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Abstract: This study was conducted in 2024 under the ecological conditions of Şanlıurfa Province to investigate the effects of potassium (K), zinc (Zn), 

and their combined foliar application (K+Zn) on plant growth, yield, and soil enzyme activities. The experiment was established using the Suomi 

sunflower (Helianthus annuus L.) cultivar, following a randomized complete block design with three replications. Foliar treatments were applied twice: 

at the 6–8 leaf stage and before flowering. The treatments consisted of a control (distilled water only), K (0.25% K₂SO₄), Zn (0.25% ZnSO₄·7H₂O), and 

K+Zn (0.25% K₂SO₄ + 0.25% ZnSO₄·7H₂O), all sprayed at a rate of 20 L da⁻¹. According to the results, the K, Zn, and K+Zn applications had statistically 

significant effects on fresh and dry plant weight (g), flower head diameter (cm), number of seeds per head, seed yield (count), 1000-seeds weight (g), 

seed length (mm), kernel ratio (%), and seed yield per decare (kg da⁻¹), as well as on catalase (CAT) activity, a key biochemical indicator of soil health. 

The individual application of K and Zn positively affected both plant and soil parameters, while their combined application (K+Zn) yielded the most 

pronounced positive results. Foliar application of K, Zn, and particularly K+Zn significantly influenced sunflower growth and also had notable effects 

on soil enzyme activity and overall soil health. 
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Öz: Bu çalışma, 2024 yılında Şanlıurfa ili ekolojik koşullarında, potasyum (K), çinko (Zn) ve bu iki elementin birlikte uygulanmasının (K+Zn), bitki 

gelişimi, verim ve toprak enzim aktiviteleri üzerindeki etkilerini araştırmak amacıyla gerçekleştirilmiştir. Denemede Suomi ayçiçeği (Helianthus 

annuus L.) çeşidi kullanılarak, tesadüf blokları deneme desenine göre üç tekerrürlü olarak kurulmuştur. Yapraktan uygulamalar, bitkinin 6–8 

yapraklı döneminde ve çiçeklenme öncesinde olmak üzere iki kez yapılmış; kontrol (%0 yaprağa sadece su püskürtülmüş), K (%0.25 K₂SO₄), Zn 

(%0.25 ZnSO₄·7H₂O) ve K+Zn (%0.25 K₂SO₄ + %0.25 ZnSO₄·7H₂O) hazırlanarak 20 L da-1 olacak şekilde yapraklara püskürtülmüştür. Çalışmanın 

sonuçlarına göre K, Zn ve K+Zn uygulamalarının; bitki yaş ağırlığı (g), bitki kuru ağırlığı (g), tabla çapı (cm), tabla başına tohum sayısı, tohum 

verimi (adet), 1000 tane ağırlığı (g), tohum uzunluğu (mm), iç oranı (%) ve dekara tohum verimi (kg da⁻¹) ile birlikte toprak sağlığının temel 

biyokimyasal göstergelerinden biri olan katalaz (CAT) enzim aktivitesi üzerinde istatistiksel olarak anlamlı etkiler oluşturduğunu göstermiştir. K 

ve Zn elementlerinin uygulanması hem bitki hem de toprak parametrelerini olumlu yönde etkilerken, birlikte uygulandıklarında (K+Zn) ise en 

yüksek olumlu sonuçlar elde edilmiştir. K, Zn ve K+Zn yapraktan uygulamaları, ayçiçeği bitkisi üzerinde önemli etkiler görülürken toprak enzim 

aktivitesi ve genel toprak sağlığı açısından da dikkate değer bulunmuştur.  
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INTRODUCTION  

Sunflower (Helianthus annuus L.) is a significant crop, primarily cultivated for its edible seeds and notable 

oil content (Hanafy and Sadak, 2023). Globally, sunflower is grown on approximately 28 million hectares 

of land (FAO, 2023). Major producing countries include Russia, Ukraine, Argentina, and Türkiye, with 

global sunflower oil production reaching nearly 20 million tons (USDA, 2016). Due to its inherent drought 

tolerance, sunflower is widely preferred in semi-arid regions (Day et al., 2011). 

In arid and semi-arid regions where irrigation is limited and precipitation is insufficient, the yield of 

sunflower is significantly constrained not only by climatic conditions but also by certain soil quality 

parameters, particularly the deficiency of essential plant nutrients (Kiani et al., 2016). Therefore, in order 

to ensure the successful cultivation of sunflower under such climatic conditions, it is crucial to address the 

deficiencies of essential nutrients in soils and to enhance the adaptability of the plant (Ahmad et al., 2022). 

Foliar fertilization, which involves the direct application of nutrients to the leaf surface, is an effective 

method to supply nutrients that are present in the soil but not adequately available to plants due to certain 

soil properties such as high pH and lime content. This method enhances nutrient uptake by minimizing 

the adverse effects of both soil-based and environmental limiting factors, thereby contributing to improved 

plant productivity (Murtaza et al., 2023). Especially in calcareous soils with high pH levels, the solubility 

of some essential nutrients in the soil solution is markedly reduced, hindering their uptake by plants. In 

such conditions, foliar applications offer a rapid and efficient means to correct nutrient deficiencies (Ishfaq 

et al., 2022). 

