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Abstract 

Apple cultivation is a key component of sustainable agriculture, significantly 

contributing to global fruit production. This study aimed to analyze the macro and 

micronutrient contents in apple leaves and fruits and to evaluate their relations 

with each other. The research was conducted in Denizli, Türkiye, using the Scarlet 

Spur apple cultivar grafted onto MM 111 rootstock, with a planting density of 4.5 

× 2.5 m. Nutrient concentrations were measured using ICP-AES and 

spectrophotometric techniques. The results showed that nitrogen (0.50%–0.63%) 

and potassium (0.10%–0.94%) were the most abundant macronutrients in fruit, 

whereas calcium (0.04%–0.06%) and magnesium (0.06%–0.07%) were lower. 

Among micronutrients, iron (7.40–9.20 ppm) and boron (98.35–115.55 ppm) 

were found in higher concentrations, while zinc (2.07–2.44 ppm) and copper 

(1.70–1.80 ppm) were relatively low. Leaf tissues exhibited higher nutrient 

concentrations than fruit, with nitrogen (2.41%–2.56%), potassium (1.66%–

1.83%), and calcium (1.49%–1.63%) being dominant. Strong negative 

correlations were observed between nitrogen and calcium in fruit (r = -0.99), 

while calcium and magnesium in leaves showed a strong positive relationship (r 

= 0.99). These results suggest that proper nutrient management is essential to 

improve fruit quality and optimize yield. The study emphasizes the necessity of 

balanced fertilization strategies and highlights the potential of apples as a rich 

dietary source of essential minerals. Future research should focus on optimizing 

fertilization practices and understanding the environmental factors influencing 

nutrient uptake. 

Keywords: Fruit quality, Nutrient uptake, Macro and micronutrients, Sustainable 

agriculture 
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fruits. International Journal of Agriculture, Environment and Food Sciences, 9 (1): 123-131. https://doi.org/10.31015/2025.1.15  

 

INTRODUCTION 

Fruit cultivation plays a crucial role in agricultural production, being of immense economic and ecological 

importance. Türkiye provides ideal environment for fruit cultivation owing to  it’s diverse climatic conditions and 

rich soil structure (Karadeniz et al., 2013; Şenyurt et al., 2015). This favorable situation has resulted in horticultural 

production making up a significant share of Türkiye's overall agricultural production (Kaplan, 2016; Ağaoğlu et 

al., 2019). 

According to FAO (2023) data, global apple production reached approximately 97.3 million tons. China 

produces 49.6 million tons on its own, followed by the United States (5.15 million tons), Türkiye (4.60 million 

tons), Poland (3.89 million tons), and India (2.87 million tons). These figures reveal that the top five apple-

producing countries together contribute nearly 68% of total global production. With its favorable ecological 

conditions and significant production potential, Türkiye is the world's third largest apple producer. It is the highest 

producer in Europe and Asia after China. 

In modern fruit cultivation, one of the fundamental pillars of sustainable agricultural production is the strategic 

management of plant nutrition. This is critical for optimizing yield and quality parameters. In modern fruit 

production, the provision of essential nutrients in a balanced manner to support the plants vital functions is of 
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paramount importance (Bayram & Büyük, 2021). Nutrients required by plants are classified into macronutrients 

and micronutrients depending on the quantities needed. Macronutrients, such as nitrogen (N), phosphorus (P), 

potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S), are needed in large quantities, while micronutrients, 

including iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), boron (B), and molybdenum (Mo), are required in 

trace amounts (Zincircioğlu, 2018). Each of these nutrients plays a specific role in plant metabolism, and 

deficiencies of these elements can lead to characteristic symptoms (Yıldız, 2012; Kacar et al., 2013). Previous 

studies have reported that nitrogen deficiency, which is a key component of photosynthesis, slows down vegetative 

growth and causes chlorosis in leaves (Şenel, 2019). Similarly, calcium deficiency, which is essential for cell wall 

stability and fruit quality, can lead to shortened storage life and physiological disorders (Jaime-Guerrero et al., 

2024). 

The nutrient requirements of apple trees are crucial for both fruit quality and yield. During their growth and 

development, apple trees require various macro and micronutrients, such as nitrogen (N), phosphorus (P), 

potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), and zinc (Zn). Researches has shown that determining 

the concentrations of these nutrients in the leaves of apple trees is vital, as it affects the trees' nutritional status and 

consequently their yield (Erdal, 2005; Bayram & Büyük, 2021). A study conducted in apple orchards in the Isparta 

region revealed deficiencies in phosphorus (P), calcium (Ca), potassium (K), and manganese (Mn) in the leaves 

of the trees (Erdal, 2005). These deficiencies can negatively impact the health of apple trees and fruit quality. 

