
 

 

 

INTRODUCTION 

 

Food production will have to increase to meet the demand of 

increasing world population. Daryanto et al. (2016) estimated 

that in the next 20 years, wheat production has to increase up 

to 60% to meet market demand. Water deficit stress is a major 

abiotic stress in the world especially in dry climates. Water 

deficit condition decreased plant growth and actual grain 

yield (Raza et al., 2012a). Limited water availability for the 

plant negatively effect on plant water relationship that alters 

the phenotypic and physiological processes(Raza et al., 

2015). Limited crop growth under drought is reported by 

different scientists (Raza et al., 2014, Daryanto et al., 2016; 

Jamshaid et al., 2018). Parameters reduced by drought include 

leaf water content, chlorophyll contents, 1000-grain weight 

and grain yield (Daryanto et al., 2016), rate of photosynthesis 

(Niakan and Ahmadi, 2014) as well as soluble sugar contents 

(Nohong and Nompo, 2015). 

Drought stress influences internal phytohormone 

concentrations (Hare et al., 1997) and reduce photosynthesis 

rate through elevated levels of reactive oxygen species. Under 

water deficit stress, decrease in soil water potential alters the 

minerals uptake and decreased leaf expansion (Pospíšilová et 

al., 2000). Crop production is adversely affected by the 

shortage of water. Reduction of crop yield is noticed more by 

drought stress as compare to other abiotic stresses (Saleem et 

al., 2016). As water is very essential for plant, so limited 

water availability at any growth stage can alter the plant 

physiological functions. Water stress affects plant 

morphology, physiology and ultimately the grain yield of 

wheat (Raza et al., 2017a). Cruz de Carvalho. (2008) reported 

that under drought condition ROS (reactive oxygen species) 

produced in the plant that causes the negative effect on the 

plant growth at molecular level. Enhancing the level of 

antioxidant enzymatic in the plant can reduce the ROS and 

can save the plant from severe damage. Different processes 

like organ development, germination, leaf expansion, 

photosynthesis and root growth are badly affected by water 

deficit stress. Therefor sustainable crop production it is very 

essential to control damaging effects of drought through 

different practices (Raza et al., 2015). Limited water 

availability, high temperature and low rainfall during past few 

years produce risk to wheat crop productivity. Different 

strategies such as nutrients spray (Raza et al., 2012b), 

compatible solutes, and use of mulches (Ahmad et al., 2015) 

have been developed to control drought effects in crop 

growth. 

Werner et al. (2001) reported that seed germination, leaf 

expansion, bud formation and chloroplast formation has been 

improved by Cytokinin (CK) application. CK can further 

enhance cell division as well as crop growth and grain yield. 

Antioxidant system improved by different hormones 
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Water deficit reduces crop productivity. Cytokinin (CK) is a growth regulator which is a potent coordinator between 

physiological traits and senescence. A study was carried out to investigate the drought ameliorating effects of exogenous 

applied cytokinin in wheat. Experiment was comprised of seven treatments(C= Control, DT= Drought at tillering, DT+CK= 

Drought at tillering + CK, DA= Drought at anthesis, DA+CK= Drought at anthesis + CK, DG= Drought at grain filling, 

DG+CK= Drought at grain filling + CK).Cytokinin was applied foliarly@ 25 mg L-1 solution of cytokinins. CK application 

under drought stress significantly increased growth and yield characteristics (P< 0.05). An increase of 4.36%, 7.21% and 

5.55% in grain yield was recorded with CK application when drought was applied at tillering, anthesis and grain filling stage, 

respectively. Other physiological parameters increased by CK included photosynthesis rate, leaf area index, chlorophyll 

content, activities of ascorbate peroxidase, catalase, peroxidase, superoxide dismutase and endogenous hormonal level of 

kernels. It was concluded that CK improved plant growth, minimized ill impacts of reactive oxygen species and increase 

transfer of assimilates to grains under drought.  
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especially cytokinin is very helpful to scavenge these species 

(Banowetz, 1999). Chlorophyll contents decreased by water 

deficit stress can be improved with the foliar application of 

growth regulators (Zhang et al., 2004). Moreover, cytokinin 

production in plant decreased by drought stress that might 

decrease cytokinin biosynthesis (Pospíšilová et al., 2000; 

Dodd. 2003). However, drought has been shown to reduce 

endogenous CK concentrations (Pospíšilová et al., 2000). 

