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Abstract. In the Southern Federal District, where the Volgograd region occupies a significant territory,
cultivation of vegetable crops is impossible without irrigation. There was a large number of wide-spread
sprinklers in the USSR. Each unit of this system watered at least 60 to70 hectares, required a lot of water
pressure that resulted in high operating costs. Therefore, currently, such local irrigation methods as drip
and subsoil irrigation have a broad development perspective. Both irrigation methods favorably differ
from sprinkling by a significant increase in yield of vegetable crops, irrigation water saving, ease of operation
and rapid investment return. In this regard, the main goal of our research, conducted at Volgograd State
Agricultural University, is development of techniques and technologies for drip and subsoil irrigation
that allow receiving projected vegetable yields while maintaining soil fertility and environmental safety.
The research have shown that it is possible to obtain planned yields of 60, 70 and 80 t/ha of zucchini and
table beet using drip irrigation in steppe zone of southern Russia on light chestnut soils. Therefore, it is
necessary to observe irrigation regimes with maintaining pre-irrigation moisture (PIM) 75—85—75 and 85%
of field moisture capacity (FMC) simultaneously with application of calculated doses of mineral fertilizers.
Moreover, it is important to apply increased doses of mineral fertilizers with decrease in intensity of irrigation
regime due to reduction in soil moisture content to 75% of FMC. The planned radish yield of 80 tons
per hectare with subsoil irrigation can be obtained in variants with differentiated soil moisture
75—85—75% of FMC and 1.4 m distance n t between humidifiers, and also maintaining constant soil
moisture at 85% of FMC at plots with 1.2 and 1.4 m distances.
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INTRODUCTION

In conditions of market relations, in which Russia is today, agricultural producers
have lost desire to get the maximum possible yields of vegetable crops. Currently,
the main issue is the need to grow such a quantity of products that can be grown
considering available water, labor, financial resources [1—3].

In the Southern Federal District, where the Volgograd region occupies a significant
territory, cultivation of vegetable crops without irrigation is impossible. In Soviet times,
a large number of broad sprinkling equipment was used for this purpose. Each unit of this
system watered at least 60 to 70 hectares, required a lot of water pressure, resulting
in high operating costs. Therefore, in the present time such local methods of irrigation
as drip and subsoil irrigation have a further development perspective [4—7].

Both irrigation methods favorably differ from sprinkling by a significant increase
in yield of vegetable crops, irrigation water saving, ease of operation and a rapid
investment return.
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So, the main goal of our research was development of drip (DI) and subsoil
irrigation (SI) technologies, in order to produce planned crop yields while maintaining
soil fertility and environmental safety in conditions of steppe zone of southern Russia.

METHODS AND MATERIALS

The research was carried out as part of complex long-term field experiments
in Research Center “Gornaya Polyana” of Volgograd State Agricultural University.

Irrigation regimes and application of mineral fertilizers were studied in 2002—
2005 to obtain planned yields of 50, 60, 70 tons per hectare of pepper and aubergines,
and 70, 80 and 90 tons per hectare of tomatoes under drip irrigation. After that similar
studies were carried out in 2012—2014 with zucchini and table beets to produce 60,
70 and 80 t/ha of planned commercial produce under drip irrigation, and in 2014—
2017 — 80 t/ha of radish using subsoil irrigation.

In field experiments with beets, zucchinis and radish, the main studied crop-forming
factor was water regime of soil, which was studied in 3 variants (two permanent and
one differentiated). The calculated irrigation rates were given regularly with a decrease
in pre-irrigation soil moisture up to set figures.

Two of three-four years of each crop were characterized as arid. This indicated
that given yield levels of vegetable crops were obtained even in the most severe weather
conditions.

Zucchini ‘Nevira’ seeds were sown 1.4 x 0,7 m apart with drip lines along each row.

Table beet ‘Egipetskaya ploskaya’ seeds were sown according to the scheme: 4 rows
of plants 0.4 m apart and then — row spacing 0.6 m wide; plants in a row — 0.10...0.12 m
apart; drip lines were placed equidistantly between 1 and 2, 3 and 4 rows.

Black radish was sown in 3 rows 0.45 m apart, and then — row spacing 0.7 m wide.
After thinning in a row, the plants were left at a distance of 0.08 m from each other.

Zonal system of vegetable growing was used, with adjustment for water regime
maintaining and fertilizer rate in the variants studied.

