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3aCyXOyCTOMYMBOCTU. Y PaCTCHUH COPTOB
Ky6anckoe G6arpsinoe, @ymxu, ['ana Hanbonpas
3aCyX0yCTOMUYMBOCTh OTMEUEHA PU MEHEE IUIOTHBIX
cxemax nocaaxu. CozepkaHue caxapo3bl U IPOJIMHA
y pactenuii copra ['onnen Hdenumec Peltnmpxepc
TIOBBIIIAETCS B BAPUAHTAX OITbITa C MEHEE TTIOTHBIMU
cxeMaMu pa3MeleHus. OTMEUEeHO MOBBIIIEHHOE
COJIEpXKAHUE caxapo3bl U IIPOJIMHA B BAPHAHTE C
coptoM Dy xH, pa3MeIIeHHBIM IO CXeMe MTOCATKU
4,0 x 1,0 m. Pactenns coproB Pener CumupeHko,
Tonpen demumec Peiinmxepc u ["ana B 4-x eTHeM
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The article presents the results of studying the effect
of planting patterns on the resistance of apple trees of
the Renet Simirenko, Golden Delicious Rangers,
Kubanskoe Bagryanoe, Fuji, Gala varieties (rootstock
M9) to abiotic stressors in the conditions of the
Kuban horticultural zone in 2019-2024.
Experimental variants: 4.0 x 1.5 m (control), 4.0 x
0.5m, 4.0 x 1.0 m. In 4-year-old plants of the Renet
Simirenko and Golden Delicious Rangers varieties,
the highest leaf water content was observed in the
2nd decade of August with the control planting
pattern, the difference with the experimental planting
patterns was 2.5-8.8%. These varieties showed the
lowest water deficit and water loss in the control, as
well as in the Gala variety. The highest water content
and the lowest water deficit of leaves of the
Kubanskoe Bagryanoe and Fuji varieties were noted
with the planting scheme of 4.0 x 1.0 m, the lowest
water losses were with the control planting scheme.
At the age of 8 years, no negative effect of planting
schemes on drought resistance indicators was found
in the plants of the Renet Simirenko and Golden
Delicious Rangers varieties. In the plants of the
Kubanskoe Bagryanoe, Fuji, Gala varieties, the
highest drought resistance was noted with less dense
planting schemes. The content of sucrose and proline
in Golden Delicious Rangers plants increases in the
experimental variants with less dense planting
schemes. Increased sucrose and proline content was
noted in the variant with the Fuji variety, planted
according to the 4.0 x 1.0 m planting scheme. Plants
of the Renet Simirenko, Golden Delicious Rangers
and Gala varieties at the age of 4 years have greater
frost resistance in dense plantings, the Kubanskoe
Bagryanoe and Fuji varieties are more frost-resistant
in less dense plantings. At the age of 8 years, the
Golden Delicious Rangers variety showed greater
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Introduction

During the growing season, fruit plants are often exposed to the negative
impact of various environmental stress factors. Regular droughts in fruit crop
cultivation areas, extreme temperatures and frequent temperature fluctuations
are among the most significant environmental determinants limiting the growth
and development of fruit plants worldwide [1].

In the south of Russia, the summer vegetation period of plants is
characterized by frequent droughts, consistently high temperatures during the
daytime and high solar activity, which disrupts the production process and
causes significant losses in the yield of fruit crops.In autumn, elevated air
temperatures combined with high soil moisture prolong the growth processes
of perennial fruit crops and delay their transition to a dormant period. In
wintersudden changes in temperature, sudden frostscause damage and death of
fruit buds and cracking of wood.

One of the main strategies for sustainable production of fruit products
under conditions of strong impact of abiotic stress factors is the improvement of
agricultural practices for cultivating fruit plants [2]. Thus, it is known thatthe
conditions and microclimate that develop in dense plantings are more favorable
for the growth and development of trees, as they increasetheir resistance to
adverse environmental factors[3, 4]. For example, in dense plantings, trees are
less damaged by frost, since during the growing season there is a general

weakening of the growth activity of plants, early termination of shoot growth,
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better ripening and preparation for winter [3]. Strongly illuminated plants can be

damaged by sunlight, too intense sun can suppress photosynthetic processes [5].
So, in the period 2019-2024A study was conducted on the influence of

dense planting patterns of apple trees of different varieties on resistance to stress

factors of the summer and winter periods in the Kuban gardening zone.