Apple is a nutritious fruit and the nutrient content of its fruits plays an important role in terms of health 

(Dumanoglu et al., 2018). Apples contain various antioxidant compounds such as phenolic compounds, ascorbic 

acid (vitamin C), vitamin E, and β-carotene (Özel et al., 2020). These bioactive compounds are associated with 

positive health outcomes, including the prevention of several chronic diseases such as cancer, diabetes, and 

cardiovascular diseases (Nizamlıoğlu, 2022). In addition, the nutritional profile of apples is increasingly important 

in light of growing consumer preferences for healthier diets. 

Nutrient element analyses play a pivotal role in developing fertilization programs for apple trees. These 

analyses help identify the specific nutrients required by the trees, thus allowing for the more effective planning of 

fertilization practices (Çimrin et al., 2000; Küçükyumuk & Erdal, 2014). Foliar applications of iron and zinc 

fertilizers have been shown to positively influence the nutrient content of both the leaves and fruits of apple trees, 

contributing to improved tree development (Çimrin et al., 2000; Baysall & Erdal, 2015). Furthermore, boron 

fertilization has been found to increase nutrient element concentrations in apples, highlighting its potential benefits 

in fruit production (Baysal & Erdal, 2015). 

Iron and zinc are critical micronutrients in human nutrition that significantly enhance the nutritional value of 

apples. Despite the consumption of 20–25 mg of iron through the normal daily diet, only 1–2 mg of this iron is 

absorbed by the small intestine (Güleç, 2018). Therefore, the iron content and bioavailability of foods are crucial. 

Zinc, the second most abundant trace element in the human body after iron, is essential for the function of over 

300 enzymes (Akdeniz et al., 2016). Zinc is found primarily in the bones, muscles, hair, and skin, with an estimated 

total body content of 2 g in adults. Adequate zinc intake is essential for maintaining a strong immune system and 

nervous system (Gombart et al., 2020; Marcos, 2021). Zinc plays a crucial role in human nutrition, being an 

essential trace element that also has significant physiological effects on both plants and animals. 

The primary aim of this study is to (1) determine the levels of macro and micronutrients in the leaves and fruits 

of apple trees, (2) explore the relationships between these elements, and (3) provide a comprehensive analysis of 

the dynamics of nutrient elements in apple cultivation. 

 

MATERIALS AND METHODS 

The study was conducted in 2023 in the Çivril district of Denizli, Türkiye. The plant material consisted of the 

Scarlet Spur apple cultivar, grafted onto MM111 rootstock, which was planted in 2017 with a spacing of 4.5 ×   

2.5 m between and within rows. The research site is located at an altitude of 840 meters and features a transitional 

climate between the Mediterranean and Continental climates. 

The formation of the abscission layer, coloration, and taste were taken into consideration as criteria for 

harvesting the fruits (Akkurt et al., 2024). Leaf samples were taken from the newest leaves, which had finished 

growing in July (Mertoğlu et al., 2024). The samples were decontaminated through sequential washing in a 

detergent solution, followed by tap and distilled water rinsing to remove any external contaminants. Subsequently, 

the samples were dried at a controlled temperature of 70°C until a constant weight was achieved. Dried samples 

were then homogenized by grinding to a particle size of less than 0.5 mm for uniformity in analysis. The powdered 

samples were subjected to acid digestion using a nitric acid (HNO₃) and perchloric acid (HClO₄) mixture in a 3:1 

volume ratio, as described by Kacar (1972). Elemental analysis included the determination of K, Mg, Ca, Fe, Mn, 

Cu, and Zn, which were quantified using an inductively coupled plasma atomic emission spectrometer (ICP-AES; 

Varian Liberty Series II, Varian Inc., Palo Alto, CA, USA). P content was determined through the Barton reagent 

method using a UV/VIS spectrometer (Shimadzu 1208, Shimadzu, Kyoto, Japan) according to Barton (1948). 

Total nitrogen content was analyzed using the micro-Kjeldahl method (Lees, 1971).  
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The study was established according to the randomized plot experimental design with five replications. In this 

study, all statistical analyses and data visualizations were performed using RStudio (2024.12.0+467). Descriptive 

statistics (minimum, maximum, mean, standard deviation, and coefficient of variation) for nutrient elements were 

calculated using the ‘stats’ and ‘dplyr’ packages. Pearson correlation analysis (p<0.05) was applied to determine 

relationships between elements, and the ‘corrplot’ package was used. Data visualizations, including box-plots,  

scatter plots, and density curves, were generated using the ‘ggplot2’ and ‘GGally’ packages. For data organization 

and manipulation, the ‘tidyverse’ and ‘reshape2’ packages were utilized (Zar, 2013). 

