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THE EFFECT OF IRRIGATION REGIME
ON THE YIELD OF SOYBEAN
IN THE SOUTH AND SOUTH-EAST OF KAZAKHSTAN

Abstract. The quantitative indicators of irrigation norms depend on soil-hydrological features and climatic
conditions of the region.

The highest yields in both zones were obtained with drip irrigation and wide range of two-line sowing, it is
51.6 c/ha in the conditions of the Kyrgyz Alatau, and it is 54.6 c/ha in the conditions of the Ili Alatau. The lowest
yields were obtained with furrow irrigation in a wide range of single-line sowing.

Key words: irrigated agriculture, drip irrigation, soybean, total water consumption, irrigation norm.

Introduction. Cultivated crops require moisture, the bulk of which they are extracted from the soil,
for the normal growth and development. According to many authors, soil moisture has the greatest
availability for plants, close to the lowest moisture content. Moisture, as noted by many researchers, is
one of the main and indispensable factors of plant life [1].

The irrigation regime of agricultural crops is a set of norms, number and terms of irrigation of each
crop in the irrigated crop rotation in accordance with climatic, soil, agrotechnical, hydrogeological con-
ditions of the geographical zone. It should meet the needs of plants in water during all periods of growth
and development, taking into account the requirements of agricultural culture; to carry out optimal regu-
lation of water and related nutrient, salt and thermal regimes of the soil; to promote soil fertility; to be
linked with the technique and technology of irrigation [2].

Irrigation rationing and timing of irrigation are the main stages of resource-saving technology of
cultivation, allowing obtaining the planned grain yields of soybeans, and are also a positive impact on
irrigated areas [3].

Obtaining high yields of soybeans is complicated by unstable provision of the territory with atmo-
spheric precipitation. In these conditions [4], irrigation plays a crucial role in the complex of agricultural
activities for the cultivation of this crop. Irrigation regime is zonal in nature and it depends on soil-hyd-
rological and weather conditions, method and technique of irrigation [5].

Materials and results. Zhambyl region is a part of the Shu-Talas water basin (WB), which consists
of: Shui WMD (code 08.01.14) with three water management areas (codes 08.01.14.01, 08.01.14.02 and
08.01.14.03), Talas WMD (code 08.02.15) with two WMA (codes 08.02.15.01 and 08.02.15.02).

Placement of water management areas and sites, administrative areas and areas of the Shu-Talas WB
on natural zones of moisture are given in table 1 and in figure 1.

Total water consumption and irrigation norm. Total water consumption is the total water con-
sumption by the field for evaporation from the soil surface and transpiration of plants during the growing
season. Water consumption consists of the moisture reserve of their soil used by plants, atmospheric
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Table 1 — Location of WMD and WMA, administrative regions and districts
by natural and corresponding agro-climatic zones of moisture in the Shu-Talas water basin

The name of the water | Code of water Natural areas and Administrative
management districts, | management coefficient of moisture areas and
the code areas (CM) districts
08 Shu-Talas water basin
Foothill semidesert — FSD, L
08.01.14.01 CM=0,25-0.20 Zhambyl region: Korday
Foothill semidesert — FSD,
CM =0,25-0.20 Merke, named after T. Ryskulov
08.01.14.02
South desert — SD, Shusk
CM=0.15-0.10 Y
Shuy 08.01.14 - ; —
Foothill semidesert — FSD, The Western part of the district
CM=0,25-0,20 T. Ryskulov
08.01.14.03 South desert — SD, Moyinkum, Shuy, the southern part of
R CM=0.15-0.10 Merke the district after T. Ryskulov
South desert — SD, .
CM=0.15-0.10 South Kazakhstan region: Sozak
Foothill semidesert — FSD, .
05.02.15.01 CM =0,25-0,20 Zhambyl region: Bayzak
T South desert — PU, Talas, South of Baizak, Zhambyl and
Ku=0.15-0.10 Zhualy districts
Talas Foothill steppe — FS
08.02.15 CM=0,30-0.35 Zhualy
Foothill semidesert — FSD,
08.02.15.02 CM =0,25-0,20 Zhambyl, Zhualy, Sarysu
South desert — SD, Sa Tala
CM=0.15-0.10 1ysu, TS

e B
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X

I
|

L~
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Figure 1 — Shu-Talas water basin
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precipitation of the vegetation period, capillary recharge of groundwater (with their close occurrence) and
irrigation water.