Objects and methods of research

The studies were conducted in the period 2019-2024 in irrigated high-
density apple tree plantings of 2016 using intensive cultivation technology in the
conditions of the Kuban training farm (Kuban State Agrarian University) of the
Kuban horticultural zone.The objects of the research are apple trees of the
varieties Renet Simirenko, Golden Delicious Rangers, Kubanskoe Bagryanoe,
Fuji, Gala, grafted onto the dwarf rootstock M9.

The experimental variants included the following layout schemes: 4.0 x
1.5 m (control), 4.0 x 0.5 m, 4.0 x 1.0 m. The variants were repeated six times.
The plot size was tree — plot.

The main surveys, observations, field and laboratory experiments were
carried out according to“Records, observations, analysis, and data processing in
experiments with fruit and berry plants” (Uman, 1987), «The program and
methodology for studying varieties of fruit, berry and nut crops” (Orel, 1999),
the teaching aid “Planning research in fruit growing” (Krasnodar, 2016) [6, 7,
8].

To determine proline and sucrose, modern methods of studying the
physiological and biochemical parameters of plant tissues were used using
highly efficient analytical equipment based on the Instrumentation and
Analytical Center and the Laboratory of Plant Physiology and Biochemistry of
the Federal State Budgetary Scientific Institution North Caucasian Regional

Research Institute of Horticulture and Viticulture [9, 10].

http://ej.kubagro.ru/2025/05/pdf/67.pdf




Hayunsrii xypuan Kyol'AY, Ne209(05), 2025 rox 4

Results and discussion

The assessment of the drought resistance parameters of apple trees was
carried out in the second and third age periods of the life of fruit trees (according
to Schitt). The second period of growth and development of apple trees is
characterized by active vegetative growth of trees, the beginning of fruiting and
subsequent increase in the fruit yield. The third age period is characterized by
the completion of the formation of the crown skeleton, a decrease in vegetative
growth, and the onset of stable fruiting [11, 12, 13].

It should be noted that due to the use of a drip irrigation system, the soil
moisture in the garden during the study periods was optimal for the cultivation
of apple trees — within 70-85% of the field moisture capacity [13]. However,
despite the favorable soil moisture indicators, which have a positive effect on
the resistance of plants to unfavorable environmental factors, the high
temperature regime and low relative air humidity, typical for the study area, can
neutralize the role of soil moisture in the resistance of apple trees to drought.

The hydrometeorological conditions of the vegetation periods of the
studied years varied significantly. Thus, in 2019 (the 4th year after planting
apple trees and the second age period), the average June temperature was 4.8 °C
higher than the average long-term norm, the amount of precipitation was 52% of
the norm, the relative air humidity was 56.0%, which is 16.0% lower than
normal values, respectively, dry conditions for plant growth developed, which is
confirmed by the hydrothermal coefficient (HTC) equal to 0.5 (Table 1).

Table 1 — Hydrometeorological conditions of the growing seasons of 2019
and 2023.

2019 2023 Wed perennial.

Year/month

June | July | August | June | July | August | June | July | August
Alr o 25.3 | 22.9 23.6 21.8 | 245 27.1 205 | 231 | 226
temperature, °C
Total
precipitation, 347 | 130.3 | 744 409 | 61.7 0,0 67.0 | 60.0 48.0
mm
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Humidity, % 56.0 | 63.0 54.0 71.0 | 59.0 50.0 67.0 | 58.0 | 64.0

State  Customs | oo\ 49 | 10 | 06 | 08 | 00 - _ -
Committee

Moisture supply in July was excessive with HTC = 1.8. The average
temperature differed slightly from the norm, the relative air humidity exceeded
the long-term average values by 8.6%, the amount of precipitation was more
than twice the climatic norm. Hydrometeorological conditions in August were
optimal for the growth and development of apple trees with HTC = 1.0
(sufficient moisture). The air temperature was 1.0 °C higher than the climatic
norm, the amount of precipitation was 155.0% of the long-term average values,
the relative air humidity exceeded the norm by 16.0%.