 

RESULTS AND DISCUSSION 

The minimum, maximum, mean, standard deviation, and coefficient of variation (C.V.%) values for the 

nutrients in apple fruit and leaves are presented in Table 1. Regarding the fruit, the nitrogen (N) content ranged 

from 0.50% to 0.63%, with a mean value of 0.58%. Phosphorus (P) content ranged from 0.08% to 0.09%, with a 

mean of 0.09%; potassium (K) ranged from 0.10% to 0.94%, with a mean of 0.64%; calcium (Ca) ranged from 

0.04% to 0.06%, with a mean of 0.05%; and magnesium (Mg) ranged from 0.06% to 0.07%, with a mean of 0.06%. 

Among micronutrients, iron (Fe) ranged from 7.40 to 9.20 ppm (mean 8.57 ppm), copper (Cu) ranged from 1.70 

to 1.80 ppm (mean 1.76 ppm), manganese (Mn) ranged from 2.76 to 2.97 ppm (mean 2.89 ppm), zinc (Zn) ranged 

from 2.07 to 2.44 ppm (mean 2.24 ppm), and boron (B) ranged from 98.35 to 115.55 ppm (mean 104.97 ppm). 

The highest coefficient of variation was observed for K (%73.31), while the lowest for Cu (%3.12). 

In the apple leaves, the macronutrient nitrogen content ranged from 2.41% to 2.56%, with a mean of 2.50%. 

Phosphorus content ranged from 0.21% to 0.22%, with a mean of 0.21%; potassium ranged from 1.66% to 1.83%, 

with a mean of 1.74%; calcium ranged from 1.49% to 1.63%, with a mean of 1.58%; and magnesium ranged from 

0.50% to 0.60%, with a mean of 0.57%. Among micronutrients, iron content ranged from 79.00 to 110.50 ppm 

(mean 92.67 ppm), copper ranged from 8.40 to 9.40 ppm (mean 8.97 ppm), manganese ranged from 38.30 to 44.70 

ppm (mean 41.93 ppm), zinc ranged from 16.30 to 20.00 ppm (mean 17.97 ppm), and boron ranged from 81.80 to 

108.40 ppm (mean 97.60 ppm). The highest coefficient of variation was observed for Fe (%17.44), and the lowest 

for P (%2.71). 

We detected was higher than the values reported by Ahmed et al. (2024) in the fruit, the potassium content for 

the Golden and Starking apple cultivars (0.39% and 0.57%, respectively). Our phosphorus content was in 

agreement with their findings (Golden: 0.09%, Starking: 0.10%). However, our calcium content was significantly 

lower than their reported value of 0.12% for both cultivars. Similarly, our magnesium content was higher than the 

values reported for Golden (0.03%) and Starking (0.03%). 

Regarding micronutrients, our iron content was higher than the values reported by Ahmed et al. (2024) for 

Golden (4.80 ppm) and Starking (7.80 ppm). Our copper content was similar to the values in the literature (Golden: 

1.91 ppm, Starking: 2.73 ppm), while our manganese content was higher than their findings (Golden: 0.96 ppm, 

Starking: 2.13 ppm). Our zinc content was lower than the literature values (Golden: 6.76 ppm, Starking: 7.35 ppm), 

but boron was significantly higher than the reported values (Golden: 6.74 ppm, Starking: 6.66 ppm). 

The nitrogen content we detected was higher than the values reported in the literature (0.1-0.3%) (Kurešová et 

al., 2019; Yıldız et al., 2022). The nutrient element contents in the leaf samples were generally consistent with the 

ranges reported by Özel et al. (2020) and Sas-Paszt et al. (2014). 

Nava et al. (2018) was reported that the coefficients of variation for nutrient elements can differ due to 

environmental factors. Similarly, in our study, the highest variation coefficient in the fruit was found for potassium, 

and in the leaves for iron. These differences can be attributed to the mobility of nutrient elements within the plant 

and their sensitivity to environmental factors. These variations could be influenced by cultivar characteristics, 

ecological conditions, soil composition, and cultivation techniques (Nemeskéri et al., 2015). The notably high 

levels of nitrogen, potassium, magnesium, and boron in the fruit, and the low calcium and zinc levels, may be 

linked to regional soil characteristics and fertilization programs (Richardson et al., 2021). These differences can 

also be attributed to factors such as the soil nutrient content, irrigation water, harvest time, location, temperature, 

light intensity, and fruit types, as well as the different parts of the fruit. The high variation coefficients for 

potassium in the fruit (%73.31) and iron in the leaves (%17.44) suggest that these elements' contents are more 

influenced by environmental factors. 

