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Abstract  
 

Agricultural crops face a major issue in the form of salinity. It causes injuries to plants by causing accumulation of Na+ 

and Cl- ions, which leads to nutrient imbalance and ultimately low yield. It also causes fluctuations in physiological 

processes, which destabilize the uptake and distribution of nutrients in crops. Sunflower (Helianthus annuus L.) is the 2nd 

ranked oilseed crop after soybean. Sunflower possesses high oil content (42-50%) and protein content (15-20%), which 

makes it one of the most valuable oil crops. Exogenously applied K+ significantly enhance all morphological and 

physiological parameters. K+ is also member of triad group of nutrients for plants including N and P. In current study effect 

of foliar application of K at 500 ppm were examined on growth, biochemical and physiological attributes of sunflower 

hybrid L-16003 grown under saline conditions. Data was recorded for various growth, biochemical and physiological 

parameters of plants. Analysis of data revealed that salinity adversely affected gas exchange parameters which resulted in 

reduced growth and yield of sunflower. Exogenous foliar application of K significantly improved gas exchange attributes 

such as stomatal conductance, CO2 assimilation, transpiration rate and water use efficiency. It also enhanced chlorophyll 

pigments which resulted in increase of photosynthetic rate ultimately leading to healthy growth of plants grown under 

saline conditions. Root length, shoot length, plant fresh weight, dry weight and achenes weight were also increased by 

foliar application of K. Overall, foliar application of K significantly improved all attributes of sunflower and helped to 

alleviate harmful effects of salinity. 
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1. INTRODUCTION 
In arid and semi-arid regions, growth and yield 

of plants are restricted due to poor quality of water and 

soil salinity. Salinity is one of major abiotic stressors [1]. 

Salinity has very harmful effects on many metabolic and 

physiological processes. These harmful effects depend 

on duration and intensity of salinity [2]. Plants growth 

and yield are adversely affected by salt toxicity, because 

salt toxicity causes reduction in osmotic water 

availability, nutritional imbalance, ion toxicity and 

reduction in photosynthetic rate by reducing enzymes 

activity. Salt toxicity generates ROS, which damage 

components of membranes and cell organelles by 

producing oxidative stress [3]. These oxidative stresses 

cause many physiological changes such as reduction in 

DNA, proteins, photosynthetic activities and nutritional 

imbalances [4, 5]. Chloroplast structure and 

photosynthetic pigments are also affected by salt 

toxicity, which cause reduction in yield, in severe cases 

it may lead to death of plants [6]. 

Agricultural crops face a major issue in the form 

of salinity. It causes injuries to plants by causing 

accumulation of Na+ and Cl- ions, which leads to 
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nutrient imbalance and ultimately low yield [7, 8]. Salt 

toxicity causes fluctuations in physiological processes, 

which destabilize the uptake and distribution of nutrients 

in crops [9]. An opposite association is found between 

K+ and Na+ in soil. Salinity causes accumulation of 

more Na+ ions which leads to reduction in K+ 

concentration in roots and shoots [10]. Salinity also 

affects growth parameters like number of leaves, stem 

diameter, shoot length and its fresh and dry weight [11]. 

 

Potassium is one of the most important 

macronutrients, it enhances plant growth in both normal 

and stress conditions. Application of K+ reduces the 

transpiration rate and enhance water uptake by roots, 

which causes turgidity of stomata and photosynthetic 

rate is increased which results in higher growth and yield 

[12]. Exogenously applied K+ at 1% significantly 

enhance all morphological and physiological parameters 

[13]. K+ is also member of triad group of nutrients for 

plants including N and P. Application of K+ enhances 

catalytic activity of enzymes and speed up all 

metabolism processes involving enzymes [14]. Previous 

studies elaborated that exogenously applied K+ improve 

physiological and antioxidant mechanisms of sunflower 

and also has positive effects on overall productivity of 

sunflower [15]. Exogenous application of chitosan and 

K+ maintains turgor pressure which helps plants to 

regulate antioxidant mechanisms to reduce toxic effects 

of salinity which results in improved growth and yield of 

sunflower [16]. Exogenous application of any 

macronutrient helps plants to improve carotenoids, 

chlorophylls, height and leaves depending on 

biochemical properties of that nutrient [17]. It is reported 

that K+ alleviates salinity harmful effects in sunflower 

by increasing the production of proteins which regulate 

a lot of functions of plants under stress. Foliar application 

of K+ at 1% increases oil production of sunflower and it 

also enhances proportion of unsaturated fatty acids in 

sunflower oil [13]. Additionally, 1% application of K+ 

also enhances proline production which helps plants in 

osmotic adjustment under stress [18]. 

