

0.89dSm
-1

, 0.74%, 9.98, 410, 23.1%, 43.60%, and 33.3%. The trial was done according to 

split plot, on the basis of a complete randomized block design with three replications, and 

Sistan was the name of wheat cultivar which was used in this experiment. Main plots were 

drought stress at three levels (80, 100 and 120 mm evaporation from pan class A), and 

subplots were foliar application of plant growth regulators (PGRs) at six levels of control 

treatment (water), foliar application of gibberellic acid (GA3 at 100 mgL
-1

), salicylic acid (SA 

at 1.5 mM), benzyl adenine (BA at 60 mgL
-1

), GA3+SA, as well as superoxide dismutase 

(SOD at g gL
-1

). The plots (including a non-treated plot as control) measuring 3 × 4 m with 

the plant density of 400 were established in the fields (cultivated and disked), with a 2.5 m 

distance from the irrigation canals. The plots were irrigated until the tillering stage and were 

then treated according to the experimental treatments including spraying with the PGRs at two 

different stages of tillering and heading. Weeds were controlled by using 

2,4-Dichlorophenoxyacetic acid (2,4-D), and the plants were harvested at the physiological 

maturity when 50% of the plots were matured, and plants were sampled by collecting 10 

plants from each plot. In the experiment the number of days from seed plantation until seed 
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germination, the number of days from seed plantation until double ridge stage, the number of 

days from seed plantation until swelling of stem stage, the number of days from seed 

plantation until swelling of stem stage, the number of seed plantation until flowering stage, 

the number of days from seed plantation until grain filling stage, and the number of days from 

seed plantation until grain ripening stage was measured. The data of experimental parameters 

analyzed by SAS 9.3. The climatic data of the experimental stations at Abarkuh, and Faragheh 

are shown in Table 1 and Table 2, respectively.  

 

Table 1. The meteorological data of the experimental station at Abarkuh. 

 

Month Max 

Temperature 

(
o
C) 

Min 

Temperature 

(
o
C) 

Average 

Temperature 

(
o
C) 

Humidity 

(%) 

Monthly 

Rainfall 

(mm) 

Nov 27.2 7.8 13.8 48 2 

Dec 21.6 2.3 9.5 42 4.7 

Jan 22.6 1.1 8.3 40 5.1 

Feb 21.5 1.8 8.3 44 26 

Mar 22.3 3.4 9.9 37 4.6 

Apr 28 9.6 16.2 42 16 

May 32.1 13.8 20.70 29 28.4 

Jun 39.3 19.9 27.5 21 0.1 

 

 

Table 2. The meteorological data of the experimental station at Faragheh. 

 

Month Max 

Temperature 

(
o
C) 

Min 

Temperature 

(
o
C) 

Average 

Temperature 

(
o
C) 

Humidity 

(%) 

Monthly 

Rainfall 

(mm) 

Nov 25.9 6.9 12.7 51 2.2 

Dec 20.9 1.2 9.1 46 4.8 

Jan 21.4 1 7.9 42 4.9 

Feb 20.4 1.5 8 45 26.8 

Mar 21.7 3.2 9.7 39 5.2 

Apr 27.6 8.9 15.4 40 17.1 

May 30.10 12.8 19.5 39 29.6 

Jun 34.4 18.7 25.6 26 0.15 
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RESULTS AND DISCUSSION  

 

The effects of different irrigation treatments and foliar application of PGRs were 

significant on all experimental characteristics, namely seed plantation until seed germination 

seed plantation until double ridge stage, seed plantation until terminal spiekelt stage, seed 

plantation until swelling of stem stage, seed plantation until grain filling stage, and seed 

plantation until grain ripening stage at both experimental stations, namely, Abarkuh and 

Faragheh (Table 3). The highest number of days from seed plantation until seed germination 

were 21 days which were related to interaction between 120 mm evaporation from pan class 

A and control treatment, while the minimum one was obtained for interaction between 80 mm 

evaporation from pan class A and superoxide dismutase (15 days). Bekaardt et al. (2004) 

reported that application of GA3 can result in the highest seed germination in guayule, and 

Araujo et al. (2009) also showed that GA3 application can increase the emergence of seeds of 

