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i MiHEpanbHOro — Ha 27 i 18%. CepegHsi maca s16ayK 6yna 6inbLioto Ha yA06prOBaHUX \AEPEBAX, a SIKICHI MOKasHUKU ICTOTHO
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YIELD AND QUALITY OF CALVILLE SNOW APPLE TREE VARIETY UNDER DIFFERENT FERTILIZATION
IN THE REPEATEDLY CULTIVATED PLANTATIONS

Abstract. The results of long-term research on the formation of yield and quality of apple trees of Calville Snow variety on
the seedling rootstocks under repeated cultivation on the mineral nutrient backgrounds created by long-term fertilization
(during 50 years) of the previous garden on the dark gray podzolized soil in the Right-bank Forest-Steppe of Ukraine are
considered. During the whole period of cultivation the first and second generation of apple trees in the experimental garden,
the organic fertilizer (40 t/ha of cattle manure), mineral fertilizer (N ,,P,,.K,,,) and their combination (20 t/ha of manure +
Ny PsKeo) Were used and applied in the old plantation biennially in autumn under the plowing in the row spacing of 18-20
cm, and in the new repeated plantation the manure, phosphate and potash fertilizers were used in the same way and the
nitrogen ones - with half doses annually in spring under cultivation to a depth of 10-12 cm. As a result of the research it
was found that organic fertilizers provided better formation of soil fertility indices than mineral fertilizers (the content of
humus and moving nutrients, the soil environment reaction, biological activity of soil) and correspondingly the yield of the
trees increased - for all the years of fruiting, the total fruit yield under organic fertilization was greater than the control one
without fertilization by 35%, and under the organic and mineral and mineral one — by 27 and 18%. The average weight of

apples was higher on the fertilized trees, and qualitative indices did not differ significantly.
Key words: apple, rootstock, variety, fertilization, yield, fruit quality.

Target setting. It is very important to use scientifically
grounded system of agrotechnical measures, in particular
rational, the most effective fertilizer for preservation and
increase of soil fertility during the long-term cultivation of fruit
trees, especially after the uprooted old gardens, in order to
maintain the constantly high productivity of fruit plantations
and appropriate receiving of sufficient quantity of fruit of proper
quality. According to the scientific research and gardening
practice, the problem of such fertilization of fruit crops can
be solved only in long stationary garden experiments, where
the soil fertility changes under the complex influence of soil
formation processes in tree planting and applied fertilizers and
the corresponding reaction of fruit plants on such changes
depending on biological peculiarities of various variety and
rootstock combinations [4, 5, 8, 20].

Scientific researches and issues analysis. The most
effective and rational application of organic and mineral
fertilizers in fruit crop plantations, grown repeatedly in the
same place for a long time, depending on the changes in soil
properties under the influence of fertilization, as well as on
the characteristics of rootstocks and age periods of life and
fruiting, remains poorly known [14, 18]. It is possible to solve
this problem only in the long-term stationary experiments as
the influence of different fertilizer systems on the change of soil
properties is manifested under their the long-term application
[2, 10, 13]. And in a short period of various fertilization,
changes may not be noticeable [18]. Under the enrichment
with nutrients and the improvement of other fertility indices
of fertilized soil, the productivity of apple plantations grows
quite noticeably, but it is not the same under different
fertilizers, which depends on moisture supply of fruit trees and
many other factors that affect the mineral nutrition of plants
together with fertilizers. This is evidenced by the results of
studies conducted under various soil and climatic conditions of
growing apple orchards [3, 4, 6, 11, 13, 16, 21]. Most of these
studies have been carried out over a long period of time for the
cultivation of vigorous trees on the seed rootstock with large
areas of nutrition in the gardens of less intensive constructions
compared with the present more intense ones. In modern
conditions of farmer gardening, under the cultivation of short-
cycle fruit plantations and more frequent changes with the new
ones on the former uprooted old gardens, it is important to
better study the optimization of fertilization of the re-cultivated
ones due to the possible influence of soil fatigation on their
productivity [12]. Therefore, the purpose of our research is to
establish the level of yield and quality of apple fruit, depending
on the changes in the soil fertility indices under the long-term
various fertilization of repeatedly cultivated plantations.

