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GRAIN QUALITY OF WINTER PEA DEPENDING ON FERTILISATION SYSTEMS
AND WEATHER CONDITIONS IN SOUTHERN UKRAINE

S. 1. Byrukina®, L. A. Serhieiev', H. V. Kulidzhanov?, V. M. Chepurnykh®

'0desa State Agricultural Experimental Station of the Institute of Climate-Smart Agriculture of NAAS of Ukraine. 24
Maiatska road St., Khlibodarske village, Odesa district, Odesa region, 67667, Ukraine

20desa Branch of the State Institution “Soils Protection Institute of Ukraine”, 19 Laboratorna St., Odesa, 65037, Ukraine
®0desa State Agrarian University, 99 Kanatna St., Odesa, 65039, Ukraine.

Topicality. The quality of agricultural products is determined by the weather and climate conditions of
the growing area and technology, the active component of which is the plant fertilisation system. Regional
climatic fluctuations require the search for new crops or varieties and the study of their response to changes
in growing conditions and technologies. Therefore, the characteristics of the formation of the main grain
quality indicators of winter pea under the weather and climatic conditions of the Southern Steppe of Ukraine
are expedient to study. Purpose. To determine the effect of mineral fertilisers on the grain quality of winter
pea under climate changes in the Southern Steppe of Ukraine. Methods. Field method was used to study the
effect of basal fertilisation: N30.45.50, P40K40, N30.50P40, N30.60K40, N30.45.60P40K40; and of mineral fGEding with
Nso.45.60 Dy growth stages on the grain quality of winter pea of the Enduro variety; laboratory method — to
determine protein content, 1,000 seed weight and volume weight; statistical method — to perform correlation
analysis, analysis of variance and statistical evaluation of research results. Results. The results of research
on the effect of fertilisers on the formation of grain quality indicators of winter pea are presented. The cha-
racteristics of the influence of weather conditions of the Southern Steppe on the protein content in grain,
grain fraction and volume weight were determined. Conclusions. A significant dependence of grain quality
on specific weather conditions was observed: The protein content was dependent on the temperature regime
of the spring-summer growing season by 84.6 % and on precipitation of the same period by 60.8 %, and in
the first case it was a direct relationship, in the second — an inverse one; while precipitation during the
growing season and in the spring development period had a positive effect on the 1,000 seed weight
(r=0.95-0.99), it had a negative effect on the volume weight of the grain (r=/-0.73/ — /- 0.99/). Improvement
of nutritional conditions resulted in an increase in the protein content of winter pea grain, but the rate of
growth depended on the nitrogen rate in the mineral fertiliser, the application method (basal fertilisation or
feeding) and the plant development stage. The maximum increase in protein content was 14.2 % at basal
application of N3P, and 15.2 % at the distribution of Ng, into three feeding by stages: spring growth re-
sumption, flower bud formation and grain filling. The 1,000 seed weight decreased with increasing rates of
mineral fertiliser.

Key words: pea, winter sowing, fertilisers, basal application, feeding, quality

Introduction. The assessment criteria for
the effectiveness of any nutrition system are
both the level of yield and the obtained product
quality. The main quality indicators of legumes
include protein content and grain size, which is
characterised by the 1000 seed weight. The
most important factor in the grain quality of
peas, in particular their protein content, is nitro-
gen, which can be consumed by plants from the
air and soil. The effectiveness of fertiliser de-
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pends on the formulation, rate, application
method and dates [1-6].

According to research by Canadian scien-
tists, increasing the nitrogen rate from 20 to 80
kg/ha did not significantly increase the protein
content of pea grain [7].

This conclusion was confirmed by D. Ja-
nusauskaite, who studied the effectiveness of
nitrogen application at a rate of 0 to 60 kg/ha on
a background of P4Kgp on three pea varieties
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and revealed that the protein content in grain
was more influenced by the precipitation of the
growing season (48.6-52.6 %), and the com-
bined effect of weather conditions and nitrogen
fertilisers ranged from 1.1 to 2.2 % of the total
variation in protein content, while an increase in
the nitrogen rate caused a decrease in the 1000
seed weight by 2.7-3.5 % [2]. However, accor-
ding to A. Buket and colleagues, the effect of
fertilisation on the 1000 seed weight was not
significant [8]. Other researchers have also not-
ed the significant effect of precipitation on pea
grain quality [9].

