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Abstract 

 

Nutrients and plant hormone are very essential and play a key role in drought stress tolerance. The current studies was 

conducted in pots, to investigate the role of potassium, zinc and gibberellic acid in biosynthesis of free proline, total 

phenolic, antioxidant compounds and drought stress tolerance in sunflower varieties. Plants were grown in glass house and 

foliar sprays of potassium Nitrate (KNO3), zinc sulphate (ZnSO4) and gibberellic acid GA3 were applied. Varieties were 

evaluated for drought tolerance through leaf disc assay and polyethylene glycol PEG6000 was used to induce in-vitro 

drought stress. Zinc significantly increased the RWC% and maximum value was noted in HS-K6 followed by Rising Sun. 

Potassium increased the relative water content (RWC %) and the highest RWC % was found in Hysun-33 followed by 

Rising Sun, SMH-0907 and US-444. The biosynthesis of free Proline and total phenolic contents was significantly increased 

with Zn and K treatments. Superoxide dismutase, catalase, ascorbate peroxidase and ascorbic acid biosynthesis were 

significantly increased by Zn followed by potassium. The Zn treatment significantly reduced the MDA content in sunflower 

varieties. A significant positive correlation was found between RWC % with proline (R2 = 0.92***) and total phenolic (R2 = 

0.95***) respectively. Antioxidant compounds also showed significant positive correlation with relative water content. 

Conclusively; drought tolerance in sunflower might be increased by foliar application of Zn, K and GA3. Further 

investigation is suggested to study the effect of Zn, K and GA3 on drought tolerant genes expression. 
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Introduction  

 

Sunflower (Helianthus annuus L.) is the most 

important oilseed crop in the world and belongs to family 

Asteraceae. Due to its significant share in vegetable oil 

production of Pakistan emerged as an economically 

important crop of the country. But its sensitivity to water 

stress during the growing season constraints its seed yield 

with significant reductions. Water availability is one of the 

warning factors for plant survival in natural ecosystems. 

Water scarcity is one of the major yield-limiting factors for 

major crops and significantly reduces the plant growth 

(Zhang et al., 2014; Qamar et al., 2018). Mineral nutrients 

play important role in plant drought stress. Potassium is one 

of the most important macronutrients, motivates growth of 

plants, decreases transpiration and increases the 

maintenance of water in plants (Umar & Moinuddin, 2002).  

It also sustains the turgidity, relative water content and 

osmotic potential of the cell and regulates the opening and 

closing of stomata under drought condition (Aslam et al., 

2014). Micronutrient such as Zn can minimize the adverse 

effects of water deficiency and improve the production of 

growth regulator in plants. Its application diminishes the 

activity of membrane-bound NADPH oxidase, which may 

lead to decrease the production of reactive oxygen species. 

Certain plant growth regulator, particularly gibberellic acid 

promote phloem loading, increases the amount of sucrose 

phosphate synthase and fructose-1, 6-biphosphatase and 

inhibit oxidative and heat stresses in plant (Iqbal et al., 

2011). GA3 may lead to increase the level of Salicylic acid 

and plays a vital role in abiotic stress tolerance in plants 

(Khan et al., 2002). Proline is a free amino acid and 

frequently accumulates during stress condition and act as 

osmoregulator (Szabados, 2009). Dehydration stress, 

promotes the production of reactive oxygen species (ROS), 

which can be detrimental to proteins, lipids, carbohydrates, 

and nucleic acids. Phenolic compound work as an 

antioxidant and minimizes the adverse effect of ROS 

(Michael et al., 2014).The aim of the present research work 

was to investigate the role of potassium, zinc and 

gibberellic acid on proline, phenolic production and 

drought tolerance in sunflower varieties. 

