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Abstract. The experiment was carried out to study the relationship between 

the soil calcium conditions and the content of this element in fruit and leaves 

of apple trees at ground fertilization with nitrogen and potassium. The 

experimental orchard is located in the forest-steppe zone of the Central 

Russian Upland (Oryol region). The soil of the orchard is Loamy haplic 

luvisol with a slightly acidic reaction and a high content of organic matter. 

Fruit plantations are represented by apple trees of ‘Sinap orlovsky’ variety 

on rootstock 54-118 planted in 2013. Ammonium nitrate and potassium 

chloride were used as soil fertilizers and applied early in spring at doses of 

N30K40, N60K80 and N90K120. Annually from 2016 to 2019, the content 

of exchangeable and water-soluble Ca compounds in the orchard soil and 

the total element content in leaves and fruits were determined. With the 

annual application of nitrogen and potash fertilizers the changes in the 

conditions of apple tree calcium nutrition occured already in the first years 

after treatments. The changes lay in increasing the calcium mobility and 

subsequent decrease in the element's concentration in the root zone. At the 

same time, there was an annual decrease in the calcium status of fruits. The 

Ca content in fruits was positively correlated with the content in the soil of 

exchange (r = 0.43; P<0.05) and water-soluble (r = 0.51; P<0.01) forms of 

the element. There was no statistically significant relationship between the 

studied soil calcium forms and element content in apple leaves. 

1 Introduction  
The role of calcium nutrition in ensuring the quality of apple fruit is well known. 

Physiological disorders associated with calcium deficiency, such as bitter pits, vitrescence, 

pulp decomposition, etc., are the cause of apple producers' losses in all regions growing this 

crop [1, 2, 3, 4]. 

For apple trees, the main source of calcium is soil. The use of calcium-containing 

fertilizers in apple orchards gives positive results on acidic soils [2]. However, physiological 

 
* Corresponding author: leon.elena@list.ru 

E3S Web of Conferences 254, 05010 (2021)

FARBA 2021
https://doi.org/10.1051/e3sconf/202125405010

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative

Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/). 



disorders associated with a lack of calcium are often observed in fruits grown on calcareous 

soils [4, 6].

It is known that a significant influence on the fruits' calcium status is exerted by the 

regime of mineral nutrition, including the use of nitrogen and potassium fertilizers [2, 7, 8], 

but the effect of specific fertilizers types, the terms and methods of their application are not 

clearly defined.

The analysis of publications reflecting apple trees nutrition problems with calcium shows 

the lack of system studies that simultaneously consider the state of calcium in the plant and 

the connection of the plant organism with the environment.

The purpose of this study was to investigate the relationship between the soil calcium 

conditions and the content of this element in fruit and leaves of apple trees at application of 

nitrogen and potassium fertilizers.

2 Materials and methods
Research was carried out in 2016-2019 in the medium-grown apple orchard planted in 

2013 located in the orchard area of Russian Research Institute of Fruit Crop Breeding (Oryol 

region). The trees allocation scheme was 6 x 3 m. ‘Sinap orlovsky’ variety of apple trees on 

semi-dwarf rootstock 54-118 was chosen for research. The variety was zoned in the regions 

of the North-Western, Mid-Volga, Central and Central Chernozem regions of the Russian 

Federation. The variety has a long storage life, but with a lack of calcium, the fruits can be 

damaged by bitter pits [9].

The soil of the experimental site was loamy haplic luvisol, underlain by dolomite 

limestones. The soil had the following agrochemical parameters in the 0... 20 cm layer: pHKCl 

= 5.4, organic matter content - 2.15%, alkaline hydrolyzed nitrogen content - 98.70 mg/kg, 

labile phosphorus - 134.44 mg/kg, exchange potassium - 97.88 mg/kg. The content of 

calcium and magnesium exchange compounds in the soil was high: 14.98 and 4.39 mmol/100 

g respectively. The soil management system: in the rows of trees – treatments by herbicides, 

but in the interrows the grass was mowed. 

