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Sugar production to meet domestic needs and exports is an important and urgent issue. In the
south of Ukraine, it is possible to increase sugar beet production by growing it on irrigated lands.
The purpose of the research was to study the peculiarities of sugar beet field evapotranspiration
depending on agronomic factors under irrigation in the south of Ukraine.

The main objectives of our research were to substantiate the water consumption of sugar
beet cultivation at different ploughing depths, nutrition backgrounds, sowing dates and planting
densities.

The field experiments were conducted in the Kherson region in the Ingulets irrigated area.
The soil cover is represented by dark chestnut slightly saline medium loamy soils.

The following factors and their variants were included in the experimental design:

Factor A — ploughing to a depth of 20-22 cm and 28-30 cm

seeding rate of germinating seeds: 6, 9 and 12 million seeds/ha.

Factor B — fertiliser background: no fertiliser, N150P150K60, 40t/ha + manure

NI150P150K60, Manure 40 t/ha.

Factor C — sowing dates: the first term — at a soil temperature of 6-8°C at the depth of seed
placement (4-5 cm), the second — ten days after the first term, the third — 20 days after the first
term,

Factor D — plant density: 90, 110 and 130 thousand/ha

In our experiments, depending on the factors studied, the share of soil moisture in total water
consumption ranged from 8.6 to 23.3%, useful precipitation — from 30.8 to -35.7 and irrigation —
from 45.6 to 55.7%, i.e. irrigation takes the first place in sugar beet water consumption,
precipitation — the second and the smallest share belongs to soil moisture.

When comparing the nutrition backgrounds, it can be noted that the smallest share of soil
moisture in sugar beet water consumption was observed in the variants on the background of
applying only mineral and organic fertilizers at the third sowing term, and the largest share — on
fertilized backgrounds at the first sowing term.

Based on the results obtained, it can be concluded that the total water consumption of the
field during sugar beet cultivation ranged from 4128 to 5044 m3/ha. These figures were higher in
the first sowing term, and the lowest in the third sowing term. The share of participation in water
consumption was as follows: irrigation rate — 47.8-54.4%, useful precipitation — 32.4-34.9 and
soil moisture — 10.7-19.6%.

Key words: Sugar beet, evapotranspiration, soil moisture, useful precipitation, irrigation,
agronomic factors.

Munkin M.B. Eeanompancnipauyis nona npu eupouiyeanni 0ypaKie uyKposux 3anexicHo
6i0 azpomexniunux paxmopis ¢ ymosax Ilieons Yxpainu

Bupobruymeo yyxpy 015 3ab6e3neuents 6HympiuHix nompeo i eKCNOPMHUX NOCMABOK € 8aiC-
auBor U akmyanvbHoio npoonemor. Ha Ilieoni Yxpainu 30ineuumu 8upoOHUYMEO YYKPOBUX
OYpsIKi6 MOJICIUBO 30 PAXYHOK GUPOUWYBAHHA IX HA 3pouLysanux semisx. Memoio docriodwcers
0yno 6uguenHs 0coOMUBOCMEN e6anOMpancnipayii nois GYpsKy yykpo6ozo 3aiedcHo 6i0 azpo-
mexHiunux gpaxmopis npu 3poutenni ¢ ymosax I1ions Yipainu.

OCHOBHUMU 3A60AHHAMU HAUWUX OOCTIONCEHb OYI0 0OIPYHMY8AmU 8000CNONCUBAHHS BUPO-
WYBAHHSA YYKPOBUX OYDAKI6 34 PISHUX 2MUOUH OPAHKU, (OHI6 IHCUBLEHHS, CMPOKI6 iX ciebu ma
2YCMOMU HACAOICEHHSL.
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Tonvosi docniou nposoounucst 8 XepcoHcwkiil oonacmi 6 30ui [Heyneybko20 3pouLy8aHo2o
macusy. Ipynmosuii noxpue npedcmaenenuii memMHO-KAUIManosuMu c1abo coronyeeuMu cepeo-
HbO CYRUHUCTIUMU TPYHINAMU.

YV exemy oocnioy Oynu exaroueni nacmynui gpakmopu i ix eapianmu.:

Daxmop A — opanka na enubuny 20-22cm ma 28-30 cm

HOpMa 8UCIBY cX0XCUX HACIHUK: 6; 9 i 12 man. wm / 2a.

