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Influence of Farming and Tillage Systems on Available Moisture
Reserves of Common Chernozem for Spring Wheat Cultivation

Abstract. Numerous studies by Ukrainian and foreign scientists have proven that one of the limiting
factors for obtaining stable crop yields is the reserves of productive moisture in the soil, especially
during critical periods of their growth and development. The article presents the results of research on
the influence of three farming systems - industrial (control), organic and biological and four variants of
basic tillage - ploughing by 20-22 cm (control), chiselling by 20-22 cm, disking by 10-12 cm, disking by
6-8 cm on the reserves of productive moisture in the soil for growing spring durum wheat. The results
of the research revealed that the highest moisture reserves in the meter thickness of the soil during
the sowing period were obtained by combining the biological system of agriculture and chisel tillage,
which made it possible to accumulate 199.1 mm in 2018, 179.6 mm in 2019 and 159.9 mm in 2020 of
available moisture in the soil. The use of chisel cultivation in combination with industrial and organic
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farming systems also proved to be beneficial in all years of observation over combinations of ploughing
and both variants of disking with these systems. During the growing season in all studied farming
systems, no-till farming (chiselling and disking) provided the highest reserves of available moisture
in the soil. However, the combination of an organic farming system with 20-22 cm chiselling should
be considered the optimal option, which provided 74.0 mm of moisture for the flowering period in
2018,93.7 and 90.9 mm in 2019 and 90.9 mm in 2020, and during the harvesting period, these figures
were 610, 67.7 and 61.6 mm, respectively. The yield of spring durum wheat grain in this variant was
essentially the highest in the experiment and amounted to 4.6, 6.7 and 5.6 t/ha, respectively

Keywords: industrial, organic and biological systems of agriculture, ploughing, chiselling, disking,
hydrothermal coefficient, reserves of available moisture in the soil, yield

RELEVANCE

Scientific and practical experience has estab-
lished that obtaining stable, high, economically
and energetically feasible yields of any agricul-
tural crop with a minimal negative impact on the
environment is possible only with the introduc-
tion of modern farming systems (Tanchyk S.P,
Pavlov O.S., 2013; Artyomov M.P, 2013). One of
the central links of any farming system is soil
cultivation, the role of which, especially in or-
ganic farming, is extremely important in ensur-
ing optimal soil fertility and conditions for plant
growth and development (Medvedev VV. et al,
2019; Tanchyk S.P. et al., 2009).

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS
Scientists have found that in the Right-Bank For-
est-Steppe zone, the lack of productive moisture
in the soil during critical periods for spring ear-
ly grain crops causes a decrease in their yield in
certain years by 30-50% (Sayko, 2011; Ivashchen-
ko, Rudyk-Ivashchenko, 2011; Tsytsyura, 2017).
At present, there has been a gradual decrease
in the average annual amount of precipitation
for the May-August period, which suggests that
the Right-Bank Forest-Steppe is a risky farm-
ing zone. Under these conditions, an important
aspect is the ability to manage the reserves of
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available moisture in the soil (Korniychuk, Vor-
onetskaya, 2021).

According to the research of domestic and
foreign scientists, the most effective way to pre-
serve and accumulate moisture in the soil is to
improve such units of farming systems as tillage,
crop rotation system, fertiliser system (Tsylyu-
rik, 2015). In particular, the research of Halvor-
son et al. indicates the undeniable advantage of
minimum tillage in terms of the impact on soil
moisture reserves and water use efficiency of
spring wheat (Halvorson et al., 2019). According
to (Johnson et al., 2016; Obalum et al., 2011) sur-
face residues under minimum and conservation
tillage can improve soil water and physical prop-
erties, conserve soil moisture and increase wa-
ter use efficiency.

Purpose of the study. Establishment of
patterns of formation of productive moisture
reserves in typical chernozem depending on
farming systems and soil cultivation in spring
wheat crops of the Right-Bank Forest-Steppe of
Ukraine.

