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Abstract.

Aims. To determine the influence of pruning terms and methods of crown
formation on the productivity of apple trees grown on dwarf rootstock M.9 in
intensive plantations of the Right-Bank Forest-Steppe of Ukraine. Methods. Field
(data acquisition), statistical using Tukey's test and Pearson's correlation method
(data processing and analysis). The experiment was carried out in the garden of the
Uman National University of Horticulture for 4 years (2019-2022) with apple trees
of ‘Fuji” and ‘Honey Crisp’ cultivars on dwarf rootstock M.9, planted according to
the 4x1 m scheme. The factors studied were crowning shape: slender spindle,
ballerina, and French axis; and also the pruning times: winter (0 BBCH) and winter
combined with summer (second decade of June, 74 BBCH). Results. The shape of
the crown and double pruning significantly affected the specific productivity per unit
area of the apple tree leaf surface. A maximum value of 3.1 kg/m? was when forming
the crown ballerina with pruning in winter and summer of ‘Fuji’ trees. A 33% higher
indicator value was provided in plantations of the ‘Fuji’ compared to the ‘Honey
Crisp’, with 30-33% higher crown formation by the French axis and 33% higher by
double crown pruning. Specific productivity correlates with the yield and fruit load of
trees. The French axis crown formation provided a threefold increase in the leaf index
compared to the slender spindle and ballerina formation. Double pruning (winter and
summer) increased the leaf index by 17%. The experiment showed a gradual decrease
with a minimum in 2022. The main influence on the value of specific leaf area on
crown volume was the crown shape (77.5%), where the formation of the ‘French
axis’ provided three times higher values compared to other studied crowns. Double
pruning (winter and summer) also contributed to an increase in this indicator by 60%
compared to pruning only in winter. Conclusions. As a result of the formation of the
French axis crown, its dimensions were much more compact, as a result of the
peculiarities of its formation, which ensured an increase in the value of the leaf index
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and the specific leaf surface area per crown volume, but due to its smaller size, the
value of specific productivity per leaf surface area was significantly reduced. At the
same time, there was a clear tendency to increase these indicators and the
introduction of double pruning — in winter and summer.

Key words: apple cultivars, apple leaf blade, ballerina trees, French axis, slender
spindle.
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Pedepar.