All observations were made according to well-known procedures [8, 9]. Doses of
fertilizers for obtaining planned zucchini yields were calculated according to the metho-
dology of Professor V.I. Filin [10, 11].

The soils of the experimental section are light chestnut, typical for steppe zone
of southern Russia and Volga-Don interfluve, characterized by low humus (not more
than 1—2%) and low nitrate nitrogen content, medium mobile phosphorus and high
exchange potassium content.

The DI plot represented a net of Netafim strips (Israel) laid either along or between
plant rows. The SI system is a network of polyethylene pipes-humidifiers with point
perforations laid at 0.4...0.5 m depth with protective polyethylene film screen on top
and bottom along the entire length maintaining uniform moistening of the entire plot area.

RESULTS AND DISCUSSION

Studies on zucchini under DI showed (Table 1) that when applying calculated doses
of mineral fertilizers, planned yields of 60, 70 and 80 t/ha can be obtained only in variants
with maintaining pre-irrigation moisture threshold of 75—85—75 and 85% of FMC,
since in areas with a pre-irrigation moisture of 75% of FMC deviations from planned
yields were more than 10% (14.1...16.5%)).
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Table 1
Zucchini yield under drip irrigation (average for 2012—2014)
Yield, t/ha Yield deviations Variants
planned | actual t/ha % Pre-irrigation moisture, Fertilizer rate
% of FMC - -
planned yield, t/ha kg a.i./ha
initial analysis
60 50.1 -9.9 -16.5 75 60 N.. P.K
61.0 +1.0 1.7 75—85—75 100 Tee
62.1 +2.1 3.5 85
70 58.4 -11.6 -16.6 75 70 Ny1oParKos
71.3 +1.3 1.9 75—85—75
73.0 +3.0 4.3 85
80 68.8 -11.2 -141 75 80 N,0PosK110
82.4 +2.4 3.0 75—85—75
83.9 +3.9 4.9 85
repeated analysis
60 58.4 -1.6 2.7 75 70 N, 1oPerKag
61.0 +1.0 1.7 75—85—75 60 N, 50P75Kes
62.1 +2.1 3.5 85
70 68.8 -1.2 1.7 75 80 N,uoPooKi 10
71.3 +1.3 1.9 75—85—75 70 N.. P. K
73.0 +3.0 43 85 210 e
80 82.4 +2.4 3.0 75—85—75 80 NaoPooK110
83.9 +3.9 4.9 85
Table 2
Table beet yield under drip irrigation (average for 2012—2014)
Yield, t/ha Yield deviations Variants
planned | actual t/ha % Pre-irrigation moisture, Fertilizer rate
% of FMC -
planned yield, t/ha kg a.i./ha
initial analysis
60 48.2 -11.8 19.7 75 60 NP 150K 105
57.2 -2.8 4.7 75—85—75
60.9 +0.9 1.5 85
70 58.9 -11.1 15.9 75 70 N,goP 175K 12
69.6 -0.4 0.6 75—85—75
73.3 +3.3 4.7 85
80 72.8 -7.2 9.0 75 80 NeooPo0oK 140
82.7 +2.7 3.4 75—85—75
87.1 +7.1 8.8 85
repeated analysis
60 58.9 -1.1 1.8 75 70 N, P.K..
57.2 -2.8 4.7 75—85—75 60 N,.0P 150K 10
60.9 +0.9 1.5 85
70 72.8 +2.8 4.0 75 80 N0 PoKia
69.6 -0.4 0.6 75—85—75 70 NoeoP 175K 12
73.3 +3.3 4.7 85
80 82.4 +2.4 3.0 75—85—75 80 Na20P 00K 120
87.1 +7.1 8.8 85

However, a re-analysis shows that the planned productivity of zucchini of 60 and
70 t/ha can be obtained by maintaining moisture threshold of 75% of FMC and appli-
cation of increased doses of fertilizers — N,,,P¢,Kq¢ and N,,,PyK,,, with very small
deviations from expected yields (-2.7) and (-1.7)%.
The results of three-year field experiments on table beets are shown in Table 2.
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Mineral fertilizer application in calculated doses with irrigation water to DI system
helped to obtain planned yield of table beet at the level of 60 and 70 t/ha only in variants
with maintenance soil moisture threshold 75—85—75 and 85% of FMC, since in plots
with a moisture 75% of FMC deviations from planned yields were 15.9% and 19.7%,
respectively, which was significantly more than 10%.