Figure 1 illustrates the correlations between nutrient elements in apple fruit. Upon examining statistically 

significant relationships (p<0.05), several noteworthy correlations were identified: a very strong negative 

correlation between N and Ca (r=-0.99), a perfect positive correlation between N and Fe (r=1.00), a very strong 

negative correlation between P and K (r=-0.99), a very strong negative correlation between P and Cu (r=-0.99), a 

perfect positive correlation between K and Cu (r=1.00), and a very strong negative correlation between Fe and Ca 

(r=-0.99). These findings indicate that in the fruit, N changes inversely with Ca and directly with Fe, while P 

exhibits an inverse relationship with both K and Cu, K has a direct relationship with Cu, and Fe changes inversely 

with Ca. However, no statistically significant correlations were observed between other element pairs. 
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Table 1. Descriptive Statistics for Macro and Micro minerals in Apple Fruits and Leaves 

Plant part Variable Min. Max. Mean StDev C.V. % 

Fruit N (%) 0.500 0.630 0.583 0.07 12.40 

P (%) 0.081 0.094 0.086 0.01 8.14 

K (%) 0.100 0.944 0.637 0.47 73.31 

Ca (%) 0.040 0.063 0.049 0.01 25.69 

Mg (%) 0.055 0.066 0.060 0.01 9.28 

Fe (ppm) 7.400 9.200 8.567 1.01 11.81 

Cu (ppm) 1.700 1.800 1.763 0.06 3.12 

Mn (ppm) 2.760 2.970 2.893 0.12 4.01 

Zn (ppm) 2.070 2.440 2.237 0.19 8.39 

B (ppm) 98.350 115.550 104.967 9.26 8.82 

Leaf N (%) 2.410 2.560 2.503 0.08 3.25 

P (%) 0.210 0.220 0.213 0.01 2.71 

K (%) 1.660 1.830 1.740 0.09 4.91 

Ca (%) 1.490 1.630 1.580 0.08 4.94 

Mg (%) 0.500 0.600 0.567 0.06 10.19 

Fe (ppm) 79.000 110.500 92.667 16.16 17.44 

Cu (ppm) 8.400 9.400 8.967 0.51 5.72 

Mn (ppm) 38.300 44.700 41.933 3.29 7.84 

Zn (ppm) 16.300 20.000 17.967 1.88 10.45 

B (ppm) 81.800 108.400 97.600 13.99 14.33 

 

When analyzing the correlations of nutrient elements in apple leaves, the only statistically significant (p<0.05) 

relationship was found to be a very strong positive correlation (r=0.99) between Mg and Ca. This indicates that 

the concentrations of Mg and Ca in the leaves tend to increase or decrease together. Although no other relationships 

were statistically significant, strong positive correlations were found between B and Ca (r=0.990), B and Mg 

(r=0.98), Cu and Mg (r=0.96), Cu and K (r=0.95), Zn and P (r=0.94), Cu and Ca (r=0.94), Zn and Mn (r=0.92), 

and Mn and N (r=0.915). Furthermore, a negative correlation was identified between Fe and N (r=-0.98), but it 

was not statistically significant at the 0.05 level. 

In previous studies, correlations between nutrient elements have been observed that align with some of our 

findings. For instance, Nava et al. (2018) reported a positive correlation between Ca and Mg in Fuji apples, which 

is consistent with the very strong positive correlation found between Mg and Ca in our leaf tissue samples. Bozkurt 

et al. (2001) also identified a high correlation (r=0.80) between Ca and Mg in apple leaves from the Van region. 

In a study on apricot (Çelik, 2019), a positive relationship between Fe and Ca and K was reported. Similarly, 

Ceylan et al. (2004) observed a negative correlation (r=-0.59) between N and K in kiwi fruit leaves, whereas this 

relationship was not statistically significant in our study. 

Moreover, in a study by Çelik (2019) on apricot leaves, a positive correlation between K and Cu minerals was 

identified, which also aligns with some of the findings in our study. A further comparative study on different fruit 

species (Golden apple, Starking apple, pear, and quince) revealed a significant and strong positive relationship 

between P and Mg (p<0.05, r>0.70) (Ahmed et al., 2024). In the same study, significant and strong positive 

correlations were also found between Fe and B, which differs from the relationships observed in our study. These 

variations might stem from differences in the fruit species being studied, as each type of fruit has distinct 

mechanisms for nutrient uptake and transport. 

The contrasts between these studies and ours highlight the complex nature of nutrient element interactions and 

suggest that these relationships are not universal but vary depending on factors such as fruit species, variety, 

ecological conditions, and even the specific plant part (leaf versus fruit). The discrepancies in nutrient element 

correlations across studies indicate that the mechanisms governing nutrient dynamics are influenced by a 

combination of genetic, environmental, and physiological factors. As such, further research is necessary to fully 

understand the intricacies of these interactions and their implications for plant nutrition. 

