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Abstract. The study was conducted to assess the impact of mineral
fertilizers applied to the soil on the potassium level in the components of
the "soil-plant” system of the sour cherry orchard. The experiment was
conducted in the forest-steppe zone of the Central Russian Upland (Orel
region) on loamy Haplic Luvisol during 2018-2020. The seasonal
dynamics of exchangeable potassiumin the soil, the potassium status and
productivity of sour cherry trees cv. ‘Turgenevka’ on the rootstock V-2-
180 were studied in the orchard of 2015 planting. Fertilizers in the form of
(NH2)2CO and K2SO4 were applied annually in early spring in doses of
N30K40, N60K80, N90K120 and NI120K160. It was found that a
significant decrease in the level of potassium in the soil occurred during
the period of intensive growth and crop formation, or after heavy
precipitation. The use of fertilizers increased the content of exchangeable
potassium in the soil (by 1.2-2.2 times), while the features of the potassium
dynamics observed in unfertilized plots were preserved. Fertilizers
contributed to the annual improvement of the potassium status of the
leaves (by 0.05-0.24 % DW). The positive effect of fertilizers on the
potassium content in fruits and the productivity of trees was manifested
only in a year with prolonged intense precipitation (2020). The potassium
content in fruits was 1.12-1.16 times higher than the control when applying
N30K40, N60K80 and N90K120. A significant increase of tree
productivity was found when applying N60K80 and N120K 160 (by 54 and
69%, respectively).

1 Introduction

Over the past 30 years, global fruit production has increased dramatically. The total volume
of fruit production (excluding citrus fruits) in 1986 amounted to 387,685,120 tons, and in
2016 - 865,876,405 tons. Similar trends are typical for the group of stone fruit crops,
including cherry. In 2016, the volume of cherry production increased by 17.1% compared
to 1986 and amounted to 1,378,216 tons. Europe is considered the largest cherry producer.
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The leading cherry producing countries are the Russian Federation, Poland, Turkey,
Ukraine and the United States [1].

One of the factors contributing to the sustainable production of cherry fruits is the use of
a balanced fertilizer system. Cherry trees uptake significant amounts of mineral elements
from the soil, including potassium, which is in second place after nitrogen in terms of
absorption [2]. Potassium improves the quality of fruits by enhancing the synthesis and
translocation of carbohydrates in plants [3]. The use of optimal doses of potash fertilizers
increases the productivity of sourcherry trees [4], contributes to an increase in the size and
hardness of fruits [5]. There is evidence of a significant correlation of the potassium status
of cherry leaves with the yield of the next year [6]. On the other hand, extremely high doses
of potash fertilizers can lead to adeterioration in the quality of cherry fruits [5, 7], as well as
reduce the concentration of Ca, Mg and Mn in plants [8].

The exchange forms of soil potassium are the main reserve for plant nutrition. A
significant decrease in the exchangeable potassium in the soil and the yield of fruit trees can
occur after 6-8 years of their cultivation without fertilization [9, 10]. Thus, the potassium
reserves in the orchard soil are gradually depleted and need to be replenished.

Stone fruit trees, including cherry, have a variable need for potassium during the
growing season. Reserves of exchange compounds are the main source for stabilizing the
potassium level in the soil solution when plants uptake the element [11]. The study of the
dynamics of soil potassium in combination with the determination of the potassium status
of cherry trees can be useful for improving the diagnosis of potash nutrition and improving
the effectiveness of potassium fertilizers. At present time, information about the features of
the potassium regime of soils under fruit crops is reflected only in individual publications
[12], and they are not available for cherry. The purpose of the research is to study the
influence of potassium fertilizers on the seasonal dynamics of potassium exchange forms in
the orchard soil, the potassium status and productivity of cherry trees in the soil and
climatic conditions of the Central Russian Upland.