Daxmop B — on ocusnenns: b6es ooopus, N, P, K it 40m/ea +

N, P 150K, THitE 40 m/2a.

Daxmop ¢- CMpOKU CigoU: nepuiuli CMpoK — npu memnepamypi IpyHmy Ha enubuHi 3a2op-
manns Hacinus (4-5 cm) — 6-8°C; opyeuii — uepes decsamo, mpemiii — uepes 20) OHi6 nicis nepuioco
CMPOKY;

Daxmop [] — eycmoma cmosuns pocaun. 90, 110 ma 130 muc./ea

YV nawux Oocnioax zanesxcno 6i0 00cniodncysanux ¢hakxmopis, uacmka IpyHmMosoi 6onou
Y CYMapHoMy 8000CHOXCUBAHHI Konueanacs 6io 8,6 0o 23,3%, kopucnux onadieé — 6io 30,8 0o
-35,7 i 3powienns — 6i0 45,6 00 55,7%, mobmo nepuie micye y 6000CNONCUBAHHI YYKPOBUX OYDA-
Ki6 3atimac 3poulents, opyze — onaou i HaluMeHua YacmKa HAlexcums IpyHmMosit 601021

Ilpu nopieHanHi (POHIE IHCUBTEHHST MONCHA GIOMIMUMU, WO HAUMEHWA 4ACmKA y4acmi
Y 8000CHOJICUBAHHT YYKPOBUX OYPAKI6 TPYHMOBOI 807102U CHOCMEPIcANacy y 6apianmax Ha Qoui
BHECEHHSl OOHUX MIHEPAbHUX [ OP2AHIYHUX Q00PUS 3a MPembo20 CMPOKY Cigdu, a HaubLibua
4acmKa — Ha yOOOPeHUxX (OHAX 3a NEPULOO CMPOKY CI6OU.

Ha ocnosi ompumanux pe3ynemamie MOJICHA 3p0OUMU 6UCHOBKU, WO CYMAPHE 000CNONHCU-
6AHHSL NOJIAL NPU BUPOUWYSBAHHT OYPSKIE YYKPOBUX KOMUBANOCH 810 4128 do 5044 mP/2a. Binvw euco-
KUMU Yi NOKA3HUKY OYIU 3 NEPULO20 CIMPOKY Cie0U, a HAUIMEHW] — 3a MPembo2o CMpPOKY CigouU.
Yacmka yuacmi y 6000CHOICUSAHKT po3MauLysanacs mak. spoutysanvia nopma — 47,8-54.4%,
KopucHi onaou — 32,4-34,9 i tpynmoea eonoea — 10,7-19,6%.

Knrwowuogi cnosa. bypsxu yykposi, esanompancnipayis, IpyHmoea 60102d, KOPUCHI 0naou,
3POUEHHS, A2POMEXHIYHI hakmopu.

Statement of the problem. Sugar production to meet domestic needs and exports
is an important and urgent problem. In the south of Ukraine, sugar beet production can
be increased by growing it on irrigated land. The objectives of modern agriculture are
to make the most productive use of all agricultural land to obtain high, high-quality
and sustainable yields, create the necessary conditions for systematic reproduction and
improvement of soil fertility, rational use of natural and production resources, taking
into account optimization of water and nutrient regimes, soil and environmental protec-
tion in general.

Unlike some other crops, sugar beet production is much more dependent on climatic
factors. In recent years, sugar beet production has declined significantly due to high
temperatures and changes in precipitation, so there is a growing need for additional
research to minimize the impact of climate factors. Regardless of the degree of adapta-
tion of agricultural plants to the climate and the level of technology used, annual fluctu-
ations in climate variables determine the level of production.

Statement of the problem. Sugar beet is one of the crops that consume water eco-
nomically. This phenomenon is explained by their biological characteristics: their tran-
spiration coefficient is 400-500, they have a well-developed root system; a long grow-
ing season ensures good use of summer precipitation and photosynthesis is carried out
during dry periods and at high temperatures. Despite this, sugar beet is very sensitive
to irrigation. They rank first among agricultural crops in terms of payback of irrigation
and provide high net profit.

The aim of the research was to study the peculiarities of sugar beet field evapotran-
spiration depending on agrotechnical factors under irrigation in the south of Ukraine.