Jua tree. The maximum and the minimum days from seed plantation until double ridge stage 

was related to interaction between 120 mm evaporation from pan class A and control 

treatment (74 days), and interaction between 80 mm evaporation from pan class A and 

superoxide dismutase (68 days). Interaction between control treatment and 120 mm 

evaporation from pan class A had obtained the highest number of days from seed plantation 

until terminal spikelet stage (86 days), and the minimum number was related to interaction 

between interaction between 80 mm evaporation from pan class A and superoxide dismutase 

(80 days). The maximum days from seed plantation until swelling of stem stage, seed 

plantation until flowering stage, seed plantation until grain filling stage, and seed plantation 

until grain ripening stage were 119, 133, 149, and 180 days, respectively, which have obtained 

from interaction between 120 mm evaporation from pan class A and control treatment that they 

showed significant differences with other interactions. Interaction between 80 mm evaporation 

from pan class A and superoxide dismutase has obtained the lowest days from seed plantation 

until swelling of stem stage (113 days), seed plantation until flowering stage (127 days), seed 

plantation until grain filling stage (143 days), and seed plantation until grain ripening stage (174 

days) (Table 3). In many experiments, it has been reported that GA3 treatment can increase stem 

elongation through changing the orientation of cellulose microfibrils, regulate cambial cell 

division, promote xylem differentiation, and lead to formation of secondary xylem fibers 

(Sauter and Kende, 1993; Bjorklund et al., 2007; Hamayun et al., 2010; Yazdpour et al., 2012; 

Cuiying et al., 2013; Ogbaji et al., 2013; Wang et al., 2015). GA3 application can delay ripening 

stage and increase shelf life of sweet cherry (Kondo and Danjo (2001), and it can also improve 

and stimulate both bolting and flowering stage (Jung et al. 2020).  
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Table 3. The number of days from seed plantation until different growth stages under different irrigation 

treatments and various foliar applications of PGRs at Abarkuh research station. 

Treatment         

Irrigation Foliar 

application 

of PGRs 

Seed 

plantation 

until seed 

germination 

Seed 

plantation 

until 

double 

ridge 

stage 

Seed 

plantation 

until 

terminal 

spikelet 

stage 

Seed 

plantation 

until 

swelling 

of stem 

stage 

Seed 

plantation 

until 

flowering 

stage 

Seed 

plantation 

until grain 

filling stage 

Seed 

plantation 

until grain 

ripening 

stage 

80 mm 

evaporation 

from pan 

class A 

Control 

treatment 

(Water 

treatment) 

17 70 82 115 129 145 176 

80 mm 

evaporation 

from pan 

class A 

Salicylic 

acid (SA) 

17 70 82 115 129 145 176 

80 mm 

evaporation 

from pan 

class A 

Benzyl 

adenine 

(BA) 

18 71 83 116 130 146 177 

80 mm 

evaporation 

from pan 

class A 

Gibberellic 

acid (GA3) 

17 70 82 115 129 145 176 

80 mm 

evaporation 

from pan 

class A 

GA3 + SA 16 69 81 114 128 144 175 

80 mm 

evaporation 

from pan 

class A 

Superoxide 

dismutase 

(SOD) 

15 68 80 113 127 143 174 

100 mm 

evaporation 

from pan 

class A 

Control 

treatment 

(Water 

treatment) 

18 71 83 116 130 146 177 

100 mm 

evaporation 

from pan 

class A 

Salicylic 

acid (SA) 

18 71 83 116 130 146 177 

100 mm Benzyl 18 71 83 116 130 146 177 
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evaporation 

from pan 

class A 

adenine 

(BA) 

100 mm 

evaporation 

from pan 

class A 

Gibberellic 

acid (GA3) 

18 71 83 116 130 146 177 

100 mm 

evaporation 

from pan 

class A 

GA3 + SA 18 71 83 116 130 146 177 

100 mm 

evaporation 

from pan 

class A 

Superoxide 

dismutase 

(SOD) 

18 71 83 116 130 146 177 

120 mm 

evaporation 

from pan 

class A 

Control 

treatment 

(Water 

treatment) 

21 74 86 119 133 149 180 

120 mm 

evaporation 

from pan 

class A 

Salicylic 

acid (SA) 

20 73 85 118 132 148 179 

120 mm 

evaporation 

from pan 

class A 

Benzyl 

adenine 

(BA) 