MATERIALS AND METHODS
The research was conducted during 2018-2020
within the stationary two-factor experiment of
the Department of Agriculture and Herbology
of the Agronomic Experimental Station of the
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National University of Life and Environmen-
tal Sciences of Ukraine, Pshenychne village,
Vasylkiv district, Kyiv region.

In the stationary experiment, three variants
of the farming system (factor A) and four vari-
ants of the main tillage system (factor B) were
studied in a short-term rotation of grain-plough
crop rotation with the following sequence of
crops: soybeans — winter wheat - sunflower -
spring wheat - corn for grain.

The content of gradations of the first factor
(A) of agricultural systems is compiled on the
basis of their resource provision for extended
reproduction of soil fertility. The control variant
of agricultural systems is the model of industrial
agriculture in which the resource support for the
programmable productivity of arable land is the
application of 12 tons of organic (manure) and
300 kg of the active substance of mineral fertil-
isers per hectare in crop rotation (NP, K,,.), in-
cluding for spring wheat 290 kg/ha of the active
substance (N, P, K, ) and intensive use of rec-
ommended pesticides. Sunflower and corn were
manured at the rate of 30 t/ha. The index of ecol-
ogisation in such a farming system is 25 (300/12),
which is evidence of its industrial nature.

The models of organic and biological
farming were compared with the control var-
iant. In the case of organic farming, to ensure
programmable productivity, 24 t/ha of organ-
ic and 150 kg/ha of NPK mineral fertilisers
in active substance (N, P, K ), in particular,

477 78772577

130 kg/ha of the active substance (N, P, K,,)
for spring wheat. The use of organic fertilisers
in crop rotation under this system involved
the application of 12 tons of manure per hec-
tare of crop rotation area and 12 t/ha of green
manure (white mustard), which were sown af-
ter harvesting winter and spring wheat. The
application of pesticides in this system is eco-
logically justified by the criterion of the eco-

logical and economic threshold of the number

)

of pests. The index of greening agriculture is
6.2 (150/24).

In biological farming, only 24 t/ha of organ-
ic fertilisers were used in crop rotation - 12 tons
per hectare of manure and 12 t/ha of green ma-
nure (white mustard), which were sown after
harvesting winter and spring wheat. The index
of greening agriculture in this version of the sys-
temis 0 (0/24).

Models of farming systems in the station-
ary experiment by the method of split plots in-
clude four variants of basic tillage (factor B) for
spring wheat:

1) ploughing by 20-22 cm (control);

2) chiselling by 20-22 cm;

3) disking by 10-12 cm;

4) disking by 6-8 cm.

The experiment was based on the split-sec-
tion method. The plots on which the variants of
basic tillage are implemented have a sown area
of 280 m? (8 x 35 m), and an accounting area -
225 m? (7x 32.1 m). The plots on which the rel-
evant fertiliser and plant protection systems
characteristic of certain variants of the farming
system are applied have a sown area of 93.6 m?
(8 x117 m), and the accounting area is 75 m?
(7x10.7 m). The number of repetitions in the ex-
periment is 4. Sowing of spring wheat durum va-
riety Diana was carried out at the onset of phys-
ical ripeness of the soil at a temperature of the
sowing layer of 2-3°C.

Soil samples to determine the total reserves
and available moisture in the soil were taken
with a drill from the layers 0-10, 10-20, 20-30,
30-50, 50-70, 70-100 cm before sowing spring
wheat, in the flowering phase of the crop and be-
fore harvesting (Tanchyk et al., 2013). Grain yield
accounting of the crop was carried out in the
phase of full ripeness of spring wheat by contin-
uous harvesting from the accounting areas with
bringing to 100% purity and standard humidity
of each variant in all repetitions separately.

Plant and Soil Science (12)3
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Sowing of spring wheat durum variety Diana
was carried out at the onset of physical ripeness
of the soil at a temperature of the sowing layer
of 2-3°C. During the years of research, this peri-
od fell on the end of March - the first decade of
April. The seeding rate was 6 million germinat-
ing seeds per 1 ha, the seeding depth - 3-4 cm,
and row spacing was 15 cm.