The summer conditions of 2023 (the 8th year after planting the apple trees
and the third age period) were quite dry. In June, the air temperature deviations
from the norm were +1.3 °C, the amount of precipitation was 61.0% of the long-
term average, the relative air humidity exceeded the norm by 6.0% with an HTC
of 0.6, which corresponds to a zone with insufficient moisture supply. July was
more humid with an HTC of 0.8. The temperature differed from the norm by
+1.4 °C, the amount of precipitation and relative air humidity were within the
climatic norm. In August, extreme weather conditions for the growth and
development of apple trees were noted, characterized by abnormally high
temperatures, prolonged absence of precipitation and low relative air humidity.
The temperature exceeded the norm by 4.5 °C, there was no precipitation, the
relative air humidity was 50.0%, which is 22.0% below the norm.

Dry weather conditions typical for the south of Russia can have a negative
impact on the development and productivity of apple trees [13, 14, 15]. Water
deficit due to lack of precipitation and high evaporation of water from leaves
during transpiration leads to a decrease in cell turgor, inhibition of
photosynthesis and slowdown of growth processes. Heat stress against the

background of high temperatures causes damage to cell membranes, protein
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breakdown, disruption of enzymes, and can contribute to a decrease in the

quantity and quality of the fruit harvest. Low air humidity increases transpiration

losses, aggravating the water imbalance. Summer droughts have a particularly

negative impact on the preparation of fruit plants for the winter period [14].

In order to study the characteristics of the water regime of apple trees in

dense planting patterns, an assessment was made of the dynamics of leaf water

content during the summer growing seasons of 2019 and 2023 (Table 2).

Table 2 — Effect of placement patterns on the water content of apple tree

leaves of different varieties, %

Variety Planting 2019 2023
scheme | 2nd 2nd 2nd | average | 2nd 2nd 2nd | average
decade | decade | decade decade | decade | decade
of of July of of | of July of
June August June August
Renet 40 X
Simirenko | 15 m| 63.1 58.5 58.0 59.9 70.5 58.5 53.0 60.7
(K)
40 X
05m 68.5 57.5 52.9 59.6 69.3 57.2 54.5 60.3
i.gm X! 66.4 58.1 54.9 59.8 66.1 60.7 56.2 61.0
Golden 40 X
Delicious |15 m| 69.0 64.2 56.5 63.2 66.2 60.2 53.6 60.0
Rangers (k)
40 X
05m 65.8 57.8 52.3 58.6 65.0 63.4 52.9 60.4
iigm *| 69.3 59.9 55.1 61.4 67.5 56.2 49.8 57.8
Kuban 40 X
crimson 15 m| 654 59.2 57.9 60.8 69.7 67.5 56.2 64.5
(K)
40 X
0.5 m 69.4 60.0 53.1 60.8 60.6 56.2 51.3 56.0
i'gm X! 662 | 615 | 602 | 626 | 675 | 624 | 551 | 617
Fuji 40 X
15 m| 653 58.8 57.3 60.5 61.6 58.6 55.4 58.5
(k
40 X
05 m 67.1 59.0 53.1 59.7 55.2 50.4 47.6 51.1
40 x| 683 60.0 59.4 62.6 60.5 58.3 52.5 57.1

http://ej.kubagro.ru/2025/05/pdf/67.pdf
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1.0m

Gala 4.0 X
15 m| 720 68.0 62.3 67.4 68.4 65.2 58.3 64.0
(k)
4.0 X
05m 65.2 61.4 52.1 59.6 62.4 59.6 50.5 57.5
i’g m X 60.4 61.4 58.5 60.1 68.0 62.8 57.5 62.8

It was noted that in the summer period of 2019, the water content of the
leaves of the apple trees in all experimental variants was average and fluctuated
within 52.5-72.0%. Among the group of medium-sized varieties (Renet
Simirenko and Golden Delicious Rangers), the following pattern was noted:
with increasing thermal stress in July and August, the highest leaf water content
was observed with the control planting scheme, for the Renet Simirenko variety,
a significant difference with the control - 5.3 and 8.8%, was established in
August, for the Golden Delicious Rangers variety, the difference with the
experimental variants with less dense placement of trees was 6.7 and 9.9% in
July and 2.5 and 7.4% in August. Also, the best leaf water content with the
control planting scheme was shown by the vigorous variety Gala - on average,
over the months of observations, the difference with the experimental variants
with denser placement schemes was 10.8-11.6%. The highest water content of
the leaves of the vigorous varieties Kubanskoe Bagryanoe and Fuji was noted
with a planting scheme of 4.0 x 1.0 m - the difference with the control was 3.0—
3.5%, respectively.