Mema. 3'scyBaHHS BIUTUBY CTPOKIB OOpi3yBaHHsS Ta crnoco0iB (popMyBaHHS
KPOHU Ha MPOJYKTHUBHICTH SIOJyHb, BUPOIICHUX Ha KapiuKoBii migmeni M.9 B
yMOBaxX IHTEHCUBHUX HacaJxeHb [IpaBobOepexnoro Jlicocteny Ykpainu. Memoou.
[TonboBUil (OTpUMaHHS JAHWX), CTATUCTUYHUN 3 BUKOPUCTAHHSAM TecTy ThIOKI 1
Kopensuiiiaui, Metogom Ilipcona (ompaiffoBaHHsa Ta aHami3 JaHux). ExcnepumeHT
BUKOHYBaJIdU B CajJy YMAaHCHKOIO HAaI[lOHAJBLHOTO VYHIBEPCUTETY CaJlIBHUIITBA
BIPOAOBK 4-X pokiB (2019-2022 pp.) 3 nepeBamu s101yHi coptiB ‘Dymki’ Ta ‘XoHe
Kpicm® na xkapmukoBid migmeni M.9, BucamkeHMMH 3rigHo cxemu 4x1 M.
HocmimkyBaim  (aktopu: 1) dopma KpoHHU: CTpyHKE BEpeTeHO, OaliepMHa Ta
(dpany3pka Bick; 2) Ctpoku o0pizyBanHs: 3umoBui (0 BBCH) ta 3umoBe B
noennanni 3 mitHIM (II mexama uepsusi, 74 BBCH). Pe3yasmamu. ]JlocnimxeHHs
nmokazanu, 1o (opma KpoHM Ta JBOpa3oBE OOPI3yBaHHS ICTOTHO BIUTMBAJIM Ha
MUTOMY TPOAYKTHBHICTb IUIOINIl JIMCTOBOI MOBEPXHI SOJyHb 3 MaKCHUMaJIbHUM
3HAUYCHHSAM MoKa3HuKa B 3,1 kr/M? npu hopMyBaHHI KpOHH OajepuHa 3 00pi3yBaHHAM
B3UMKY Ta BIITKY JepeB copty ‘@ymki’. Bumie 3HaueHHs mnokasHuka Ha 33 %
3a0e3medYeHo B HacapKeHHSIX copty ‘Dymxi’, mopiBHSHO 3 copToMm ‘Xoneit Kpicrr’,
Ha 30-33 % 3a dopmyBanHs KpoHu ¢paHiy3pka Bick Ta Ha 33 % 3a gBOpa3oBOro
oOpi3yBaHHs KpoHHU. [IMTOMa NPOAYKTUBHICTH KOpEIIOBAJa 3 YPOXKAWHICTIO Ta
HABaHTA)XCHHSAM JiepeB mioaaMu. @opMyBaHHS KpOHH (PpaHIly3bKa BiCh 3a0€3MEUNIIO
3pOCTaHHSl JMCTKOBOTO 1HJEKCY BTPUYl MOPIBHSHO 13 (OPMYBAaHHSIM CTPYHKOIO
BepeTeHa Ta OanepuHu. JIBopazoBe oOpi3yBaHHS (3MUMOBE Ta JITHE) JOJIaTKOBO
30UTbLIYBAJIO JTUCTKOBUM 1HJAEKC HAa 17 %. EkcnepuMeHT moka3aB MOCTYNOBE HOro
3HUKEHHS, 3 MiIHIMyMOM Yy 2022 porii. OCHOBHUH BIUIMB Ha 3HAYECHHS MTUTOMOT IO
JMCTKOBOI MOBEPXHI Ha 00'eM kpoHu Mana dopma kpouu (77,5 %), ne GpopmyBaHHS
¢dpaniy3pka Bich 3a0€3MEYMJIO yTpHWYl BUII 3HAYCHHS TMOPIBHSHO 3 IHIIAMU
JOCTIKyBaHUMU KpoHamu. J[Bopa3oBe 0Opi3yBaHHS (3MMOBE Ta JITHE) TaKOX
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CHPUSAJIO TiABUIIEHHIO IHOTO MOKa3HHWKa Ha 60 % y MmopiBHSAHHI 3 00pi3yBaHHSIM
TUIbKK B3UMKY. Bucnoeku. B pesynbrari dopmyBaHHS KpOoHHU (PpaHIy3bKa BiCh ii
rabapuTy OyJM 3HaYHO KOMIAKTHIIIMMU, BHACIIIOK ocoOauBocTel i (popMyBaHHS,
Mo 3a0e3Meunsio 3pOCTaHHS 3HAYEHHS JIMCTOBOTO 1HJAEKCY Ta MUTOMOI IOl
JIMCTKOBOT MOBEpPXHI Ha 00'€eM KpPOHH, MPOTE uepe3 MEHIIUN ii po3Mip 3HAYCHHS
NUTOMOI MPOJAYKTUBHOCTI Ha IUIONII JUCTKOBOI MOBEPXHI CYTTEBO 3MEHIIIYBaJOCS.
IIpu npomy cmoctepiranacs 4iTka TEHACHIIS IMOJ0 3POCTAaHHS ITUX TMOKa3HHUKIB 13
3aMpoBaKEHHSIM JIBOKPATHOTO 00pi3yBaHHS, B3UMKY Ta BIITKY.

Knwouosi cnosa: coptu si061yHi, JHUCTKOBAa IUIACTHHKA sIOMyHi, OajepuHa-KpOHa,
¢paHniry3bka BiCh, CTPYHKE BEpETEHO.

Introduction. Apple tree is one of the most common fruit crops for cultivation
due to its ability to adapt to different climatic conditions (Chyzh et al., 2008). As the
level of intensification of fruit production increases, it becomes important to study
and implement compact crown forms along with appropriate care methods. The use
of compact crown shapes will create densified gardens with smaller distances
between trees (Chaploutskyi et al., 2023).

To achieve a high-quality crop, all parts of the crown must receive sufficient
sunlight. Light plays a key role in photosynthesis, the synthesis of organic
compounds (Pallardy, 2008). Optimal lighting conditions after pruning significantly
increase photosynthetic processes (Zhao et al., 2018).

Fruits growing on well-lit parts of the tree, especially in the spindle crown, have
a higher weight, higher content of dry matter, sugars and an optimal sugar to acid
ratio (Flore, 1992; Chaploutskyi et al., 2023).

The timing of pruning is an important factor when pruning (Ran et al., 2012). If
done too early, it is likely to affect carbon storage, and if done too late, it may delay
shoot maturation as a result of growth stimulation (Stephan et al., 2008).

Summer contour pruning improves crown illumination, which increases the
yield of the current year and improves the conditions for laying generative buds for
the next year's harvest (Zbigniew, 2013). Summer pruning reduces shoot growth by
20-30 %, but at the same time stimulates the formation of generative buds and
improves crown illumination. Pruning in mid-July increases floral bud development
by 18-30 % (Khomenko et al., 2000).