Earlier studies have shown that [10] the
application of monoammonium phosphate in six
different rates to legumes such as peas, lentils,
and beans did not affect the protein content in
the grain. According to other test results, nitro-
gen rates led to a significant increase in the pro-
tein content of pea grain [11, 12]. Application of
N3oPsoKeo In the weather conditions of Vinny-
tsia region led to an increase in protein content
in pea grain by 9.0-14.4 % compared to the
control [13], and the application of nitrogen fer-
tilisers in the rate of 30 to 90 kg/ha on sod-
podzolic soils against the phosphorus-potassium
background in the cultivation of such grain le-
gumes increased the protein content in the grain
by 0.8-0.9 absolute percent, but further increase
of the rate of mineral nitrogen to 120 kg/ha led
to deterioration of the grain quality [14].

The research data show different effects of
mineral fertilisers on the grain quality of com-
mon peas, while similar data are not available
for winter peas, which find their place in the
crop rotations of agricultural producers.

The study was aimed at determining the

effect of mineral fertilisers on the grain quality
of winter peas under conditions of climate
change in the Southern Steppe of Ukraine.

Materials and Methods. In the experi-
ment, the material was winter peas of the En-
duro variety, which were sown during 2021-
2023 on southern low-humus heavy loamy
black soil with a low content of available nitro-
gen and medium content of phosphorus and po-
tassium. In the first experiment, mineral fertilis-
ers were applied under the main cultivation in
the following rates: Nsp, Nas, Neo, PioKao,
N3zoPso, NeoPao, NzoKao, NgoKao, NzoP1oKao,
N4sP40Kao, and NeoP4oKao. In the second exper-
iment, fertilisation with the indicated rates of
mineral nitrogen was carried out on frozen
thawed soil (FTS), during spring growth re-
sumption (SGR), at the beginning of flower bud
formation (FB), during grain filling (GF) and by
the split method — SGR+GF, SGR+FB+GF-.

Peas were sown in the middle of October,
harvesting and recording were carried out at the
beginning of the middle of June. The protein
content of the pea grain was determined with
infrared spectroscopy using a Spectran-119 M
device according to DSTU 4117:2007, the 1000
seed weight — according to DSTU 4138-2002,
and the bulk weight — according to DSTU
10840:2019.

The experimental data were processed us-
ing Excel 2007 and Statistica 6 mathematical
statistics software.

The experimental plots are located in the
Southern Steppe of Ukraine, the precipitation
and average monthly air temperature for the
years of research are presented in Table 1.

The amount of precipitation during the ac-

Table 1. Weather conditions during the years of research

Month
Growing season X | X [ x| xau|] 1 [ o ]m] v ]V ] VI
Precipitation, mm
2020/2021 315| 75 | 320 | 365 | 450 | 51.0 | 36.0 | 42.0 | 55.0 | 925
2021/2022 18.0 | 26.0 | 285 | 65.0 | 200 | 50 | 12.0 | 81 | 26.0 | 55.0
2022/2023 50.0 | 185 | 37.0 | 50.0 | 19.0 | 6.0 | 18.0 | 100.0 | 58.0 | 32.0
Average monthly air temperature, °C
2020/2021 207 1162 | 64 | 39 | 01 | 08 | 41 84 | 146 | 214
2021/2022 16.1 | 10.7 | 75 | 2.7 0 38 | 38 | 104 | 165 | 224
2022/2023 196 | 108 | 98 | 63 | 25 | 32 | 76 | 11.2 | 184 | 24.0

tive vegetation period of winter peas was
336 mm in 2021, 208.6 mm in 2022 and
356 mm in 2023. Precipitation in 2021 and 2023

was 18.7 % and 25.8 % higher than the long-
term average for the same period, respectively,
and 26.3 % lower in 2022. In 2022, pea plants
Grain Crops. Vol. 8. No. 1. 2024. P. 102-109
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were most affected by soil drought in spring:
only 46.1 mm precipitation fell over three
months, or 22.1 % of the total. And the air tem-
perature was the highest in 2023, when the ave-
rage air temperature during the growing season
of winter peas exceeded the long-term average
by 4.4 °C, while in 2021 and 2022 it was 2.4 °C
and 2.6 °C, respectively.