The main objectives of our research were to substantiate the water consumption of
sugar beet cultivation at different plowing depths, nutrition backgrounds, sowing dates
and planting densities.
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Field experiments were conducted in the Kherson region in the Ingulets irrigated
area. The soil cover is represented by dark chestnut slightly saline medium loamy soils.

The following factors and their variants were included in the experimental design:

Factor A — plowing to a depth of 20-22 cm and 28-30 cm

seeding rate of similar seeds: 6; 9 and 12 million pcs/ha.

Factor B — fertilizer background: no fertilizers, N150P150K60, Manure 40t/ha
+N150P150K60, Manure 40 t/ha.

Factor C — sowing dates: the first term — at a soil temperature at the depth of seed
placement (4-5 cm) — 6-8°C; the second — ten days, the third — 20 days after the first
term;

Factor D — plant density: 90, 110 and 130 thousand/ha.

Analysis of recent research and publications. The production of sugar beet roots
in Ukraine is insufficient. Irrigation efficiency depends on the sugar beet growing zone.
For example, when sugar beet was grown in the steppe zone of Ukraine, the increase in
root crop yield was 45.6 t/ha, sugar harvest — 6.59, and in the forest-steppe zone, respec-
tively, 21.0 and 3.30 t/ha [1]. Some scientists believe that irrigation should not be started
before the rows close, because the lack of moisture at this time stimulates the growth of
the root system in depth. In dry years, irrigation at the rate of 20 mm/ha can contribute
to the uniform and accelerated emergence of plants. Also, the same scientists note, the
moisture content in the arable layer should not be allowed to fall below the capillary
breakdown moisture content (CBMC) for a long time. According to [2], watering should
be stopped 15-20 days before harvesting.

Sugar beets require different amounts of water during the growing season. Thus,
according to [2], if the entire growing season (from May 15 to October 15) is divided
into three equal parts (50 days each), the ratio of water consumption by sugar beet plants
for evaporation in each of them is approximately 1:9:3. Scientists of the Institute of
Agriculture of the southern region of the UAAS recommend that during the sugar beet
growing season 5-7 irrigations with an irrigation rate of 4000-5000 m*/ha in dry years,
4-6 irrigations with an irrigation rate of 3500-4200 in medium dry years, 4-5 irriga-
tions with an irrigation rate of 2300-3500 in medium wet and humid years, 2-3 irriga-
tions with an irrigation rate of 1400-2000 m®/ha, and a water consumption coefficient
of 112-115 m*t.

Gorobets A.M., Pastukh M.O., and others note that under the intensive irrigation
regime of sugar beet (70% during the growing season), the irrigation rate is 2900 m*/ha,
and under the water-saving regime (70% of the first irrigation period and a 20% reduc-
tion in irrigation rates in the second and third periods) it was 2400 m*/ha, the water
consumption coefficient, in turn, is 76.8 and 77.6 m®/t, and the yield is 57 and 53.1 t/ha,
respectively. In his opinion, the total water consumption of sugar beet was provided
by precipitation only by 20%, by 15% — by soil moisture and by 65% — by irrigation
water [5].

Fertilizers contribute to a more rational use of water. For the formation of one ton
of root crops, depending on the crop rotation, the water consumption coefficient in the
variants with fertilizers was 124-129, and without fertilizers — 171-231 m?® /t, which
is 38-80% more [3,4]. Buts O.V. and Filonenko S.V. believe that the irrigation regime
of sugar beet is determined by the background of its nutrition. For example, without
irrigation, when 30 t/ha of manure + N100P100K50 were applied, fertilizers did not
significantly affect the yield, and the following yield increase was obtained on irrigation
variants: at 60% NW — 2 t/ha, at 70% — 3.3 and at 80% NW — 4.8 t/ha. When fertilizer
rates were doubled, a similar pattern was observed [6, 7, 8].
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Summary of the main research material. The results of our research showed that
during the cultivation of sugar beet, the total water consumption, depending on the fac-
tors studied, ranged from 4128 to 5044 m?/ha (Table 1). The fertilizer background and
plowing depth did not significantly affect the total water consumption. This indicator
was mainly influenced by the timing of sowing and thickening of plants. The lowest
total water consumption in our experiments — 4128-4418 m?/ha — was obtained when
growing sugar beet, which was sown in the third term with a plant density of 90 thou-
sand plants per hectare, and the highest — from 4671 to 5044 m’/ha at the first sowing
term and plant density of 130 thousand plants per hectare.