The study of the leaf water content of the Renet Simirenko variety in the
summer of 2023 showed an insignificant difference between the experimental
variants, which may indicate that the compaction of plants of this variety does
not have a negative effect on the resistance of plants to drought. The leaf water
content of the Golden Delicious Rangers variety with a planting scheme of 4.0 x
0.5 m also differed slightly from the control variant of the experiment and was

4.5% higher than in the experimental variant with a planting scheme of 4.0 x 1.0
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m. In the group of vigorous varieties, the highest water content was noted in the
control - the difference with a denser placement of trees varied within 1.9—
13.2%.

The total leaf water content index does not allow for a comprehensive
description of the water regime of plants; for a comprehensive assessment of
drought resistance, the water deficit of apple tree leaves was additionally
determined in field and laboratory conditions. Water deficit is a state of
insufficient saturation of cells with water, which occurs due to an imbalance
between intensive transpiration and limited absorption of moisture from the soil.

Among the group of medium-sized varieties in the second age period of
tree growth and development, the lowest water deficit of leaves was noted in the
control variant, the difference with the experimental variants was 34.5-46.3%.
When studying this indicator in the third age period, its change in favor of
denser placement schemes was observed. Thus, the lowest water deficit in the
leaves of the Renet Simirenko variety was noted with a planting scheme of 4.0 x
1.0 m - the difference with the control was 24.0%. The lowest water deficit of
leaves of the Golden Delicious Rangers variety was noted with schemes of 4.0 x
0.5 m and 4.0 x 1.0 m - the difference with the control was 9.9 and 6.9%,
respectively (Table 3).

Table 3 — Effect of placement schemes on water deficit of apple tree

leaves of different varieties, %

2019 2023
_ Planting 2nd 2nd 2nd 2nd 2nd 2nd
Variety scheme decade | decade | decade average decad | deca | decade average
of June | of July of eof | deof of
August June | July | August
#0x15mi 75 | 30 | 61 | 55 |112] 74 | 138 | 108
Renet (k)

Simirenko | 40x0.5m 8.2 4.4 9.5 7.4 86 | 6.1 13.1 9.3

40x1.0m 9.2 4.1 8.8 7.4 4.8 8 11.9 8.2

Golden @XM 66 | 21 | 74 | 54 |49 | 8 | 175 | 101

Delicious "y ox05m | 108 | 3.7 | 9.2 79 [ 62 |54 ] 157 9.1

Rengers  Joxtom | 75 | 55 | 90 | 73 | 75 | 62 | 145 | 94
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4a0x15m| 60 | 28 | 124 | 71 | 68 | 52| 106 75
Kuban ()
crimson 40x05m | 110 | 71 | 106 | 96 | 134 |115| 174 | 141
20x10m | 47 | 70 | 84 67 | 36 | 78 | 123 79
?I%()) x15mi 25 | 64 | 81 72 | 46 | 32| 114 6.4
Fuji 40x05m | 116 | 57 | 105 | 93 | 132 | 93 | 155 | 127
20x10m | 54 | 28 | 74 52 | 6.8 | 104 | 127 | 100
Z‘I-(‘)) x15mi g5 | 31 | 52 56 | 50 |115| 13.0 98
Gala 40x05m | 103 | 54 | 116 | 91 | 92 |124| 185 | 134
20x10m | 112 | 60 | 90 87 | 32 | 86 | 171 96

The vigorous Fuji variety had a lower water deficit of leaves with a larger

planting scheme - the difference with the compacted experimental variants was

98.4 and 56.2%. The Kubanskoe Bagryanoe and Gala varieties had a lower

water deficit with planting schemes of 4.0 x 1.5 m and 4.0 X 1.0 m, the

difference between the indicators was not significant.