In soils with elevated pH and lime content, the availability of potassium (K) to plants may be significantly 

restricted. The abundance of competing cations such as calcium (Ca⁺²) and magnesium (Mg⁺²) in these soils 

interferes with potassium uptake by roots (Marschner, 2011; Zörb et al., 2014). Additionally, the typically 

low organic matter content of calcareous soils further limits the concentration of potassium in the soil 

solution (White, 2013; Römheld and Kirkby, 2010). Consequently, potassium deficiency is frequently 

observed in plants grown under such conditions. Potassium plays a critical role in plant growth and 

development, regulating a wide array of enzymatic activities, maintaining cellular osmoregulation, and 

controlling stomatal movement during photosynthesis (Sanyal et al., 2020; Farouk and Al-Huqail, 2022). 

Moreover, potassium is recognized as a vital macronutrient that mitigates the adverse effects of abiotic 

stress factors on plants (Pandey et al., 2020; El-Beltagi et al., 2023; El-Shafei et al., 2023). 

Similarly, the availability of zinc (Zn) in high pH and calcareous soils is substantially diminished. Under 

these conditions, Zn is often fixed in the soil as insoluble compounds such as Zn(OH)₂ and ZnCO₃, 

rendering it inaccessible to plant roots. Alloway (2008) emphasized that in alkaline and calcareous 

environments, the solubility of Zn declines markedly due to the transformation of Zn⁺² ions into less 

available forms like Zn(OH)₂ and ZnCO₃. Correspondingly, Hafeez et al. (2013) reported that increasing 

pH levels reduce the presence of Zn in the soil solution, a condition that commonly results in widespread 

Zn deficiency in calcareous soils. Zinc deficiency can cause various physiological disorders, including 

stunted plant growth, chlorosis in young leaves, and reduced yield (Vendemiatti et al., 2025). 

Although the agronomic roles of potassium and zinc have been well documented, studies integrating their 

combined foliar application with soil biochemical responses especially under semi-arid, calcareous soil 

conditions are still limited. Potassium regulates osmotic balance, enzyme activation, and photosynthetic 

efficiency (Sanyal et al., 2020; Johnson et al., 2022), while zinc plays a vital role in enzyme structure, protein 

synthesis, and antioxidant defense mechanisms (Alloway, 2008; Hafeez et al., 2013). Their combined foliar 

application may generate synergistic effects, simultaneously improving plant stress tolerance and 

metabolic efficiency, which can positively influence both plant growth and soil microbial activity 

(Amanullah et al., 2016; Silva et al., 2018). This gap is particularly relevant for second-crop sunflower 

systems in Türkiye, where nutrient deficiencies and soil degradation frequently occur (Cakmak, 2008; 

Ishfaq et al., 2022; Murtaza et al., 2023). 
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Soil enzyme activities, particularly catalase (CAT) and dehydrogenase (DHG), are widely recognized as 

sensitive bioindicators of soil quality and microbial activity. Catalase reflects the oxidative stress status and 

overall microbial functioning of soils (Beck, 1971), while dehydrogenase activity is closely associated with 

microbial respiration and nutrient cycling processes (Tabatabai, 1982). Including soil enzyme parameters 

in fertilization studies provides valuable insights into soil biological responses beyond plant nutrition. 

This study investigates (i) the effects of foliar applications of K, Zn, and their combination (K + Zn) on the 

growth of sunflower cultivated in soils with high pH and lime content, and (ii) the impacts of these 

applications on certain soil enzyme activities. 

MATERIAL AND METHOD 

Material 

The experiment was conducted in 2024 in Balkatan village of Haliliye district, Şanlıurfa province, according 

to the randomized complete block design with three replications. Selected soil properties of the 

experimental site are presented in Table 1. 

 
Table 1. Selected soil properties of the experimental site. 

Çizelge 1. Deneme yerinin toprak toprak özellikleri. 

Soil  

texture 

O.M. 

(%) 

pH CaCO3 

(%) 

P 

(mg kg-1) 

K 

(mg kg-1) 

N 

(%) 

EC 

(dS m-1) 

Mg 

(mg kg-1) 

Zn 

(mg kg-1) 

Fe 

(mg kg-1) 

Clayey 1.03 7.92 28.40 1.46 139.2 0.09 0.15 0.34 52 59 

O.M: organic matter; EC: Electrical conductivity 

 

The soil characteristics of the experimental area were as follows: the soil reaction was slightly alkaline 

(pH:7.92), the electrical conductivity (EC) was low (0.15 dS m⁻¹), the calcium carbonate (CaCO₃) content 

was high (28.4%), and the organic matter content was low (1.03%). 

In the experiment, the plant material used was the Suomi sunflower (Helianthus annuus L.) cultivar, grown 

as a second crop. Potassium sulfate (K₂SO₄) was used as the potassium (K) source, while zinc sulfate 

(ZnSO₄·7H₂O) served as the source of zinc (Zn). 

