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INTRODUCTION

Apple tree is a leading fruit crop in Europe and it is third
in terms of fruit production in the world, after citrus
fruits and bananas [1]. Apples are a valuable food prod-
uct with high flavouring qualities, dietary, prophylactic-
curative and therapeutic properties [2]. Almost half (47.8%)
of world gross apple production amounts to 76 million
tonnes and is produced for China, while 13.9% or 9.6 mil-
lion tonnes are produced the countries of the European
Union [3-7].

The main areas are concentrated in Poland, Italy,
Romania, and they have doubled in the last decade [8].
The important factor limiting the growth of fruit pro-
duction is labour productivity accompanying labour-in-
tensive processes of tree pruning and yield gathering.
The availability of farm labour is becoming an issue for
agriculture, especially for time-sensitive and labour-in-
tensive operations [9]. Considerable seasonality and high
complexity of operations create serious roadblocks due
to the lack of labour force in gardening. In the past few
years, the availability of these workers has been affected
negatively [10].

During 2007-2013 in the EU, the total number of
workers employed in agriculture decreased by almost
20% [11]. There is a shortage of skilled workers in coun-
tries where most fruit is produced considering the low
level of hourly wages [12]. The solution to improve the
modern technology of growing apple orchards. It is es-
sential to increase the productivity of fruit orchard to
meet the needs of population in horticultural products.
New technologies should be introduced based on the
use of high-yielding varieties, orchard of intensive type,
and plant care systems [13].

Pruning is of particular importance in modern
fruit orchards with high tree density as one of the main
agro-technological factors preventing the alternate bear-
ing tendency and ensuring efficient fruit production.
Conventional pruning methods are associated with the
considerable cost of manual labour and do not ensure
the annual high yields of quality fruits. Hence the urgent
development and implementation of mechanised elements
for the orchard maintenance, namely mechanised prun-
ing. This allows balancing the available number of em-
ployees involved in fruit cultivation and orchards, and,
if necessary, leave precise seasonal work to machines.
By adjusting the parameters of the ground part, mech-
anised pruning achieves the best coverage of the centre
of the crown, improves air circulation, making the fruiting
stabilised and improving crop quality.

The purpose of this study is to determine the
method and time required for mechanised pruning, which
provides the optimal parameters of the crown of apple
trees and increases their productivity, as well as to inves-
tigate the results of the impact of pruning apple trees
on fruit yield and quality.

IMPORTANCE AND FEATURES
OF PRUNING FRUIT TREES

Pruning fruit trees is an essential agrotechnical mea-
sure, which helps regulate growth and fruiting, improve
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fruits’ quality, and also contribute to efficient mainte-
nance of soil and plants. Even formation of generative
buds and fruiting throughout the crown is achieved by
pruning due to regulation of the crown size [14]. When
choosing the optimal pruning method, several factors
are considered, such as the garden intensity level, term
of execution, cultivar-rootstock combination, planting
density, garden age, crown shape, height, and size of
crowns [15]. Apart from the spread, no less important
factor is the type of fruiting variety [16; 17].

The most efficient use of light by all tree parts,
compact sizes, high yields of qualitative fruits, as well
as low labour costs for formation comprise some of the
main requirements for choosing the crown shape [18].
Crown pruning is described by considerable predomi-
nance of manual labour. Pruning an apple orchard requires
80-120 hours of work. This is 1/5 of the total production
cost [19]. Therefore, the leading place in modern tech-
nologies is given to such methods of pruning that offer
stable yields of qualitative fruits with minimum possible
labour costs and production facilities. In this connection,
introduction of elements of mechanised orchard main-
tenance, namely mechanised crown pruning, becomes
increasingly more relevant.

Since the 1960s, efforts have been made to intro-
duce mechanical pruning on most fruit plantations. The
first pruning machines were implemented in the USA
for pruning citrus trees. Trees were trimmed from with
cutting bars or rotational saws. Gardeners became inter-
ested in this technology and tried to apply mechanical
pruning to apple, pear, and peach trees [20].