Results and Discussion. Over the years
of research, the protein content in pea grain un-

der all fertilisation systems (except for P4oKso in
2023) significantly exceeded the control variant
(Table 2). Thus, on average, over three years of
research, the increase in protein content ranged
from 6.8 % (P40K40) 1014.2 % (N30P40) (Flg 1)
with LSDg g5 = 4.4 % and during 2021 and 2022,
the maximum increase in protein content in pea
grain (20.5 % and 14.8 %, respectively) was al-
so observed with the introduction of N3gPao.
Protein yield per unit area was determined

Table 2. Protein content in dry substance of winter pea grain by the basal
fertilisation systems and the years of research

Variant % per dry substance
2021 2022 2023 average
control 17.74 21.18 20.89 19.94
N3o 19.04 22.83 22.40 21.42
[\ 20.59 23.50 22.73 22.27
Neo 20.69 23.79 22.41 22.30
P4oKao 18.89 23.20 21.82 21.30
N3P0 21.38 24.33 22.59 22.77
N3oK4o 19.97 23.47 22.42 21.95
NeoPao 19.59 23.91 23.61 22.37
NeoKao 19.92 23.45 23.82 22.40
N3oP10K 4o 18.73 23.13 23.21 21.69
NysP 10K o 20.62 22.89 23.18 22.23
NeoP10Kao 19.73 23.34 23.65 22.24
LSDg g5 0.83 0.69 1.18 2.72
2 o 14,2
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Fig. 1. The increase in protein content of winter pea grain by variants
of basal application of mineral fertilisers, 2021-2023.

by the winter pea grain yield and protein con-
tent; the increase in yield compared to the cont-
rol was from 34.3 % (N3 to 80.8%
(N3oP40K40). The 1000 seed weight in the vari-
ants with the basal application of fertilisers was
mostly lower than in the control by 5.0-8.9 %
with LSDg¢5=3.8 %. With the exception of the
variant with N3o, where the plants formed grain
2.5 % larger than in the control, but this increase
each year and on average for two years, and the

104 Grain Crops. Vol. 8. No. 1. 2024. P. 102-109

was significant only in 2022, in the other two
years the value varied within the limits of relia-
bility.

The analysis of the grain quality of winter
peas by variants of feeding showed that the
mineral nitrogen rates and the dates of crop
treatment significantly affected the protein con-
tent in the grain, compared to the control, all
experimental variants were significantly effective
increase relative to the control was from 6.1 %
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(N15 + N15) to 15.2 % (N20 + Ny + Nzo) at

LSDgg5 =5.9 % (Table 3)

Table 3. Protein content (%) in winter pea grain and protein yield
per area unit (kg/ha) by variants of nitrogen feeding

Protein content, yield per area Average

Nitrogen rate % unit, kg/ha . £9 10 + to control

2022 | 2023 | 2022 | 2023 % control | KM [ yama [ o

control 20.27 | 20.94 | 213.6 | 519.3 | 20.61 - 366.5 - -
"IN 22.79 | 22.64 | 267.0 | 645.2 | 22.72 10.2 456.1 | 89.7 24.5
"Nys 23.48 | 2291 | 291.2 | 7285 | 23.2 12.6 509.9 | 1434 | 39.1
"Ngo 23.81 | 22.62 | 330.7 | 782.7 | 23.22 12.7 556.7 | 190.2 | 51.9
N3 22.24 | 2195 | 248.1 | 599.2 | 22.10 7.2 4237 | 57.2 15.6
"Nys 22.04 | 22.87 | 279.6 | 704.4 | 22.46 9.0 492.0 | 1255 | 343
“Neo 22.27 | 23.27 | 2945 | 730.7 | 22.77 10.5 5126 | 146.1 | 39.9
*Nao 22.14 | 22,70 | 286.6 | 851.3 | 22.42 8.8 568.9 | 2025 | 55.3
Nys 22.38 | 2354 | 290.2 | 790.9 | 22.96 11.4 540.6 | 1741 | 475
*Neo 22.57 | 23.70 | 275.6 | 684.9 | 23.14 12.3 480.3 | 1138 | 31.1
*Nao 21.78 | 23.17 | 248.2 | 611.7 | 22.48 9.1 429.9 | 635 17.3
"Nys 21.93 | 2353 | 2428 | 654.1 | 22.73 10.3 4485 | 82.0 22.4
*Neo 22.34 | 23.71 | 245.0 | 668.6 | 23.03 11.7 456.8 | 90.4 24.7
Nis+ Nis 21.39 | 22.34 | 2314 | 661.3 | 21.87 6.1 446.3 | 79.9 21.8
Nas s+ Ny s 22.15 | 23.75 | 2458 | 771.9 | 22.95 11.4 508.8 | 1424 | 38.9
N30 + Nao 22.84 | 2394 | 261.7 | 730.2 | 23.39 13.5 4958 | 1295 | 35.3
®N;o+Ny+ Ny | 22.21 | 23.67 | 256.0 | 899.5 | 22.94 11.3 577.7 | 211.3 | 57.7
®N;s+Nys+ Ny | 22,57 | 24.03 | 288.7 | 838.6 | 23.30 13.1 563.7 | 197.2 | 53.8
®Noo+Nyo+ Ny | 23.39 | 24.09 | 311.8 | 686.6 | 23.74 15.2 499.2 | 1327 | 36.2
LSDy.gs 0.86 0.62 - - - 5.9 - - 12.5