Based on the findings of this study and those of previous research, it is evident that the relationships between 

nutrient elements can vary significantly depending on fruit types, varieties, environmental conditions, and plant 

parts. Therefore, when designing plant nutrition programs or conducting agricultural research, it is crucial to 

consider these diverse factors. Adapting nutrient management strategies to specific conditions will ultimately lead 

to efficiency and sustainability in agricultural practices, improving both crop yield and quality. 
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Figure 1. Correlation Analysis of Macro and Micro Minerals in Fruit and Leaf 

 

The distribution of macro nutrient contents in apple fruit and leaf samples is presented in Figure 2. Upon 

analyzing the figure, it becomes evident that nitrogen (N) exhibits the highest concentration, ranging from 

approximately 1.5% to 2.5%, with a broad distribution. Following nitrogen, potassium (K) shows a concentration 

range of 1% to 1.8%, also demonstrating a relatively wide distribution. Calcium (Ca) is distributed between 0.5% 

and 1.5%, while magnesium (Mg) content varies from 0.2% to 0.6%. The element with the lowest concentration 

is phosphorus (P), which has a narrow distribution between 0.1% and 0.2%. Outlier values are represented by the 

points seen in the box-plot. 

The findings from the study by Ahmed et al. (2024) report potassium content in the Golden and Starking apple 

varieties as ranging from 3585-3930 mg/kg and 3533-5671 mg/kg, respectively. This observed variation may be 

attributed to factors such as sampling time, variety characteristics, and the analytical methods used. Additionally, 

Nour et al. (2010) highlighted the substantial variation in nutrient element contents across different apple varieties, 

reinforcing the influence of these factors on the results. 

This variability in nutrient content across different apple varieties emphasizes the need to consider a wide range 

of environmental and genetic factors when interpreting nutrient analysis results. Furthermore, such differences 

might indicate that localized soil properties, climate conditions, and agricultural practices play a significant role 

in shaping the nutrient composition of apple fruits. 

 

 
Figure 2. Distribution of Macro Minerals (Ca, K, Mg, N, P) in Apple Fruit and Leaves (%). 

 

The distribution of micronutrient contents in apple fruit and leaf samples is illustrated in Figure 3. Upon 

examining the distribution of micronutrients, it is apparent that boron (B) exhibits the highest concentration, 
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ranging from 80 to 120 ppm. This is closely followed by iron (Fe), which shows a broad distribution spanning 

from approximately 10 to 90 ppm. Manganese (Mn) content fluctuates between 5 and 45 ppm, while zinc (Zn) is 

found to range from 5 to 20 ppm. Copper (Cu) displays the lowest concentration, ranging between 1 and 10 ppm. 

In the box-plot graph, the points represent outliers. Notably, the distribution of boron and iron stands out for its 

broader spread compared to the other elements. The findings for zinc and copper in our study largely align with 

those reported by Ahmed et al. (2024) (Zn: 6.76-22.85 ppm, Cu: 1.91-11.80 ppm), suggesting that the transport 

and accumulation of these elements in the plant may be relatively stable. Habte et al. (2017) also suggested that 

the distribution of elements in fruits is strongly influenced by genetic structure and physiological processes. 

In their research, Nava et al. (2018) found that leaf tissues contained higher concentrations of nutrients than 

fruit tissues in Fuji apples, a result that aligns with our findings. In our study, we observed that the concentrations 

of both macro and micronutrients in leaf tissues were significantly higher than those in fruit tissues. 

When comparing the distribution of nutrient elements in both the fruit and leaf samples, it is evident that the 

leaves generally exhibit higher concentrations. This is likely due to the fact that leaves play a crucial role in storing 

nutrients essential for photosynthesis and various metabolic processes (Radojčin et al., 2021). Furthermore, Ahmed 

et al. (2024) reported that element distribution varies across different parts of the fruit (skin, flesh, seeds), with the 

highest accumulation generally occurring in the seeds. 

While the distribution of nutrient elements in apple fruit and leaves in our study partially aligns with the 

literature, we also identified some key differences. These variations may be attributed to factors such as cultivar-

specific traits, growing conditions, soil composition, climate variables, and differences in analytical methods. It is 

important to note that environmental factors, including soil fertility, irrigation, and timing of harvest, can 

significantly influence the nutrient content in both fruit and leaf tissues. Therefore, understanding the underlying 

causes of these discrepancies can facilitate  the optimization agricultural practices and improve nutrient 

management strategies for apple cultivation. 

 

 
Figure 3. Distribution of Micro Minerals (B, Cu, Fe, Mn, Zn) in Apple Fruit and Leaves (ppm). 

