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WATER REGIME OF SOIL UNDER DRIP IRRIGATION OF COTTON
IN THE LOWE VOLGA REGION

Research article

Abstract

The article presents the results of the research of 4 drip irrigation regimes with the maintenance of the Soil Pre-Irrigation
Moisture (SPIM) 65-65-60, 70-70-65, 75-75-70 and 80-80-75 % of Full Moisture Capacity (FMC) in the Lower Volga
region, which, in combination with the introduction of mineral fertilizers with the doses of N140P60K45 kg / ha allowed to
obtain an average yield of raw cotton 3.06 ... 4.51 t / ha. The highest yield of raw cotton of 4.51 t / ha was obtained while
maintaining SPIM 75-75-70 % FMC. Analysis of the water regime of the soil showed that in the structure of the Total water
consumption, irrigation water was 43.3 ... 51.9, moisture input from rainfall — 27.1 ... 28.5 and from the soil — 21.3 ... 28.2 %.
On the control plot, with furrow irrigation with SPIM 75-75-70 % FMC the amount of moisture in the soil decreased to an
average of 3.5 %, moisture input from rain — to 17.0 %, while the irrigation water increased to 79.5 %. At the same time, the
value of Total water consumption, in comparison with drip irrigation, increased by 154.3 mm / ha or by 62.2 %, and the value
of the Volume of irrigation water — by 198.5 mm/ha or by 2.6 times. As a result, with furrow irrigation it was obtained the
yield of 3.08 t / ha, which was on 1.37 t/ ha or 30.8 % less than with drip irrigation.
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BOJHBIN PEKWM ITOYBBI ITPU KATIEJIbHOM OPOIIIEHUH
XJIOIMYATHUKA B HUKHEM ITOBOJI’KBE

Hayunas cratbs

AHHOTAIIUA

B cratbe mpencTaBiieHBl pe3yNbTaThl HCCIEAOBaHM 4 PEKUMOB KalleJIbHOTO OPOMICHHS ¢ MOAIePKaHUEM IPEIIIOIUBHOTO
ropora BiaXHOCTU 1ouBbl 65—65-60, 707065, 75-75-70 u 80-80-75 % HB B Hmwxuem [ToBomkbe, KOTOPbIE B COUYETAHUU C
BHECEHHEM MUHEpaNbHBIX yaoopenuit mo3amu N140P60K45 kr n. B./ra MO3BOJNWIN MOMYYUTh CPEIHIO OHOIOrHYECKYIO
ypokaitHOCTh XJomka—chipra 3,06...4,51 1/ra. Camast BEICOKasi ypOxKaHOCTE XJyionka—ceipua 4,39...4,51 1/ra Oplia momydeHa
IIPY TIOAJEPKaHUM TPEATIONMBHOIO Mopora BiaxHocTn 75—75-70 % HB. Anann3 BogHOro pekMMa IOYBHI IOKa3all, 4To B
CTPYKType CYMMAapHOI'O BOIOIOTPEONCHHsS OpOCHTENbHas Boma cocraBisiia 43,3...51,9, mpuxom Biard OT OCAamKOB —
27,1...28,5, a mouBeHHele Bnarozamacel — 21,3...28,2 %. Ha KOHTpOIbHOM ydYacTKe, NpH MOJWBE MO Oopo3daM c
o Aep’)KaHUEeM TIPEAIIONUBHOTO Mopora BiakHOCTH 75—75—70 % HB mons mouBeHHBIX BIIaro3anacoB CHU3HWJIACH B CPEIHEM
1o 3,5 %, ocankoB — mo 17,0 %, B TO BpeMs Kak, IOJS OPOCHUTEIBHOW BOIBI Bo3pocha a0 79,5 %. Ilpu sToM BemmunHa
CYMMAapHOTO BOJIOTIOTPEONIEHNs, TI0 CPABHEHHMIO C KAIEJbHBIM TIOJIMBOM, yBenuumnach Ha 1543,0 m*/ra wm na 62,2 %, a
BEJIMYUHA OPOCUTENbHOM HOpMBI — Ha 1840...2130 M%ra wm B 2,5...2,9 pas. B pesyibrare, Oblla IOIydeHa ypoOkKaiHOCT
4,15...4,20 1/ra, xotopas O0puta Ha 0,24...0,30 T/ra HIDKE, YeM MPH KaNeIbHOM TTOJTHUBE.

KuroueBble ¢j10Ba: cymMmmapHOe BOAOMOTpepebIIeHIE, KATIETHOE OPOLICHHE, YPOKAMHOCTD XJIOMKa—ChIPIIA.