During drought stress, CK role has been studied extensively 

in the past but it is still remains unclear in field condition. 

The objective of present study was to notice the growth 

promoting effect of CK under water limited stress at different 

growth stages of wheat. We hypothesized cytokinin 

application will improve growth of wheat under drought.  

 

MATERIALS AND METHODS 

 

A field experiment having three replications was carried to 

determine drought ameliorating effects of exogenous applied 

cytokinin in wheat during 2015-16,atthe research area of 

Agronomy Department, Islamia University of 

Bahawalpur(latitude: 29.418, longitude: 71.670, elevation: 

181 m, Average annual rainfall: 143 mm). The experiment 

included seven treatments (C= Control, DT= Drought at 

tillering, DT+CK= Drought at tillering + Cytokinin, DA= 

Drought at anthesis, DA+CK= Drought at anthesis + 

Cytokinin, DG= Drought at grain filling, DG+CK= Drought 

at grain filling + Cytokinin) with randomized complete block 

design. Approved wheat variety of Pakistan “Galaxy-2013” 

was used for line sowing @ 120 kg/hain different plots (3.5 

m × 5 m). Galaxy-2013is suitable variety for growing under 

the agro ecological conditions of Bahawalpur. Recommended 

irrigations were applied with the rate of 3 Acre Inches and 

stop watering when we were applied drought. Plot to plot 

distance was maintained 3 ft to prevent water from the 

neighboring plot. To induce drought at a given stage, water 

was withheld. Foliar spray of different growth hormones can 

improve plant growth and Cytokinin is one of them and we 

select it for our experiment due to its characteristic of 

improving cell division. Cytokinin (Zeatin, >98% purity)was 

applied by foliar spray @25 mg L-1(Zaheer et al., 

2019).Fertilizers were applied @ 120-80-60 Kg/ha NPK. The 

soil had the following properties:sand: 20%, silt:18%, clay: 

62%, organic matter: 0.65%, nitrogen: 0.31 mg kg-1 dry soil, 

phosphorous: 4.7 mg kg-1 dry soil, potassium: 125 mg kg-1 dry 

soil, calcium: 102 mg kg-1 dry soil, pH: 7.6.Weather data of 

experimental site during 2015-16 is provided in Table 1. 

Parameters recorded: Different growth and yield related 

parameters were recorded by standard procedure. Infra-Red 

Gas Analyzers (LI 6250-Li-COR) was used to determine rate 

of photosynthesis (Pn) of flag leaves between 8:00 am to 

10:00 am(Raza et al., 2017a). Stomatal conductance and 

transpiration rate was measured by Automatic 

porometer(MK3, DeltaT. Burwell Devices, England, 

Hertford-Herts, England). Portable laser leaf area meter 

(CI:2002-L model, CIDBio-Science, USA) was used to 

noticed leaf area index (LAI) and chlorophyll meter (CL01, 

Hansatech-Ltd. UK) was used to measured leaf chlorophyll 

contents. APX (ascorbate peroxidase), CAT (catalase), POD 

(peroxidase) and SOD (superoxide dismutase) activities in 

leaves were measured by procedure reported by Nakano and 

Asada (1981), Vanacker et al. (2000), Ghanati et al. (2002), 

Beyer and Fridovich (1987), respectively. 

 

Table 1. Weather data of experimental site during 2015-16 

Month  Temperature ˚C Average 

rainfall 

(mm) 

Rainy 

days  Max. Min. Average 

November, 2015 35 25 31 0.0 0 

December, 2015 31 20 26 0.0 0 

January, 2016 24 14 20 4.5 4 

February, 2016 30 20 26 0.6 2 

March, 2016 35 25 32 0.6 2 

April, 2016 43 34 40 4.2 4 

May, 2016 45 39 43 9.9 12 

 

Leaf relative water contents (RWC) were determined from 

fully expanded leaves. Plastic bags were used to placed 

excised leaves and transferred them immediately in to the lab 

for determination of fresh weight (FW). Leaves of the plants 

were soaked in distilled water at room temperature for 16 h. 