Statistical analysis of experimental data
was - performed using Excel from MS Office 365
and Statistica 10 software.

RESULTS

The regime of moisture supply of crops de-
pends primarily on the weather conditions
in the years of research. For spring durum
wheat, it is important to have a sufficient sup-
ply of productive moisture during the sowing
period, which is formed mainly due to winter
precipitation. This crop requires slightly more
available moisture for seed germination and
seedlings compared to other early spring ce-
reals. To assess the impact of weather con-
ditions on the reserves of available moisture
in the soil, an indicator of the hydrothermal
coefficient, which indicates the level of mois-
ture in the territory, is analysed. The adequa-
cy of the HTC with respect to long-term data
was assessed by the adequacy indicator (K).
According to the scale, optimal deviations are
those with the coefficient of the significance of
deviations in the range of 0 + # 0.3; tendential-
ly overestimated with K. in the range of +0.4-1;
tendentially reduced - K, in the range of -0.4-1;

significantly overestimated - K, in the range of
+1-2; significantly reduced - K, in the range of
-1-2; extremely overestimated with K, > +2 and
extremely reduced with K, > -2.

The data in Figure and Table 1 show that the
years of the research differed in monthly HTC
values. The beginning of the growing season of
2018 was characterised by unfavourable mois-
ture conditions. In particular, in April of this year,
the HTC was 0.2, thus characterizing the area as
desert, which is a significant deviation from the
long-term average (K, =-13), and May with HTC
of 0.7 was very dry, which tended to differ from
the long-term average (K, =-0.5). Instead, June
and July of this year with HTC indicators of 1.8
and 14, respectively, can be attributed to exces-
sively and sufficiently moist months. The month
of August can be regarded as unfavourable in
terms of moisture (HTC = 0.3), and September
with HTC=1.2 was typical (K,=-0.1).

Spring 2019 was radically different from the
previous year, as April and May with values of
3.1 and 1.9, respectively, were excessively moist,
which is not typical for these months (K,=17 and
0.8). June and August of this year with HTC indi-
cators of 0.98 and 0.73 were dry, which is typical
for this period (K,=-0.2). July with the HTC index
of 1.2 was one of the slightly drier months, al-
though it was tendentially more favourable in
terms of moisture compared to the long-term
average (K, = 0.8). Thus, 2019 was characterised
by waterlogged spring months and rather lim-
ited moisture in the rest of the growing season
(see Table 1, Fig. 1).

Table 1. The adequacy ratio of the HTC indicator to the long-term average (Ki)

Months of the vegetation period Over the
Year of research . . .
April May June July August | September | vegetation period
2018 -1.3 -0.5 0.7 1.2 -0.7 -0.1 -0.3
2019 1.7 0.8 -0.2 0.8 -0.2 -0.6 0.35
2020 1.0 2.0 -0.4 -0.3 -0.5 -0.5 0.05

Plant and Soil Science (12)3
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Figure 1. Monthly distribution of HTC, 2018-2020

The vegetation period of 2020 was similar to
2019 in terms of monthly HTC index distribution.
April and May of this year were excessively moist
with HTC indicators of 2.35 and 3.2, respective-
ly, which is a significant and extreme deviation
from the average long-term indicators (K, = 0.9
and 2.0). The rest of the months in the vegetation
period varied from dry June (HTC 078) to very
dry July, August and September (HTC 07, 048,
0.58, respectively), while the aridity of this peri-
od was confirmed statistically (Ki =-0.3,-0.5and
-0.5).

Thus, the years of research were different in
terms of annual HTC indices. However, it is worth
highlighting some of their common features:
a tendency or extreme increase in GDD (>10°C)
of the growing season against the background
of typical precipitation; a variegated pattern of
the main weather parameters by months of the
growing season (see Fig,, Table 1).