2 Materials and methods

The experiment was conducted in 2018-2020 in the cherry orchard of 2015 planting,
located in the orchard massive of the Russian Research Institute of Fruit Crop Breeding
(Orel region, Russia 53°00 '09.5"N, 36°04'19.1" E). The layout of the trees is 5 x 3 m. To
conduct the research, the sour cherry trees cv. ‘Turgenevka’ was selected on the rootstock
V-2-180. The soil of the experimental site is classified as loamy Haplic Luvisol, underlain
by dolomitic limestones.

The soil has the following agrochemical parameters in a layer of 0...20 cm: pHkci= 5.8,
the content of organic matter - 2.8%, the content of alkaline hydrolyzable nitrogen - 108
mg/kg, mobile phosphorus - 383 mg/kg, exchangeable potassium - 120 mg/kg. The content
of calcium and magnesium exchange compounds in the soil is high: 2.99 and 0.53 g/kg,
respectively. The system of soil maintenance in the rows of trees is herbicide treatment,
while plowing was carried out in the spacing.

The field experiment on the study of the effectiveness of mineral fertilizers was started
in 2017. Experiment treatments: 1. Control (without fertilizers); 2. N30K40; 3. N60KS80; 4.
N90K120. 5. N120K160. Nitrogen and potassium fertilizers in granular form (NH),CO
and K,SO4 were applied annually in early spring to a depth of 10-15 cm. The experiment is
carried out in a three-fold repetition with a randomized arrangement of plots, there are 4
trees on each accounting plot.

Soil samples were taken five times during the growing season: in May, June, July,
August and September in the sub-crown zone of trees at a distance of 1.0...1.2 m from the
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stem from a depth of 0..20 cm. In these samples, the content of exchange potassium
compounds was determined by extraction of 0.2 M HCI at the soil:solution ration - 1:5 [13].

Leaf samples were taken in July (65-75 days after flowering) from the middle part of
the annual shoots, fruit samples were taken in the ripeness stage. The plant samples were
ashed in a muffle furnace at a temperature of 450°C, the ash was dissolved in 20% HCI
[13]. The determination of potassium in the ash solution and in extracts from the soil was
carried out using a Sherwood 410 flame photometer.

Yield accounting was carried out by the weight method, considering the weight of fruits
from each accounting tree.

For statistical data processing, a two-factor variance analysis was used with an
assessment of the significance of differences based on the Fisher criterion and the LSD at a
significance level of P = 0.05 [14]. The confidence interval was calculated using the
standard deviation.

3 Results and discussion

The level of potassium in the components of the "soil — plant" system of the experimental
orchard depended on weather conditions, the uptake of the element by plants and the
amount of fertilizers used.

The temperature regime during the three studied periods was close to the average long-term
indicators, in some months the temperature exceeded the average level by 0.9-3.5 °C. The
exception was the cold May of 2020 (Table 1). The total amount of precipitation and the
uniformity of their fall significantly differed in different years. In the summer of 2018,
there were two dry periods, as well as a period of extreme precipitation from July 13 to 25.
In 2019, the drought was noted in June, and in the remaining months precipitation fell
evenly. In July 2020, an extremely large amount of precipitation also fell.

Table 2. Weather conditions of the growing season.

A:/zrfiii I:i(r’“ggly 40-year Precipitation amount, mm 40-year
Month 2 average average values,

2018 2019 2020 values, °C 2018 2019 2020 mm

May 16.4 15.6 11.3 13.0 31.4 85.0 59.1 36.4
June 17.0 20.5 19.9 16.9 18.2 20.7 46.4 65.1
July 19.9 17.4 19.6 18.5 119.9 49.8 111.6 88.0
August 18.4 17.1 18.2 17.1 11.2 54.7 26.0 65.7
September 14.9 12.5 15.2 11.7 45.5 50.2 23.5 432
e L ams | aes | 16w 154 262 | 2604 | 2666 2054

The maximum demand of sour cherry trees for potassium falls on the most important stages
of fruit growth and ripening (from mid-May to mid-July). The content of potassium in fruits
increases linearly until they mature [15]. The research was carried out in a cherry orchard
that is entering fruiting. In 2018, the trees gave the first commercial harvest. A significant
increase in tree productivity was established only in 2020, in the 4th year after planting
trees, with the fertilization of N60K80 and N120K160 by 54 and 69%, respectively (Figure
1).
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Fig. 1. Productivity of sour cherry trees cv. ‘Turgenevka’.