Automation technologies are now used exten-
sively in agriculture, while production operations for tree
fruit crops still largely depend on manual labour. Manual
pruning is a labour-intensive and costly task in apple pro-
duction. Mechanical pruning is a potential solution [21].
With the adoption of mechanisation, the agricultural sector
will have witnessed a considerable increase in production
efficiency [22; 23].

In California, plum trees and olives were both pruned
and harvested mechanically [24]. Some robot-friendly
canopy architectures such as tall spindle, V-trellis, and
fruiting wall are promising for the development of me-
chanical pruning systems [25].

The limited availability of farm labour is a severe
concern for the agricultural industry. To address this issue,
mechanical pruning i.e.,hedging on fruit trees has been
investigated by several researchers [9; 23; 26].

THE EFFECT OF MECHANISED PRUNING
ON THE FERTILITY OF APPLE TREES

Recently, mechanised pruning has successfully passed
production tests in different areas of horticulture and
countries of the world.Mechanised pruning becomesone
of the most efficient agrarian measures concerning the
influence on the growth and fertility of fruit plants by ef-
ficiently limiting the height and width of fruit trees crown.

To a greater extent, the choice of equipment de-
pends on the phase of tree development when it is used.




In winter, mechanisms equipped with circular saws are
usually used. Such technology is capable of pruning the
branches of considerable diameter, but saws are fre-
quently filled with tiny sawdust and the quality of a cut
drops. In summer, working units based on segment-type
knives and rotating blades are usually used, which can
cut branches up to 2.5 cm in diameter.

Fruit wall is formed as a result of mechanised
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pruning, the lower part of which is annually pruned on
both sides at a distance of 40 cm from the trunk and the
upper part — at a distance of 25 cm [27]. In the first year
there is a decrease in fertility due to a substantial reduc-
tion in the volume of the crown after the introduction
of mechanised pruning, the previous level of which is
restored next season,and then slightly exceeds the produc-
tivity of the garden for manual pruning (Table 1) [28; 29].

Table 1. Productivity of different varieties of apple trees in different ways of pruning trees

kg/tree Mass (g) Number of fruits
Variety
Control Mech. pruning Control Mech. pruning Control Mech. pruning
Red Prince 32.3 354 192 176 168 201
Primo 32.8 32.6 185 175 181 190
Decosta 28.0 36.6 213 210 138 175
Jonagored 26.1 22.7 241 218 113 116

The mechanically pruned trees have better fer-
tility than the manually pruned trees. This is explicable
because without detailed pruning, more fruit buds are
preserved in the crown [9]. To promptly achieve the op-
timal area of a fruit wall (13-17 thousand m?/ha), it is
important to keep a rational tree planting scheme of
0.8 m in the row for diploid varieties and 1 m for triploid
ones. The width of row spacing is close to the value of
crown height,and their direction is from the north to the
south.

The first mechanised pruning while reformation of
existing plantation should be done in winter (0 BBCH)
for giving the crowns proper dimensions, and again in
the beginning of summer, and then only once a year -
in the beginning of summer. Depending on the region,
the most optimal term for early-summer pruning is the
emergence of foliage (8-12 leaves) on newly formed
shoots. As a result, short shoots or rhizomes are formed
in shortened growth in summer, the growth of which is
weakened after several years of summer pruning.

Almost half a century ago in France, L. Lorette
proposed an alternative method of pruning - with
mechanised shortening of current year shoots by %-V2
length. This way, regrowth of shoots occurs from less
developed buds near the base of the shoots - growth is
weaker with a greater probability of differentiation of
generative buds. The best time to shorten the shoots is
the period immediately before the end of shoot growth
and the formation of the apical bud. Weak trees do not
need summer pruning [30; 31].

The reaction of trees to pruning shoots depends
on the biological characteristics of the variety, length,
thickness, and their location on the branches and in the
crown, orientation in space and the degree of pruning.
The more the shoot is shortened (closer to the base),
the lower the growth activity and the smaller the angles
of formation of new shoots [32].