After that leaves were blotted dry with use of tissue paper and 

then weighted. Dry weight (DW) of leaves was measure after 

oven drying at 70 °C for 72 hours. 

RWC calculated by the Barrs and Weatherley’s (1962) 

equation: 

RWC (%) = [(FW−DW) / (TW− DW)] × 100 

Fully expanded leaf,4th from the top from each plant was used 

to determined leaf water potential (-MPa) by using pressure 

chamber (600L model, C.W. Cook and sons, Ltd. England). 

For osmotic potential (-MPa), a proportion of leaves were 

used to measured water potential by frozen them for 2 weeks. 

Frozen sap extracted from crushed leaves by centrifugation 

(8000×g) for 4 min. Osmotic potential of sap was calculated 

by vapor pressure osmometer (Wescor: 5520 model, Logan 

USA). 

Leaf turgor pressure (MPa) was determined as 

TP = WP-OP 

Where, TP =Leaf turgor pressure (jp), OP = leaf osmotic 

potential (js), WP = leaf water potential (jw) 

Statistix 8.1 computer software was used for analysis of 

variance(ANOVA)and least significant difference (LSD) at 

5% was used to determine the difference among treatments 

means(Steel et al., 1997). 

 

RESULTS  

 

Data regarding growth parameters shown in Table 2 indicate 
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that plant height was highest in C (95.90 cm) followed by 

DG+CK (95.60 cm) and lowest in DT (92.93 cm).Spike 

length was greatest in C (13.33 cm) followed by DT and 

DG+CK (12.33 cm).Smallest spikes were found in DA+CK 

and DG (11.33 cm). Number of spikelets per spike was 

highest in C and DA (23.33) followed by DT and DG+CK 

(22.33) and minimum was in DA (17.30). Maximum number 

of grains per spike was found in C and DT+CK (46.66) 

followed by DT (43.66) and lowest was recorded in DA 

(35.33). 
1000-grain weight (Table 2) was highest in C (36.00 g) 

followed by DT+CK (33.66 g) and it was lowest in DG (26.66 

g). Grain yield was highest in C (4681 kg ha-1) followed by 

DT+CK (4568 kg ha-1) and it was lowest in DA (39.38 kg 

ha-1). Biological yield was also significantly improved by CK 

application when drought applied at tillering and anthesis but 

effect of Ck was non-significant when drought was applied at 

grain filling stage. Biological yield was highest in C (14043 

kg ha-1) followed by DT+CK (13704 kg ha-1) and lowest in 

DA (11814 kg ha-1). 

 
Figure 1. Photosynthetic rate of wheat affected by CK 

application under drought. 

Data regarding photosynthetic rate (Fig. 1) and transpiration 

rate (Fig. 2) show that maximum photosynthesis and 

transpiration was noticed at tillering stage. CK application at 

different growth stages improved the photosynthesis and 

transpiration. Maximum photosynthetic and transpiration rate 

was observed under control treatment followed by when 

cytokinin was applied under drought stress and lowest was 

noticed under drought stress conditions without CK 

application at all growth stages. Non-significant difference 

was noticed for transpiration rate at grain filling stage 

between control treatment and when applied CK under 

drought stress at different growth stages. 

 
Figure 2. Transpiration rate of wheat affected by CK 

application under drought. 

 

Data regarding LAI (Figure 3) show that highest LAI was 

noticed under control treatments (tillering: 1.9, anthesis: 5.24, 

grain filling: 3.56) followed by drought stress treatments 

having CK application (tillering: 1.7, anthesis: 4.8, grain 

filling: 3.19) and lowest (tillering: 1.38, anthesis: 4.8, grain 

filling: 3.19) and minimum was observed under drought stress 

treatments without CK application at all stages. 
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Table 2. Drought ameliorating effects of exogenous applied cytokinin on growth and yield of wheat. 