The content of potassium exchange forms in the soil is an indicator traditionally used to
assess the availability of agricultural crops with this element. The content of exchangeable
potassium in the soil of unfertilized plots during 3 study periods was in the range of
118.6...187.7 (Table 2). According to the gradation for fruit trees [16], these values
correspond to the medium range of potassium concentrations in the soil (100-200 mg/kg).

Due to the peculiarities of weather conditions and the different fruit load of trees, the
dynamics of exchangeable potassium content in the root zone was not the same in different

years (Table 2).
Table 2.Seasonal changes of exchangeable potassium content
(mg/kg) in the soil layer 0-20cm, 2018-2020.
Samplin Treatments
eriod Average
&P Control | N30K40 | N60K80 | N90K120 | NI120K160
2018
May 123.6+2.6 | 175.9+13.4 228.7+62.6 270.0+61.3* 180.6+18.2 195.8+£27.6
June 171.0£7.3 143.6+2.8 232.8+19.2 281.9+130.4* 212.0+6.4 208.3+31.9
July 182.3+13.1 | 181.8454.3 232.5£12.2 303.6+100.3* 227.1£17.5 225.5428.8
August 125.8+4.0 129.1+4.9 191.2+11.6 236.2+34.6* 162.3£14.9 168.9+20.1
Sg’tem' 142.0£19.9 | 149.1£16.7 | 211342204 | 21042290 | 202.0+588 | 182.9+19.1
Average 148.9+11.6 | 155.9+13.7 219.3+14.6* 260.4+35.5% 196.8+15.6*
LSD Treatments =43.7 Sar;?(l)lgg
0 Sampling periodx treatments =106.7 }:3 7
2019
May 182.8+6.20 | 205.1+£26.7 243.5+36.7 244.0+58.7 205.5+34.0 216.2+18.2
June 136.5+£38.5 138.8+2.6 185.3+29.9 212.1£32.7 151.5436.6 164.8+18.0
July 118.6+22.3 | 172.0+£12.2 198.9+53.9 182.448.8 175.8+£10.8 169.5£16.3
August 183.6+£22.6 | 207.0+£37.7 214.94£59.8 230.6+55.8 248.5+60.7 216.9+22.0
Sg’tem' 17124212 | 23455303 | 22255683 | 2229+165 2073446 | 211.7%172
Average 158.5+15.3 | 191.5¢17.9 212.7+22 4% 218.4+18.5*% 198.3+20.2*
LSD Treatments =39.6 Sar;?(l)lgg
0 Sampling periodx treatments =88.6 g 9.6
2020
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May 172.0+6.3 | 218.8+3.8 236.0433.0 2548452 4% 232.6+13.8 222.8+19.4
June 142.045.6 | 229.1+49.8 | 193.8439.1 270.2465.6* 208.8422.9 208.8423.3
July 187.7£35.1 | 212.0+44.0 | 256.3+31.4 250.642.4 253.6+9.7 231.7+16.8
August 153.2+7.1 | 17772265 | 179.7+54.5 236.6+9.8 * 193.9+14.2 188.2431.2
Septem-

ber 148.1£16.4 | 173.7423.1 | 208.4+42.9 260.34£55.6% 207.8+18.1 199.6+21.4
Average | 160.6x113 | 20235173 | 214.8+21.6* | 254.5:24.0% | 219.3+11.5*