Before sowing, the plots were prepared and a basal fertilizer containing 15 kg da⁻¹ of diammonium 

phosphate (DAP, 18-46-0) was applied. This fertilizer was incorporated into the soil using a rake to make 

it ready for sowing. After sowing, in order to meet the nitrogen requirement of the plant, 18 kg da⁻¹ of 

nitrogen (N) in the form of urea (46% N) was applied at the 4–6 leaf stage. In total, 10.98 kg da⁻¹ of pure 

nitrogen (N) and 6.9 kg da⁻¹ phosphorus (P) were supplied to the soil. 

Method 

Establishment of the experiment 

The experiment was established in a randomized complete block design with three replications, and each 

plot consisted of six rows. The plot length was 6 meters, with 75 cm row spacing and 19.2 cm intra-row 

spacing. A buffer zone of 3 meters was left between blocks as well as between plots. 

A foliar application concentration of 0.25% for potassium (K₂SO₄) and zinc (ZnSO₄·7H₂O) was selected 

based on previous studies demonstrating its effectiveness in enhancing nutrient uptake under semi-arid 

conditions, while remaining within a safe range that minimizes the risk of leaf burn or phytotoxicity 

(Cakmak, 2008; Mehmood et al., 2021; Ishfaq et al., 2022). The foliar fertilization treatments were applied 

twice to coincide with two critical phenological stages of sunflower development: (i) the 6–8 leaf stage, 

corresponding to rapid vegetative growth and increased nutrient demand, and (ii) the pre-flowering stage, 

which is essential for head formation and seed set. Targeting these stages allows for more efficient nutrient 

absorption and has been reported to improve yield and physiological traits in sunflower and other field 

crops (Wada et al., 2019; Raza et al., 2018; Amanullah et al., 2016). 

The experiment consisted of four foliar fertilization treatments. Applications were performed using a 

backpack sprayer at a rate of 20 L per decare, by spraying the prepared solution directly onto the leaf 
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surface during calm morning hours to ensure uniform coverage and minimize drift. The first application 

was carried out during the 6–8 leaf stage, while the second application was performed after flowering. 

1. Control: No potassium (K) or zinc (Zn) was applied in this group; only pure water was sprayed. 

2. Potassium (K): A 0.25% solution of potassium sulfate (K₂SO₄) was used. 

3. Zinc (Zn): A 0.25% solution of zinc sulfate heptahydrate (ZnSO₄·7H₂O) was used. 

4. Zn + K Combination: A mixed solution containing 0.25% Zn (ZnSO₄·7H₂O) and 0.25% K (K₂SO₄), totaling 

a 0.5% concentration, was applied. 

Investigated Characteristics 

At harvest maturity, various morphological and yield-related parameters of the plants were assessed. Plant 

height (cm) was measured as the distance between the root collar and the point where the stem connects 

to the flower head on 10 randomly selected plants per plot (Bayraktar, 1991). The number of nodes per 

plant was determined by counting the nodes on the stems of the same plants, and the average value was 

recorded. Average internode length (cm) was calculated by dividing plant height by the number of nodes. 

Plant fresh and dry weight (g) were measured by recording the fresh weight of 10 randomly selected plants 

per plot, followed by oven-drying at 65–70 °C for 72 hours to determine dry matter accumulation (Peñuelas 

et al., 1994). Flower head diameter (cm) was measured at the widest point between the outer edges of the 

flower head, while the number of seeds per head was obtained by counting seeds from the same plants 

(Kıllı and Küçükler, 2005). Thousand-seed weight (g) was determined by weighing four sets of 100 seeds 

per plot on a 0.01 g precision scale and multiplying the average by 10 (Bayraktar, 1991). Seed length (mm) 

was measured as the distance from the back to the tip of 10 randomly selected seeds from each thousand-

seed sample, and the mean was calculated. Kernel ratio (%) was assessed by randomly selecting 10 plants 

from the middle two rows of each plot, taking 10 g samples, dehulling, weighing, and calculating the 

internal seed percentage. Hectoliter weight (kg L⁻¹) was determined using a 1-liter capacity hectoliter 

apparatus after cleaning the seeds. Finally, seed yield (kg da⁻¹) was estimated by harvesting the two central 

rows per plot, excluding the border rows to avoid edge effects; the plants were manually harvested, 

threshed, weighed, and the values converted to yield per decare. 

Measurement of Soil Enzyme Activities 

For the determination of soil dehydrogenase activity, 5 g of air-dried soil was used for each sample. 

Triphenyl tetrazolium chloride (TTC) solution was added to the soil, and the samples were incubated at 25 

°C for 24 hours. After incubation, the resulting triphenyl formazan (TPF) was extracted with an appropriate 

organic solvent, and its absorbance was measured spectrophotometrically at a wavelength of 485 nm 

(Tabatabai, 1982). 