Evapotranspiration (total water consumption) is established by bioclimatic method according to the
dependence of:

ETerop=KoKy ETo, ©)

where ET,., — crop evapotranspiration in m3/ha; K, — microclimatic coefficient; K, — biological coef-
ficient characterizing the role of plants; ET, — evaporation over monthly time intervals, determined by the
formula N. N. Ivanova:

E=0.018(25+t) 2 (100-a), m*/ha, )

where, t is air temperature, °C; a is relative humidity, %.

Irrigation norm is defined as the difference between evapotranspiration (total water consumption) of
agricultural crop and its natural moisture supply. In irrigated areas with deep groundwater tables (>3 m)
non-saline soils and its value were set according to:

M= ETrop - W - Pet 3)

where M is irrigation norm (net) on non-saline soils at deep (>3 m) groundwater table, m*/ha; ETrop 1s the
evapotranspiration of agricultural crops, m*/ha; W, is productive reserves of soil moisture used by plants,
m’/ha; P is precipitation during the growing season, m*/ha.

Irrigation norms, that take into account soil-reclamation and hydrogeological conditions of the
irrigated field, were established according to the following dependence:

M—=ET o - K;
M) =% ’ @

M

where M (p. m.) is the ecological irrigation rules providing for reclamation prosperity on irrigated land,
m’/ha; M is the irrigation net norm, for non-saline soils with deep (>3.0 m) the occurrence of ground-
water, m*/ha; ET.., is total water consumption (evapotranspiration) of crops, m’/ha; Kg is coefficient of
permissible use of groundwater for subirrigation.

2. Water consumption norms of agricultural crops are adopted according to table 40 of “Integrated
water consumption and sanitation norms in agriculture” and are given in table 2.

Table 2 — Aggregated norms of water consumption of soybean under drip and surface irrigation
in Shuy water area 08.01.14, water sector 08.01.14.02

Water consumption norms, m*/ha

Soil-hydrogeological areas

Cu, Irrigated automorphic, semihydromorphic, hydromorphous,
natural areas crops Groundwater>3 m UHF=2-3m UHF=1-2m

Probability of exceedance, %

so | 75 | o5 | so | 75 | 95 | so | 75 | o5
Surface irrigation

0.25-0.20, Soybean | 4300 | 4950 | 6100 | 3050 | 3700 | 4850 | 2150 [ 2800 | 3900
FSD Drip irrigation

Soybean | 3400 | 3900 | 4850 | 2400 | 2950 | 3850 | 1700 | 2200 | 3100

Thus, the water consumption (m’*/ha) of soybean under drip and surface irrigation in Shuy water
management region depends on the features of soil-hydrogeological state, i.e. in both cases the norms
decrease with increasing hydromorphism. At the same time, the water consumption rate for drip irrigation
is 900-1250 m*/ha less than for surface irrigation.

Almaty oblast is part of the Balkhash-Alakol water basin (code 02) include water chemistry Ili (code
02.01.07) with seven water stations (codes with 02.01.02.01 for 02.01.02.07), Karatal-Aksu water
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chemistry (code 02.02.03) two VAS (codes 02.02.03.01 and 02.02.03.02), Alakol-Sarykolsky water
chemistry (code 02.03.00) two VAS (codes 02.03.00.01 and 02.03.00.02) and North Pribalkhashsky water
chemistry (code 02.04.00) with one of VAS (code 02.04.00.00).

The location of the water chemistry and VAS, administrative regions and districts by natural zones of
moisture are shown in table 3 and figure 2 (contour, Well built according to the SMS, not more than 1000

m above sea level).