18 71 83 116 130 146 177 

120 mm 

evaporation 

from pan 

class A 

Gibberellic 

acid (GA3) 

17 70 82 115 129 145 176 

120 mm 

evaporation 

from pan 

class A 

GA3 + SA 20 73 85 118 132 148 179 

120 mm 

evaporation 

from pan 

class A 

Superoxide 

dismutase 

(SOD) 

19 72 84 117 131 147 178 

Mean values followed by the same letters are not significantly different at P < 0.05 using least significant difference (LSD).  
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Its application meaningfully boost the length of internodes and overall height of plants, and 

decrease internode mechanically strength (Peng et al., 2014; Zhang et al., 2018) as the 

stimulatory influence of GAs on plant internode length is closely associated to the endogenous 

levels of GAs (Ingram et al., 1986). PGRs contain a stress-signal molecule which can activate 

abiotic stress-responsive gene expression, which can induce the expression of biosynthetic 

enzymes and proteins in plants under environmental stresses.  

The maximum days from seed plantation until seed germination (26 days), seed plantation 

until double ridge stage (79 days), seed plantation until terminal spikelet stage (91 days), seed 

plantation until swelling of stem stage (124 days), seed plantation until flowering stage (146 

days), seed plantation until grain filling stage (153 days), and seed plantation until grain 

ripening stage (184 days) was achieved in interaction between 120 mm evaporation from pan 

class A and control treatment (Table 4). Interaction between 80 mm evaporation from pan class 

A and superoxide dismutase had obtained the highest seed plantation until germination (20 

days), seed plantation until double ridge stage (73 days), seed plantation until terminal spikelet 

stage (85 days), seed plantation until swelling of stem stage (118 days), seed plantation until 

flowering stage (140 days), seed plantation until grain filling stage (147 days), and seed 

plantation until grain ripening stage (178 days) (Table 4). They were significant differences 

between all treatments. GA3 application can increase and its concentration in stems is the major 

parameter for the change in internode diameter and length of soybean (Zhang et al., 2011; 

Zhang et al., 2020; Bawa et al., 2020). The usage of GA3 is effective in increasing seedling 

growth and length (Shahrajabian et al., 2021; Sun and Shahrajabian, 2024; Sun et al., 2024). 

PGRs can induce to elongation of wheat coleoptile sections and its connection with 

endogenous indoce acetic acid; PGRs can also stimulate various physiological processes and 

plant development, which consists of cell division and maturity, and enhance tolerance to 

different stresses. Salicylic acid which is known for its defensive role can significantly 

influence plant growth and development as well as reduce the negative effects of stresses 

(Singh and Usha, 2003; Sakhabutdinova et al., 2003; Hara et al., 2012; Sun et al., 2024;).  
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Table 4. The number of days from seed plantation until different growth stages under different irrigation 

treatments and various foliar applications of PGRs at Faragheh research station. 

Treatment         

Irrigation Foliar 

application 

of PGRs 

Seed 

plantation 

until seed 

germination 

Seed 

plantation 

until 

double 

ridge 

stage 

Seed 

plantation 

until 

terminal 

spikelet 

stage 

Seed 

plantation 

until 

swelling 

of stem 

stage 

Seed 

plantation 

until 

flowering 

stage 

Seed 

plantation 

until grain 

filling 

stage 

Seed 

plantation 

until grain 

ripening 

stage 

80 mm 

evaporation 

from pan 

class A 

Control 

treatment 

(Water 

treatment) 

22 75 87 120 142 149 180 

80 mm 

evaporation 

from pan 

class A 

Salicylic 

acid (SA) 

22 75 87 120 142 149 180 

80 mm 

evaporation 

from pan 

class A 

Benzyl 

adenine 

(BA) 

23 76 88 121 143 150 181 

80 mm 

evaporation 

from pan 

class A 

Gibberellic 

acid (GA3) 

22 75 87 120 142 149 180 

80 mm 

evaporation 

from pan 

class A 

GA3 + SA 21 74 86 119 141 148 179 

80 mm 

evaporation 

from pan 

class A 

Superoxide 

dismutase 

(SOD) 

20 73 85 118 140 147 178 

100 mm 

evaporation 

from pan 

class A 

Control 

treatment 

(Water 

treatment) 