 

Materials and Methods 

 

Plant material and treatments: Seeds of sunflower 

(vars. Rising Sun, SMH 0907, Ausigold-7, SMH-0939, 

US-444, Hysun-33, SMH-0917 and HS-K6) were collected 

from National Agricultural Research Center (NARC) 

Islamabad. Five seeds of each variety were sown per pot 

containing fertile soil and 10 pots/replicates were used for 

each treatment and control. All pots were put in the glass 

house at 22
o
C, 16 h photoperiod 180 mmol m

2
 s

1
 light 

intensity and 52 % relative humidity. After seeds 

germination thinning were made, single healthy seedling 

per pot was kept using completely randomize design. 

Different treatments of Potassium (50 ppm of KNO3), 

Zinc (30 ppm of ZnSO4) and Gibberellic acid (50 ppm of 

GA3) were made as (C) Control without treatment, (T1) 

Potassium foliar spray, (T2) Zinc foliar spray and (T3) 

Gibberellic acid foliar spray. When plant reached three to 

four leaf stage, three doses of each treatment were applied 

to the aerial parts of the plants at the interval of 7 days. 

During treatments, soil was completely covered with 

polyethylene sheet, to avoid soil contamination. For each 

treatment fresh solution was prepared. After one day of 

each treatment, varieties were analyzed for physiological 

and biochemical tests.  
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Drought stress assessment: Drought tolerance 

evaluation of sunflower varieties was carried out by leaf 

disc assays. Aqueous solutions of polyethylene glycol 

(PEG6000) i.e., 0%, 1%, 3% and 6% were made, added 

with Murashige and Skoog media (4 g. L
-1

) designated 

as T0, T1, T2, and T3 respectively. The media pH was 

adjusted to 5.8 and autoclaved. Fully expanded upper 

leaves from each varieties were collected from the 

green-house and surface was sterilized in 70% ethanol 

for a few seconds and then in 10% bleach for 10 minutes 

followed by three rinses with sterile distilled water. Leaf 

discs were cut using a 1.0 cm diameter cork borer from 

the leaf blade areas and leaf discs of each varieties were 

transferred to sterilized Petri dish containing sterilized 

distilled water and allowed to stand overnight at room 

temperature (25 
0
C) in order to become turgid. Next day, 

the turgor weight (TW) of each disc was recorded. Leaf 

discs were transferred to sterile Petri plates containing 

test media and incubated for five days at room. Then the 

weight of each disc was noted as fresh weight (FW). 

Leaf disc was then oven dried at 70
o
C for two hours and 

dry weight (DW) of each disc was recorded. Percent 

relative water content (RWC) for each disc was 

calculated by using the following formula:  
 

RWC % = (FW-DW) / (TW - DW) x 100 
 

Estimation of proline: Proline estimation was carried out 

following the method of Bates et al., (1973). Fresh mature 

leaves were collected from experimental plants and 

properly washed with sterile distilled water. Samples (200 

mg) were taken and homogenised in 3% sulfosalicylic 

acid. Centrifuged at 13,000 rpm for 5 min, 300 ml of the 

supernatant was transferred to each test tube. Glacial 

acetic acid (Sigma Aldrich) and acid ninhydrin (Sigma 

Aldrich) were added to each test tube. The reaction 

mixture was boiled at 100
o
C for 1 h in water bath and 

then test tubes were immediately dipped in ice to stop the 

reaction. One ml toluene (Sigma Aldrich) was added to 

the reaction mixture and was shaked briskly for 30 

second. The chromophore containing toluene was pipetted 

and the absorbance was read at 520 nm by 

spectrophotometer (Shimadzu UV-1700) using toluene 

for a blank. Three replicates were used for each sample. 

 

Estimation of total phenolic: The total phenolic 

content in sunflower was determined according to the 

method of Malik & Singh (1980). Samples (200 mg) 

were ground into powder and transferred into eppendorf 

tubes. Methanol (2 ml) was added to each sample and 

kept for four hours. Centrifuged for 6 minutes at 5000 

rpm. The supernatant was transferred into fresh tubes. 