Table 3 — Location of WCR and HCU, administrative regions and districts
by natural and corresponding agro-climatic zones of moisture in the Balkash-Alakol water basin

The name of the water | Code of water Natural areas and Administrative
management districts, | management coefficient of moisture areas and
the code areas (CM) districts
02 Balkash-Alakol water basin
02.01.02.01 | Mountain steppe — MS, CM=0,55-0,60 Almaty region: Raiymbek, river
basin Tekes
Foothill steppe — FS, CM=0,35-0,40 Uighur, southern part
02.01.02.02 | Foothill semidesert — FSD, CM=0.20 to 0.25 | The Uighur, a central part
South desert - SD, CM=0.10-0.15 Uighur, Northern part
Foothill steppe — FS, CM=0,35-0,40 Panfilov, Northern part
02.01.02.03 Foothill semidesert — FSD CM=0.20 to 0.25 Panfilov Central part
South desert - SD, CM=0.10-0.15 Panfilov, southern, Kerbulak,
southern Talgar, Shengeldy array
02.01.02.04 | Mountain steppe — MS, CM=0,55-0,60 Ei‘gye‘;‘bek’ the basin of the river
11i 02.01.02 :
Foothill steppe — FS, CM=0,35-0,40 Southern parts of Enbekshikazakh,
Talgar, Karasay districts
02.01.02.05 Central parts of Enbekshikazakh.
Foothill semidesert — FSD CM=0.20 to 0.25 b ockstkazaki,
Talgar, Karasay districts
South desert - SD, CM=0.10-0.15 Northern parts of Enbekshikazakh,
Talgar, Karasay districts
02.01.02.06 | South desert - SD, CM=0.10-0.15 Balkhash, the North-Western part
of the Karasai district
Foothill semidesert — FSD CM=0.20 to 0.25 Zhambyl, southern part
02.01.02.07 South desert - PU, Ku=0.10-0.15 Ili, Zhambyl, Northerr.l part
South desert - SD, CM=0.10-0.15 Zhamby! oblast: Moyinkum and
Shuy districts
South desert - SD, CM=0,15-0,20 Almaty region: Karatal district
02.02.03.01 . . _ Koksu, Eskeldy, Kerbulak, the
Kag;tglz_ 2;(511 Foothill semidesert — FSD CM=0.20 to 0.25 Northern part
o South desert - SD, CM=0,15-0,20
02.02.03.02 - - Aksu, Sarkand
Foothill semidesert — FSD CM=0.20 to 0.25
Foothill semidesert — FSD CM=0.20 to 0.25 Almaty region: the Eastern part of
South desert - SD, CM=0,15-0,20 the Alakol district
02.03.00.01
Northern desert - ND, CM=0,15-0,20 East Kazakhstan region: Eastern
Alakol- Sasykkol Foothill semidesert — FSD CM=0.20 to 0.25 part of Urzhar district
02.03.00 Foothill semidesert — FSD CM=0.20 to 0.25 Almaty region:Western part of
South desert - SD, CM=0,15-0,20 Alakol district
02.03.00.02
Northern desert — ND, CM=0,15-0,20 East Kazakhstan region: Western
Foothill semidesert — FSD CM=0.20 t0 0.25 | part of Urzhar district
South desert - SD, CM=0.10-0.15 Zhamby! region: North-Eastern part
of Moyinkum district
B _ Karaganda region: southern part of
North Balkash 02.04.00.00 North desert - ND, CM=0.10-0.15 Aktogay district
02.04.00 T Almaty region: North-Western part

Northern desert — ND, CM=0,15-0,20

of Alakol district

Semi-desert — SD, CM=0,25-0,20

East Kazakhstan region: Ayagoz
district
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Figure 2 — Balkash-Alakol water basin

Water consumption norms of agricultural crops are adopted according to table 40 of “Integrated
water consumption and sanitation norms in agriculture” and are given in table 4.

Table 4 — Aggregated norms of water consumption of soybean under drip and surface irrigation water management
in the Ili district water area 02.01.02, water sector 02.01.02.05

Water consumption norms, m*/ha
Soil-hydrogeological areas
ol sone | crops | Grondwater-dm | SSTibydromorphic, URF-23m | MORRRTR
Probability of exceedance, %
so | 75 | 95 | s0 | 75 [ 95 | s0 | 75 | 95
Surface irrigation
0,25-020, | Soybean | 4050 | 4700 | 5800 | 2600 | 3200 | 4200 | 1550 | 2000 | 3000
FSD Drip irrigation
Soybean | 3200 | 3700 | 4600 | 2050 | 2550 | 3350 | 1250 [ 1600 | 2350