For the determination of soil catalase activity, 2 g of fresh soil was used for each sample. A pH 7.0 phosphate 

buffer and 3% hydrogen peroxide (H₂O₂) solution were added to the samples. After a 30-minute incubation 

period, the volume of oxygen released was measured using the gasometric method described by Beck 

(1971). 

Data Analysis 

The data for each parameter obtained from the experiment were analyzed using variance analysis based 

on the randomized complete block design with the JMP (13.2) statistical software. The means were grouped 

according to the Tukey-HSD test at a 0.05 significance level. 

RESULTS AND DISCUSSION 

Results 

Plant Height (cm) 

The foliar applications of K, Zn, and Zn+K on sunflower plants resulted in higher plant heights compared 

to the control group, although no statistically significant difference was observed between the treatments 

(p≤0.05). The lowest plant height was recorded in the control group (128 cm). When compared to the control 

group, the lowest plant height was found with the K treatment (132 cm), while the highest plant height was 
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recorded with the Zn+K combination (136 cm) (Figure 1). When the foliar applications of K, Zn, and Zn+K 

were compared to the control group, K showed a 2.65% increase, Zn showed a 4.21% increase, and Zn+K 

showed a 6.09% increase in plant height. The Zn+K combination resulted in a higher increase in plant height 

compared to the other two treatments. 

Number of Nodes (per plant-1) 

The variance analysis results for the number of nodes showed no statistically significant differences among 

the treatments. Although no significant differences were found between the treatments, foliar applications 

of K, Zn, and Zn+K showed a tendency to increase growth compared to the control, and as a result, the 

number of nodes also increased compared to the control group. The lowest plant node number (19.0 per 

plant-1) was observed in the control group. Compared to the control group, the lowest value was found in 

the Zn application (19.3 per plant-1), while the highest value was found in the Zn+K application (20.1 per 

plant-1) (Figure 1). According to Figure 1, foliar applications of K, Zn, and Zn+K resulted in an increase in 

the node number by 1.73% for Zn, 3.47% for K, and 5.95% for Zn+K, respectively. 

Internode Length (cm) 

The variance analysis results for internode length showed no statistically significant differences among the 

treatments. Upon examining the findings, the shortest internode length was observed in the K application 

(6.69 cm), while the highest was observed in the Zn application (6.90 cm). When the treatments were 

compared to the control group, the K application showed a slight decrease relative to the control group. 

Additionally, it can be inferred that the Zn application alone resulted in an increase compared to the Zn + 

K application, and in this case, the K application might have caused a reduction in the internode length 

(Figure 1). According to Figure 1, foliar applications of K, Zn, and Zn+K showed that the internode length 

(cm) decreased with the K application compared to the control, while Zn+K (0.15%) and Zn (2.22%) 

applications showed an increase compared to the control. 

 

 

Figure 1. Effects of foliar applications of K, Zn, and Zn+K on plant height, number of nodes, internode length, plant 

fresh weight, plant dry weight, flower head diameter. 

Şekil 1. K, Zn ve Zn+K’nın yapraktan uygulanmasının; bitki boyu, boğum sayısı, boğum arası uzunluğu, bitki yaş ağırlığı, bitki 

kuru ağırlığı ve tabla çapı üzerindeki etkileri. 
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Plant Fresh Weight (g) 

The study's variance analysis results for plant fresh weight data revealed significant statistical differences 

between the treatments (p≤0.01). Upon examining the results, the control group exhibited the lowest plant 

fresh weight (471 g). In comparison to the control, the Zn treatment showed a lower value (654 g), while 

the highest value was recorded in the Zn+K treatment (774 g) (Figure 1). According to Figure 1, the 

application of K, Zn, and Zn+K via foliar spraying resulted in an increase in plant fresh weight by 39.0% 

for Zn, 55.1% for K, and 64.3% for Zn+K. The results indicate that K was effective in significantly increasing 

the plant fresh weight, showing that K has a positive effect on plant growth. Additionally, Zn was also 

observed to increase plant fresh weight, although not as much as K. In the Zn+K treatment, the combined 

application of both nutrients had the greatest effect on plant fresh weight. 

Plant Dry Weight (g) 

The variance analysis results for plant dry weight data indicated statistically significant differences 

between the treatments (p≤0.01). When the foliar applications of K, Zn, and Zn+K were compared with the 

control group, all treatments showed an increase. The lowest plant dry weight was observed in the control 

group (157 g), while the lowest value compared to the control group was found in the Zn treatment (224 

g), and the highest was found in the Zn+K treatment (260 g) (Figure 1). According to Figure 1, the 

application of K, Zn, and Zn+K via foliar spraying resulted in an increase in plant dry weight by 42.3% for 

Zn, 47.8% for K, and 65.4% for Zn+K. Similarly, based on plant fresh weight, plant dry weight also showed 

comparable effects among the treatments. 