Treatments Plant 

height (cm) 

Spike 

Length(cm) 

Number of 

spikelets 

/spike 

Number of 

grains per 

spike 

1000-grain 

weight 

(g) 

Grain yield 

(kg ha-1) 

Biologi-

calyield 

(kg ha-1) 

C= Control 95.90 a 13.33 a 23.33 a 46.66 a 36.00 a 4681 a 14043 a 

DT 92.93 c 12.33 b 22.33 b 43.66 b 33.33 b 4377 b 13131bc 

DT+CK 94.90 b 13.23 a 23.33 a 45.66 a 33.66 b 4568 a 13704ab 

DA 95.33 ab 10.63 d 17.30 e 35.33 f 30.66 cd 3938 f 11814 d 

DA+CK 95.40 ab 11.33 c 18.33 d 36.66 e 31.66bc 4222 e 12666 c 

DG 95.56 ab 11.33 c 20.33 c 38.33 d 26.66 e 3798 d 11394 c 

DG+CK 95.60 a 12.33 b 22.33 b 42.33 c 29.00 d 4009 c 12027 c 
Treatment means per variable with different letters show significant difference from one another at p ≤0.05 (n=3). 
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Figure 3. LAI of wheat affected by CK application under 

drought. 

 

Chlorophyll contents significantly improved by CK 

application (Figure 4).Highest chlorophyll contents were 

observed in control treatment (tillering: 34%, anthesis: 92%, 

grain filling: 87%) following by when CK applied having 

drought stress condition (tillering: 29%, anthesis: 87%, grain 

filling: 81%) and lowest chlorophyll contents were observed 

when drought occurred without application of CK(tillering: 

24%, anthesis: 82%, grain filling: 75%). 

CK application was significantly improved the leaf relative 

water contents (RWC)under drought stress condition. 

Maximum RWC(tillering: 94%, anthesis: 85%, grain filling: 

80%) were noticed under control treatment followed by when 

CK was applied under drought (tillering: 87%, anthesis: 79%, 

grain filling, 76%) and lowest (tillering: 84%, anthesis: 74%, 

grain filling: 71%) were observed under only drought 

treatments without CK application (Figure 4).  

 
Figure 4. Chlorophyll content (%) and relative water 

contents (%) of wheat affected by CK 

application under drought. 

Stomatal conductance data (Figure 5) show that stomatal 

conductance was significantly affected by the CK application. 

Maximum stomatal conductance (tillering: 355 mmolm-2s-1, 

anthesis: 296 mmolm-2s-1, grain filling: 251.33 mmolm-2s-1) 

was noticed under control treatments followed by (tillering: 

327 mmolm-2s-1, anthesis: 272 mmolm-2s-1, grain filling: 225 

mmolm-2s-1) when CK was applied under drought and lowest 

stomatal conductance (tillering: 309 mmolm-2s-1, anthesis: 

251.66 mmolm-2s-1, grain filling: 202.33 mmolm-2s-1) was 

observed under only drought stress treatments without CK 

application. 

 
Figure 5. Stomatal conductance of wheat affected by CK 

application under drought. 

 

Data regarding leaf water potential and osmotic potential 

showed that CK application under drought stress significantly 

improved leaf water and osmotic potential. Lowest (More 

negative) leaf water and osmotic potential were observed 

under drought stress condition followed by when CK was 

applied under drought and highest values were observed 

under control treatments (Figure 6). 

CK application significantly improved leaf turgor potential. 

Highest leaf turgor potential was recorded under control 

treatment followed by when CK was applied under drought 

and lowest was observed when only drought occurs without 

CK application at all growth stages(Figure 7). 

Concentration of antioxidant enzymes APX, CAT, POD and 

SOD (Figure 8) was highest in treatments with drought 

without CK, followed by drought with CK and lowest was 

recorded in control treatment. 
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Figure 6. Leaf water potential (-MPa) and osmotic 

potential (-MPa) of wheat affected by CK 

application under drought. 