Repeated analysis shows that these levels of planned table beet yield could be
obtained by maintaining moisture threshold of 75% of FMC and application of increased
fertilizer doses N,gP,,5K .3 and Ny, P, K4 With deviations of 1.8 and 4.0%, respectively.

The results obtained are of great practical importance, because of at current price
disparity agricultural producer is allowed to plan structure of sown areas based on rising
costs of both electricity for supplying irrigation water and mineral fertilizers.

The investigated regimes of zucchini and table beet drip irrigation allow to provide
planned yields (Table 3).

In order to maintain a constant less intensive irrigation regime with a moisture
threshold of 75% of FMC, 31 waterings (108 m*/ha) with irrigation rate of 3348 m’/ha
were performed in experiments with zucchini: 11 waterings during the interphase
periods ‘sowing — flowering’, ‘fruit formation — last harvesting’ and 2 waterings less
during the period ‘flowering — beginning of fruit formation’.

Table 3
Drip irrigation regime for zucchini and beetroot(on average for 2012—2014)
Pre-irrigation Interphase periods Waterings Irrigation
moisture threshold, - - - - for season rate,
% of FMC sowing — flowering — fruit formation — m*/ha
flowering beginning of fruit last harvesting
formation
amount of irrigation / irrigation rate m*/ha
Zucchini
75 11/108 9/108 11/108 31 3348
75—85—75 11/108 21/54 12/108 44 3636
85 20/54 17/54 32/54 69 3744
table beet
sowing — root formation — | technical maturity —
beginning of | technical maturity harvesting
root formation
75 9/134 18/134 8/134 35 4690
75—85—75 9/134 47/54 8/134 64 4816
85 25/54 49/54 27/54 101 5454

While maintaining a differentiated irrigation regime with a pre-irrigation moisture
threshold of 75—85—75% of FMC irrigation frequency during the season increased
to 44, and irrigation rate — to 3636 m*/ha due to 11 and 12 irrigation flows of 108 m*/ha
during periods ‘sowing — flowering’ and ‘fruit formation — last harvesting’, respec-
tively, as well as carrying out 21 waterings of 54 m’/ha in ‘flowering — beginning
of fruit formation’.

The most intensive irrigation regime with a constant moisture threshold of 85%
of FMC was provided by 69 irrigation cycles (54 m*/ha) with the highest total irrigation
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water for season of 3744 m’/ha: 20, 17 and 32 irrigation cycles were carried out in 1,
2 and 3 phase periods of zucchini development, respectively.

In table beet field experiments maintenance of a constant least intensive irrigation
regime with an expected moisture threshold of 75% of FMC was ensured on average
by 35 irrigation cycles (134 m’/ha) with irrigation rate of 4690 m*/ha (higher than
in zucchini): 9 irrigations in the interphase period ‘sowing — beginning of root for-
mation’, 18 during root formation — technical maturity and 8 — in subsequent period
before harvesting of root crops.

While maintaining a differentiated irrigation regime with a moisture threshold of
75—85—75% of FMC, number of irrigations during the season increased to 64, and
the irrigation rate was increased to 4816 m’/ha due to 47 irrigation operations
(54 m’/ha) during inter-phase period ‘sowing — beginning of root formation’.

The most intensive irrigation regime with a constant preliminary moisture threshold
of 85% FMC was achieved by performing 101 irrigations (54 m’/ha) at the highest
irrigation rate of 5454 m*/ha: 25, 49 and 27 irrigations — in the 1st, 2nd and 3rd periods
of table beet development, respectively.

The results of field experiments on obtaining the planned radish harvests are shown
in Table 4.

In these field experiments, the variants for obtaining a planned yield of 80 t/ha were
investigated while maintaining soil moisture thresholds on the plots with laying of
humidifiers in SI system at a distance of 1.2; 1.4 and 1.6 m apart.