A.Masseron and L. Roche found that mechanised
pruning in summer causes less stress for the plant, inhibits

excessive growth and provides 35-40% more light in
the centre of the crown, improves air circulation and
stimulates the formation of generative buds for next
year’s harvest and stabilises fruiting [33-35]. In autumn,
nutrients accumulate mainly in the trunk, main branches
and root system. The stock of plastic substances remains
almost unchanged after removing numerous branches
during winter period. Therefore, in spring, the tree deve-
lops a considerable number of strong vertical shoots [36].
Summer removal of shoots reduces the reserve amount
of carbohydrates which reduces the growth activity in
the next season.

In this case, it should be reactivated by winter
pruning. Good illumination of crown by mechanised prun-
ing and weaker growth of shoots initiate formation of
numerous generative buds, thereby ensuring high yields of
qualitative fruits. However, mechanised pruning remains
impossible without additionally treating the crown man-
ually.All operations on formation and preparation of trees
for mechanised pruning, further pruning of hard-to-reach
areas of the crown are being performed manually to this
day [37]. All the branches growing towards row spacing
are pruned mechanically, the problem is posed only by
bent branches under the crown, which cannot be mechan-
ically removed, strong nourishing shoots in its middle
part and excessive growth and thickening at the apex.

Upon contour pruning they cut out the so-called
“windows” by pruning individual shoots at the top and
in the centre of the crown closer to the main branch,
which contributes to better illumination of the central
part of the crown to improve the access of light to the
centre of the crown and reduce labour costs for man-
ual additional treatment [38]. Different illumination of
the crown affects anatomical structure of the leaves.
According to A. F. Kovalov, with decreasing light in the
lower part of the crown, the thickness of the columnar
parenchyma, where the bulk of chloroplasts is localised,
is 12-30% less compared to the leaves from the upper
part of the crown [39].
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G. Lafer found that reaction of apple trees to mech-
anised pruning depends on when this procedure is per-
formed. The strongest growth of shoots was observed
after winter pruning and by one third less in early-summer.
Moreover, the number of shoots with a generative bud at
the end was 48% and 68%, respectively [40; 41]. The num-
ber of shoots of the current year with a top generative
bud reaches 90% depending on the pomological variety
and time of performing mechanised summer pruning [42].

Shoots pruning changes the correlation between
fruit-bearing formations. After pruning the shoot by half
(mainly on two- and three-year-old trees) the share of
spurs is 36%, hastula - 23%, and brindilles - 41%, and
without pruning (mainly on two- and three-year-old

trees) - 60%, 12%,and 28%, respectively [43]. According to
L. Roche, damage to fruits upon the mechanised prun-
ing in the summer does not exceed 0.3% [44]. Because
the fruits are located on the periphery of the crown and
are exposed to direct sunlight from the beginning of
formation, the fruits become “seasoned” and receive al-
most no damage from sunburn. Fruits become smaller
after several years of mechanised pruning in summer.

According to French studies, mechanised prun-
ing makes the fertility more stable over the years of op-
eration of the garden, and sometimes not inferior to its
manual counterpart. Golden Delicious variety, planting
scheme 4x1.25 m. Thinning of flowers and sets was not
performed (Fig. 1).
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Figure 1. Fertility of Golden Delicious trees

Source: [45]

THE EFFECT OF MECHANISED PRUNING
ON THE QUALITY OF APPLE FRUITS

According to G. Poldervaart and A. Urbaniec, after mech-
anised pruning of trees in summer for several years, the

fruits starts growing smaller - their diameter becomes
2-3 mm smaller. However, this is not considered as a
disadvantage for large-fruit varieties (Jonagored), as pre-
sented in Figure 2 [46].
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Figure 2. Distribution of fruits by size

Source: [29]
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Pruning is recommended in the “pink bud” phase
(59 BBCH) to stimulate tree growth activity and restore
the fruit/leaf correlation, as well as form larger fruits [47].
However, pruning the garden during this period is quite
difficult because this phase is short. Although similar
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results can be achieved by performing this operation
after harvesting. With mechanised pruning, the quality
of the fruit is the next best to the fruits of manually
pruned crowns, except for “juiciness” and “crunchiness”
for reasons not yet studied (Fig. 3).