Methanol extract (0.5 ml) was mixed with 2.5 ml of 10% 

of Folin–Ciocalteu reagent (Sigma) and kept for 5 

minutes.  Added 2.5 ml (7.5% NaHCO3) and 2.5 ml 

distilled water and kept in dark for 1 hour. Blue color 

developed, then the absorbance was measured at 650 nm 

by spectrophotometer (Shimadzu UV-1700). The 

concentrations of total phenolic contents in samples 

were calculated from the calibration plot and expressed 

as mg galic acid equivalent of phenol/g of sample. 

Estimation of antioxidant compounds: Fresh sunflower 

leaves were collected and homogenized in extraction buffer 

(5 mL) containing 50 mM sodium phosphate (pH 7.8). The 

samples were centrifuged and the supernatant was applied 

to measure the activities of catalase (CAT; EC 1.11.1.6) 

and superoxide dismutase (SOD; EC 1.15.1.1) following 

the methods of Wu et al., (2014). The fresh sunflower 

leaves were homogenized by (5 mL) 50 mM sodium 

phosphate (pH 5.5) containing 0.2 mM EDTA-Na2. The 

supernatant was applied to measure the activity of 

ascorbate peroxidase (APX; EC 1.11.1.11) according to the 

description of Wu et al., (2014). The ascorbic acid in 

sunflower was measured applying the descriptions of Li et 

al., (2000). The measurement of reduced glutathione 

applied the description of Wu et al., (2014). 

 
Measurement of membrane damage: The contents of 
malonaldehyde (MDA) were determined following the 
method of Quan et al., (2004). Crown tissue (0.5 g) was 
homogenized in 3 mL of 10% trichloroacetic acid (TCA) 
using a pestle and mortar. The homogenates were then 
centrifuged at 8000g for 10 min. A 1 mL aliquot of the 
supernatant was incubated with 1 mL of 0.5% 2-
thiobarbituric acid (TBA) in 10% TCA in boiling water 
for 15 min. After centrifugation at 8000g for 10 min, the 
absorbance of the supernatant was read at 450, 532, and 
600 nm respectively. 

 

Results and Discussion 
 

Effect of treatments on relative water contents (%): The 
RWC % was reduced while increasing PEG concentration 
showing the dehydration effect of the treatments and there 
were differences among the varieties. Different treatments 
(KNO3, ZnSO4 and GA3) significantly increased relative 
water contents in sunflower varieties as compared to 
control C (Fig. 1). In control plants (without treatments), 
Rising Sun, SMH-0907 and HS-K6 showed less than 50% 
relative water content (Fig. 1A). The treatments of 
potassium and zinc increased up to eight times more RWC 
% in these varieties. In T1 treatment (50 ppm of KNO3), the 
highest RWC % was noted in Hysun-33 followed by Rising 
Sun while in T3 treatment (30 ppm of ZnSO4), the highest 
RWC % was found in the SMH-0917 followed by HS-K6 
Fig. 1(B and C). The overall effect of treatments (K, Zn and 
GA3) on RWC %, ZnSO4 showed high effect on RWC % 
followed by K and GA3 as compared to Control C i.e. Zn > 
K > GA3 > Control C Fig. 1(A-D). The application of K 
enhanced relative water content (RWC %) under stress 
conditions (Zhang et al., 2009). It increased the water use 
efficiency and lowered the rate of transpiration (Maria et 
al., 2008). Potassium plays a key role in the maintaining of 
cell turgor and growth of the plant in lack of the water 
(Umar & Moinuddin 2002). It also helps in retaining 
equilibrium between osmotic potential of the cell and its 
surroundings (Mujtaba et al., 2007). The appropriate 
potassium supply to the plants increased root growth which 
consequently enhanced the water uptake from the soil. The 
plants which received a proper amount of Zn had more 
relatively more water content (Shahri et al., 2012). It was 
very useful for the growth and development of the plants 
and its application increased the auxin level which may 
lead to enhanced root growth consequently improved the 
drought tolerance (Waraich et al., 2011).  