Field experiment in studying mineral fertilizers' efficiency started in 2015. Experimental 

treatments: 1. Control (no fertilizer); 2. N30K40; 3. N60K80; 4. N90K120. Nitrogen and 

potash fertilizers in the form of granular NH4NO3and KCl were applied every spring to a 10-

15 cm depth. The experiment was carried out in fourfold repetition with 5 trees per record 

plot. 

Every year, soil samples were collected in the sub-crown tree zone at 1.0... 1.5 m distance 

from the trunk at a depth of 0... 20 cm, in which the content of exchange and water-soluble 

calcium compounds was determined. Exchange calcium was extracted by 1.0 M NaCl 

solution at a 1:20 soil:solution ratio. The 1:5 soil:water ratio was used to extract water-soluble 

forms of calcium [10].

Leaf samples were collected in the last decade of July from the middle part of annual 

shoots, fruit samples - in the phase of picking maturity. Plant samples were ashed in a muffle 

furnace at 450° C, ash was dissolved in 20% HCl. Determination of calcium in ash solution 

and soil extracts was carried out by a complexonometric method using complexing agent III 

(Edta-NA2) [10].

The accounting of the fruit harvest was carried out in 2017, 2018 and 2019 by weight 

method considering fruits' weight from each experimental tree.

For statistical data processing, two-factor dispersion analysis was used with the 

estimation of the differences' significance based on the Fisher and LCD criterion at the level 

of significance P = 0.05 and P = 0.01 [11].
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3 Results and Discussion
Research was carried out in an apple orchard entering fruiting. In 2016, young trees have not 

yet yielded a commercial harvest. A few fruits obtained in 2016 were used to determine their 

mineral composition. In the following years on experimental average, the yield of Sinap 

orlovsky variety was 2,72±0,62, 10,96±1,51 and 9,62±4,33 kg/tree in 2017, 2018 and 2019 

respectively. The application of nitrogen and potash fertilizers had no statistically significant 

effect on tree productivity (Figure 1).

Fig. 1. Productivity of apple trees of ‘Sinap orlovsky’ variety, 2017-2019 (kg/tree)

The quantity and ratio of exchange and water-soluble calcium compounds in the experimental 

orchard's soil depended both on nitrogen and potassium fertilizers introduced into the soil 

and on weather conditions of the growing season. Temperature conditions in the years of 

research were similar and close to the long-term average, with the exception of the colder 

spring of 2017. As shown in Table 1, the differences in total rainfall are more noticeable. 

Table 1. The amount of precipitation (mm) during the research period

Months Years

2015-2016 2016-2017 2017-2018 2018-2019

October-March 242.4 181.1 294.7 207.1

2016 2017 2018 2019

April-September 283.,1 361.0 243.4 287.7

Σ 525.5 542.1 538.1 494.8

It is known that the amount of precipitation is one of the main factors that determine the 

calcium loss from the soil due to leaching [12, 13]. For loamy soils, it is shown that ¾ of the 

annual calcium loss occurs between October and March [13]. In the studied soil, the lowest 

level of exchange calcium was noted in 2017 with the highest total precipitation amount 

during the growing season. The lowest content of water-soluble element forms was noted in 

2018 after the winter with the most abundant precipitation (Table 2).