Flower Head Diameter (cm) 

In the study, the variance analysis results for the flower head diameter data indicated statistically 

significant differences between the treatments (p≤0.01). When the treatments were compared, it was 

determined that the control group, which did not receive any nutrient supplementation, had the lowest 

value (13.7 cm). Compared to the control group, the lowest value was observed in the Zn treatment (15.5 

cm), while the highest value was observed in the Zn+K treatment (16.4 cm) (Figure 1). According to Figure 

1, the application of K, Zn, and Zn+K via foliar spraying resulted in an increase in flower head diameter by 

13.5% for Zn, 19.7% for K, and 19.8% for Zn+K. Based on the obtained findings, although Zn+K had the 

highest value, there was no significant difference between the K and Zn+K treatments, and it was observed 

that K application alone significantly increased the table diameter. 

Number of Seeds Per Head (count) 

The variance analysis results for the number of seeds per head data showed statistically significant 

differences between the treatments (p≤0.01). It was observed that all foliar applications of K, Zn, and Zn+K 

resulted in an increase compared to the control group. The lowest value among the treatments was 

observed in the control group (774 count), while the K application and Zn application recorded 963 and 

946 count, respectively. The highest value was observed in the Zn+K application, with 1003. 

In terms of the number of seeds per head, it was observed that the K application was more effective than 

the Zn application. However, when both nutrients were used together in the Zn+K treatment, a more 

significant effect on seed number was observed (Figure 2). 

1000-Seeds Weight (g) 

The variance analysis results for the 1000-seeds weight data indicated statistically significant differences 

between the treatments (p≤0.01). In the study, the lowest value was observed in the control group (64.0 g). 

When the treatments were compared to the control group, the lowest value was found in the Zn treatment 

(71.0 g), while the highest value was recorded in the Zn+K treatment (74.6 g). It was observed that the K 

application was more effective than the Zn application; however, the combination of both nutrients in the 

Zn+K treatment resulted in the best outcome for 1000-seeds weight (Figure 2). According to Figure 2, the 

application of K, Zn, and Zn+K via foliar spraying resulted in an increase in 1000-seeds weight by 11.0% 

for Zn, 15.7% for K, and 16.5% for Zn+K. 

Hectoliter Weight (kg L-1) 
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In the study, the values obtained for hectoliter weight in the control group and the foliar applications of K, 

Zn, and Zn+K were quite similar, and no statistically significant differences were observed. According to 

the findings, the lowest hectoliter weight was observed in the control group (46.5 kg L-1). When compared 

to the control group, the lowest value was found in the K treatment (46.8 kg L-1), while the highest value 

was recorded in the Zn treatment (47.2 kg L-1) (Figure 2). According to Figure 2, the application of K, Zn, 

and Zn+K via foliar spraying resulted in an increase in hectoliter weight by 0.80% for K, 1.51% for Zn+K, 

and 1.94% for Zn. 

 

Figure 2. Effects of foliar applications of K, Zn, and Zn+K on number of seeds per head, 1000-seeds weight, hectoliter 

weight, seed length, kernel ratio, seed yield. 

Şekil 2. K, Zn ve Zn+K’nın yapraktan uygulanmasının; tabla başına tohum sayısı, 1000 tohum ağırlığı, hektolitre ağırlığı, tohum 

uzunluğu, iç oranı ve tohum verimi üzerindeki etkileri. 

 

Seed Length (mm) 

The variance analysis results for seed length data showed statistically significant differences between the 

treatments (p≤0.01). The lowest value was observed in the control group (9.30 mm). Compared to the 

control, the lowest value was found in the K+Zn treatment (9.73 mm), while the highest value was recorded 

in the K treatment (10.70 mm). According to Figure 2, foliar applications of K, Zn, and Zn+K resulted in an 

increase in seed length by 4.62% for K+Zn, 11.83% for Zn, and 15.05% for K. 

Kernel Ratio (%) 

The variance analysis results for kernel ratio data revealed statistically significant differences between the 

treatments (p≤0.01). The lowest value was observed in the control group (72.5%). Compared to the control, 

the lowest value was found in the K+Zn treatment (74.0%), while the highest value was recorded in the Zn 

treatment (77.4%). It was determined that the K application was more effective than the K+Zn application; 

however, the application of the Zn nutrient resulted in the best outcome for the kernel ratio. According to 

Figure 2, the application of K, Zn, and Zn+K via foliar spraying resulted in an increase in seed internal ratio 

by 2.16% for K+Zn, 4.74% for K, and 6.77% for Zn. 
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Seed Yield (kg da-1) 

The variance analysis results for seed yield data showed statistically significant differences between the 

treatments (p≤0.01). The control group exhibited the lowest yield (227 kg da-1). It was observed that all foliar 

applications of K, Zn, and Zn+K resulted in an increase compared to the control group. When compared to 

the control, the lowest seed yield was found in the Zn treatment (274 kg da-1), while the highest seed yield 

was recorded in the Zn+K treatment (306 kg da-1). It was observed that the foliar application of Zn increased 

seed yield, but not to the extent of the K application. However, when both nutrients were applied together 

in the Zn+K treatment, a significant increase in seed yield was achieved (Figure 2). According to Figure 2, 

the application of K, Zn, and Zn+K via foliar spraying resulted in an increase in seed yield by 20.6% for Zn, 

23.6% for K, and 34.7% for Zn+K. 