* Notes. Dates of nitrogen feeding: 1 — on frozen thawed soil (FTS); 2 — spring growth resumption (SGR);

3 — flower bud formation (FB); 4 — grain filling (GF); 5 —

In relation to the minimum dose of nitro-
gen (Ng3p), a significant increase in protein con-
tent of pea grain in 2022 with a single applica-
tion of the full norm was observed only in the
variant Ngo over frozen thawed soil (+1.02 %).
Increasing the nitrogen rate to 60 kg/ha in the
variants with split application led to a signifi-
cant increase in the protein content in the grain
compared to the split application of N3p: a dou-
ble treatment gave (+1.45 %) and when this rate
was applied into three dates — (+1.18 %) at
LSDO_95:O.86.

A significant growth in protein content in
pea grain was caused by an increase in the nit-
rogen rate under weather conditions in 2023, as
follows: introduction during the spring growth
resumption of Ny — by 0.92 % and Ngo — by
1.32 % compared to Ngo; in flower bud for-
mation — 0.84 % and 1.0 %; in the spring
growth resumption (SGR) and in the grain fil-
ling stage — 1.41 % and 1.60 %, respectively. In
the variants of fertilisation over frozen thawed
soil (FTS), in the grain filling stage and triple

Grain Crops. Vol. 8. No. 1. 2024. P. 102-109

SGR+FB; 6 — SGR+FB+GF

feeding, no significant difference between ni-
trogen rates was found, while the average pro-
tein content of the crops fertilised in the last two
periods was significantly (by 0.72 % and 1.21 %)
higher than the protein content of the pea grain
in the crops fertilised over frozen thawed soil.
The smallest significant difference at 95 % pro-
bability was 0.62 in 2023.

On average for two years, the maximum
protein yield per hectare of winter pea crops
was obtained in the following variants: Ngo
(FTS), N3 (FB), N1o+ Nig+ Nig and N5+ N5+
Nis, the control was exceeded by 51.9 %, 55.3,
57.7 and 53.8 %, respectively.

The rates and dates of nitrogen feeding
did not significantly affect the parameters of pea
grain quality indicators. In 2022, the 1000 seed
weight significantly increased (+9.2 g at
NIRo95=4.2 g) only in the variant with N3, over
FTS, the same rate (N3o) applied during spring
growth resumption slightly (+2.1 g) affected the
grain size, while all other combinations of rates
and dates had a negative effect on this indicator.
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Under the weather conditions of 2023, a slight
significant increase in grain size was obtained in
almost all variants of single nitrogen applica-
tion, and in split application — only in the vari-
ant Nyo+N2o+Ny. On average, over two years of
research, an excess of the 1000 seed weight in
the control variant was noted only when N3
was applied over FTS (+8.1 g).

The bulk weight of winter sown pea grain
in almost all variants of nitrogen feeding signif-
icantly exceeded the control during both years
of research. In 2022, the variants with Ngy ap-
plication over frozen thawed soil and during the
spring growth resumption and N3p application
during the flower bud formation stage became
exceptions, as well as variants with Ngo applica-
tion during the SGR and flower bud formation
stage in 2023. Over an average of two years, the
introduction of N60 in the flower bud formation
stage increased the bulk weight from 9.9 g and
in case of application of Ngo over frozen thawed

soil to 23.9 g compared to the control variant.