1. Introduction

About 100 countries in the world are involved in cotton growing. The leaders in cotton cultivation are India, the USA and
China. In the Soviet Union it is actively engaged in the republics of Central Asia: Kazakhstan, Kyrgyzstan, Turkmenistan and
Uzbekistan [1]. These republics were the main providers of cotton fiber to Russia after the crash of the Soviet Union. Duo to
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the danger of introduction US sanctions, the main supplier, the Republic of Uzbekistan stopped to supply us these products. In
this regard, in Russia there is an urgent need to develop its own, domestic cotton growing.

Taking into account the current situation, after 3 years of preliminary research [2], in 2019 a multifactorial field
experiment with various irrigation methods, irrigation regimes, doses of mineral fertilizers and planting density to obtain a
yield of 3 to 5t/ ha of cotton raw was started in Volgograd State Agrarian University.

One of the main tasks of our research is to study the water regime of the soil during drip irrigation (DI) of cotton. Such
studies are carried out in the Lower Volga region for the first time.

Drip irrigation of cotton is practiced in many countries of the world. The cotton irrigation regimes, sowing patterns and
installation of drip irrigation systems are researching in China [3], India [4], Syria [5] and the United States [6] today. A
comparative analysis of cotton cultivation under surface and subsurface drip irrigation is carried out in India [7], the USA [8]
and Turkey [9]. In Indonesia, the cultivation of cotton with drip irrigation 2 times a year with sowing in May and August is
being investigated [10], [11].

In China, as well as in the Republic of Uzbekistan, the problem of raising the level of groundwater is very acute, so they
are investigating the possibility of irrigating cotton with salt water by drip irrigation in arid regions of the country [12], [14].

2. Materials and methods of research

The experimental site is located on the right coast of the Volga River. The climate here is sharply continental with cold
little snow winters and hot dry summer. It is characterized by an almost complete absence of rains in July and August, high
temperatures of air in combination with a large number of hot strong dry winds during the period of the most intensive
development of cotton.

The soils of the site are light brown, with a humus content of no more than 1-2 %, medium and heavy loamy. These are
typical soils for the main territory of the Lower Volga.

Ground waters did not affect to the water regime of the soil, because they were at a depth much deeper than 3 m.

In relation to the amount of precipitation in the form of rainfall to the sum of the average daily air temperatures, the
weather conditions in 2019 and 2020 characterized as severely arid.

The research was carried out with the cotton variety "PGSSH-1". This ultra—fast sort was created by breeders from the
Volgograd State Agrarian University and the Republic of Uzbekistan especially for the soil and climatic conditions of the
Volgograd region [2].

One of the main components of the soil water regime is the irrigation regime for agricultural crops, therefore, in our field
experiments with drip irrigation of cotton, we studied 4 options for the irrigation regime: DI-1, DI-2, DI-3, DI-4 with
maintaining SPIM respectively, 65-65-60, 70-70-65, 75-75-70 and 80-80-75 % FMC.

Three levels of water availability in each irrigation regime were observed sequentially in the interphase periods "sowing —
flowering" (1), "flowering — fruit formation" (11) and "end of fruit formation — ripening"(l11). Irrigations were carried out with
calculated irrigation rates when soil moisture reached SPIM for each variant of drip irrigation.

The presented article shows the results of studies of 4 drip irrigation regimes for cotton in 2019 and 2020 on variants with
the introduction of mineral fertilizers in doses of N140P60K45 kg/ha.

The control in these field experiments was the option with the traditional for Central Asia furrow irrigation (FI), which
maintained the same level of mineral nutrition and SPIM 75-75-70% FMC, the same as in the site with DI-3.

3. The research results

The results of irrigation regimes studying on average for 2019-2020 are presented in Table 1. They showed that annually
for all variants of the drip irrigation experiment it was necessary to carry out 1 irrigation after sowing with a rate of 13.0, and
for irrigation along furrows — with a rate of 30.0 mm / ha.

Subsequently, the number of drip irrigations and the value of irrigation rates primarily depended on SPIM for each variant.