Table 2. Dynamics of exchange and water-soluble calcium forms in field experiment's 

soil with nitrogen and potassium fertilizers' application, 2016 — 2019

Factor A (treatments)
Factor B (years of research) Average 

A2016 2017 2018 2019

Water soluble Ca, mmol/100 g

Control (no fertilizer) 0.78 0.48 0.17 0.49 0.47

N30K40 1.57** 0.30 0.20 0.59 0.66*

N60K80 1.53** 0.38 0.20 0.78 0.72**

N90K120 2.54** 0.61 0.26 0.68 1.02**
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Average B 1.61 0.43 0.21 0.64

LCD05A =0.18 LCD05B =0.18 LCD05AB =0.37

LCD01A =0.24 LCD01B =0.24 LCD01AB =0.48

Exchange Ca, mmol/100 g

Control (no fertilizer) 15.65 15.58 15.67 15.88 15.69

N30K40 15.87 14.99** 15.70 15.87 15.61

N60K80 15.12* 14.88** 14.99** 14.84** 14.96**

N90K120 15.50 14.95** 15.09** 14.81** 15.08**

Average B 15.53 15.10 15.36 15.35

LCD05A =0.20 LCD05B =0.20 LCD05AB =0.40

LCD01A =0.26 LCD01B =0.26 LCD01AB =0.53

* differences with control are reliable at 5% significance level

** differences with control are reliable at 1% significance level

In the second year from the start of nitrogen and potassium fertilizers' application to the 

soil (2016), a reliable increase in the concentration of water-soluble calcium compounds was 

established in the soil of fertilized plots (Table 2). In 2017 and 2018, the concentration of 

water-soluble calcium in the orchard's soil decreased by 4... 8 times compared to the level of

2016. This decrease can be explained by the washing of water-soluble calcium compounds 

in the excessively moistening summer period of 2017, followed by the snowy winter of 

2017... 2018. In treatments with fertilizers, the reduction in the level of water-soluble calcium 

in these years was more pronounced than in the control (Table 2). In 2019, the soil of 

fertilized plots showed a statistically significant increase in the concentration of water-

soluble calcium compared to the level of 2018, while on the control the indicator's value of 

these years did not reliably differ.

On average, over 4 years of research in all treatments, the content of water-soluble 

element forms in the soil layer of 0... 20 cm was significantly higher than control (Table 2).

The exchange calcium content in the soil of control plots was at a high level during 4 

vegetation periods. Fertilizer application contributed to the decrease of this indicator (Table 

2). The most stable effect was in the treatment with N60K80, where a reliably lower element 

exchange forms concentration was observed annually in the soil. When fertilizing with the 

smallest of the used doses N30K40, a statistically significant decrease in the level of 

exchange calcium was observed only in the wettest year of 2017.

Leaf diagnostics is a widely used method for assessing the mineral nutrition conditions 

of fruit crops. According to literary data, the optimal level of calcium content in apple leaves 

is 1.3... 2% dry weight [7]. Analysis of calcium concentration in the leaves of ‘Sinap 

orlovsky’ showed that during the first three years (2016... 2018) the leaves contained an 

insufficient amount of this element, and only in 2019 calcium levels in the leaves were above 

1.3% in all experimental options (Table 3). The lowest values of the parameter were in 2017 

with the lowest level of exchange calcium in the soil. 

Table 3. Calcium content in fruit and apple leaves

of the ‘Sinap orlovsky’ variety, 2016 - 2019

Factor A (treatments)
Factor B (years of research) Average 

A2016 2017 2018 2019

The content of Ca in leaves, % DW

Control (no fertilizer) 1.01 0.94 1.03 1.37 1.09

N30K40 1.03 0.92 1.02 1.42 1.10

N60K80 1.01 0.90 1.00 1.38 1.07

N90K120 1.04 0.90 1.02 1.38 1.09

Average B 1.02 0.92 1.02 1.39

by А Ff< Ft LCD05В =0.03   by АВ Ff< Ft

Ca content in fruit, mg/100 g FW
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Control (no fertilizer) 9.64 8.92 8.36 8.16 8.77

N30K40 9.44 9.72 8.32 7.88 8.84

N60K80 11.30* 9.60 7.08* 6.36* 8.84

N90K120 10.40 9.00 7.08* 7.16* 8.46

Average B 10.19 9.31 7.71 7.39

LCD05A =0.49 LCD05B =0.49 LCD05AB =0.98

* differences with control are reliable at 5% significance level

For apple orchards grown in soil-climatic conditions of Central Russia, a negative 

correlation between potassium fertilizers' doses and calcium content in leaves is shown [8]. 