 

Sunflower (Helianthus annuus L.) is the 2nd 

ranked oilseed crop after soybean [19]. Sunflower 

possesses high oil content (42-50%) and protein content 

(15-20%), which makes it one of the most valuable oil 

crops. Unsaturated fatty acids such as oleic and linoleic 

acids are more than 90% in sunflower oil. These 

unsaturated fatty acids provide a lot of benefits to human 

beings [20]. Sunflower plays critical role to fulfill the oil 

needs of Pakistan. Sunflower genotypes can be 

substituted to response abiotic stresses [21]. Abiotic 

stresses cause nutrient imbalances in sunflower. In 

response sunflower uses various mechanisms to mitigate 

these nutritional imbalances such as reduction in leaf 

area to reduce water loss and osmotic adjustments by the 

application of minerals and organic compounds [22]. 

Exogenously applied foliar spray is considered as more 

practical approach to enhance growth and yield of crops 

cultivated under stress conditions [23]. A greater and 

advanced knowledge of the physiological basis of stress 

tolerance is required to develop stress tolerance crop 

genotypes [24]. For this purpose, this experiment was 

designed to observe growth and physiological 

parameters of sunflower hybrid L-16003 and to analyze 

the mitigating efficacy of foliar application of KNO3 in 

sunflower as a protectant against salt toxicity. 

 

2. MATERIALS AND METHODS 
2.1. Experimental Details 

Foliar application of K+ was assessed to cope 

salinity stress in sunflower. A pot experiment was 

conducted according to CRD factorial with three 

replicates. Plastic pots and seeds of sunflower hybrid L-

16003 were purchased from market. These pots were 

filled with 5 kg growth media consisting of clay, sand, 

silt and compost in equal proportion. 15 days of 

emergence plants were thinned to one plant in each pot. 

Then pots were divided into groups according to their 

respective treatments. 140 mM NaCl treatment was at 

three leaf stage, after application of salinity treatments 

pots were irrigated with fresh water. While first 

replication of foliar application of potassium was done 

after seven days of salinity treatment application. In this 

experiment three replications of KNO3 were used at an 

interval of seven days after first replication. Pots were 

irrigated throughout the experiment. 

 

2.2. Biochemical, Mineral, and Antioxidant Enzyme 

Activity Measurement 

After five days of third replication of KNO3, 

data of antioxidant and biochemical traits were recorded. 

According to Arnon method [25], chl a, b and 

carotenoids were measured by extraction of leaves in 

80% acetone solution by using the following formula 

with spectrophotometer: 

Chlorophyll a = [12.7 (OD 663) − 2.69 (OD 645) × 

V/1000 × W 

Chlorophyll b = [12.7 (OD 645) − 4.68 (OD 663) × 

V/1000 × W  

Carotenoids = [OD 470 + 0.114 (OD 663) − 0.638 

(OD 645)/2500] × 1000 

 

Where, W is the fresh leaf weight and V is the 

extract volume. Standard procedure of USDA 

Laboratory Staff [26] was used to measure the 

concentrations of Na+ and K+ with the help of flame 

photometer. While Chance and Maehly [27] method was 

used to note the readings of peroxidase (POD) and 

catalase (CAT) activities on a spectrophotometer. While 

gas exchange parameters like transpiration rate (E), CO2 

assimilation rate (A) as well as stomatal conductance (gs) 

were recorded according to Long procedure [28] with the 

help of an infrared gas analyzer. Water use efficeiency 

(WUE) was measured by dividing CO2 assimilation rate 

with transpiration rate (A/E).  

 

2.3. Growth Attributes 

Growth parameters like number of leaves were 

counted manually. Measuring tape was used to measure 
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root length and shoot length. From the level of soil to the 

top of plant was considered as shoot length, while from 

soil to the tip of root was considered as root length. Fresh 

weight of plants of plants was measured after harvesting 

plants with the help of weight balance. Then plants were 

dried in sunlight for three days and then oven dried at 65 

◦C. Achenes of each plant were collected in separate 

bags, then achenes weight was also measured with the 

help of weight balance. 

 

2.4. Statistical Analysis 

This experiment to assess the effects of foliar 

application of KNO3 was performed according to CRD. 

Three replications of each treatment were applied on 

their respective pots and each pot represents one 

replicate. Statistix 8.1 software was used for ANOVA of 

recorded data. To check the significant differences 

among mean values of each treatment Tuckey’s HSD test 

was used. While R-studio was utilized to measure 

correlation between all traits. 

 

3. RESULTS AND DISCUSSION 
3.1. Growth Attributes 

Foliar application of K significantly affected 

growth parameters of sunflower hybrid grown under 

both normal and stress conditions as shown in Table-1. 