LSD Treatments =35.0 Salélrlz(l)l(rilg
” Sampling periodx treatments =78.3 P35 0

*differences with control are reliable at 5% significance level

In 2018, the high level of exchangeable potassium in the soil of the control plots was
observed in June and July, and in August the content of the element sharply decreased (by
1.5 times). In September, the potassium content increased again, but did not reach the level
of the summer months. A similar dynamics of the indicator was observed in the soil of
fertilized plots. The high level of soil potassium in May-July 2018 could be associated with
a weak uptake of the element by plants due to a prolonged drought and a low yield of
young trees. The decrease in the content of the exchange forms of the element in August
could occur due to its leaching into the underlying soil layers after heavy July precipitation.
The introduction of 80 kg/ha of potassium fertilizers and more contributed to a significant
increase in the reserves of exchangeable potassium in the upper soil layer.

In 2019, with a twofold increase in the fruit load of trees, the lowest content of
potassium in the soil was observed in the months of crop formation and ripening (June-
July). With uniform precipitation in the second half of the growing season, the level of
exchangeable potassium in August-September 2019 increased to the May values of the
indicator in all variants of the experiment. Such a restoration of the concentration of the
exchange forms of the element could occur due to the dynamic equilibrium characteristic of
the soil between the forms of potassium having different binding force with the soil
absorbing complex. Similarly to the previous year, the potassium content in the soil
significantly exceeded the control, when the doses of potassium fertilizers were at least 80
kg/ha.

In 2020, as in 2018, the most significant factor affecting the potassium regime of the
soil was weather conditions. After heavy July rains, a significant decrease in potassium
levels was observed in August. Studies previously conducted in this field experiment have
shown the possibility of potassium leaching into deeper soil layers [17]. In 2020, all doses
of potassium fertilizers used in the experiment contributed to a significant increase in the
content of exchangeable potassium.

It is known that with regular use of potassium fertilizers, the content of exchangeable
potassium gradually increases and subsequently stabilizes at a certain level specific to a
particular soil [11]. The rate of accumulation of exchangeable potassium compounds in
the orchard soil depended on the doses of fertilizers. A high level of potassium content in
the soil (more than 200 mg/kg) was achieved already in the second year of application of
potassium fertilizers (in 2018) at doses of 80 kg /ha and higher. When applying potassium
sulfate at a dose of 40 kg/ha, a similar effect was achieved 2 years later (in 2020).

The potassium content in cherry leaves during the 3 years of the experiment varied in
the range of 0.52-1.04% DW (Table 3). The values of the indicator were lower than the
range of optimal potassium concentration in the leaves, which is 1.1-1.8% for fruit-bearing
cherry trees [18]. The low potassium status of cherry trees, observed at medium and high
levels of potassium in the soil, may be associated with a high content of calcium and
magnesium cations in the root zone. It is known that K, Ca and Mg are antagonists in the
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processes of root intake into plants [19]. The number and ratio of the exchange forms of
these elements in the soil absorbing complex is an important factor determining their entry
into the tissues of fruit trees [20].

Table 3.Leaf and fruit potassium content of sour cherry trees cv. ‘Turgenevka’, 2018-2020.

Treatments Year Average
2018 | 2019 | 2020
Leaf potassium content, % DW
Control 0.94+0.10 0.70+0.06 0.52+0.10 0.72+0.09
N30K40 1.04+0.18 0.94+0.19* 0.7240.15* 0.90+0.11*
N60KS80 1.03+£0.20 0.82+0.28 0.65+0.17 0.83£0.14*
N90K120 1.03+0.08 0.81+0.05 0.67+0.12 0.84+0.08*
N120K160 0.99+0.03 0.78+0.06 0.65+0.13 0.81+0.08
Average 0.96+0.06 0.81+0.07 0.64+0.06
LSD os Year=0.08 Tre:(:l)trlnoents
Treatments xyear =0.17 ’
Fruit potassium content, mg/100 g FW
Control 172.034+4.56 189.35+5.70 149.32+7.77 170.23+8.46
N30K40 175.76+10.50 190.01+8.56 167.95£10.98* | 177.91£7.48
N60K80 180.55+6.64 181.87+15.05 | 165.34+16.00* | 175.92+8.14
N90K120 193.01£11.91* | 176.06+14.73 173.3349.21* | 180.1348.55*
N120K160 172.05+8.09 178.78+8.30 149.73+8.14 166.85+7.53
Average 178.7+4.30 182.8+5.13 161.13+£5.75
LSD os Year=6.79 Tregtr7n6ents
Treatments xyear =15.18 ’