Research methodology. The research was carried out in
the apple orchard of Uman National University of Horticulture
on a dark gray, podzolized soil with humus content in the
layer of 0-20 cm - 2,41%, in the layer of 20-40 cm - 2,28%,
and nitrogen content (at a nitrification capacity of 14 - daily
composting) 16.4, 15.9 mg/kg of soil respectively, P,O, and
K,O (by Egner-Riem-Domingo method) - 154 and 136 and 269
and 254 mg/kg of soil, pH 5.2, 5, 3, the amount of absorbed
bases is 25.0 and 26.0 mg-eq/100 g of soil.

The experiment was founded by Professor S.S. Rubin in
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1931 and was conducted during 50 years of cultivation of
vigorous apple trees of Calville Snow variety on the seedling
rootstock with a spacing of 10x10 m. After that it was
reconstructed by uprooting the old trees in 1982 and planting
new ones in 1984, with the preservation of the previous
sections of the investigated variants, where vigorous trees of
the same variety with a spacing of 7x5 m are planted. The
scheme of long-term experiment (since 1931) included the
following options: No fertilizers (control), Manure 40 t/ha
(organic fertilizer system), Manure 20 t/ha + NP, K., (organic
and mineral system), N, P,,.K,,, (mineral system). In the old
experimental garden all fertilizers were applied biennially in
autumn under plowing in row spacing at a depth of 18-20
cm. In the new re-cultivated one manure, phosphorous and
potash fertilizers were applied in the same way, and nitrogen
ones were applied annually in half doses in spring before
or at the beginning of trees vegetation (depending on the
weather conditions and the state of soil) under cultivation or
disking in row spacing at a depth of 10-15 cm. The soil in the
experimental garden was kept under the fallow system. All
the studies, measurements and calculations were performed
according to the proven and standardized methods described
in the methodological literature and in the state standards [1,
7,9, 15, 17].

Research results. During the 86-year period of growing
apple trees of two rotations (1931-1982 and 1984-2016),
systematic fertilization contributed to increasing the humus
content of soil, more under than the organic, slightly less
under the organic and mineral and least under the mineral
systems of long-term fertilization. The provision of trees with
nitrate nitrogen under the nitrification capacity of soil in the
mineral fertilizer (N,,P,,,K,,,) was higher than the lower limit
of the optimal level, which is 22-25 mg/kg of soil in the layer
of 0-40 cm, and on the plots with organic and organic and
mineral fertilizer systems it exceeded its upper limit [4]. The
movable joints of phosphorus on all experimental plots were
significantly higher than the optimal level for apple tree, which
is in the range of 70-100 mg/kg of soil. The movable forms of
potassium in the fertilized soil were significantly larger than in
the unfertilized plots of the control option, where in the root-
containing layer of 0-60 cm, the K,O content was insufficient to
provide the apple tree with potassium nutrition at an optimal
level, which is in the heavy-gray, dark gray, podzolized soils,
ranges within 230-280 mg/kg. At the same time under the
organic fertilizer system, the content of movable forms of
potassium most often reached 280 mg/kg of soil.

Depending on the levels of soil mineral nutrition on the
plots of the investigated fertilization options, the young,
experimental trees began to bear fruit with various intensity.
Thus, in the first period of growth and fruiting on all fertilized
plots, the number of flowers was significantly higher than
on the control unfertilized ones — 80-120 pcs/tree under the
smallest significant difference of 50 pcs, and the load of trees
with fruits was also significantly larger by 24-29 fruits for HIP_,
= 11 (Table 1). In the studied variants with different fertilizers,
the intensity of flowering and the loading of fruit trees did not
differ significantly.
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In the second period of fruiting and growth, a similar
pattern of flowering was preserved, and the formation of fruits
was already better on the plots of organic and organic and
mineral fertilizer systems with higher levels of soil fertility, but
there was no significant difference between these indices of
fruiting. Compared with the control option without fertilization,
significantly more flowers on the trees were only in the option
with manure fertilization — for 220 pcs (8.2%). The number
of fruit on the tree on all the fertilized plots was significantly
higher than on the control ones without fertilization, at 55-91
pcs (13,1-21,6%), but depending on the different fertilizers,
there were no significant differences, but the trees in the
variant with organic fertilizers had some more fruit.