Comparison of the effect of rates and nit-
rogen introduction methods on protein accumu-
lation in winter pea grain shows a tendency to
increase protein content with increasing nitro-
gen rate regardless of the method and date of
application compared to the control (variant
without nitrogen fertilisation). The graph lines
fluctuate almost synchronously in terms of rates
and dates of application (Fig. 2). The second
tendency is also noted: split application of Nas
and Ngo in SGR+FB+GF increases the protein
content in pea grain by 13.1 % and 15.2 %, res-
pectively, compared to their single application
at any period of plant development (the increase
varied from 9.0 to 12.6 % for N45 and from
10.5 to 12.7 % for Ngo). The above rates of mi-
neral nitrogen applied over frozen thawed soil
did not affect the protein content of grain (the
increase in protein content was 12.6 % and
12.7 %, respectively).
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135 |~
o u 12,7 173 - 13,1
o 118 \ 17 /( /u
S 12 B 126 N ﬁ: — ~ K2
2 g [ RO N e e et EEX
o TSR ) 10,3 & II3
g 8 ““ s 102 0.... 9 -““..' ---------- 3 .... . *
o S 0:0" ."‘:bni"- 88 9,1 IR “'
C ... “
‘D ‘E 6 74 7.2 o
+—
o
8 O 4 6,1
o
£ 2
5}
%]
8 0
3 OCHOBHE ™I BBB b H BBB+H BBB+b+H
E i IKUBICHHS
snepan N30 wffumm N45 sty NGO

* Notes. Dates of nitrogen feeding: 1 - on frozen thawed soil (FTS); 2 - spring growth resumption (SGR);
3 - flower bud formation (FB); 4 - grain filling (GF); 5 - SGR+FB; 6 - SGR+FB+GF

Fig. 2. The increase in the protein content of winter pea grains.

The statistical analysis showed a correla-
tion of different density and direction between
weather conditions and pea grain quality indica-
tors. The matrix of paired correlation coeffi-
cients between grain quality and weather condi-
tions (Table 4) shows that the protein content in
pea grain increased with rising temperatures of
spring and summer growing season (r=0.92—
0.99) and decreased with increasing precipita-
tion during the same period (r=-0.78).
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Grain size had a high positive correlation
with the precipitation sum during the growing
season (r=0.95-0.99), precipitation in June had
a weak but negative effect on the 1000 seed
weight (r= -0.49) and the increase in average
monthly air temperatures in April and June also
had no positive response (r=/-0.45/ — /- 0.84/).

The bulk weight of winter pea had a nega-
tive dependence on the precipitation sum and
precipitation in spring (r=/-0.73/ — /- 0.99/) and

https://doi.org/10.31867/2523-4544/0318



Table 4. Pairwise correlation coefficients between grain quality indicators
of winter peas and weather conditions of the years of research

Quality indicators 5 I“Premplt;a\\t/lon, mmV y - Air temp(\a/rature, C ”
Protein content, % -0.51 -0.99 - -0.78 -0.20 0.99 0.92 0.99
1000 seed weight, g 0.95 0.82 0.64 0.99 -0.49 -0.73 -0.45 -0.84
Bulk weight, g -098 | 075 | -0.73 | -0.99 0.59 0.64 0.34 0.77

a positive dependence on the average level of
precipitation at the end of ripening (r=0.59) and
the increase in temperatures in April — June
(r=0.44-0.77).

When calculating the regression models of
dependence, weather indicators were selected as
variables during the periods of their greatest im-
pact on the harvest quality. These were mainly
precipitation during the growing season and
May, air temperature in April and June. The ac-
curacy of regression models was estimated by
Pearson's coefficient, the value of which should
exceed 0.7, the coefficient of determination
(R?), which indicates the proportion of variation

that is due to the variation of the variable.
Among the obtained regression models for grain
protein content, the most accurate (Table 5)
were the models related to the precipitation in
March and the temperature regime in April and
May, as evidenced by the values of Pearson's
and determination coefficients (0.993-0.999 and
0.986-0.998, respectively), the standard error
(0.016-0.230) and the deviation of the forecast-
ed protein content from the actual one, which
varied within the interval of 2.1-16.6 %, not
exceeding the permissible forecast error.