Flouriness

Citrus note

= Fruiting wall

Slender spindle

Figure 3. Fruit quality as a result of mechanised pruning

Source: [45]

As a result, the beginning of ripening of the crop
is delayed by approximately a week (Table 2), a higher

percentage of marketable fruits, especially apples of
higher marketable grade, fewer fruit with sunburn.

Table 2. Ripeness of fruits as a result of mechanised pruning

. Hardness (kg/cm?) Sugar content (°brix) Starch value (1-10)
Variety Control Mech. pruning Control Mech. pruning Control Mech. pruning
Red Prince 7.8 8.1 123 12.8 6.7 6.4
Primo 7.7 8.2 12.6 12.5 6.6 6.2
Decosta 8.2 7.6 12.7 129 76 71
Jonagored 8.3 8.2 133 13.8 7.1 6.8

Source: [29]

Contour pruning of trees requires only 2-3 hours
per hectare of mechanical pruner and up to 40 hours per
hectare of manual after-treatment, which is only 30-40%
of labour costs compared to conventional manual pruning,
which requires up to 160 labour hours per hectare [48].
Thinning of flowers becomes more efficient due to eas-
ier access to the inner part of the crown (fruiting wall),
while labour productivity during harvesting increases
by 17% upon shifting the fruiting zone to the periphery
of the crown [29; 49-52].

CONCLUSIONS

The purpose of this study was to establish the features
of mechanised pruning and its impact on fruit quality
and fertility of apple trees. Mechanised pruning with
fruiting wall formation is used to maintain the balance
between growth and fruiting in the apple orchard as a
result of the constant increase in manual labour costs

and the reduction in the number of workers involved
in agriculture. This cultivation technology is becoming
more widespread in horticultural farms across Europe,
reducing labour costs, increasing garden productivity and
improving the quality of cultivated products.

It is established that to form a crown, the first
mechanised pruning with a fixed width of 40 cm from
the trunk in both directions at the bottom and 25 cm at
the top of the tree. In subsequent years, the shoots out-
side the crown were pruned annually whenever 8-12
would appear on newly formed shoots. This method
of pruning helps reducing labour costs and increasing
orchard fertility. Yields become more stable every year
and a higher number of fruits is formed. The quality of
the fruits grown by mechanised pruning is the net best
to the fruits grown on manual pruned crowns, although
the harvest begins to ripen approximately a week later
than usually.
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Oco6nMBOCTi CTBOPEHHS Ta Aornaay 3a NNIoAoBOIO CTIHKOIO B A611yHeBOMY cafy:
ornapa nitepatypu

Anppii Mukonaiiosuy HYannoyubkuit, Poman Mukonaiiosuu byuuk,
Onekcanppa BacunisHa MonyHiHa

YMaHCbKMIM HaLiOHaNbHUI YHIBEPCUTET CafiBHULUTBA
20305, Byn. IHCcTMTYTCbKA, 1, M. YMaHb, YKpaiHa