In our experiment, the annual application of increasing doses of NH4NO3 and KCl into the 

soil did not significantly affect the calcium status of the leaves (Table 3).

The calcium content of apple fruit grown in the same orchard can vary significantly in 

different vegetation periods [4, 6, 14].  During four years of research, there was an annual 

decrease in calcium concentration in apples (Table 3). This can be due to both changes in 

calcium nutrition conditions, as well as trees' growth and increased fruit load. Nitrogen and 

potash fertilizers had a significant effect on the calcium content in the fruits of ‘Sinap 

orlovsky’ variety in 2016, 2018 and 2019. 

According to various researchers, apples should contain at least 5... 14 mg of calcium per 

100 g of fresh weight so as not to be affected by bitter pits [2, 15, 16]. The first fruits of 

‘Sinap orlovsky’ obtained in 2016 on the third year after orchard planting at the highest level 

of soil calcium contained calcium in the amount of 10.19 ± 0.83 mg/100 g FW (experimental 

average). Under these conditions, a significant increase in the calcium level in apples was 

noted in the treatment with N60K80. In the following years, with a gradual annual decrease 

in the calcium status of fruits, the use of soil fertilizers contributed to an additional decrease 

in the indicator. The negative effect of soil fertilizers on the fruits' calcium uptake can be 

associated with the deterioration of the plants' calcium nutrition conditions as a result of 

reducing the concentration of available calcium forms in the soil (shown in table 2), and due 

to antagonism between potassium, ammonium and calcium cations in the processes of root 

uptake.

With the help of correlation analysis, the dependencies' search between the level of 

exchangeable and water-soluble calcium forms in the soil and the concentration of the 

element in apple leaves and fruits was performed. The content of exchange calcium forms in 

the soil is an indicator traditionally used in Russia to assess the soil supply with compounds 

of this element which available for crops. A reliable positive correlation was established 

between the calcium status of fruits and the exchange calcium content in the 0... 20 cm soil 

layer (r = 0.43; P<0.05).  The concentration of water-soluble calcium in the soil of the orchard

was also correlated with the element content in the fruit, and the connection was reliable at a 

higher significance level (r = 0.51; P<0.01).  At the same time, there were no statistically 

significant relationships between the studied forms of soil calcium and calcium content in 

apple leaves, as well as between the content of the element in fruits and leaves.

Thus, the relationship analysis between the state of calcium in the soil and its 

concentration in vegetative organs and fruits showed that the determination of the content of 

water-soluble and exchange calcium forms in the soil can be a promising diagnostic 

technique for prognosis of calcium status of fruits. At the same time, the absence of a 

significant correlation between calcium content in fruits and leaves indicates insufficient 

informativeness of leaf diagnostics.

4 Conclusion
As a result of conducted studies, it was established that with the annual application of 

nitrogen and potash fertilizers in the form of NH4NO3 and KCl to loamy haplic luvisol of 
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apple orchard, changes in the conditions of apple trees' calcium nutrition occur already in the 

first years after fertilizer use, which lies in increasing the calcium mobility and subsequent 

decrease in the element's concentration in the root layer.  Since fertilizers did not increase the 

yield of Sinap orlovsky variety and at the same time negatively affected the calcium status 

of fruits, in order to maintain a stable calcium condition of loamy haplic luvisols, the use of 

these fertilizers in young gardens when cultivating varieties sensitive to calcium deficiency 

should be minimized. 

The research of correlations between the level of available calcium in the soil and its 

concentration in apple leaves and fruits using a 4-year data array showed that the 

concentration of exchange and water-soluble element compounds in the root zone should be 

considered when predicting calcium levels in apples and planning the use of calcium-

containing fertilizers.
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