The data in Table 2 indicate sufficient re-
serves of available moisture in the soil for the
period of sowing spring wheat - 176.9 mm in
the spring of 2018, 164.6 — 2019 and 146.3 mm -
2020 on average in the experiment. At the same
time, moisture reserves were closely related
to the amount of precipitation during the au-
tumn-winter period. Thus, in the autumn and
winter months of 2017-2018, there was 465 mm

2)

of precipitation, in 2018-2019 - 285 mm and in
2019-2020 - 174 mm. The correlation coefficient
between the early spring reserves of available
moisture and the amount of precipitation in
these periods was r=0.97.

However, despite the impact of precipita-
tion, the studied factors - cropping systems and
basic tillage systems - had an effect on the indi-
cators of available moisture in the soil. Results of
the impact of farming systems on the reserves
of available moisture revealed the prevalence of
biological farming system in all years of deter-
mination. In particular, in 2018 the advantage
of this variant over the control was 94 mm, in
2019 - 2.8,in 2020 - 4.7 mm, which is statistically
significant (Table 2).

The effect of cultivation on the accumula-
tion of available moisture in the soil was also
significant. No-till cultivation systems - chisel-
ling at 20-22 cm, disking at 10-12 cm and disking
at 6-8 cm - created better conditions for better
moisture accumulation. Chiselling can be con-
sidered the most effective solution, as it provides
a significant increase in productive moisture re-
serves at the time of sowing spring wheat in the
range of 10.6-201 mm depending on the year.
Variants with disking also had a positive effect
against the control, but it was significantly lower
than chiselling (Table 2).

Plant and Soil Science (12)3
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Table 2. The reserves of available moisture
in the meter thickness of the soil depending on the studied factors

) o Moisture reserves, mm
?f:;;:l;l?(f)l 23:;2:1!7%? before sowing flowering before harvesting

2018 2019 2020 2018 2019 2020 2018 2019 2020

P (St) 150.4 158.3 133.0 70.8 72.6 70.4 57.2 63.4 57.7

C 188.0 169.6 151.0 71.9 73.7 71.5 58.1 64.5 58.7

(5t) D1 174.4 157.4 140.1 73.4 75.2 73.0 60.7 67.3 61.3
D2 181.2 163.5 149.0 72.3 74.1 71.9 58.1 64.5 58.7

P (St) 175.1 167.5 140.7 71.7 81.7 79.2 59.3 65.8 59.8

C 176.7 169.0 150.5 74.0 93.7 90.9 61.0 67.7 61.6

° D1 175.2 167.5 149.2 75.1 95.1 92.2 62.4 69.2 63.0
D2 170.0 162.6 149.6 73.4 93.0 90.2 63.0 69.9 63.6

P (St) 178.0 160.6 1349 72.2 82.2 79.8 55.1 61.1 61.1

C 199.1 179.6 159.9 74.8 94.7 89.0 56.6 62.8 63.8

B D1 182.8 164.9 146.9 73.6 93.2 90.4 56.5 62.8 63.8
D2 171.6 154.8 150.4 74.7 94.6 91.8 53.7 59.6 62.0

LSD (AB) 4.3 4.1 5.9 1.9 2.1 2.2 2.9 3.2 2.8

On average for agricultural systems (a)

| 173.5 162.2 1433 72.1 73.9 71.7 58.5 64.9 59.1

174.3 166.7 147.5 73.6 90.9 88.1 61.4 68.1 62.0

B 182.9 165.0 148.0 73.8 91.2 87.7 55.5 61.6 62.7

LSD,, (A) 2.2 2.0 3.0 0.9 1.1 1.1 1.4 1.6 1.4

On average for basic tillage systems (B)