Catalase Enzyme Activity (ml O2 g-1 dm 5 min-1) 

In the study, the variance analysis results for the soil catalase (CAT) enzyme activity data showed 

statistically significant differences between the treatments (p≤0.01). When comparing the foliar applications 

of K, Zn, and Zn+K to the control group, all treatments resulted in an increase. Upon reviewing the data, 

the lowest value was observed in the control group (80.67 ml O2 g⁻¹ dm 5 min⁻¹), while the lowest value 

among the treatments was found in the K application (89.3 ml O2 g⁻¹ dm 5 min⁻¹), and the highest value 

was observed in the Zn+K application (123 ml O2 g⁻¹ dm 5 min⁻¹). It was noted that the K application 

resulted in a significant increase compared to the control, but the Zn application was more effective than 

K. Moreover, the combination of both nutrients in the Zn+K treatment caused a considerable difference in 

soil enzyme activity (Figure 3). According to Figure 3, the application of K, Zn, and Zn+K via foliar spraying 

resulted in an increase in catalase (CAT) activity by 10.85% for K, 32.2% for Zn, and 52.9% for Zn+K. 

 

 

Figure 3. Effects of foliar applications of K, Zn, and Zn+K on catalase and dehydrogenase enzyme activity. 

Şekil 3. K, Zn ve Zn+K’nın yapraktan uygulanmasının katalaz ve dehidrogenaz enzim aktivitesi üzerindeki etkileri. 

 

Dehydrogenase Enzyme Activity (µg TPF g−1 dry soil 24 h−1) 

In the study, the variance analysis results for dehydrogenase (DHG) enzyme activity showed no 

statistically significant differences between the treatments. It was observed that the foliar applications did 

not have a significant effect compared to the control. According to the findings of the study, the lowest 

value was found in the control group (9.02 µg TPF g⁻¹ dry soil 24 h⁻¹). When comparing the treatments to 

the control, the lowest value was observed in the K application (9.14 µg TPF g⁻¹ dry soil 24 h⁻¹), while the 

highest value was found in the Zn+K application (9.20 µg TPF g⁻¹ dry soil 24 h⁻¹) (Figure 3). According to 

Figure 3, the foliar applications of K, Zn, and Zn+K resulted in an increase in DHG activity by 1.33% for K, 

1.44% for Zn, and 2.0% for Zn+K. 

Visualization of the Effects of Zn and K Applications on Multiple Plant Traits: A Matrix Diagram 

In Figure 4, an analysis of the connections between treatments and parameters reveals that the control 

group exhibits weak correlations with plant growth and yield parameters. In the K application, a positive 

effect was observed on parameters such as plant height, seed yield, 1000-seeds weight, and hectoliter 

weight. K is a crucial nutrient, particularly during the grain-filling period, as it supports active metabolic 

activities in plants. The strong positive correlation between K application and seed yield, 1000-seeds 

weight, and plant height in the graph aligns with the findings of Johnson et al. (2022), Sanyal et al. (2020), 
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and Farouk and Al-Huqail (2022), who emphasized the essential role of potassium (K) in plant growth and 

development, as well as its involvement in regulating various critical physiological functions. 

 

Figure 4. presents a matrix diagram illustrating the effects of potassium (K), zinc (Zn), and combined zinc and 

potassium (Zn+K) applications on plant growth, yield, and soil enzymes. (The connections between the graph lines 

represent the relationships among these factors, with thicker lines indicating stronger correlations). 

Şekil 4. Potasyum (K), çinko (Zn) ve kombine çinko ve potasyum (Zn+K) uygulamalarının bitki büyümesi, verim ve toprak 

enzimleri üzerindeki etkilerini gösteren bir matris diyagramını sunmaktadır. (Grafik çizgileri arasındaki bağlantılar, bu faktörler 

arasındaki ilişkileri temsil etmekte olup, çizgi kalınlığının artması daha güçlü korelasyonları göstermektedir). 

 

An examination of Zn application indicates a significant association with plant growth, development, and 

quality parameters. Key factors affecting seed quality, such as seed length, kernel ratio, and the number of 

seeds per head, exhibited positive responses to Zn applications. Furthermore, Zn applications were found 

to enhance soil catalase and dehydrogenase enzyme activities, which may contribute to improved plant 

resistance against oxidative stress. 

When the Zn+K combination was analyzed, it demonstrated stronger and more significant effects 

compared to the individual applications of K and Zn. Specifically, it was found to be directly associated 

with plant height, flower head diameter, internode length, and fresh plant weight. These findings suggest 

that the Zn+K combination represents the most effective strategy for promoting plant growth and 

development. 
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Data Clustering Technique: Representation on the Correlation Graph 

 

Figure 5. Correlation graph representing the relationships among the examined parameters (Blue indicates a positive 

correlation, while red and orange represent negative correlations. The intensity of the colors signifies the strength of 

the correlation, and the size of the circles denotes statistical significance). 