Table 4
Radish yield under subsoil irrigation (average for 2014—2017)
Yield, t/ha Yield deviations Variants
planned actual Pre-irrigation moisture Distance between
t/ha % threshold, % of FMC humidifiers, m
initial analysis
80 59.5 -20.5 25.6 75 1.2
58.4 -11.6 14.5 1.4
53.5 -26.5 33.1 1.6
79.3 -10.7 13.4 75—85—75 1.2
78.2 -1.8 2.2 1.4
71.0 -9.0 11.2 1.6
83.6 +3.6 4.5 85 1.2
82.2 +2.2 2.8 1.4
72.9 -7.1 8.9 1.6
repeated analysis
60 58.9 -1.1 1.8 75—85—75 1.4
57.2 -2.8 4.7 85 1.2
60.9 +0.9 1.5 4

The results obtained showed that such crop yield could be obtained in variants
with a differentiated lower soil moisture threshold 75—85—75% of FMC and 1.4 m
distance between humidifiers, maintaining a constant soil moisture of 85% of FMC
at plots with inter-axis distances of 1.2 and 1.4 m, because of 9 combinations of the
factors studied, only these three deviations from planned yield did not exceed 5%.
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Table 5
Subsoil irrigation regime of radish (average for 2014—2017)

Pre-irrigation Interphase periods irrigations for | Irrigation rate,

moisture season m®/ha
threshold, sowing — flowering — technical maturity —
% of FMC flowering | technical maturity harvesting
Number of waterings/ irrigation rate, m*/ha

75 1/50+3/167 6/167 5/167 15 2722
75—85—75 1/50+3/167 19/100 5/167 28 3286
85 1/50+9/100 16/100 9/100 35 3450

Study on similar irrigation regimes for subsoil irrigation is shown in Table 5.

In all variants one sprinkling irrigation (50 m’/ha) was conducted after radish
sowing for better seed germination.

In order to maintain a constant less intensive irrigation regime with moisture
threshold 75% of FMC, 14 vegetative irrigations (167 m’/ha) with irrigation rate of
2,722 m’/ha were carried out: 3 vegetative irrigations during interphase period ‘sow-
ing — flowering’, 6 — in period ‘flowering — technical maturity’ and 1 watering less
during ‘technical maturity — harvesting’.

Maintaining differentiated irrigation regime with moisture threshold 75—85—75%
of FMC, number of vegetation irrigations during the season increased to 27, irrigation
rate was increased to 3286 m’/ha due to increase in irrigation number to 19 (100 m*/ha)
(instead of 6, 167 m*/ha) in period ‘flowering — technical maturity’.

The most intensive subsoil irrigation regime of radish with a constant preliminarily
humidity threshold 85% of FMC was achieved by 34 vegetation irrigations (100 m’/ha)
supplying highest total amount of irrigation water of 3450 m*/ha in season: 9 vege-
tative irrigations in 1 and 3 radish development phases and 16 waterings — in the
second phase.

CONCLUSIONS

Thus, the studies conducted showed that it is possible to obtain the planned yield
of 60, 70 and 80 t/ha of zucchini and table beet using drip irrigation in steppe zone of
southern Russia on light chestnut soils. It is necessary to observe irrigation regimes
maintaining preliminary moisture threshold 75—85—75 and 85% of FMC with
application of calculated doses of mineral fertilizers or to apply higher doses of mineral
fertilizers reducing irrigation regime intensity by reducing soil moisture content to
75% of FMC.

Radish planned yield of 80 t/ha under subsoil irrigation can be obtained in variants
with a differentiated soil moisture threshold 75—85—75% of FMC and 1.4 m distance
between humidifiers, and maintaining a constant soil moisture 85% of FMC at plots
with 1.2 and 1.4 m interaxial distances.

© A.S. Ovchinnikov, E.A. Hodyakov, S.G. Milovanov, 2018.
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NONYHEHUE NJIAHUPYEMbIX YPOXXAEB OBOLUHbIX KYJIbTYP
NMPU UCMNOJIb3OBAHUUN JIOKAJIbHbIX CITOCOBOB NOJIUBA
HA IOFE POCCUMN

A.C OBunnnukoB, E.A. Xoaskos, C.I'. MujioBaHoB

®OI'BOY BO Boarorpaackuii rocy1apcTBEHHBIN arpapHblil YyHUBEPCUTET
np. Yuusepcumemckuu, 26, Bonzoepao, 400002, Poccuiickas @edepayus