Table 1
Evapotranspiration of sugar beet field depending on the studied factors, m*/ha

Fertilizer background Sowing date Plant density, thousand/ha
90 mo | 130
Plowing to a depth of 20-22 cm
First 4662 4803 4853
Without fertilizers Second 4795 4862 4903
Third 4418 4439 4493
First 4949 4989 5044
NP isoKeo Second 4736 4794 4836
Third 4144 4172 4200
First 4876 4890 4965
Manure 40t/ha + N, P K, Second 4455 4525 4586
Third 4293 4311 4350
First 4614 4684 4735
Manure 40t/ha Second 4509 4579 4624
Third 4192 4258 4301
Plowing to a depth of 28-30 cm
First 4637 4685 4721
Without fertilizers Second 4873 4936 4966
Third 4155 4172 4191
First 4651 4716 4755
N 5P 5K Second 4659 4677 4689
Third 4128 4232 4165
First 4667 4738 4792
Manure 40t/ha+ N P K Second 4631 4668 4700
Third 4305 4632 4415
First 4576 4628 4671
Manure 40t/ha Second 4446 4493 4509
Third 4201 4137 4177

In the second term of sowing, depending on the depth of plowing, the total water
consumption decreased compared to the first term in the variants of planting density
of 90 thousand/ha by 0.8-9.5%, 110 thousand/ha by -0.8-8.1 and 130 thousand/ha by
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-1.4-8.3%, in the third term this decrease was, respectively, by 5.5-19.4, 2.3-19.6 and
8.0-14.1%. Comparing the first sowing term with the second, it can be noted that with-
out fertilizers, the total water consumption was higher than in the first sowing term, and
on fertilized backgrounds, this figure was higher in the first sowing term.

An increase in the number of plants per hectare from 90 to 110 thousand was
observed at almost all sowing dates, it increased the total water consumption, and its
growth was even greater when the number of plants per hectare increased from 90 to
130 thousand. In our opinion, this can be explained by the fact that the more plants per
hectare, the more they use soil moisture.

Tables 2 and 3 show the calculations of the share of soil moisture, useful precipita-
tion and irrigation in sugar beet water consumption depending on the factors studied.

Table 2
The share of soil moisture, irrigation and useful precipitation
in total water consumption depending on the studied factors
(on the background of plowing by 20-22 cm)
A Plant Share of participation, % Total water

Sowing density, . . useful oL consumption,

term thousand/ha soil moisture precipitation irrigation m*/ha
1 2 3 4 5 6
Without fertilizers
90 17,0 33,7 49,3 4662
First 110 19,4 32,7 47,9 4803
130 20,3 32,3 47,4 4853
90 20,1 31,9 48,0 4795
Second 110 21,2 31,5 473 4862
130 21,9 31,2 46,9 4903
90 14,6 33,4 52,0 4418
Third 110 15,0 33,2 51,8 4439
130 16,0 32,8 51,2 4493
On the background N, P, K
90 21,8 31,7 46,5 4949
First 110 22,4 31,5 46,1 4989
130 233 31,1 45,6 5044
90 19,1 323 48,6 4736
Second 110 20,1 31,9 48,0 4794
130 20,8 31,6 47,6 4836
90 8,9 35,6 55,5 4144
Third 110 95 35,4 55,1 4172
130 10,1 35,1 54,8 4200
On a background of 40 t/ha of manure + N, P . K

90 20,6 32,2 47,2 4876
First 110 20,9 32,1 47,0 4890
130 22,1 31,6 46,3 4965
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3akiHueHHs Taom. 2
1 2 3 4 5 6
90 14,1 343 51,6 4455
Second 110 15,4 33,8 50,8 4525
130 16,5 334 50,1 4586
90 12,1 344 53,5 4293
Third 110 12,4 34,2 53,4 4311
130 13,2 339 52,9 4350
On a background of 40 t/ha of manure
90 16,1 34,0 49,9 4614
First 110 17,4 33,5 49,1 4684
130 18,3 33,2 48,5 4735
90 15,1 339 51,0 4509
Second 110 16,3 33,4 50,3 4579
130 17,2 33,1 49,7 4624
90 9,9 352 54,9 4192
Third 110 11,4 34,6 54,0 4258
130 12,2 343 53,5 4301

In our experiments, depending on the factors studied, the share of soil moisture in
total water consumption ranged from 8.6 to 23.3%, useful precipitation — from 30.8 to
-35.7 and irrigation — from 45.6 to 55.7%, i.e. irrigation takes the first place in sugar
beet water consumption, precipitation — the second and the smallest share belongs to
soil moisture.