The regression model of protein content,
where precipitation in May was an impact factor

Table 5. Regression models of winter pea grain quality dependence on precipitation and air temperature

. Coefficient of Standard
Regression
Weather parameters equation Pearson determination error of
q equation
Protein content, %
Precipitation in March, mm —X; YV =25.23-0.15X; 0.994 0.989 0.016
Precipitation in May, mm — X, V =26.11-0.098 X, 0.780 0.608 0.168
Ave'ra%e monthly air temperature in V=530+172X; 0.999 0.998 0.130
April, °C — X3
Average monthly air temperature in V= 1.91X, -8.08 0.993 0.986 0.230
May — X4
1000 seed weight, ¢
;rﬁlc'p')t(a“o” during growing season, | 159 15,0088 X, | 0.946 0.900 0.030
— ]
Precipitation in May, mm — X, 164.50+0.491 X, 0.999 0.999 0.015
Average monthly air temperature in 311.23-5.57 X 0.990 0.979 0.15
May, °C — X3
Bulk weight, g
P;?mpltatlon during growing season 835.62-0.39 X, 0.968 0.937 0.10
4N
Precipitation in May, mm — X, 809.30-2.11 X, 0.995 0.989 0.22
Averag]e monthly air temperature in 183.63+23.71 X, 0.976 0953 005
June, °C — X3

with good values of Pearson's coefficient and R?
(0.780 and 0.608, respectively), which met the
requirements for model accuracy, had the high-
est standard error (0.168) and forecast error,
which in two cases out of three years of obser-

Grain Crops. Vol. 8. No. 1. 2024. P. 102-109

vations exceeded 25 %, with the maximum
(61.2 %) for the driest year of 2022.

Thus, our studies on the influence of
weather conditions on the grain quality parame-
ters of winter pea are in line with the conclu-
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sions obtained for other grain legumes [2, 9]. In
the future, with the accumulation of a larger da-
ta set, factor analysis will be carried out to ob-
tain more accurate models involving several
factors simultaneously and to determine the
share of each factor's contribution to the for-
mation of grain quality of this crop.
Conclusions. The results clearly showed
that chemical fertilisers improve the protein
content of winter pea grain. The basal applica-
tion of mineral fertilizers and mineral feeding
with nitrogen led to an increase in the protein
content of winter pea grain, but the level of in-
crease depended on the nitrogen rate and the
stage of its application: the maximum protein
increase was obtained with the basal application
of N3oP4o (14.2 %) and with the distribution of
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Bypuxina C. 1., Cepeees JI. A.*, Kynioswcanog I'. B.?, Yenypruux B. M.* Hxicms 3epna 20poxy niosumoeoi
ciebu 3a cucmemamu yooOpeHHs mMa NOZOOHUMU YMOGAMU NIGOHA YKpainu.
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'00ecvra deparcasna citbcvkozocnodapcvka docuiona cmanyis IHCMumymy KiMamudno OpiEHMOBAHO20 CITbCbKOZO
eocnooapcmea HAAH, syn. Masywka dopoea,24, cmm. Xnibooapceke, Odecvka 00, 67667, Yrpaina

200ecvia pinis 1Y «lncmumym oxoponu ipynmie Yipainuy, eyn. Jlaéopamopna, 19, m. Odeca, 65037, Vipaina

® Ooecoiuii Oepacasnuii azpapruil ynisepcumem, eyn. Kanamua,99, m. Odeca, 65039, Vipaina