B IOxHOM (enepanbHOM OKpyre, rae Bonrorpajackast o0iacTh 3aHUMAaeT 3HAYHTEIBHYIO TEp-
PUTOPUIO, BHIPAIMBAaHUE OBOLIHBIX KYJIBTYp O€3 OpOLIEHHS HEBO3SMOXKHO. B coBeTckoe BpeMs i 3TOro
UCIIOIb30BAJIOCH OOJBIIOE KOJHMUYECTBO IIMPOKO3aXBATHOM HOXKIeBalbHON TexHuku. Kaxnas enuHuna
TaKo# TeXHUKHU nosmBaia He MeHee 60...70 ra, TpeboBasia OOJIBIIOTO HAMOPa BOABI M OOJBIINX YKCILTY-
aTallMOHHBIX 3aTpaT. [loaToMy B HacTosIee BpeMsi UMEIOT NEePCIEKTUBY IIUPOKOr0 pa3BUTHS TaKue
JIOKaJbHBIE CIIOCOOBI MOJIMBA, KaK KarelbHOe M BHYTPHIIOUBEHHOE oporreHue. Oba crmocoba momusa
BBITO/IHO OTJIMYAIOTCS OT JO0KJI€BaHUS 3HAYUTEIIbHBIM TOBBILICHUEM YPO)KaifHOCTH OBOLIHBIX KYJIBTYD,
HKOHOMHUEH OPOCUTENBHOM BOJIBL, IPOCTOTOH SKCILTyaTalluy U OBICTPOIl OKYIIaeMOCTBIO BIOXKCHHBIX 3aTpar.
B cBs131 ¢ 3THM OCHOBHO# IIENBIO HAIIMX UCCIIEAOBAHUIM, MPOBOJMMBIX B BonrorpaackoM rocy1apcTBEHHOM
arpapHOM YHHBEpCHUTETE, SBIISIETCS pa3pab0TKa TEXHUKH M TEXHOJIOTUH KareIbHOTO U BHYTPHIIOUBEHHOTO
OpOLIEHUs], MO3BOJIIONIMUX MOTy4aTh IUIAHUPYEMbIE YPOXKal OBOIIHBIX KyJBTYp IPH COXPAHEHUH ITOYBEH-
HOTO TUIOZOPOAMS M SKOJOTHIECKOH Oe3omacHocTH. [IpoBeieHHbIe HCCIeI0BaHUs TIOKa3ally, YTO B CTeTl-
HOH JacT tora Poccun Ha CBETJI0-KaIITaHOBBIX ITOYBAX MOYKHO MOJIYYaTh INIAHUPYEMYIO YPOKaitHOCTh
60, 70 u 80 1/ra KaGayKOB U CTOJIOBOM CBEKJbI IIPU NMPOBEACHUM KaIeIbHOIo opoulieHus. s 3Toro
HEOOXOIMMO COOTIONATh PEKUMBI OPOIIEHHS ¢ MOAJEPKAHUEM MPEIIOIUBHOTO MOPOTra BIaKHOCTH
75—85—75 u 85% HB onHOBpeMEHHO C BHECEHHEM PACUETHBIX 103 MUHEPAIbHBIX ynoOpeHuit. JInbo
HEOOXOJIMMO BHOCHUTbH IOBBIIICHHBIE J103bI MUHEPAIBLHBIX YAOOPEHUH NMpPU CHIKEHUHU WHTEHCHUBHOCTU
MIOJIMBHOTO PEKMMAa 3a CYET YMEHBIICHHS IIPEIIOIMBHOM BIaXHOCTH 1ouBbI 10 75% HB. ITnanupyemytro
ypoxaitHocTs 80 T/ra peAbKH NPH BHYTPHIIOUYBEHHOM ITOJIMBE MOYKHO ITOJYYHTh Ha BapHaHTax ¢ audde-
PEHLIMPOBAaHHBIM HIDKHUM [OPOTOM BJIAXKHOCTH 1OUBBI 75—85—75% HB u paccrosHueM Mexmy yBlax-
HuTersiMa 1,4 M, a Takke Ipu MOAJEeP)KaHUH MOCTOSHHOM IPEINOIMBHON BaXHOCTH 1ouBkl 85% HB
Ha y4JacTKax ¢ paccrossausmu 1,2 u 1,4 m.

KaioueBble cjioBa: ImiaHupyeMasi ypoKaifHOCTh, CTOJIOBAsI CBEKJIA, KaOayky, pelbka, KaleIbHOe
Y BHYTPHUIIOYBEHHOE OPOILICHHE
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