In the third period of fruiting, the flowering of trees in all
the options did not differ significantly. Under the organic and
organic and mineral fertilizer systems there were by 2.9 and
2.5% more flowers on the trees, and under the mineral one -
by 2.2% less than on the unfertilized control ones. The fruits
were mostly on the trees in the option with manure fertilization
- 81 pcs. (14.7%), which is significantly higher than the
number of unfertilized control plots. In the other fertilization
options, the differences were not significant: under the organic
and mineral fertilization they were more than 8.9%, and under
mineral one only 2.4%.

The yield capacity of the investigated variety Calville Snow
has changed in accordance with the flowering intensity and the
fruit formation under different fertilizer application. Thus, in
the first period of growth and fruiting it was quite low for seven
years, gradually increasing from 1-2 to 15-20 kg of fruit from
one tree, and on average, on the whole area of the experiment
it was 4.4 tons/ha. At the same time, there was no significant
difference between the levels of yield in experimental options
with fertilizers, but in the control ones it was significantly lower
(Table 2).

In the period of fruiting and growth, backgrounds of mineral
nutrition created by long-term systematic fertilization, to a
greater extent contributed to the growth of fertile formations
and the strengthening of physiological processes, aimed at
differentiating the generative organs, which resulted in the
increase in the yield of experimental trees. It was significantly
higher under the organic and organic and mineral fertilizer
systems compared with its value in the control option without
fertilization, at 39.2 and 34.4% respectively, and with the
mineral system — by 15.2 and 11.3%. In the latter option the
yield was also significantly higher than the controlled one by
20.8%.

In the third period of fruiting, yields in all studied fertilizer
variants were significantly higher at 11.2-32.7% of the control,
and for organic and organo-mineral fertilizers, it also exceeded
substantially by 18.3 and 10.3% of the yield in the variant
mineral system. There was no significant difference between
the levels of yield on plots fertilized with organic fertilizers and
in combination with mineral ones.

In the third period of fruiting, yields in all the studied
fertilizer options were significantly higher at 11.2-32.7% of
the control, and under the organic and organic and mineral
fertilizers it also exceeded substantially by 18.3 and 10.3% of
the yield in the mineral system opltion. There was no significant
difference between the levels of yield on plots fertilized with
organic fertilizers and in combination with mineral ones.

It should be noted that for the entire 27-year period of
fruiting, the total yield of Calville Snow fruits in the control
option without fertilization amounted to 315 t/ha, with organic
fertilizers — 425 t/ha, with organic and mineral fertilizers — 400
t/ha, and with mineral fertilizers — 371 t/ha, that is, the yield of
fertilized trees in general exceeded its level of the unfertilized
ones by 35, 27 and 18% respectively.

The more effective impact of organic fertilizers on

1. Intensity of flowering of trees and their fruit loading in the repeatedly cultivated plantations of the Calville
Snow apple tree variety on the seedling rootstock under different fertilizers

Indices at different age periods of fruiting
period of growth and fruiting | period of fruiting and growth -, ) )
(1990-1996) (1997-2003) fruiting period (2004-2016)
Fertilizer option
e oR 5 028 | 5g% |5 w28| w48 |5 428 58~
a =} Q=5 a & © s Q=5 a & © s Q=
E525< ESS E525< ESS E525< 2y
=] oouwn S 9 =] oouwn S 9 =] oouwn S Q5
€ =58 €ea € =58 €ea € =58 €%
No fertilizer 0,45 88 2,67 421 2,75 551
(control)
Manure 40 t/ha 0,57 117 2,89 512 2,83 632
20 t/ha Manure + 0,53 112 2,82 481 2,82 600
Nsn 60 Ksn
N,50 Piso Kiso 0,58 116 2,85 476 2,69 564
LSD,, 0,05 11 0,21 46 0,22 53

2. Yield of the repeatedly cultivated plantations the Calville Snow apple tree variety on the seedling
rootstock under for different fertilization, t/ha

Indices at different age periods of fruiting
Fertilizer option period of growth and fruiting period of fruiting and growth fruiting period
(1990-1996) (1997-2003) (2004-2016)
No fertilizer (control) 3,5 12,5 15,6
Manure 40 t/ha 4,8 17,4 20,7
20 t / ha manure +
4,5 16,8 19,3
+ NEO PEO K60
N2 Piao Kizo 4,7 15,1 17,5
LSD,, 0,9 1,4 1,8
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3. Qualitative indices of fruit of the Calville Snow apple tree variety in the repeatedly cultivated plantations
under different fertilization (average for 2004-2016).