AKTyaJIBHiCTB. SIKICTB CINBCHKOTOCTIONAPCHKOI MPOAYKIIT BH3HAYAETHCA TMOTOJHO-KIIMATHUYHUMHU
YMOBaMH 30HH BHPOIIYBaHHS Ta TEXHOJIOTIE€I0, aKTUBHUM KOMITOHEHTOM SIKOi € CHCTEeMa yI0OPEHHS POCIIHH.
Perionanbhi kiniMaTH4Hi (QIyKTYyalii BUMararoTh NOMIYKY HOBHX KyJbTYp UM Pi3HOBHIIB Ta BUBYEHHS iX pe-
aKuii Ha 3MiHy YMOB 1 TEXHOJIOTii BUPOIyBaHHS. TOMY € JOLITBHUM BUBUEHHS OCOOIMBOCTEH (HOpMYBaHHS
OCHOBHUX ITOKa3HHKIB SKOCTi 3€pHA TOPOXY 32 ITiI3UMOBOI CIBOH B MOTOIHO-KIIIMaTHYHAX yMoBax lliBnen-
Horo Cremry. MeTa. BcraHOBUTH BIUIHB MiHEpAJIbHUX JOOPHB Ha SKICTH 3€pHA TOPOXY 3a IMiI3MMOBO] CiBOH B
yMmoBax kiiMaTnyHuX 3MiH [liBgennoro Cremy Ykpainu. Meroau. [lonboBuii — BUBUANK [1iF0 OCHOBHOTO
BHCCCHHSI MiHepaJ'ILHI/IX I[O6pPIBZ N30.45.60, P40K40, N30.50P40, N30.60K40, N30.45.60P40K40,; HiZ[)KPIBJ'IeHHH MiHE-
pambHEM a30TOM Ngpgs5.60 32 (aszamMu pOCTy Ha SKICTh 3epHa TOPOXY 3a MiA3UMOBOI CiBOM copTy
Ennypo; naboparopuuii — BusHaueHHs Oinka, macu 1000 HaciHMH Ta HATYpH; CTATUCTHUYHUN — BUKOHAHHS
KOPEJSIIIHHOTO, JUCIIEPCIHHOTO aHami3y Ta CTaTUCTUYHOI OLIHKH PE3yNbTaTiB AOCHiKeHb. Pe3ysbTaTu.
HaBeneno pe3ynpTaTsl HOCIHIHKEHD 3 BIUTMBY MiHEpAJIbHUX JTOOpWB Ha (pOpMyBaHHS MOKA3HUKIB SKOCTI 3ep-
Ha TOPOXy 3a MiA3UMOBOI ciBOM. BcTaHOBIEHO 0COOMMBOCTI BIUIMBY moroanux ymoB I[liBnennoro Cremy Ha
KOHIICHTpaIlito OiNka B 3€pHi, ioro kamiop Ta 00’eMHy Macy. BucHoBkH. BimMiueHO HasBHICTh MaTeMaTHY-
HO JIOCTOBIPHOI 3aJI€KHOCTI SIKOCTI 3€pHa Bl KOHKPETHHX IOTOAHUX YMOB: piBeHb OinkoBocti Ha 84,6 %
BU3HAYABCSl TEMIIEPATYPHUM PEXHMMOM BECHAHO-NITHBOI Bererauii ta Ha 60,8 % — omagamMu LbOro x
nepiony, MPUUOMY B MEPIIOMY BUIAIKY, 1€ OyB MpsIMHUIA 3B’ 430K, Y JPYroMy — OO€pHEHUIl; SIKII0 Ha Macy
1000 HaciHMH omajy 3a BETETaIlil0 Ta Y BECHIHUH Tepio po3BUTKY No3uTuBHO BiumiBanu (1=0,95-0,99), To
Ha Hatypy 3epHa — HeratuBHO (r= /-0,73/ — /- 0,99/). TlominieHHsT YMOB KUBJICHHS PUBOIMIO JIO ITiIBU-
IICHHS KOHIICHTpaIlii Olika B 3€pHI TOPOXY 3UMYIOUOr0, aje PiBeHb 3POCTaHHs 3aJie)KaB BiJ[ 03U a30Ty,
crnoco0y 3acTocyBaHHs! (OCHOBHE UM Ti/KUBIICHHS) Ta a3y HOTro BHECEHHS: MaKCUMaJIbHUN MpUPICT Oinka
oTpuMainy 3a OoCHOBHOTO BHeceHHS N3P — 14,2 % 1 mpu posmoxini Ngg Ha TpH MiPKUBIEHHS: BECHSHE
BiJTHOBJIGHHS BereTailii, OyToHi3amis Ta modaTok HanmuBy —15,2 %. Maca 1000 HaciHuH 31e011BII0OTO Maja
TEHJICHIIIIO /10 3MEHIIICHHS ITPH IiBUIICHHI J03U MiHEpaIbHOTO JTOOpHUBA.

Knrouoei cnosa: 2opox, niozumosa cieba, 00opuea, OCHO8He 8HECEHH s, NIOHCUBNICHHS, AKICTb
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