AHoTauis. BctaHoBNeHHS paLuioHanbHWX TEPMIHIB | METOAIB MeXaHi30BaHOro 06pi3yBaHHA A6AYHI Ha KapaMKOBMUX
niglenax BM3HAYa€ akTyaNbHiCTb TeMW OOCHIAKEHHS. MeTol LbOro Orngay € BUCBITNEHHS CTaHy Ta npobnem,
NoBA3aHMX 3 06pi3aHHSAM AepeB, YA0CKOHANEHHSM TEXHONOTIT BUPOLLYBaHHS Ta MiABULLEHHS NPOAYKTUBHOCTI HACaKEHD
3 OTPUMAHHAM BUCOKOSIKICHMX N/0AIB NPU paLioHaNbHOMY TEPMiHi MexaHi30BaHOro 06pi3yBaHHS S61yHi Ha Kap/iMKOBIK
nigweni.Ha ocHOBI NpoaHanizoBaHMX NiTepPaTyPHUX AXXepen BUCBITNIEHO Cy4aCHUM CTaH | TEHAEHLiT PO3BUTKY CaAiBHMLTBA.
CnocrepiraeTbcs NOCTYNoBe 3pOCTaHHs BUPOOHMLITBA 561yK y EBpOMI, ane BaX/IMBMUM HaKTOPOM, L0 0OMEXY€E 3pOCTaHHS
BMPOOHMLTBA MOAIB, € NPOAYKTUBHICTb NpaLli Npu TPYAOMICTKMX Npouecax 0bpi3yBaHHA AepeB i 36MpaHHS BpoXalo.
Ce30HHMI xapakTep pobiT i3 3any4eHHSM BENMKOI KiNbKOCTi KBanipikoBaHMX pobiTHMKIB NpM3BOAUTL A0 AediunTy
poboyoi cunu B CapiBHUMUTBI. I3 MiABUWEHHAM 3apobiTHOI MnaTM Ta 3MEHLWEHHAM YMCeNbHOCTI POBITHUKIB Y
CiNbCbKOroCnoAapCbkoMy BUPOOHULTBI BCe BinbLIOro 3Ha4YeHHs HabyBa€e BNPOBaKEHHS eNEMEHTIB MexaHi30BaHOro
[Lornamy 3a HacagKeHHSIMU, 30KpeMa MexaHi30BaHOro 06pi3yBaHHS KpoHU. BupiweHHs npobnemu nongrae 3okpema y
BOOCKOHANEHHi Cy4aCHUX TEXHOSOTiM BUPOLLYBAHHS 6/TyHEBUX CAAIB i3 3aCTOCYBaHHAM MEXaHi30BaHOro 06pi3yBaHHs Ta
(hopMyBaHHA NN0A0BOI CTiHW. Lle facTb 3Mory 36anaHcyBaTH HasiBHY KiNbKiCTb NPaLLiBHUKIB, 3aMHATUX HA BUPOLLYBAHHI
NNOLIB y cafjax, i, NPy HeobXifHOCTI, BiAiATH Bif, CE30HHMX POBIT. Y CTATTi PO3rsSHYTO 0COBMBOCTI BUKOPUCTAHHS Ta
BMJIMBY Pi3HUX MepiofiB MexaHi3oBaHoi 06pi3kK, 30kpema B3nmky (0 BBCH), y pa3i poxxeBoro 6ytoHa (59 BBCH), Ha
noyatky nita (74 BBCH), nicna 36upanHs Bpoxato (93 BBCH), Ta po3rnsHyTo MexaHi3mu, Lo BUKOPUCTOBYHOTLCS A9
uboro. [loeeaeHo NO3UTUBHUI BMNIMB AAHOT TEXHONOTIT HA MOKPALLEHHS OCBITIEHOCTI KPOHM Ta BMICTy xnopodiny
B JIUCTi, ONTMMI3aLLit0 POCTOBMX NPOLLECIB 3i 3HAYHMM 30iNbLUEHHAM KiNbKOCTi YTBOPEHUX MIOA0BUX OpYHBOK. [TiABULLEHHS
BPOXato Ta MOro TOBAPHOI SKOCTi CYNPOBOAXKYETbCSA 3MEHLUEHHSM PO3Mipy MNOLIB, TEPMiH A03PIiBAHHA SAKMX AeLlo
3ataryetbcs. Of4HaK 3a XiMiYHUM CKNAA0M | CMAaKOBUMM SKOCTSIMM MIOAM HEe NOCTYNaTbC TEXHONOTIT BUPOLLYBAHHS
npuv py4HOMY 00pi3yBaHHi.[TpakTUYHE 3HAUYEeHHS HayKOBOI pOOOTM NONSTA€ Y BAOCKOHANEHHI TEXHOON i BUPOLLYBAHHS
A6NyHi 3 MexaHi30BaHMM 06pi3yBaHHAM Ta py4yHO 06pOOKO MiXAepeBHOro NpocTopy, Wo 3abe3neynTb 3HaYHe
3HMXKEHHS NoTpebu B kBanidikoBaHiM pyyHii npaui Ta NiABULLMTD YPOXKAMHICTb HACAOXKEHb

KntouoBi cnoBa: 961yHs, MexaHi3oBaHe 06pi3yBaHHS, TepMiH 06pi3yBaHHS, N1040BI YTBOPEHHS
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