http://www.sciencedirect.com/science/article/pii/S0570178314000190#b0270
http://www.sciencedirect.com/science/article/pii/S0570178314000190#b0165
http://www.sciencedirect.com/science/article/pii/S0570178314000190#b0165
http://www.sciencedirect.com/science/article/pii/S0570178314000190#b0185
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Fig. 1. (A-E): Effect of different treatments (K, Zn and GA3) on the relative water content (RWC %) in leaf discs of sunflower varieties at 

different concentration of polyethylene glycol in test solutions, T0 = control without polyethylene glycol, T1 = 1% PEG, T2 = 3 % PEG 

and T3 = 6 % PEG. (A) Control plants without treatment (B) potassium foliar spray (C) Zinc foliar spray (D) GA3 foliar spray (E) Mean 

of RWC % in all treatments. Alphabets show the significant differences and bars show standard error. Where:  V1 = Rising Sun, V2= 

SMH-0907, V3= Ausigold-7, V4 = SMH-0939, V5 = US-444, V6 = Hysun-33, V7= SMH-0917 and V8= HS-K6 
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Fig. 2. Effect of different treatments (KNO3, ZnSO4 and GA3) on free proline (A) and total phenolic contents (B). Control C (without 

treatment), T1 treatment (50 ppm of KNO3), T2 treatment (30 ppm of ZnSO4) and T3 treatment (50 ppm of GA3). Alphabets show the 

significant differences and bars show standard error. 

 
Effect of treatments on biosynthesis of free proline: 

Different treatments (KNO3, ZnSO4 and GA3) showed 

significant (p≤0.05) effect on biosynthesis of free 

proline as compared to control C (Fig. 2A). Potassium 

treatments enhanced synthesis of free proline in plant 

as compared to control C. The highest free proline was 

found in SMH-0917 while lowest proline was observed 

in Ausigold-7. Proline works as a buffer agent, cell 

osmotic potential, and detoxify the toxic ions (Ashraf 

& Foolad, 2007). During stress condition proline 

synthesis are increased which provide protection to the 

macromolecules of the cell.  These findings are in line 

with the work of (Zadehbagheri et al., 2012). In T2 

treatment (30 ppm of ZnSO4) the highest proline was 

observed in SMH-0917 while lowest proline level was 

noted in Ausigold-7. Zinc is essential micro-element 

and work as cofactor of several enzymes. It is a 

structural component of aldolase and carbonic 

anhydrase, which are involved in plant carbon fixation. 

The reactive oxygen species are produced during stress 

condition. Zinc may act as a scavenger of ROS and 

provide protection to the cells. The exogenous 

application of gibberellic acid elevated the biosynthesis 

of proline in sunflower as compared to control plants 

(Fig. 2A). Our results are an agreement with the 

findings of (Naz & Bano, 2012). 

 

Effect of treatments on total phenolic contents: The 

exogenous application of KNO3, ZnSO4 and GA3 

significantly (p≤ 0.05) increased biosynthesis of total 

phenolic content in sunflower varieties as compared to 

control plants (Fig. 2B). In T1 treatment (50 ppm of 

KNO3), the highest total phenolic content was found in 

Rising Sun while lowest total phenolic content was noted 

in Ausigold-7. It significantly diminishes the production 

of ROS and boost the activities of antioxidant enzymes, 

i.e., superoxide dismutase, catalase and peroxidase (Umar 

& Moinuddin, 2002). In T2 treatment (30 ppm of ZnSO4), 

the highest total phenolic was found in HS-K6 while 

lowest total phenolics was observed in SMH-0939. Zinc 

plays vital role in retaining the bio-membrane structure 

and for detoxifying of reactive oxygen species. Zinc 

application increases total phenolic content in plants 

(Tavallali et al., 2010). GA3 foliar spray slightly increased 

the total phenolic contents as compared to control plants 

(Fig. 2B). Our results were in agreement with the finding 

who reported GA3 increased specific phenolic compounds 

in plants (Anastasia et al., 2012).  