When comparing fertilization backgrounds, it can be noted that the smallest share
of soil moisture in sugar beet water consumption was observed in the variants on the
background of applying only mineral and organic fertilizers at the third sowing term,
and the largest share — on fertilized backgrounds at the first sowing term.

Table 3

Share of participation in total water consumption of soil moisture,
irrigation, useful precipitation depending on the studied factors
(on the background of 28-30 cm plowing)

Sowing Pla?t Share of participation, % Total wat.er
term density, soil moisture u-se'ful . irrigation consu:nptlon,
thousand/ha precipitation m*/ha
1 2 3 4 5 6
Without fertilizers
90 16,5 33,9 49,6 4637
First 110 17,4 33,5 49,1 4685
130 18,0 333 48,7 4721
90 21,4 31,4 47,2 4873
Second 110 22,4 31,0 46,6 4936
130 22,9 30,8 46,3 4966
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3akiH4eHHs Ta0i. 3
1 2 3 4 5 6

90 9,1 35,5 55,4 4155

Tperiit 110 9,5 35,4 55,1 4172
130 9,9 35,2 54,9 4191

On the background N, P, K

90 16,8 33,8 49,6 4651

First 110 17,9 33,2 48,9 4716
130 18,6 33,0 48,4 4755

90 17,8 32,8 49,4 4659

Second 110 18,1 32,7 49,2 4677
130 18,3 32,6 49,1 4689

90 8,6 35,7 55,7 4128

Tperiit 110 10,8 34,9 54,3 4232
130 9,4 35,4 55,2 4165

On a background of 40 t/ha of manure + N , P K

90 17,1 33,6 49,3 4667

First 110 18,3 33,1 48,6 4738
130 19,2 32,8 48,0 4792

90 17,3 33,0 49,7 4631

Second 110 18,0 32,8 49,2 4668
130 18,5 32,6 48,9 4700

90 12,3 343 53,4 4305

Tperiit 110 18,5 31,8 49,7 4632
130 14,5 334 52,1 4415

On a background of 40 t/ha of manure

90 15,4 343 50,3 4576

First 110 16,4 33,9 49,7 4628
130 17,1 33,6 49,3 4671

90 13,9 344 51,7 4446

Second 110 14,8 34,1 51,1 4493
130 15,1 33,9 51,0 4509

90 10,1 35,1 54,8 4201

Tperiit 110 8,8 35,7 55,5 4137
130 9,6 35,3 55,1 4177

The share of useful precipitation in total water consumption, according to the data
obtained, was 30.8-35.7%. Moreover, as can be seen from the table, the highest share
of precipitation in total water consumption is observed at the third sowing date and
plant density up to 90 thousand/ha, and the lowest — at the first sowing date and plant
density up to 130 thousand/ha. In our opinion, higher rates of participation in total water
consumption with fewer plants can be explained by the fact that in these variants more
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moisture evaporates from the soil surface, and with a higher plant density, the soil is
practically covered by the leaves of the crop.

The largest share in sugar beet water consumption is irrigation, which varies from
45.6 to 55.7% depending on the factors studied. The lowest share of irrigation in sugar
beet water consumption was obtained in the variants of the first sowing term with a plant
density of 130 thousand/ha, and the highest — in the third sowing term and sugar beet
thickening to 90 thousand plants per hectare.

Conclusions. Based on the results obtained, it can be concluded that the total water
consumption of the field during the cultivation of sugar beet ranged from 4128 to
5044 m’/ha. These figures were higher in the first sowing term, and the lowest in the third
sowing term. The share of participation in water consumption was as follows: irrigation
rate — 47.8-54.4%, useful precipitation — 32.4-34.9 and soil moisture — 10.7-19.6%.

These studies encourage further research on the evapotranspiration of irrigated crop
rotation fields due to changing climatic conditions.
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