The research aimed to study the effect of different terms of pruning and crown
formation on the development of leaf apparatus of apple trees grown in intensive
plantations on dwarf rootstock M.9 in the conditions of the Right-Bank Forest-Steppe
of Ukraine.

Materials and Methods. The research started in the spring of 2019 in the
experimental garden of the Uman National University of Horticulture. The research
aimed to study the influence of different methods of crown formation and pruning
time on the growth and productivity of apple tree cultivars — ‘Fuji’ and ‘Honey
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Crisp’ grown on dwarf rootstock M.9. The experiment was conducted on chernozem
sod-podzolic soils of the Right-Bank Forest-Steppe of Ukraine.

Trees were planted in 4x1 m spacing. Two factors were studied: the shape of the
crown (slender spindle, ballerina, and French axis) and the timing of pruning: in
winter (0 BBCH), and in summer, after the June ovary shedding (74 BBCH). A sod-
humus soil maintenance system and herbicide fallow in the trunk strips were
introduced in the garden aisle.

Phytometric parameters were evaluated according to the methods of Petro
Kondratenko and Mykola Bublyk (Kondratenko & Bublyk, 1996). For data
processing, analysis of variance in Statistica 10, standard deviation, Tukey's test for
comparing mean values between pairs of variants (p = 0.05), and Pearson's method
for determining correlation dependencies (p = 0.01) were determined.

Results and Discussion. The state of the leaf apparatus has a key impact on the
productivity of plantations because it is in the leaves that the process of
photosynthesis takes place in the chloroplasts to create organic matter, which
accumulates in the fruits. As a result of different crown shapes, different areas of the
total leaf surface are formed, which have various degrees of illumination and receive
different amounts of solar energy for photosynthesis consequently of the specifics of
crown formation. According to the results of the experiments, the specific
productivity per leaf surface area prevailed in the ‘Fuji’, with its maximum level for
two crown pruning of the ballerina in winter and summer, which amounted to 3.1
kg/m? (Table 1). As a result of the formation of the crown of French News in winter
and the reduction of its size due to the peculiarities of formation and, as a result, a
decrease in the level of tree productivity, the lowest value of specific productivity per
leaf surface area was noted at 1.2 kg/m2.

The average annual values of the studied indicator, averaged over the
experiment, showed a gradual increase in specific productivity per leaf surface area,
and the maximum value was obtained in the season of 2022. However, no statistically
significant difference was found for 2020-2022 (Fig. 1). The peculiarities of the
cultivar (influence of the factor 19.2 %) influenced the value of the studied indicator,
with a predominance of 33% in the plantations of the ‘Fuji’ compared to ‘Honey
Crisp’.

When forming the crown, the French axis, with the removal of part of the fruit
wood due to the peculiarities of its formation, causes a decrease in the value of
specific productivity on the leaf surface area (influence of the factor 32.7 %, Fig. 2),
which was 33 % lower than the value of the ballerina crown and 30 % lower than the
slender spindle. There was no statistically significant difference in the value of the
studied indicator between the formation of a slender spindle and a ballerina.
However, due to the double pruning of the crown (in winter and summer) and, as a
result, the establishment of more fruit formations, despite the removal of part of the
leaf surface as a result of pruning, it contributes to an increase in specific productivity
per leaf surface area by 33 % (factor influence of 18.5 %).
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Table 1. Characteristics of the leaf apparatus of apple trees of ‘Fuji’ and ‘Honey
Crisp’ depending on the shape of the crown and the term of tree pruning
(2019-2022)

Specific Specific
productivity leaf area
Cultivar Crown | The term of per leaf Leaflet index | per crown
shape pruning
surface volume,
area, Kg/m? M%/m?
In winter «
Slender (control) 2,2+0,3 cd 3,920,6 C 2,740,3 ¢
spindle | Inwinterand | .65 00 | 47412¢ | 3.5£09c
summer
s In winter 1,6+0,4 fg 11,7¢10b 8,0+0,5Db
Fujt French In winter and
axis 2,1+0,5cde | 13,9£3,2ab | 9,8+2,7 ab
summer
In winter 2,5+0,2 bc 47£1,1c 3,3x0,5¢
Ballerina | In winter and 31403 a 45+10¢ 34408 ¢
summer
In winter 1,8+0,2def | 4,520,7¢c 3,1+0,5¢
Slender _
spindle | Inwinterand |, )45 | 46:07¢ | 32+08¢
summer
‘Honey Erench In winter 1,2+0,3 ¢ 12,8+35b 8,4+2,2 b
Crisp’ axis | nwinterand | o6 5efg | 16747.2a | 1144524
summer
In winter 1,8+0,1 def 4,5+0,6 c 3,2+£0,6 C
Ballerina | In winter and 22401 cd 4.840.6 ¢ 3.440.6 C
summer
Note: * — mean values (mean £ SD) of indicators, the presence of the same letters in a

pair of options indicates the absence of a statistically significant difference
according to the Tukey's criterion (p = 0.05).