167.8 162.1 136.2 71.6 78.8 76.5 57.2 63.4 59.6

187.9 172.7 153.8 73.6 87.4 83.8 58.6 65.0 61.4

D1 177.5 163.3 145.4 74.0 87.8 85.2 59.9 66.4 62.7

D2 174.3 160.3 149.6 73.5 87.2 84.6 58.3 64.7 61.4

LSD,, (B) 25 24 3.4 1.1 1.2 1.3 1.7 1.8 1.6

Note: I - industrial, O - organic and B - biological farming systems; O - ploughing by 20-22 cm, C - chiselling by
20-22 cm, D1 - disking by 10-12 cm, D 2 - disking by 6-8 cm

Assessment of the effect of the interaction of
factors pointed to the significantly highest mois-
ture reserves for the period of sowing the crop
for the combination of the biological system and
chisel tillage, which allowed to accumulate in
2018199.1mm, 2019 - 179.6 and 2020 - 159.9 mm
of available moisture in the soil. The use of chis-
el cultivation in combination with industrial
and organic farming systems also prevailed in
all years of observation over combinations of
ploughing and both variants of discussions with
these systems.

Plant and Soil Science (12)3

During the vegetation period, the moisture
available in the soil is used both for the needs of
the crop itself and for physical evaporation from
the soil. Assessment of the reserves of produc-
tive moisture in the soil during the flowering pe-
riod of the crop reveals that two years with signif-
icant moisture in April and May (2019 and 2020)
had a substantial advantage in this parameter in
organic and biological farming systems. Thus, in
2019, these systems showed productive mois-
ture reserves in the soil of 90.9 and 91.2 mm, re-
spectively, which is significantly higher than the
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industrial one - 73.9 mm. In 2020, organic and
biological farming provided 881 and 887 mm,
and industrial - 71.7 mm. In 2018, following the
dry spring, the efficiency of these systems was
levelled, the moisture reserves in the meter
layer of soil were 72.1 mm for industrial, 73.6 -
for organic, 73.8 mm - for biological systems.
Thus, these data indicate that the resource con-
tent of organic and biological farming systems
provides more efficient accumulation and
preservation of soil moisture in the soil due to
precipitation in the spring.

The impact of tillage during the flowering
period of spring wheat was manifested in a sig-
nificant benefit of no-till options over ploughing
in all years of observation. However, there were
no significant differences betweechisellingng
and disking variants (Table 2).

At the time of harvesting in certain years
(2018, 2019), the reserves of available moisture
in the soil under the biological farming system
were significantly lower than in the industri-
al and organic systems, which, most likely, was
caused by the early, compared to other options,

termination of plant vegetation and increased
physical evaporation of moisture from the soil.

The trends for higher moisture reserves
in the soil under no-till variants of basic tillage
persisted, although the influence of this factor
on the time of harvesting was less significant
than in the early spring period and flowering of
the crop.

Statistical processing of data on spring
wheat yield indicates a significant impact of the
studied factors on this indicator. On average, for
three years of research under the organic farm-
ing system, the crop yield was 5.0 t/ha, which
is 5.8% higher than the control. Under biolog-
ical farming, there was a significant decrease
in yield, which averaged 44.1% over the years
of research. At the same time, this decrease in
2019 and 2020 was more significant - 48.6 and
46.3%, in contrast to 2018, where the yield under
this system decreased by 33.2%. In years with
excessive moisture in the spring months, such a
decrease in spring wheat yield can be associat-
ed with a higher degree of weed infestation and
pathogen development (Table 3).

Table 3. The yield of spring wheat depending on farming systems and basic tillage, t/ha

X L Yield, t/ha
Agricultural Basic tillage B
systems (A) systems (B) 2018 2019 2020 n average over
3 years
P (St) 3.4 6.4 5.3 5.1
C 4.1 6.2 5.5 5.3
I (St)
D1 3.3 5.6 4.9 4.6
D2 2.9 5.1 4.3 4.1
P (St) 3.7 6.5 5.5 5.2
N C 4.6 6.7 5.6 5.6
D1 3.4 6.1 5.1 4.8
D2 3.1 5.6 4.6 4.4