23 76 88 121 143 150 181 

100 mm 

evaporation 

from pan 

class A 

Salicylic 

acid (SA) 

23 76 88 121 143 150 181 

100 mm Benzyl 23 76 88 121 143 150 181 
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evaporation 

from pan 

class A 

adenine 

(BA) 

100 mm 

evaporation 

from pan 

class A 

Gibberellic 

acid (GA3) 

23 76 88 121 143 150 181 

100 mm 

evaporation 

from pan 

class A 

GA3 + SA 23 76 88 121 143 150 181 

100 mm 

evaporation 

from pan 

class A 

Superoxide 

dismutase 

(SOD) 

23 76 88 121 143 150 181 

120 mm 

evaporation 

from pan 

class A 

Control 

treatment 

(Water 

treatment) 

26 79 91 124 146 153 184 

120 mm 

evaporation 

from pan 

class A 

Salicylic 

acid (SA) 

25 78 90 123 145 152 183 

120 mm 

evaporation 

from pan 

class A 

Benzyl 

adenine 

(BA) 

23 76 88 121 143 150 181 

120 mm 

evaporation 

from pan 

class A 

Gibberellic 

acid (GA3) 

22 75 87 120 142 149 180 

120 mm 

evaporation 

from pan 

class A 

GA3 + SA 25 78 90 123 145 152 183 

120 mm 

evaporation 

from pan 

class A 

Superoxide 

dismutase 

(SOD) 

24 77 89 122 144 151 182 

Mean values followed by the same letters are not significantly different at P < 0.05 using least significant difference (LSD).  
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CONCLUSION 

 

Unlike, hormones which are produced naturally by plants, plant growth regulators are 

applied to plants by humans, and plant growth regulators are chemical that significantly affect 

flowering, aging, root growth, distortion and killing of organs, promotion or prevention of stem 

elongation, color enhancement of fruit, prevention of leafing and leaf fall, etc. GA3 can 

significantly stimulate cell division and elongation, breaks seed dormancy, and increase speed 

of germination. Benzyl adenine is a synthetic cytokinin which stimulates cell division in crops. 

Supplementation of optimum ration of hormones for directing the growth of root, shoot can 

result in proliferation of specified cells. Supplementation of PGRs for different crops can also 

lead to the expression of different genes such as transcription factors which can further 

regulates the different development phases in plants. Studying of different growth stages are 

important to identify and assign different actions on the basis of the occurrence of key 

developmental events such as flowering, leaf and head emergence, and tillering. The number of 

leaves present on the first shoot on main stem can be designated with a decimal, and a tiller is a 

shoot which originates at the coleoptilar node. Tillers share the same root mass with the main 

stem, and the major management of tillering should be considered on the basis of whether they 

are enough to achieve yield goals. Winter wheat can continue to tiller for several weeks, 

although it depends on different agronomical factors such as using PGRs. Most tillers have 

been formed at the beginning of erect growth. At the boot stage, the head is completely 

developed and can be easily found in the swollen section of the leaf sheath below the flag leaf. 

Flowering is usually marked by the extrusion of anthers from florets in the center of the spike. 

In studies of the influence of PGRs influence wheat plant and growth development, wheat 

morphological terms such as an anther, awn, coleoptile, flag leaf, floret, spike, spikelet, stigma, 

and tiller should be considered. In this experiment, the maximum days from seed plantation 

until seed germination, seed plantation until double ridge stage, seed plantation until terminal 

spikelet stage, seed plantation until swelling of stem stage, seed plantation until flowering stage, 

seed plantation until grain filling stage, and seed plantation until grain ripening stage was 

achieved in interaction between 120 mm evaporation from pan class A and control treatment 

(water treatment), and the minimum data also was belonged to interaction between 80 mm 

evaporation from pan class A and superoxide dismutase in both Abarkuh and Faragheh 

experimental research stations. Water shortage is an important water-saving activity in irrigated 

agriculture, and the deficit irrigation impacts on growth and development of plants should be 

more studied. Appropriate irrigation programming of irrigation is important to promote crop 

yield, as balancing the relationship between reproductive and vegetative growth stages are very 

important. Irrigation strategy during periods of high wheat demand for water has significant 
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impacts on grain yield, wheat growth, and soil water status at various growth stages have 

numerous impacts on grain yield, physiological characteristics, and photosynthetic parameters.    
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