 

The bivariate distribution plots and density curves illustrating the relationships between nutrient elements in 

apple fruit and leaf tissues are presented in Figure 4. As depicted in the figure, the scatter plots for the relationships 

between macroelements show not only the individual distributions of each element (on the diagonal) but also the 

correlations between them. Nitrogen (N) exhibits a broad distribution ranging from 0.5% to 2.5%, whereas 

phosphorus (P) has a more concentrated distribution, ranging from 0.08% to 0.20%. Potassium (K) shows 

variability between 0.5% and 1.5%, calcium (Ca) is distributed between 0% and 1.5%, and magnesium (Mg) spans 

from 0.2% to 0.6%. Of particular note are the pronounced relationships between nitrogen (N) and calcium (Ca), 

as well as between phosphorus (P) and potassium (K). In the scatter plots, blue points represent leaf samples, while 

red points represent fruit samples. The density curves on the diagonal highlight the distribution characteristics of 

each element, providing further insight into their concentration patterns within the tissues. These visualizations 

underscore the variability and associations of macroelements, which are key for understanding nutrient dynamics 

in apples. 
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Figure 4. Bivariate Relations and Distributions of Macro Minerals in Tissues. 

 

The bivariate relationships between micronutrient elements in apple fruit and leaf tissues are presented in 

Figure 5. These distribution plots illustrate the relationships between the micronutrients, with Fe ranging from 30-

90 ppm, Cu from 2.5-7.5 ppm, Mn from 10-40 ppm, Zn from 5-20 ppm, and B spanning 90-110 ppm. It is of 

particular note is the clear linear trend observed in the relationships of B with other elements, indicating a 

consistent correlation pattern across samples. A negative correlation is observed between Fe and both Cu and Mn, 

suggesting that as one of these elements increases, the other tends to decrease. Conversely, a positive correlation 

between Zn and B is observed, implying that higher concentrations of one are associated with higher levels of the 

other. The blue points in the plots represent leaf samples, while the red points represent fruit samples, allowing for 

a clear distinction between tissue types. The density plots along the diagonal provide additional insight into the 

distribution characteristics of each micronutrient, showing how the concentration of each element varies within 

the dataset. Notably, the distribution of the B element displays a bimodal (dual-peak) pattern, suggesting that there 

may be two distinct subpopulations or environmental factors influencing its distribution. These results underline 

the complex interactions between micronutrients in apples and the potential for varying nutrient dynamics between 

different tissues. 

 

 
Figure 5. Bivariate Relations and Distributions of Micro Minerals in Tissues. 
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CONCLUSION 

This study provides crucial insights into the distribution and interactions of macro and micronutrients in apple 

trees, emphasizing their impact on fruit quality and yield. The findings revealed significant variations in nutrient 

content between leaves and fruits, with leaf tissues generally exhibiting higher concentrations. Notably, nitrogen 

levels in fruit ranged from 0.50% to 0.63%, while in leaves, they were significantly higher (2.41%–2.56%). 

Potassium, essential for fruit quality, showed a wide variation in fruit (0.10%–0.94%) compared to leaves (1.66%–

1.83%). A concerning observation was the relatively low calcium (0.04%–0.06%) and zinc (2.07–2.44 ppm) levels 

in fruit, which may negatively affect storage life and disease resistance. The strong negative correlation between 

nitrogen and calcium (r = -0.99) indicates a potential imbalance that could impact fruit firmness and shelf life. 

These results underscore the importance of precise nutrient management to maintain optimal fruit quality and 

maximize productivity. Appropriate fertilization programs should be implemented based on regular soil and leaf 

analyses to balance apples' low calcium and zinc levels to harvest high-quality fruits and manage post-harvest 

period according to different ecologies. 

 

Compliance with Ethical Standards 

Peer-review 

Externally peer-reviewed.  

Declaration of Interests  

The authors declare that they have no conflict of interest. 

Author contribution 

The contribution of the authors to the present study is equal. All the authors read and approved the final manuscript. 

All the authors verify that the text, figures, and tables are original and that they have not been published before. 

Funding  

No financial support was received for this study 

 

REFERENCES 

Ağaoğlu, Y. S., Çelik, H., Çelik, M., Fidan, Y., Gülşen, Y., Günay, A., Halloran, N., Köksal, A. İ., & Yanmaz, R. 

(2019). Genel Bahçe Bitkileri (8. baskı). Ankara Üniversitesi Basımevi. 

Ahmed, I. A. M., Özcan, M. M., AlJuhaimi, F., & Albakry, Z. (2024). The monitoring of accumulations of 

elements in apple, pear, and quince fruit parts. Biological Trace Element Research, 1-7. 

https://doi.org/10.1007/s12011-024-04223-3 

Akkurt, E., Mertoğlu, K., Evrenosoğlu, Y., & Alpu, Ö. (2024). Pollinizer potentials of reciprocally crossed summer 

apple varieties by using ANOVA and resampling based MANOVA. Applied Fruit Science, 66(1), 25-34. 

https://doi.org/10.1007/s10341-023-01008-1 

Barton, C. F. 1948. Photometric analysis of phosphate rock. Analytical Chemistry, 20: 1068–1073. 