Plant and Soil Science (12)3
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Table 3, Continued

Agricultural Basic tillage Yield, t/ha
systems (A) systems (B) 2018 2019 2020 On average over
3 years
P (St) 2.3 33 2.8 2.8
C 2.8 3.5 2.9 3.1
B D1 2.3 29 2.7 2.6
D2 1.8 2.4 2.4 2.2
LSD,, (AB) 0.22 0.28 0.25 0.25
On average for agricultural systems (A)
| 3.4 5.8 5.0 4.8
3.7 6.2 5.2 5.0
B 2.3 3.0 2.7 2.7
LSD,, (A) 0.11 0.14 0.12 0.13
On average for basic tillage systems (B)
P 3.6 5.4 4.5 4.4
C 3.8 55 4.7 4.6
D1 3.0 4.8 4.2 4.0
D2 2.6 4.4 3.8 3.6
LSD,, (B) 0.13 0.16 0.14 0.14

Among the variants of the second factor, the
highest yield of spring wheat was obtained un-
der chisel cultivation, which is by 0.2 t/ha (6.6%)
more than the control. In the variant with disk-
ing by 10-12 cm, the crop yield was 77% lower
than the control. Reducing the disking depth to
6-8 cm led to a decrease in yield by 184% com-
pared to the control.

Among the variants combining factors, the
highest yield in the experiment on average for all
years of observation was obtained for the com-
bination of organic farming system with the var-
iant of chisel tillage by 20-22 cm - 5.6 t/ha, which
significantly exceeds the control.

Plant and Soil Science (12)3

CONCLUSIONS

The introduction of the organic farming system
in the Right-Bank Forest-Steppe zone of Ukraine
in combination with the chisel version of the
main tillage by 20-22 cm made it possible to
form high reserves of productive moisture in the
soil for the period of sowing spring wheat, which
in 2018 amounted to 176.7 mm, 2019 - 169.0 and
2020 - 150.5 mm, which is significantly higher
than the control. At the same time, this variant
was more advantageous in terms of moisture
supply during the entire growing season of the
crop, which allowed to form the highest yield of
spring wheat in the experiment at the level of 5.6
t/ha on average over three years.
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C. TaHYMK

JOKTOp CiNbCbKOrocnoAapcbkMx HayK, npodecop, YieH-KopecnoHaeHT HauioHanbHoI akazemii
arpapHuX Hayk YKpaiHu

HaujoHanbHWI yHiBepcuteT Biopecypcis i NPUPOAOKOPUCTYBAHHS YKpaiHU

03041, syn. lrepois Ob6opoH#u, 15, m. Kunis, YkpaiHa

O. Alyaka

AcnipaHT

HauioHanbHMI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHSA YKpaiHK

03041, Byn. Tepois ObopoHu, 15, m. Knis, YkpaiHa

O. Nasnos

KaHAamaaT CinbCbKOrocnoAapcbkix HayK, AOLEeHT

HauioHanbHWIM yHiBepCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, syn. lrepois O6opoH#u, 15, m. Kunis, YkpaiHa

A. babeHko

KaHAmAaaT CinbCbKOrocnoAapcbkMx Hayk
HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBAHHA YKpaiHM
03041, Byn. lepois ObopoHu, 15, m. Knis, YkpaiHa

BnnmB cMcTeM 3eMJ/1Iepo6CcTBa Ta 06PO6GITKY FPYHTY
Ha 3anacuv AOCTYNHOI BOJIOrM YOPHO3eMy 3BU4aNHOro
3a BUpOLLYBaHHS NweHuui apoi