*differences with control are reliable at 5% significance level

During the experiment, the potassium content in cherry leaves decreased annually. In
2019, the decrease in the potassium status of the leaves can be explained by a twofold
increase in the yield, as a result of which there was a redistribution of potassium between
the leaves and fruits. In 2020, the average fruit yield did not differ significantly from the
yield of 2019, and the decrease in the potassium concentration in the leaves can be
explained by element leaching from plant tissues, which occurs as a result of prolonged
heavy precipitation [19]. Other researchers also note a significant influence of weather
conditions on the potassium content in cherry leaves [21].

The use of fertilizers annually improved the potassium status of the leaves, but the value
of the indicator remained below the optimal limits (Table 3). Application of fertilizers in
doses of N30K40, N60K80 and N90K 120 contributed to an increase in potassium level by
0.11-0.18% DWon average for 3 growing seasons. The most stable effect was when the
smallest dose of N30K40 was applied, where a significantly higher concentration of
potassium in the leaves was observed in 2019 and 2020. When the maximum dose of
N120K 160 was applied, the effect was less pronounced.

It was found that the content of potassium in cherry fruits does not always depend on
the fruit load [22]. In our experiment, the average experimental content of potassium in
fruits in 2018 did not significantly differ from the level of 2019, although the harvest in
2018 was two times less. In 2020, under unfavorable weather conditions (heavy prolonged
rains from May to July), the potassium status of fruits, as well as the potassium status of
leaves, was significantly lower (on average by 22-29 mg/100 g) than in previous years.

It is known that the positive effect of potassium fertilizers on plants is more pronounced
in unfavorable weather conditions [23]. In the hydrothermal conditions of the growing
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season in 2020, potassium fertilizers had the greatest impact on the content of potassium in
fruits. The values of the indicator were 1.12-1.16 times significantly higher than the control
when applying N30K40, N60K80 and N90K120. When the largest dose of N120K 160 was
applied, the potassium content in the fruits was at the control level.

4 Conclusion

The study of the potassium regime of the cherry orchard in the soil and climatic conditions
of the forest-steppe zone of the East European Plain showed that loamy Haplic Luvisol with
reserves of exchangeable potassium of 156.0+12.2 mg/kg provides the potassium status of
leaves within 0.52...1.04 % DW, which is below the optimal range for sour cherries.

The seasonal dynamics of exchange potassium forms in the upper soil layer depended
on weather conditions and the uptake of the element by plants. A significant decrease in the
indicator was observed during the period of intensive growth and crop formation, or after
heavy precipitation. The use of potassium fertilizers significantly increased the content of
exchangeable potassium in the soil (by 1.2-2.2 times), while the features of the element
dynamics observed in unfertilized plots were preserved.

The use of fertilizers annually improved the potassium status of the leaves (by 0.05-0.24
% DW), but the indicator value remained below the optimal limits. The most significant
decrease in the potassium content in cherry fruits and leaves was in the year with prolonged
intense precipitation — 2020. In the same year, there was an increase in the content of
potassium in fruits under the influence of fertilizers, as well of tree productivity. A
significant increase of tree productivity was found when applying N60K80 and N120K 160
(by 54 and 69%, respectively).
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