 
Figure7. Leaf turgor potential (MPa) of wheat affected 

by CK application under drought. 
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Figure 8.Antioxidant enzymatic activities of wheat affected by CK application under drought. 
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Zeatinriboside (ZR) levels in kernels increased between 3 to 

18 days after anthesis (DAA), and were maximum at 18 DAA 

and then decreased suddenly with the grain filling. CK 

application under drought significantly increased ZR contents 

as compared to the only drought stress treatment. Gibberelin 

(GA3) contents (Figure 9) were highest at early grain filling 

and then decreased.CK application had no consistent effect on 

GA3. With application of CK, higher concentration of indole-

3-acetic acid (IAA) was recorded on6 DAA and remained 

higher till 18 DAA, while remained stable in control 

treatment. After 2 DAA, IAA contents were similar drought 

treatments first increased and then decreased (Figure 9). In 

both drought treatments, ABA (abscisic acid) contents in 

kernels increased until 18 DAA and then declined. 

 

DISCUSSION 

 

This study showed that CK application improves wheat 

growth and yield under drought, irrespective of growth stage 

at which drought was applied. Kumari et al. (2018) reported 

that cytokinin application significantly improved growth 

related parameters in wheat. Drought stress significantly 

decreased the yield of wheat when drought occurred at 

tillering, but non-significant effect was noted when drought 

applied at anthesis and grain filling stages (Raza et al., 

2012b). Raza et al. (2017b) also reported that limited water 

availability negatively effect on plant water relationship that 

alters the phenotypic and physiological response of wheat 

crop. Plant growth reduction by drought is reported by many 

plant scientists (Raza et al., 2012a; Daryanto et al., 2016).The 

improved growth with CK can be explained by its effect on 

plant metabolism. CK has been shown to stimulate root shoot 

interaction, cell division in plant cells and nucleic acid 

metabolism (Hare et al., 1997; Werner et al., 2001; Yang et 

al., 2016). An increase of 7%, 6% and 8%in spike length was 

noticed when CK was applied at tillering, anthesis and grain 

filling stages, respectively under drought as compared to only 

drought treatment with CK application. Exogenous CK 

application increases ratio of CK to auxins in the plant that 

controls branching patterns and lateral bud growth (Cline, 

1991). Hare et al.(1997) and Yang et al. (2016) also noticed 

plant growth promotion by CK application.CK accumulate in 

 
Figure 9. Zeatinriboside (ZR), gibberellin (GA3), indole-3-acetic acid (IAA) and abscisic acid (ABA) content level 

of wheat affected by CK application under drought. 
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inflorescence meristem and regulates spike development that 

results in an increasing number of flowers and branches(Ding 

et al., 2014).Endospermic cell division and increase in sink 

capacity results in greater accumulation of assimilate and 

ultimately leads to more grains per spike (Yang et al., 2016). 

The changes in endogenous hormone levels in kernels found 

in this study may induce greater assimilate transport into the 

grains, thereby improving grain weight and yield (Chen et al., 

2010).  

CK application also increased yield related parameter such as 

1000-grain weight and yield under drought. This can be 

explained by the effect of CK on sink strength. CK promotes 

endospermic cell division and sink capacity that results in 

greater grain weight and yield(Yang et al., 2016).Further, CK 

improves auxins and abscisic acid production that results 

higher grain yield (Mazid et al., 2011). Drought induces 

stomatal closure which causes reduction of transpiration rate 

and CO2 entry into the leaves that result in lower 

photosynthesis (Raza et al., 2012a; Bhargava et al., 2013).CK 

application stimulates stomatal opening (Rivero et al., 2009) 

and total number of stomata (Farber et al., 2016) thereby 

improves photosynthesis and transpiration under drought. 

Due to water deficit stress soil water potential decreases and 

it alters the minerals uptake and leaf expansion (Pospíšilová 

et al., 2000). LAI increased by CK application under drought 

stress at tillering, anthesis and rain filling stage up to 23%, 

11% and 7.77%, respectively. Highest LAI was recorded at 

flag leaf stage and then decreased continuously at later stages. 