AHoTauif. YUCIeHHUMY OOCTIIKEHHIMN YKPAIHCBRUX 1 3apyb6iKHUX BYEHUX IOBELEHO, IIO0
OIHUM i3 MiMiTyIourx GpaKTOPiB OTpUMaHHS CTabIBHUX YPOXKaAiB CiTbCHKOTOCIIOAAPCHKUX KYIBTYD
€ 3amacy IIPOLYKTUBHOI BOJIOTY B IPYHTI, 0CO6IMBO B KPUTHUYHI Iepiomu ix pocTy i po3BUTKY. V
CTaTTi HaBeJIEeHO Pe3y/IbTaTU LOCTIIKeHb BIUIMBY TPHOX CHCTEM 3eMJIEPO6CTBA - iHAyCTpiaIbHOI
(KOHTpOIIB), OpraHiyHoi Ta 6i0JI0riYHOI Ta YOTUPHOX BAPIaHTiB OCHOBHOTO 06POBGITKY I'PYHTY - OpAaHKHU
Ha 20-22 cMm (KOHTpOJ‘Ib), 4n3eI0BaHHA Ha 20-22 cM, AUCKyBaHHA Ha 10-12 cM, AYICKyBaHHA Ha 6-8
CM Ha 3allacH I[IPOJyKTHUBHOI BOJIOTYU B IPYHTI 3a BUPOIIyBaHHA MIIeHUIl] TBepAol Apol. Pesynbrat
IOCTiIKeHb TTOKa3aJIH, 10 HaWBHUII 3allacy BOJIOTY B METPOBIM TOBILI I'PYHTY Ha Iepiof ciB6u
OTPUMAaHO 3a [ToeJHAHHA 6i0I0TiuHOI crcTeMu 3eMJIEpO6CTBA Ta YU3EIBHOTO 06pO6ITKY, 110 a0
3MOTyHaKONU4UTH199,1MMy 2018 p.,179,6 MMy 2019 p.Ta159,9 MMy 2020 p. AOCTYITHOI BOJIOT BI'PYHTI.
3aCTOCyBaHHS YM3€IBHOr0 06POBITKY B IIOEAHAHHI 3 iHAYCTpiaJIbBHOIO Ta OPraHiyHO0 CUCTEMaMU
3eMJIEPOOCTBA TAKOXX BUSABWIIOCA ITEPEBAKHUM Y BCi DOKM CIIOCTEPEREHb HAJ, [TO€THAHHAMU
OpaHKY Ta 060Ma BapiaHTaMU JUCKYBAHHA 3 IIIMU CUCTEMaMU. [[pOTATOM BETeTalifHOTO I1epiony B
yCiX JOCTiARYBaHUX CUCTEMAX 3eMJIepO6CTBA HYIbOBUM 06POBITOK (YM3eTI0BaHHA T AUCKYBAHHS)
3a6e3reuyBaB HaMBUII 3aIllacy JOCTYIIHOI BOJIOTM B IPyHTi. [IpoTe ONTHMMAaJIBHUM BapiaHTOM
CJTif, BBJKATU MTOE€NHAHHSA OpraHiyHol cucTeMU 3eMJIepo6CTBa 3 YM3eTIOBaHHAM Ha 20-22 cM, siKe
3a6e3meyrIo Ha repiof 1BiTiHHA 74,0 MM BoJioru y 2018 porri, 93,71 90,9 MM y 2019 porti Ta 90,9 MM y
2020 potii, a Ha repiof, 36MpaHHA BpO’Kao i TOKa3HUKYU CTaHOBUIIU 61,0, 67,7 i 61,6 MM BiAIIOBiAHO.
VposKalHiCTh 3epHa IIIEHULT] TBepAOi poi B LIbOMY BapiaHTi 6ys1a ITpaKTUYHO HAMBUILIOKO B ZOCITiAl
i craHoBUIA 4,6, 6,7 Ta 5,6 T/ra BinmoBigHO

KniouoBi cnosa: ingycTpianbHa, opraHiuHa Ta 6iojoriuHa crucTeMu 3eMJIepo6CTBa, OpaHKa,
YM3eJIIOBaHHA, AUCKYBaHHS, TipoTepMiuHUN KoedillieHT, 3allacy JIOCTYIIHOI BOJIOTH B IDYHTI,
YPOXKaHICTh
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