 

Effect of treatments on biosynthesis of anti-oxidant 

compounds: Different treatments of KNO3, ZnSO4 and 

GA3 significantly increased the biosynthesis of anti-

oxidant compounds in sunflower as compared to control 

(Fig. 3). The exogenous application of treatments 

increased the biosynthesis of enzymatic antioxidant 

compounds. The maximum superoxide dismutase (SOD), 

catalase (CAT), ascorbate peroxidase (APX) was found in 

the ZnSO4 treatment followed by KNO3 and GA3 Fig. 

3(A-C). The current findings are in line with the work 

(Wu et al., 2015). Zn play crucial roles in protecting 

cytomembranes of plant from impairments caused by 

ROS under water deficit. The application of zinc sulphate 

significantly reduced the malonaldehyde (MDA) followed 

by potassium and gibberellin as compared to control 

plants (Fig. 3D). These findings are in line with the work 

of Wu et al., (2015). The biosynthesis of reduced 

glutathione (GSH) and ascorbic acid (AsA) was 

significantly increased by zinc sulphate followed by 

potassium and gibberellin Fig. 3(E and F). GSH and AsA 

are all non-enzymatic antioxidants in higher plants and 

are also conducive to alleviate oxidative injuries resulted 

from water deficit. AsA plays an essential role in 

removing hydrogen peroxide, and GSH is an antioxidant 

and redox buffer that scavenges ROS, which has been 

shown to be involved in the resistance to drought stress in 

several plants (Thounaojam et al., 2014).  
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Fig. 3. Effect of different treatments (KNO3, ZnSO4 and GA3) on enzymatic and non-enzymatic antioxidant compounds. SOD (A), 

APX (B), CAT (C), MDA content (D), GSH (E), and Ascorbic acid (F). ). Control (without treatment), T1 treatment (50 ppm of 

KNO3), T2 treatment (30 ppm of ZnSO4) and T3 treatment (50 ppm of GA3). Alphabets show the significant differences and bars 

show standard error. 
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Table 1. Correlations among different parameters measured in Sunflower varieties. 

Parameters RWC 
Superoxide 

dismutase 

Ascorbate 

peroxidase 
Catalase Malonaldehyde 

Ascarbic 

acid 
Proline Phenolic 

RWC 1.00 
       

Superoxide dismutase 0.95*** 1.00 
      

Ascorbate Peroxidase 0.94*** 0.96*** 1.00 
     

Catalase 0.98*** 0.95*** 1.00 1.00 
    

Malonaldehyde -0.94*** -0.84** -0.96*** -0.97*** 1.00 
   

Ascarbic acid 0.93*** 0.99*** 0.98*** 0.97*** -0.89** 1.00 
  

Proline 0.93*** 0.80** 0.91*** 0.90** -0.94*** 0.86** 1.00 
 

Phenolic 0.95*** 0.98*** 0.99*** 0.99*** -0.93*** 0.99*** 0.90** 1.00 

 

Correlation of proline, total phenolic and antioxidant 

compounds with RWC (%): There was a positive 

correlation between proline and RWC % in sunflower 

varieties. A positive correlation between proline 

accumulations and RWC was also observed by (Chutipaijit 

et al., 2009). Proline has been reported to activate other 

mechanisms, such as the formations of strong H-bonded 

water around protein for protecting protein structures and 

scavenger of free radicals. Highly significant positive 

correlation was found between total phenolic and relative 

water content (Table 1). The proline and phenolic play a 

vital role in the osmotic adjustments which enable plant to 

maintain turgor pressure during drought condition. 

Different researchers reported positive correlation between 

proline level and total phenolic contents with RWC % 

(Hare & Cress, 1997). The enzymatic antioxidant 

compounds i.e. superoxide dismutase, ascorbate peroxidase 

and catalase showed significant positive correlation with 

relative water content respectively (Table 1). MDA content 

showed significant negative correlation (R² = -0.93) with 

relative water content. The non-enzymatic antioxidant 

compound i.e. ascorbic acid showed significant positive 

correlation (R² = 0.94) with relative water content.  
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