L-16003 hybrid produced highest number of leaves 

(21.63) under foliar application of K under normal 

conditions. But under saline conditions number of leaves 

were significantly reduced (7.87). when K was applied 

under saline conditions it significantly increased number 

of leaves (13.47). Same trend was also observed for other 

growth parameters such as shoot length and root length, 

their highest values were also observed under foliar 

application of K. Plant fresh weight was also 

significantly affected by salinity, it causes 29% reduction 

in fresh weight as compared to controlled plants. When 

K was applied exogenously it caused 21% under normal 

conditions increase as compared to controlled and 9% 

increase in fresh weight as compared to plants affected 

by salinity. Similar trends were also observed for plant 

dry weight. Achenes weight was also adversely affected 

by salinity. Salinity caused 47% reduction in achenes 

weight as compared to controlled plants. Foliar 

application of K also helped plants to recover their 

achenes weight.  

 

These results of our study were in accordance 

Latef and Chaoxing ]29] and Mostofa et al., [30]. They 

also found similar results on growth parameters of 

pepper and rice respectively. They concluded that 

reduction in growth attributes were result of Na+ and Cl- 

toxicity caused by their accumulation in root systems. 

Accumulation of these ions increase osmotic pressure, 

which reduces water uptake and water use efficiency of 

plants [31]. Plants had developed various mechanisms to 

mitigate the toxic effects of salinity such as osmotic 

adjustment, by reducing photosynthesis rate. Exogenous 

application of minerals or growth promoters enhance 

growth performance of crops [32, 33]. Foliar application 

of K provides turgidity to guard cells, which result in 

enhanced photosynthetic rate and growth [34]. 

 

Table-1: Mean Values ± SE of Growth Attributes of Sunflower at Various Levels of Salinity and Foliar 

Application of Potassium 

Treatments Controlled NaCl 140 mM + 

K 0 ppm 

NaCl 0 mM + 

K 500 ppm 

NaCl 140 mM + K 500 ppm 

No. of Leaves 17.22 ± 0.47 7.87 ± 0.12 21.63 ± 0.63 13.47 ± 0.67 

Shoot Length 23.87 ± 1.31 17.19 ± 1.03 26.47 ± 1.12 18.73 ± 0.83 

Root Length 4.87 ± 0.23 3.91 ± 0.14 6.23 ± 0.43 4.92 ± 0.17 

Plant Fresh Weight 60.13 ± 1.21 42.64 ± 0.65 72.44 ± 2.11 47.67 ± 1.72 

Plant Dry Weight 6.32 ± 0.23 4.23 ± 0.14 7.47 ± 0.31 4.63 ± 0.19 

Achenes Weight 3.37 ± 0.08 1.77 ± 0.03 4.98 ± 0.12 2.08 ± 0.09 

 

3.2. Biochemical and Physiological Attributes 

Physiological and biochemical parameters such 

as CO2 assimilation, transpiration rate, water use 

efficiency, stomatal conductance, chl a, b and 

carotenoids were significantly affected by salinity as 

shown in Figure-1. Figure-1a shows the values of 

stomatal conductance of sunflower hybrid under both 

normal and drought conditions influenced by foliar 

application of K. Salinity caused significant reduction in 

stomatal conductance. When K was not applied 

exogenously, salinity caused maximum reduction in gas 

exchange parameters. But when K was applied 

exogenously it significantly helped plants to enhance 

their gas exchange attributes. Salinity also reduced CO2 

assimilation by plants as shown in Figure-2b. Salinity 

caused 42% reduction in CO2 assimilation which 

resulted in reduction of photosynthetic rate. When foliar 

application of K was done, it caused 31% increase in 

CO2 assimilation in plants as compared to plants without 

exogenous K under saline conditions. Like all other gas 

exchange attributes transpiration rate was also adversely 

affected by salinity. Salinity caused 17% reduction in 

transpiration rate of plants as compared to controlled 

plants. Foliar application of K caused 11% increase in 

transpiration rate as compared to controlled plants and 

8% increase as compared to plants under salinity without 

exogenous application of K (Figure-1c). Salinity also 

reduced water use efficiency of plants (Figure-1d). 

 

Salinity also caused significant reduction in 

photosynthetic pigments of plants such as chl a, b and 

carotenoids. Salinity caused 25%, 29% and 51% 
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reduction in chl a, b and carotenoids respectively. This 

reduction in photosynthetic pigments result in reduced 

photosynthesis which ultimately lead to reduction in 

growth and yield of plants. Foliar application of K helped 

plants to restore their photosynthetic pigments, it caused 

51%, 128% and 51% increase in chl a, b and carotenoids 

of plants as compared to plants without exogenously 

applied K under saline conditions as shown in Figure-1e, 

f, g. 
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Figure-1: Graphical Representation of Mean Values of Stomatal Conductance, CO2 Assimilation, Transpiration 

Rate, WUE, Chl a, Chl b and Carotenoids at Various Levels of Salinity and Foliar Application of Potassium 

 