Şekil 5. İncelenen parametreler arasındaki ilişkileri temsil eden korelasyon grafiği (Mavi, pozitif korelasyonu; kırmızı ve turuncu 

ise negatif korelasyonları göstermektedir. Renklerin yoğunluğu, korelasyonun gücünü, dairelerin büyüklüğü ise istatistiksel 

anlamlılığı belirtmektedir 

 

Figure 5 shows strong relationships between plant growth, seed yield, and CAT activity in the soil. A 

particularly strong positive correlation (r = 0.98) was observed between seed yield and number of seeds per 

head. This indicates a direct relationship between the two parameters, where as the number of seeds per 

head increases, seed yield also increases. Additionally, a strong positive relationship (r = 0.98) was observed 

between 1000-seeds weight and number of seeds per head. This suggests a correlation with the production 

of heavier seeds or a higher number of seeds per head. Another parameter that showed a strong correlation 

(r = 0.98) with number of seeds per head was the flower head diameter. It is believed that as the flower 

head diameter increases, number of seeds per head will also increase, which will directly affect seed yield. 

When the plant's fresh weight and dry weight were examined, a very strong correlation (r = 0.99) was 

identified between the two parameters. As the fresh weight of the plant increased, the dry matter content 

also increased. Furthermore, CAT activity in the soil was found to have a strong positive relationship (r = 

0.97) with plant height. 

Discussions 

The foliar application of nutrients has become an essential technique for ensuring sustainable crop 

production globally. "Foliar feeding" refers to the direct delivery of dissolved mineral nutrients to the 
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foliage of plants. This method is recognized for its rapid action, precision targeting, and environmental 

compatibility, offering an effective way to achieve higher yields under both favorable and challenging 

growth conditions (Bahrami-Rad and Hajiboland, 2017; Ruiz-Navarro et al., 2019; White et al., 2015; 

Malhotra et al., 2020). Under field conditions, factors such as soil alkalinity and calcareousness can hinder 

the uptake of micronutrients, making foliar applications particularly valuable (Mehmood et al., 2021). 

Ishfaq et al. (2022) and Murtaza et al. (2023) have underlined the significant impact of foliar feeding in 

boosting agricultural productivity and crop quality, especially amid growing challenges like demographic 

expansion and climate change. Additionally, Murtaza et al. (2023) pointed out that foliar fertilization can 

serve not only as a complementary approach but also as a potential alternative to root fertilization, with 

promising effects on yield improvement and production quality. Ishfaq et al. (2022) also presented a 

detailed evaluation of recent advancements in foliar fertilization strategies across diverse agricultural 

systems, emphasizing its capacity to enhance resilience against environmental stresses. Furthermore, foliar 

nutrient applications have been found to improve plants' antioxidant defenses, aiding protection against 

oxidative damage, particularly under saline stress conditions (Mehmood et al., 2021; Hajihashemi and 

Kazemi, 2022). Intensive cropping systems have reduced intrinsic soil fertility, leading to deficiencies in 

essential plant nutrients and consequently inadequate productivity. Therefore, increasing nutrient supply 

is critical to enhancing sunflower productivity. 

In the study, according to the results of the analysis of variance for plant height, number of nodes, internode 

length, and hectoliter weight, no statistically significant differences were found between the treatments. 

Based on the findings, foliar applications of K, Zn, and Zn+K did not show a significant effect compared to 

the control treatments (no application of K, Zn, or Zn+K), although there was a general increase observed. 

In terms of plant height and number of nodes, the most effective treatment was the combination of foliar 

Zn+K, while for internode length and hectoliter weight, foliar Zn application was observed to be more 

effective. 

Most research on micronutrients, particularly Zn, in foliar applications has focused on correcting 

deficiencies, for example, in apple (Basso et al., 1990) and wheat (Brennan, 1991). There is limited literature 

regarding the effect of foliar-applied zinc on sunflower plants. As reported by Pathak and Pandey (2010), 

foliar Zn application has been documented as a simple method for rapidly improving plant nutritional 

status. Most research on foliar Zn application has focused on correcting deficiencies in wheat and maize, 

particularly in semi-arid regions of the world (Cakmak, 2008; Potarzycki and Grzebisz, 2009). 

Research on foliar potassium application in sunflower plants, similar to zinc, is limited. Wada et al. (2019) 

found that potassium positively influences sunflower yield. Additionally, Raza et al. (2018) reported that 

foliar potassium application significantly enhanced plant height as well as morphological and 

physiological parameters. In the study, according to the results of the analysis of variance for plant fresh 

weight, plant dry weight, flower head diameter, seed length, kernel ratio, 1000-seeds weight, number of 

seeds per head, and seed yield, significant statistical differences (p<0.01) were determined between the 

treatments. Foliar applications of K, Zn, and Zn+K showed a significant effect compared to the control 

treatments (no application of K, Zn, or Zn+K), leading to a general increase in these parameters. The most 

effective treatment in terms of plant fresh weight, plant dry weight, flower head diameter, 1000-seeds 

weight, number of seeds per head, and seed yield was the foliar Zn+K application, while seed size was 

most affected by K application, and kernel ratio was most influenced by Zn application. It was also 

determined that the individual applications of K and Zn significantly increased these parameters compared 

to the control group with no application. 