Table 1 — The Irrigation regime for cotton with drip irrigation and furrow irrigation on average for 2019 — 2020

SPIM I | Interpha?tle perlodsl i Total number Volume of irrigation
o ’ — . of irrigations water
% FMC number of irrigations, pieces * :
g pieces (mm/ha)
irrigation rates, mm/ha
Drip irrigation
1*13,0+ * *
DI-1 1..2%22.0 1...2¥22,0 1*25,0 4...6 104,0
1*13,0+ * *
DI-2 1..2%19.0 2...3*%19,0 1*22,0 5...7 111,0
1*13,0+ N .
DI-3 2..3*%16,0 2..3*16,0 1...2*19,0 6...9 121,5
1*13,0+ . .
Di4 2. 3*13.0 3...4*%13,0 2...3*¥16,0 8...11 131,0
Furrow irrigation
Fl | 1*30,0+1*80,0 | 1..2*80,0 | 1*90,0 | 4.5 | 320,0
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On the DI-1 option with the lowest pre—irrigation soil moisture of 65-65-60 % FMC in the interphase periods "sowing —
flowering" and "flowering — fruit formation™ in 2019 —2020 carried out 1 ... 2 vegetation irrigations with a rate of 22.0 mm / ha
and else 1 irrigation with a rate of 25.0 mm / ha during the period "end of fruit formation—ripening". In general, during the
growing season of cotton 4 ... 6 irrigations were carried out with an average volume of irrigation water of 114.0 mm / ha.

With an increase of SPIM from 65-65-60 to 80-80-75 % FMC the irrigation rates for vegetation drip irrigations in the
interphase periods "sowing — flowering" and "“flowering — fruit formation™ gradually decreased from 22.0 to 13.0, and during
the "end fruit formation—ripening "— from 25.0 to 16.0 mm / ha.

At the same time, the Total number of drip irrigations during the growing season of cotton increased from 4 ... 6t0 8 ... 11
pcs, and the volume of irrigation water — on averaged from 114.0 to 131.0 mm/ ha.

On the control variant, when irrigating along the furrows, while maintaining SPIM 75-75-70 % FMC 1 irrigation with a
rate of 80.0 mm/ ha was performed in the interphase period "sowing — flowering", 1 ... 2 irrigations of 80.0 mm/ha — during the
period of "flowering—fruit formation" and 1 irrigation with a rate of 90.0 mm / ha — during the "end of fruit formation—
ripening" period.

In this regard, on the control plot the total number of irrigations for the season was 4 ... 5 pcs and the average volume of
irrigation water was 320.0 mm / ha.

Comparison of irrigation regimes for cotton with two methods of irrigation showed that in the variant with drip irrigation
the value of post-sowing irrigation rate decreased by 17.0 mm / ha and vegetation irrigation rates — by 71.0 ... 74.0 mm / ha.
The Total number of irrigations decreased from 6 ... 9to 4 ... 5 pcs simultaneously with a decrease of the VVolume of irrigation
water — from 121.5 to 320.0 mm / ha, that is in 2.6 times.

Weather conditions were another factor influencing to the drip irrigation regime of cotton. Due to the fact that in the
second year of research the amount of precipitation decreased from 87.0 to 49.7 mm/ha, in 2020, in comparison with 2019, on
the options for drip irrigation of cotton DI-1 and DI -2, the Total number of irrigations per season increased by 2, and on
options DI -3 and DI —4 — by 3 units.

The main indicator characterizing the water regime of the soil was the Total Water Consumption. Its value on average for
the variants of the experiment is shown in Table 2.

Table 2 — The Total water consumption of cotton with drip irrigation and furrow irrigation on average for 2019-2020

\Volume of . S.Oil Total water Share of E, %
. L Rainfall moisture -
Experience | irrigation ) reSEIVES consumption

Option water (M) mm/ha (AW) (E) M P AW

mm/ha mm/ha mm/ha

Drip irrigation
DI-1 104,0 68,4 67,8 240,2 43,3 28,5 28,2
DI-2 111,0 68,4 63,7 243,0 45,7 28,1 26,2
DI-3 121,5 68,4 58,4 248,2 48,9 27,5 23,5
DI-4 131,0 68,4 53,2 252,5 51,9 27,1 21,0
Furrow irrigation

Fl | 3200 | 684 | 142 | 4026 | 795 | 170 | 35

The Total Water Consumption was formed from the Total volume of irrigation water and water, coming from Rainfall and
Soil moisture reserves.

The Volume of irrigation water for DI, on average for 2019 — 2020 equal to 104.0 ... 131.0 mm / ha accounted for 43.3 ...
51.9 % of the Total water consumption. However, due to a significant decrease of Rainfall in the second year of research, in
2020, in comparison with 2019, the share of irrigation water in the Total water consumption increased from 34.9 ... 44.6 to
51.3...58.9 %.

The arrival of moisture from Rainfall (on average over 2 years 27.1 ... 28.5 %) and Soil moisture reserves (21.3 ... 28.2 %)
also constituted a significant share in the Total water consumption.

At the same time, it was found that with an increase of SPIM on the options DI-1 ... DI-4 from 65-65-60 to 80-80-75 %
FMC the Total water consumption, as well as the VVolume of irrigation water per season on average for 2019 — 2020 increased
from 240.2 to 252.5 mm / ha, while Soil moisture reserves decreased from 67.8 to 53.2 mm / ha.