Specific productivity per leaf surface area is directly correlated with the fruit
load of trees and yield, and an inverse correlation was found with the total shoot
length and the increase in stem diameter.

The value of leaf index, which expresses the ratio of leaf surface to crown
projection area, significantly depends on the studied crown forms.

Despite the peculiarities of the cultivar, in the plantations of both studied
cultivars, the value of the leaf index as a result of crown formation of the French axis
significantly exceeded other studied crown forms. There was also a dependence on
the growth of the value of the studied index with the introduction of two crown
pruning - in winter in combination with summer pruning.
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During the experiment, the value of the leaf index decreased over the years, and
its lowest level was reached in the season of 2022 at a level of 6.6 (see Fig. 1).

Specific productivity per leaf Leaflet index
surface area 20

3.0

: a a a

a
a

2.5

» b a

b ab b b
2,
b
1, I
1,

Specific leaf area per crown
volume

o
<

W

°

11

10
9
8
7
6
5
4
3
2
1
ear Cultivar Shape
2 Q3 Q F HC crown tlmes
— N N
SIR|K K S FB W WS

Figure 1. Averaged data on the factors of indicators: specific productivity per
leaf blade area, leaf index, and specific leaf surface area per crown volume of
apple trees, depending on the shape of the crown and the term of their pruning:
F — ‘Fuji’; HC — ‘Honey Crisp’;
S — Slender spindle; F — French axis; B — Ballerina;
Winter & Summer

The absence of a statistically significant difference in the average for the two
studied cultivars was established. However, the formation of the French axis crown
provided a threefold increase in the leaf index compared to the formation of the
slender spindle and ballerina, where no statistically significant difference was found
in the latter (factor influence 79.5 %, Fig. 2). The growth of the leaf index was also
facilitated by the implementation of two crown pruning and its implementation in
winter in combination with summer pruning, which ensured an increase in the value
of the index by 17 %.
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Figure 2. Strength of influence of the studied factors for specific
productivity per leaf area; leaf index; specific leaf area per crown volume:
A — year study; B —cultivar; C — crown shape; D — pruning time

The value of the leaf index is inversely correlated with the diameter and volume
of the crown, as well as with the area of its projection.

During the experiment, a significant influence of the studied factors on the value
of the specific leaf surface area on the crown volume was revealed. As a result of the
formation of the French axis crown in winter, the value of the studied indicator was
obtained at the level of 8-8.4 m2/m3, but a slightly higher value of the indicator was
provided by pruning trees in winter in combination with summer at the level of 9.8
m2/m3 in the plantation of ‘Fuji’ and 11.4 m#/m?3 of ‘Honey Crisp’, respectively. The
formation of the crown of the slender spindle and ballerina, regardless of the term of
their pruning, is distinguished by significantly lower values of the studied indicator at
the level of 2.7-3.5 m2/m3 (see Table 1).

Analyzing the averaged data by factors (see Fig. 1), a gradual decrease in the
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value of the studied indicator was found during the experiment, with its minimum
level in the 2022 season. On the 'Honey Crisp' plantation, the value of specific leaf
area per crown volume was slightly higher than that of 'Fuji’, but there was no
statistically significant difference between the average values of the two cultivars.
The most significant influence of 77.5 % on the change in the value of the indicator
was caused by the factor “crown shape”. Forming the crown, the French axis in
consequence of the formation features and a significant limitation of its volume,
provided a threefold advantage in terms of the specific leaf area per crown volume.
The double crown pruning (in winter and summer) contributed to an increase in the
value of this indicator by 60% higher than when the studied trees were pruned only in
winter. The inverse correlation of the studied indicator with the diameter, crown
volume, and the level of development of the feeding area was established.

Conclusions. The analysis of the data obtained during the experiment indicates
a significant impact of different methods of crown pruning and the timing of their
implementation on the characteristics of the leaf surface of apple trees of ‘Fuji’ and
‘Honey Crisp’. Studies have shown that the specific productivity per leaf surface area
of apple trees was 33 % higher in ‘Fuji’ compared to ‘Honey Crisp’, 30-33 % in
French axis crown formation, and 33 % in two-time crown pruning. French axis
crown formation provided a threefold increase in leaf index compared to other types
of crowns. Two-time pruning in winter and summer additionally increased the leaf
index by 17 %. The specific leaf surface area per crown volume depended on the
crown shape by 77.5 %, with the French axis predominating. Double pruning in
winter and summer also contributed to a 60 % increase in the index compared to
winter pruning.
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