The observed improvements in growth and yield parameters following foliar K, Zn, and Zn+K applications 

can be explained by their essential roles in plant physiological processes. Potassium regulates stomatal 

conductance, osmotic adjustment, and the activation of numerous enzymes, thereby promoting efficient 

photosynthesis and assimilate transport to developing organs (Johnson et al., 2022; Raza et al., 2018). 

Adequate K supply also enhances water-use efficiency and maintains cell turgor, which is particularly 
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beneficial under semi-arid conditions. Zinc, on the other hand, is vital for auxin biosynthesis, protein 

synthesis, and membrane integrity, contributing to cell division, elongation, and reproductive 

development (Hafeez et al., 2013; Farooq et al., 2022). Additionally, Zn plays a crucial role in the plant’s 

antioxidant defense system by stabilizing membranes and enhancing the activity of reactive oxygen species 

(ROS)-scavenging enzymes, thereby improving tolerance to environmental stresses. 

The combined foliar application of Zn and K likely triggered complementary physiological responses, 

including improved stomatal behavior, nutrient translocation, and enzymatic activity. These synergistic 

effects can account for the consistent increases observed in plant height, flower head diameter, seed filling, 

and yield components under Zn+K treatments compared to individual applications 

Abdelhameed and Abd El-Hady (2018) found that foliar potassium application increased zinc 

concentration in plants. Similarly, Amanullah et al. (2016) reported that foliar applications of potassium 

and zinc boosted photosynthesis intensity and chlorophyll content in leaves, leading to an increase in plant 

biomass. Foliar application of potassium and zinc in maize plants can help compensate for yield loss caused 

by stress by improving seed production capability and increasing 1000-seeds weight (Silva et al., 2018; 

Kouchak Dezfouli et al., 2024). 

It has been reported that potassium fertilization in sesame during drought stress improves photosynthesis 
capacity and hormonal regulation, thereby enhancing the plants' tolerance to drought (Fang et al., 2023). 

In canola, foliar potassium application has also been reported to increase yield (Waraich et al., 2020). 

The analysis of variance revealed significant differences (p < 0.01) among treatments for soil catalase (CAT) 

activity, whereas no significant variation was detected for dehydrogenase (DHG) activity. All foliar 

nutrient applications increased CAT activity relative to the control, with the highest value observed under 

the Zn+K treatment. Individual K and Zn applications also enhanced CAT activity significantly, though to 

a lesser extent. In contrast, DHG activity remained statistically unchanged across treatments, showing only 

slight numerical increases under Zn+K application. 

The marked increase in CAT activity under Zn and Zn+K treatments indicates a stimulation of soil 

microbial oxidative processes. Catalase is closely associated with the decomposition of hydrogen peroxide 

and reflects the oxidative metabolic capacity of soil microbial communities (Beck, 1971). Zinc likely 

contributed to enhanced enzyme synthesis and stability, while potassium may have indirectly supported 

microbial activity through improved root growth and exudation, leading to better soil aeration and 

substrate availability (Zhang et al., 2021). The lack of significant differences in DHG activity may be 

attributed to the relatively short experimental period or the lower sensitivity of this enzyme to foliar-

applied nutrients compared to catalase. 

CONCLUSION  

The results of this study demonstrate that foliar applications of zinc (Zn), potassium (K), and their 

combination (Zn+K) can significantly influence both plant performance and soil biochemical activity under 

semi-arid conditions. Foliar nutrient applications led to notable improvements in plant fresh and dry 

weights, seed yield, yield components (including 1000-seed weight, number of seeds per head, kernel ratio, 

and flower head diameter), and soil catalase (CAT) enzyme activity. Although differences in plant height, 

internode length, and dehydrogenase (DHG) activity were not statistically significant, positive trends were 

still observed compared to the control. Among the treatments, the combined Zn+K application consistently 

outperformed individual nutrient applications in nearly all parameters, highlighting a synergistic 

interaction between these elements in supporting physiological and biochemical processes. 

From a practical perspective, these findings suggest that Zn and K foliar fertilization, particularly in 

combination, may be a promising strategy for improving sunflower productivity and soil biological health 

in calcareous soils with nutrient limitations. Such approaches could contribute to more sustainable and 

efficient crop production systems by enhancing nutrient use efficiency and supporting soil enzymatic 

activity, which is crucial for long-term soil fertility. 
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However, this study was conducted at a single location and during a single growing season. Further multi-

year and multi-location experiments are needed to validate these findings across different agro-ecological 

conditions and to assess potential long-term effects on soil nutrient dynamics and enzyme activities. Future 

research should also investigate optimal application timings and concentrations to maximize the 

synergistic effects of foliar Zn and K fertilization. 
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