Bayram, C. A. and Büyük, G. (2021). Toprak işleme ve gübreleme yapılmayan meyve ağaçlarında bitki besin 

elementi düzeylerinin belirlenmesi. European Journal of Science and Technology. 

https://doi.org/10.31590/ejosat.809953 

Baysal, G., & Erdal, İ. (2015). Topraktan bor gübrelemesinin Mondial Gala ve Braeburn elma ceşitlerinin bor ve 

diğer besin elementi konsantrasyonlarına etkisi. Yuzuncu Yıl University Journal of Agricultural Sciences, 

25(3), 312-318. https://doi.org/10.29133/yyutbd.236418 

Bozkurt, M. A., Yarılgaç, T., & Çimrin, K. M. (2001). Çeşitli meyve ağaçlarında beslenme durumlarının 

belirlenmesi. Yuzuncu Yıl University Journal of Agricultural Sciences, 11(1), 39-45. 

Ceylan, Ş., Karaçal, İ., Tüfenkçi, Ş., & Gürbüz, Ö. (2004). Van yöresi elma bahçelerinin beslenme durumu. 

Anadolu Ege Tarımsal Araştırma Enstitüsü Dergisi, 14(1). 

Çelik, M. (2019). Malatya yöresinde yetiştirilen Hacıhaliloğlu kayısı çeşidinin beslenme durumunun yaprak 

analizleri ile belirlenmesi (Master’s thesis, Fen Bilimleri Enstitüsü). 

Çimrin, K. M., Gülser, F., & Bozkurt, M. A. (2000). Elma ağaçlarına yapraktan ve topraktan demir 

uygulamalarının yaprak mineral içeriği ve bitki gelişimine etkisi. Tarım Bilimleri Dergisi, 6(3), 68-72.  

Dumanoglu, H., Aygun, A., Delialioglu, R. A., Erdogan, V., Serdar, U., Kalkisim, O., Bastas, K., & Kocabas, Z. 

(2018). Analyses of fruit attributes by multidimensional scaling method of apple genetic resources from coastal 

zone of North Eastern Anatolia, Turkey. Scientia Horticulturae, 240, 147-154. 

https://doi.org/10.1016/j.scienta.2018.06.017 

Erdal, İ. (2005). Leaf Nutrient Concentrations of apple orchards in Isparta province. Tarım Bilimleri Dergisi, 11(4), 

1. https://doi.org/10.1501/tarimbil_0000000556 

Food and Agriculture Organization of the United Nations. (2023). FAOSTAT statistical database. 

https://www.fao.org/faostat/en/#data (Acces data: 14.01.2024) 

Habte, G., Choi, J. Y., Nho, E. Y., Jamila, N., Khan, N., Hwang, I. M., & Kim, K. S. (2017). Determination of 

essential and toxic elements in tropical fruit by microwave-assisted digestion and inductively coupled plasma–

mass spectrometry. Analytical Letters, 50(6), 1025-1039. https://doi.org/10.1080/00032719.2016.1207655 



 

Mertoglu and Kirca. Nutrient dynamics in apple: Analyzing macro Int. J. Agric. Environ. Food Sci. 2025; 9 (1): 123-131 

 
 

 131 

Jaime-Guerrero, M., Álvarez-Herrera, J. G., & Fischer, G. (2024). Effect of calcium on fruit quality: A review. 

Agronomía Colombiana, 42(1), 1-14. 

Kacar, B., 1972. Chemical analyses of plants and soils. II, Plant analyses. Ankara University Faculty of Agriculture 

Publications, Ankara University Press, 453. 

Kacar, B., Katkat, A. V., & Öztürk, Ş. (2013). Bitki fizyolojisi. Nobel. 

Kaplan, F. (2016). Türkiye’nin meyve ve sebze ihracatı: bir çekim modeli uygulaması. Journal of Yaşar University, 

11(42). https://doi.org/10.19168/jyu.63672 

Karadeniz, T., Tarık Akdemir, E., Yılmaz, İ., & Aydın, H. (2013). Piraziz elmasında klon seleksiyonu. Akademik 

Ziraat Dergisi, 2(1), 17-22. 

Kurešová, G., Menšík, L., Haberle, J., Svoboda, P., & Raimanová, I. (2019). Influence of foliar micronutrients 

fertilization on nutritional status of apple trees. Plant, Soil and Environment, 65(6), 320-327. 

https://doi.org/10.17221/196/2019-pse 

Küçükyumuk, Z. and Erdal, İ. (2014). Yapraktan çinko sülfat uygulamasının Granny Smith elma çeşidine olumsuz 

etkisi. Yüzüncü Yıl Üniversitesi Tarım Bilimleri Dergisi, 24(2), 140-147. 

https://doi.org/10.29133/yyutbd.235927 

Lees, R., 1971. Laboratory Handbook of Methods of Food Analysis. London: Leonard Hill Books. 