Also, one of the most important parameters of drought resistance is water-

holding capacity, which shows the ability of plants to resist dehydration. The

water-holding capacity of apple leaves was determined after 4 hours of wilting

(Table 4).

Table 4 — Effect of placement patterns on the water-holding capacity of

apple tree leaves of different varieties, %

2019 2023
. Planting 2nd 2nd 2nd 2nd 2nd 2nd
Variety scheme decade | decade | decade average decad | deca | decade average
of June | of July of g eof | deof of g
August June | July | August
40x15mi 913 | 52 | 133 | 99 |163|126| 252 | 180
Renet (k)
Simirenko 40x05m 15.6 8.1 15.2 13.0 138 | 15.3 | 23.6 17.6
40x1.0m 14.8 6.4 13.0 114 125 | 11.2 | 194 144
Golden ?k()) x15m| 139 | 55 | 122 | 105 | 180|186 | 291 | 21.9
g::gé?:s 40x05m 16.5 7.6 14.9 13.0 144 | 175 | 274 19.8
40x1.0m 17.9 6.3 13.1 12.4 18.2 | 15.0 | 304 21.2
40x15mi g2 | 66 | 105 | 84 |105| 98 | 134 | 112
Kuban (k)
crimson 40x05m 14.4 7.5 14.3 12.1 153 | 126 | 22.6 16.8
40x1.0m 12.0 6.2 15.6 11.3 8.4 9.5 17.6 11.8

http://ej.kubagro.ru/2025/05/pdf/67.pdf
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Z‘I'(‘)”“’m 84 | 66 | 91 80 | 130|114 157 | 134

Fuji 40x05m | 9.6 6.8 | 145 | 103 [152 163 212 | 176

40x1.0m 10.3 5.9 12.8 9.7 150 | 125 | 19.2 15.6

Z‘I-(‘))Xl-f’m 95 | 72 | 134 | 100 | 151 |142| 293 | 195

Gala 40x0.5m 11.2 5.9 17.6 11.6 173 | 22.6 | 28.2 22.7

40x1.0m 10.7 6.5 16.1 11.1 13.0 | 191 | 216 17.9

It was determined that in the summer period of 2019, the highest water-
holding capacity was shown by apple trees of all the studied varieties, located
according to the control planting scheme. In 2023, the highest water-holding
capacity of the leaves of the Renet Simirenko variety was noted with a planting
scheme of 4.0 x 1.0 m - the difference with the control was 20.0%, the Golden
Delicious Rangers variety with a planting scheme of 4.0 x 0.5 m - the difference
with the control was 9.6%. Also, the lowest water losses when compacted to 1.0
m in a row were noted for the Gala variety - the difference with the control was
8.2%. The highest water-holding capacity of the Kubanskoye Bagryanoye
variety was shown with planting schemes of 4.0 x 1.5 m and 4.0 x 1.0 m, the
difference between which was insignificant. Lower water losses in the Fuiji
variety were observed with the control planting scheme — the difference with the
experimental variants was 16.4-31.3%.

Biochemical adaptation of domestically bred apple varieties to abiotic
factors of the summer period is achieved by synthesizing an increased amount of
protective compounds - proline, sucrose. The results of studying these indicators
are shown in Figure 1 (using the Golden Delicious Rangers and Fuji varieties as

an example).

http://ej.kubagro.ru/2025/05/pdf/67.pdf
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Figure 1 — Comparative characteristics of biochemical parameters of apple trees
using the Golden Delicious Rangers and Fuji varieties as an example,
depending on the plant placement scheme:

a — sucrose content, g/kg leaves; b — proline content, mg/kg leaves

The increase in sucrose content by 15.8-114.6% and proline by 9.3-
37.9% in the variant with the Fuji variety, planted according to the 4.0 x 1.0 m
planting scheme, indicates greater drought resistance of plants, compared to
other experimental variants. On the contrary, drought resistance of Golden
Delicious Rangers plants increases in experimental variants with less dense
planting schemes — the sucrose content increases to 69.6%, proline —to 67.3%.