This decline might be associated with aging of leaves and leaf 

senescence (Dalirie et al., 2010). Drought stress restrains leaf 

expansion and decreases leaf area due to early senescence 

(Fang et al., 2017).Zaheer et al. (2019) reported that LAI 

decreased under drought stress due to the leaf turgidity and 

foliar spray of CK enhances the plant metabolic functions and 

increase chlorophyll synthesis that also help in maintaining 

LAI. Ahmad et al. (2015) reported that changes in mesophyll 

conductance lead towards physical alteration in intercellular 

spaces that causes leaf shrinkage and reduces leaf turgidity. 

Leaf relative water contents and stomatal conductance are 

increased by CK and thereby LAI (Rivero et al., 2009). 

Chlorophyll contents were decreased under water stress 

condition due to higher ROS that destroy chloroplasts 

(Chaves et al., 2009; Gill and Tuteja, 2010). The higher 

chlorophyll contents induced by CK can be explained by 

stimulation of anti-oxidants. Anti-oxidants reduce reactive 

oxygen species (Rivero et al., 2009; Diaz-Vivancos et al., 

2011; Bielach et al., 2017). Previous studies also reported that 

CK reduced reactive oxygen levels (Liu and Huang, 2002; 

Chang et al., 2016). RWC and stomatal conductance are 

reduced under drought due to reduced leaf size and smaller 

cell volume. Partial closing of stomata under drought is a 

main reason of less stomatal conductance (Alkhaldi et al., 

2012). CK increased RWC and stomatal conductance due to 

its stimulation of endogenous hormones level, stomatal 

conductance and LAI (Incoll and Jewer, 1987; Dodd, 2003; 

Raza et al., 2017a; Kumari et al., 2018). The higher RWC can 

explain the increase turgor potential by CK application. 

Osmotic potential decreased under water limited condition 

that causes reduction in LAI and stomatal conductance. Raza 

et al. (2017a) reported that under water limited condition 

macromolecules hydrolyzed in to smaller ones that increase 

osmolytes and ultimately more osmotic potential. By CK 

application more RWC and LAI obtained that are helpful to 

maintain water, osmotic potential and turgor potential 

(Kumari et al., 2018). 

Higher production of ROS is the reason of interruption of 

normal biochemical processes during water deficit condition 

(Chaves et al., 2009). Sofo et al. (2015) reported that 

antioxidant enzymes help to decrease the effect of ROS. CAT 

and APX act as reducing agents and change H2O2 into H2O. 

SOD convert superoxide radicals (more harmful) to H2O2(less 

harmful). Under drought stress POD regulate cell wall 

expansion. It was observed that 14.41%, 13.89%, 13.91% 

APX activities, 22.42%, 28.95%, 19.53% CAT activities, 

23.78%, 32.72%, 11.57% POD activities, 11.69% 4.73%, 

8.72% SOD activities were improved by CK application 

under drought stress at tillering, anthesis and grain filling 

stage, respectively. Significantly higher activities of 

antioxidants were found by CK application under drought 

stress. Similar results were also reported by Bielach et al. 

(2017) and Diaz-Vivancos et al. (2011). Deleterious effect of 

ROS can be minimized by developing an antioxidant defense 

system. Cytokinin participates in removing of ROS and 

increases antioxidant enzymes (Chang et al., 2016). Previous 

studies also noticed an increase in antioxidant enzymes 

activities by CK application (Liu and Huang, 2002; Chang et 

al., 2016). Leshem et al. (1981) reported that cytokinin inhibit 

the activity of xanthine oxidase that is an enzyme of ROS 

generators in cell. An endogenous hormones levels in kernels 

could change CK metabolism (Wang et al., 2016) and 

transferred more assimilates to the grain (Chen et al., 2016) 

and improve resistance against drought stress (Thomas et al., 

2000). 

 

Conclusion: Under drought stress, Cytokinin application is 

very useful to enhance drought tolerance potential in wheat. 

It was concluded that CK improved plant growth, minimized 

ill impacts of reactive oxygen species and increase transfer of 

assimilates to grains under drought So, it is recommended for 

the farmers to apply CK in wheat crop under limited water 

availability. 
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