Parameters of indices in the studied options
Fruit quality indices No fertilizer Manure 40 | 20 t/ha of manure N P K LS
(control) t/ha + Ny, Py Koo 120 © 120 "M120 05

Average weight of fruit, g 113,9 125,6 125,0 120,3 6,7
Total yield of fruits of the
highest and first commercial 82,1 85,1 85,0 84,1 6,8
grades,%
Content of clry soluble 12,4 12,7 12,3 12,6 0,6
substances,%
Sugar content,% 11,3 11,7 11,6 11,4 0,5
Acid content,% 0,46 0,45 0,47 0,47 0,03

increasing the productivity of experimental apple trees was
caused by many factors, in particular, with 40 tons of manure
it was introduced more into the soil than with mineral nitrogen
fertilizers up to 30 kg/ha, potassium - up to 80, calcium -
160 and magnesium - 50 kg/ha and practically all of the
micronutrients necessary for plant nutrition. In addition, soil
fertility indices such as humus, biological activity, physical
and chemical properties, in particular, the moisture supply of
trees improved to a greater extent. The content of available
compounds and forms of nitrogen, phosphorus and potassium
was constantly at the highest level. Such a positive effect
of organic fertilizers to some extent ensured the higher
productivity of trees under organic and mineral fertilizers in
comparison with mineral fertilizers.

Enriched backgrounds of mineral nutrients created with
long-term systematic fertilization, and the fruit yield increase
also contributed to the improvement of some indices of their
quality. On average, during the years of fruiting, the fruits of
the Calville Snow variety on the seedling rootstock were the
largest under the organic and organic and mineral fertilizer
systems and, accordingly, their average weight significantly
exceeded by 10.3 and 9.7% its value in the control option, as
well as on 4,4 and 3,9% in comparison with mineral fertilizers,
in which the average mass did not differ significantly from the
control (Table 3).

Commercial quality indices of fruits show that the highest
and the first commercial grades were the major part of the
obtained yield, but significant differences between them in
the experimental options have not been found. The chemical
composition of fruits changed more in separate research
years depending on weather conditions, especially in the late
summer and early autumn, which influenced the intensity of
apples ripening. And the content of such studied ingredients in
fruit as: dry soluble substances, sugars and organic acids also
changed depending on the different fertilizers, but the average
data of the analyzes for all years of research were similar and
did not differ significantly.

Conclusions. 1. On the repeatedly cultivated planting
of the Calville Snow apple tree variety on the area of the
uprooted 50-year-old experimental apple orchard, a long-term
systematic organic fertilization under the biennial application
of 40 t/ha of cattle manure provided the formation of the
highest fertility indices of dark gray podzolized soils and the
corresponding increase in the yields on 35% compared with
the control one without fertilization and 14.6% compared to
mineral fertilization (N,,,P,,.K,,, in a year).

2. Organic and mineral fertilization under the application
of the half-doses of organic and mineral fertilizers (20 t/ha of
manure N,,P,,.K,,, in a year) is close to organic and provides
the increase of fruit yields in comparison with the value in the
control option without fertilization and with mineral fertilizers
by 18.3 and 10.3% respectively.

3. Formation of higher yields on the created higher
backgrounds of mineral nutrition of trees takes place by
intensifying the processes of fruiting (flowering, planting and
preservation of fruit on the trees till the ripening period), as
well as by increasing their size (average mass). Qualitative
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characteristics of fruits (marketability, chemical composition)
do not change significantly under different fertilization of trees.

4. Under the organic gardening technology only organic
fertilizers should be applied, and under the traditional intensive
technology they can be successfully combined with mineral
fertilizers, especially in modern conditions, due to the lack of
organic fertilizers.
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