Mertoğlu, K., Evrenosoğlu, Y., Akkurt, E., Yeşilbaş, M. F., & Gülmezoğlu, N. (2024). Mineral composition 

modulates Erwinia amylovora resistance in pear based on path analysis. European Journal of Plant Pathology, 

1-7. 

Nava, G., Ciotta, M. N., Pasa, M. d. S., & Boneti, J. I. d. S. (2018). Mineral composition of leaves and fruits of 

apple ‘fuji’ on different rootstocks in the region of são joaquim-sc. Revista Brasileira De Fruticultura, 40(2). 

https://doi.org/10.1590/0100-29452018685 

Nemeskéri, E., Kovács-Nagy, E., Nyéki, J., & Sárdi, É. (2015). Responses of apple tree cultivars to drought: 

carbohydrate composition in the leaves. Turkish Journal of Agriculture and Forestry, 39, 949-957. 

https://doi.org/10.3906/tar-1409-154 

Nizamlıoğlu, N. M. (2022). Farklı sıcaklık ve mikrodalga güçlerinde kurutulan elma dilimlerinin kurutma 

özellikleri. Akademik Gıda, 20(3), 253-262. https://doi.org/10.24323/akademik-gida.1186984 

Nour, V., Trandafir, I., & Ionica, M. E. (2010). Compositional characteristics of fruits of several apple (Malus 

domestica Borkh.) cultivars. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 38(3), 228-233. 

https://doi.org/10.15835/nbha3834762 

Özel, N., Şat, İ. G., & Vurgun, H. (2020). Doğu Anadolu bölgesinde yetiştirilen bazı elma genotiplerinin 

antioksidan özellikleri. Iğdır Üniversitesi Fen Bilimleri Enstitüsü Dergisi, 10(1), 242-249. 

https://doi.org/10.21597/jist.536370 

Radojčin, M., Pavkov, I., Bursać Kovačević, D., Putnik, P., Wiktor, A., Stamenković, Z., Kešelj, K., & Gere, A. 

(2021). Effect of selected drying methods and emerging drying intensification technologies on the quality of 

dried fruit: A review. Processes, 9(1), 132. https://doi.org/10.3390/pr9010132 

Richardson, A. T., McGhie, T. K., Cordiner, S., Stephens, T. T. H., Larsen, D. S., Laing, W. A., & Perry, N. B. 

(2021). 2-o-β-d-glucopyranosyl l-ascorbic acid, a stable form of vitamin C, is widespread in crop plants. 

Journal of Agricultural and Food Chemistry, 69(3), 966-973. https://doi.org/10.1021/acs.jafc.0c06330 

RStudio Team. (2024). RStudio: Integrated Development Environment for R (Version 2024.12.0+467). Boston, 

MA. https://www.rstudio.com/ 

Sas-Paszt, L., Pruski, K., Żurawicz, E., Sumorok, B., Derkowska, E., & Głuszek, S. (2014). The effect of organic 

mulches and mycorrhizal substrate on growth, yield and quality of Gold Milenium apples on M.9 rootstock. 

Canadian Journal of Plant Science, 94(2), 281-291. https://doi.org/10.4141/cjps2012-239 

Şenel, D. Ş. (2019). Farklı konsantrasyonlardaki ağır metal (Cd, Ni, Pb ve Zn) karışımlarının Hygrophila difformis 

Blume bitkisindeki fizyolojik ve genotoksik etkileri (Master’s thesis, Marmara Universitesi (Turkey)). 

Şenyurt, M., Kalkışım, Ö., & Karadeniz, T. (2015). Gümüşhane yöresinde yetiştirilen bazı standart ve mahalli 

elma (Malus communis L.) çeşitlerinin pomolojik özellikleri. Akademik Ziraat Dergisi, 4(2), 59-64. 

Yıldız, E., Yaman, M., Erċışlı, S., Sümbül, A. T., Sönmez, O., Güneş, A., Bozhuyuk, M. R., & Kviklys, D. (2022). 

Effects of rhizobacteria application on leaf and fruit nutrient content of different apple scion–rootstock 

combinations. Horticulturae, 8(6), 550. https://doi.org/10.3390/horticulturae8060550 

Yıldız, N. (2012). Bitki beslemenin esasları ve bitkilerde beslenme bozukluğu belirtileri. Eser ofset matbaacılık, 

Erzurum. 

Zar JH (2013). Biostatistical analysis: Pearson Prentice-Hall, Upper Saddle River, New Jersey. 

Zincircioğlu, N. (2018). Domat zeytin çeşidinde meyve-yaprak besin elementleri değişimlerinin incelenmesi. Ege 

Üniversitesi Ziraat Fakültesi Dergisi. https://doi.org/10.20289/zfdergi.352207 

 