It is known that relatively winter-hardy varieties are characterized by
lower tissue water content and its sharp decrease in winter. Thus, to study the
degree of frost resistance of plants of the studied varieties depending on the
compaction of plantings, the water content of apple tree shoots was assessed in
the 2nd decade of December 2020 and the 3rd decade of January 2024 (Table 5).

http://ej.kubagro.ru/2025/05/pdf/67.pdf




Hayuwnslii xypran KyoI'AY, Ne209(05), 2025 rox 12

Table 5 — Effect of placement patterns on water content of shoots of apple

trees of different varieties, %

Variety Planting scheme 2020 2024
4.0x 1.5 m (k) 47.9 44 .4

Renet Simirenko 40x05m 43.6 49.6
40x1.0m 46.2 47.3

. 4.0x 1.5 m (k) 49.7 53.5

S;’r']‘;‘;rr‘s Delicious -5 0.5 m 44.9 50.6
40x1.0m 48.3 51.8

4.0x 1.5 m (k) 41.8 47.4

Kuban crimson 40x05m 52.7 55.7
40x1.0m 40.5 52.6

4.0x1.5m (k) 48.4 52.9

Fuji 40x05m 56.3 56.4
40x1.0m 46.2 56.0

4.0x 1.5 m (k) 53.9 51.3

Gala 40x05m 50.6 57.5
40x1.0m 53.5 54.9

It was noted that under the winter conditions of 2020, plants of the Renet
Simirenko, Golden Delicious Rangers, and Gala varieties had greater frost
resistance (in terms of shoot water content) in denser plantings — the difference
with other experimental options was up to 9.6%. On the contrary, plants of the
Kubanskoye Bagryanoye and Fuji varieties, planted according to the 4.0 X 0.5 m
planting scheme, were characterized by lower frost resistance: compared to
other experimental options, the water content was 16.3-30.1% lower. The
difference between the 4.0 x 1.0 and 4.0 x 1.5 m planting schemes was
insignificant. Under the winter conditions of 2024, the lowest shoot water
content with the densest planting scheme was observed in Golden Delicious
Rangers plants — the difference with the control was 5.4%. The remaining

varieties showed the greatest frost resistance under the control planting scheme.
Conclusion
The study of the parameters of apple plant resistance to abiotic stressors

allowed us to identify varieties that are least susceptible to the influence of

http://ej.kubagro.ru/2025/05/pdf/67.pdf
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unfavorable factors with dense planting. In the second age period of growth and
development of fruit plants, the highest leaf water content, lower water deficit
and greater water-holding capacity were noted in the group of medium-sized
varieties Renet Simirenko and Golden Delicious Rangers when planted
according to the 4.0 X 1.5 m planting scheme (control), which allows us to
consider them more drought-resistant with a more sparse planting. The content
of sucrose and proline in plants of the medium-sized Golden Delicious Rangers
variety increases in the experimental variants with less dense planting schemes,
which confirms the fact of its drought resistance with less dense planting
schemes. In the third age period of growth and development of apple plants, it
was revealed that compaction of plants of the Renet Simirenko and Golden
Delicious Rangers varieties does not have a negative effect on the resistance of
plants to drought.

In the group of vigorous varieties in the second and third age periods of
growth and development of apple trees, the plants showed the greatest resistance
to drought when placed on planting schemes of 4.0 x 1.0 m and 4.0 x 1.5 m
(control). Strong compaction had a negative effect on the drought resistance
indicators of plants of these varieties. An increased content of sucrose and
proline was determined in the variant with the vigorous Fuji variety, placed
according to the planting scheme of 4.0 x 1.0 m, which indicates greater drought
resistance of plants in this variant of the experiment.

In the second age period, plants of the Renet Simirenko, Golden Delicious
Rangers and Gala varieties have greater frost resistance in dense plantings, while
the Kubanskoe Bagryanoe and Fuji varieties, on the contrary, are more frost-
resistant in less dense plantings. In the third age period, the Golden Delicious
Rangers variety showed greater frost resistance with a planting scheme of 4.0 x

0.5 m, the rest - with a control placement scheme.

http://ej.kubagro.ru/2025/05/pdf/67.pdf
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