In the structure of Total water consumption for furrow irrigation, the share of Soil moisture reserves decreased on average
to 3.5 % and Rainfall- to 17.0 %, while the share of irrigation water increased to 79.5 %. At the same time, the value of Total
water consumption, in comparison with drip irrigation, increased by 154.3 mm / ha or 62.2 %.

The height of cotton plants and the yield of raw cotton are shown in Table 3.
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Table 3 — The height of cotton plants and the yield of raw cotton with drip irrigation and furrow irrigation on average
for 2019-2020

Experience Option Height of cotton plants, | Number of opened cotton Yield of raw cotton
cm bolls on one bush, pcs. t/ha
Drip irrigation

DI-1 55 54 3,17

DI-2 60 6,5 3,89

DI-3 69 7,5 4,45

DI-4 81 6,8 4,18

Furrow irrigation
Fl | 74 | 5,1 | 3,08

The research results showed that the height of the plants increased simultaneously with the increase in the level of water
supply to the plants. By increasing SPIM for drip irrigation from 65-65-60 to 80-80-75 % FMC plant height gradually
increased on average up to 2 years of research from 55 to 81 cm. With furrow irrigation, compared with drip irrigation plants
were 4 cm higher.

Further analysis showed that the developed irrigation regimes for drip irrigation in combination with the application of
mineral fertilizers with doses of N140P60K45 kg/ha allowed to obtain the yield of raw cotton on average for 2 years of
research 3.17 ... 4.45t/ ha.

The lowest yield of 3.17 t / ha was obtained while maintaining SPIM 65-65-60 % FMC. An increase in the level of water
supply to 70-70-65 % FMC contributed to an increase in yield up to 3.89t/ ha.

The highest average yield of 4.45 t / ha was obtained while maintaining SPIM 75-75-70 % FMC. It was observed on the
variant that the largest number of bolls opened for harvesting (7.5 pcs. on one cotton plant).

With a further increase in the level of water supply to 80-80-75 % FMC the yield decreased to 4.18 t /ha. This was due to
the fact that in this variant plant growth continued, reaching the highest average values of 81 cm.

However, all the growth energy went only to the development of the leaf area, which led to a decrease in the opened bolls
to 6.8 pcs. on one plant.

A similar situation was in the control variant. Despite the fact that when irrigated along the furrows, the plants were on
average 5 cm higher, the decrease in the number of bolls to 5.1 pcs. on one plant led to the decrease in yield to 3.08 t / ha or
44.5 %.

Thus, the researches carried out in 2019 — 2020 showed that the developed irrigation regimes for drip irrigation in
combination with the application of mineral fertilizers with doses of N140P60K45 kg / ha allowed to obtain a yield of raw
cotton equal t0 3.17 ... 445t/ ha.

The highest yield of raw cotton of 4.45 t / ha was obtained while maintaining SPIM 75-75-70 % FMC. In this variant, the
height of the plants was 69 cm, and for harvesting 7.5 opened cotton bolls were on one plant.

This mode of drip irrigation was provided by 1 post-sowing irrigation with a rate of 13.0 mm/ ha, 2 ... 3 irrigations with a
rate of 16.0 mm / ha in the interphase periods "sowing — flowering" and "flowering — fruit formation", as well as 1 ... 2
irrigations of 19.0 mm/ha during the period "end of fruiting—ripening".

Analysis of the water regime of the soil showed that the Total water consumption increased on average from 210.2 to
252.5 mm / ha simultaneously with an increase in the VVolume of irrigation water from 104.0 to 131.0 mm / ha with an increase
in SPIM from 65-65-60 to 80-80 —75 % FMC.

In the structure of the Total water consumption during drip irrigation of cotton, irrigation water was 43.3 ... 51.9, moisture
input from rainfall — 27.1 ... 28.5 and Soil moisture reserves — 21.3 ... 28.2 %.

In the structure of total water consumption for furrow irrigation, the share of Soil moisture reserves decreased to an
average of 3.5 %, rainfall —to 17.0 %, while the share of irrigation water increased to 79.5 %. At the same time, the value of
the Total water consumption, in comparison with drip irrigation, increased by 154.3 mm / ha or 62.2 %.

At the same time, on the control plot, the value of irrigation rates increased by 4.7... 5.0 times, the number of irrigations
decreased by 2... 4 units, and the Volume of irrigation water increased by 198.5 mm / ha or 2.6 times. As a result, on this plot
with furrow irrigation it was obtained the yield of 3.08 t / ha, which was on 1.37 t / ha or 30.8 % less than with drip irrigation.
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