3.3. Enzymatic Activities 

The activity of catalase was significantly 

impacted by the application of K on the leaves, both in 

normal and saline conditions as shown in Figure-2a. On 

the other hand, peroxidase activity was only influenced 

by the saline environment. Notably, the sunflower hybrid 

exhibited the highest increase in catalase activity under 

saline stress when K was not applied. The impact of the 

foliar application of K was evident in the sunflower 

hybrid, yielding noteworthy results. Figure-2b illustrates 

the peroxidase data under various conditions with foliar 

applied K. The results indicated a substantial increase in 

peroxidase activity under salt stress. These findings of 

enzymatic activities under salt stress and affected by 

foliar application of K were in correspondence with 

Akram et al., [35] findings. He found that 150 mM salt 

stress enhanced catalase and peroxidase activities in 

sunflower crop. 

 

 
Figure-2: Graphical Representation of Mean Values of Catalase and Peroxidase Activity at Various Levels of 

Salinity and Foliar Application of Potassium 

 

3.4. Mineral Homeostasis 

Salinity adversely affects on K+ accumulation 

in roots and shoots. As salinity cause higher 

accumulation of Na+ ions which cause reduction of K+ 

and disturbs sodium potassium ratio. Salinity caused 

42% and 43% reduction in K+ accumulation in roots and 

shoots of sunflower plants respectively as compared to 

controlled plants. But when K was applied exogenously, 

it significantly helped plants to restore their levels of K+ 

accumulation in roots and shoots. Foliar application of K 

enhanced 30% and 62% K+ accumulation in roots and 

shoots respectively as compared to plants without 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Controlled NaCl 140 mM + K 0

ppm

NaCl 0 mM + K 500

ppm

NaCl 140 mM + K

500 ppm

g- Carotenoids (mg/g fresh weight)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Controlled NaCl 140 mM +

K 0 ppm

NaCl 0 mM + K

500 ppm

NaCl 140 mM +

K 500 ppm

a- Catalase (unit/mg protein)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Controlled NaCl 140 mM + K

0 ppm

NaCl 0 mM + K

500 ppm

NaCl 140 mM + K

500 ppm

b- Peroxidase (unit/mg protein)



 
 

Sahar Saleem et al., Haya Saudi J Life Sci, Aug, 2024; 9(8): 313-321 

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                           319 

 
 

exogenous application of K under saline conditions as 

shown in Figure-3a, 3b. 

 

The presence of sodium in the roots was not 

noticeably impacted by the foliar treatment. While 

sodium content in shoot was significantly affected by 

both salinity and foliar application of K. Salinity caused 

significant increase in Na+ accumulation in both roots 

and shoots of sunflower plants as shown in Figure-3c, d. 

Salinity caused 31% increase in Na+ accumulation in 

both roots and shoots of sunflower plants. Effect of foliar 

application of K was not prominent in roots but it helped 

plants to recover Na+ level in shoots (Figure-3c, 3d).  

 

Zaman et al., [14] found that Na+ and K+ 

travels parallel to each other. K+ transporters are unable 

to differentiate between these two cations. Salt stress 

increases the accumulation of Na+. These increased level 

of Na+ occupy K+ transporters which results in 

reduction of K+. So foliar application of K increases K+ 

level which provides turgidity to guard cells and stability 

to membranes. Raza et al., [13] found that exogenous 

application of K at 1% increases all attributes of plants 

such as growth, biochemical and physiological. 

 

 
Figure-3: Graphical Representation of Mean Values of Accumulation of Na+ and K+ at Various Levels of Salinity 

and Foliar Application of Potassium 

 

3.5. Correlation Analysis 

Among various growth, biochemical and 

physiological attributes strong positive and negative 

correlations were found as shown in Figure-4. 

Correlation matrix showed that attributes such as number 

of leaves, root length, shoot length, plant fresh weight, 

plant dry weight, achenes weight, chl a, chl b, 

carotenoids, CO2 assimilation, transpiration rate, 

stomatal conductance, water use efficiency and K+ 

accumulation in roots and shoots were positively 
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correlated with each other’s. While all these attributes 

were negatively correlated with catalase activity, 

peroxidase activity and Na+ accumulation in roots and 

shoots. 

 

 
Figure-4: Correlation Matrix between Growth, Biochemical and Physiological Parameters of Sunflower 

 

4. CONCLUSIONS 
From results of this study it can be concluded 

that the foliar application of potassium at a concentration 

of 500 ppm significantly improved the growth, 

physiological parameters, gas exchange characteristics, 

antioxidant levels, and the balance of sodium and 

potassium in sunflower plants under saline conditions. It 

also increases K+ level which provides turgidity to guard 

cells and stability to membranes. This treatment 

promoted healthy growth in sunflowers. Additional 

studies are required to understand the molecular 

mechanisms by which potassium exerts these beneficial 

effects in sunflowers and other crops. 
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