Quantitative indicators of water consumption (m’/ha) also depend on the characteristics of the soil-
hydrological state, the greater the hydromorphism, the less irrigation norms in the Balkhash-Alakol basin
in the Ili water management region. At the same time, the water consumption rate in the Shuy water
management region as a whole is 200-300 m*/ha higher than in the Ili water management region due to
the arid climatic conditions of the region.
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Table 5 — Comparative assessment of the elements of productivity, yield and quality of soybean seeds
of the Lastochka variety depending on the methods of sowing and irrigation

Irrigation method Method of sowing, aisles, cm Yield, c/ha Protein, % Fat, %
Kyrgyz Alatau
o 45 49,6 40,2 19,8
Drip irrigation
50x20 51,6 39,8 19,5
o 45 41,5 40,1 20,1
Furrow irrigation
50x20 43,6 40,6 20,4
11i, hospital (Kaz NIACP)
o 45 52,6 39,1 19,2
Drip irrigation
50x20 54,6 39,6 19,5
L 45 44,5 39,4 19,8
Furrow irrigation
50x20 46,6 39,8 19,2

The results of studies to assess the elements of productivity and quality of soybean seeds cultivated
with drip and surface irrigation in the areas of Kyrgyz Alatau of Zhambyl region and Ili Alatau of Almaty
region showed that these indicators were more aligned and were within their genetic limits.

At the same time, there is a fairly high stability despite the conditions of their cultivation both in
terms of large-scale and quality. The level of protein in the variety Lastochka was within 39.1-40.6% and
fat was 19.2-20.4%.

It is known that the integral indicator is the productivity of cultures. This figure varies depending on
the conditions of cultivation. The highest yields in both areas of the experiments were obtained by drip
irrigation on a wide range two-line sowing. It is 51.6 c/ha in the conditions of the Kyrgyz Alatau, and 54.6
c/ha in the conditions of the Ili Alatau. The lowest yields were obtained by furrow irrigation on a wide
range two-line sowing.

Conclusion. The studies done in the Shu-Talas Water basin of Zhambyl region and Balkhash-Alakol
basin of Almaty region revealed that the quantitative indicators of the irrigation norm (m’/ha) depend on
the characteristics of the soil-hydrological state (the more hydromorphic, the less than the norm), the agro-
climatic conditions of the region (the drier, the more irrigation standards).

The highest yields were obtained by drip irrigation on a wide range two-line sowing in both zones. It
is 51.6 c/ha in the conditions of the Kyrgyz Alatau, and 54.6 c/ha in the conditions of the Ili Alatau. The
lowest yields were obtained by furrow irrigation on a wide range single-line sowing.

C.B. Kenen6aes', P. Exnazapksissr’, I1. A. Kanamuukos?, C. B. [lugopenko’

'HAO «Ka3ak yJITThIK arpapiblK YHHBEpCHTET», AnMathl, Kazaxcran,
2«KasaK cy mapyauiblibFsl FEUIBIME-3epTTey HHCTHTYTh JKIIIC, Tapas, Kazaxcran,
Kazax eriHuiiik sxoHe 6CiMJIIK IapyalIbUIbIFbl FBUTBIMH 3€PTTEY HHCTUTYTHI,
Anmaneibak aybuibl, Kapacaii aynanbsl, Anmarsl o0unbickl, Kazakcran

KA3AXCTAHHBIH OHTYCTIK ’KOHE OHTY CTIK-HIBIFbIC AMMAFBIHJIA
CY PEXXUMIHIH MAUBYPIIAK JAKBIJIBIHBIH O HIMAIJIIKKE 9CEPI

AnHoTtanmus. Cyapy >KbULIAMIbIFBIHBIH CaHIBIK KOPCETKIIITepl alMaKThIH TONBIPAK-THAPOJIOTHSIBIK KaCHEeT-
TepiHe )KoHE KIMMATTHIK JKaFJaiapbiHa OaiTaHBICTHL

Eki afimakTa xorapsl eHIMILUTIK KpIpFer3 AnataysrHeig 51,6 1/ra skarqaifblHIa TAMITBUTAI Cyapy jKOHE KeH KO-
JIAKThI eKUTIK ericTiK ajbIHIbI, all e AsarayblHbIH KaFqaibiHaa — 54,6 1/ra TeMeHri @HIMAUTIK KOpCeTKil jaana-
JBIK JIKANTa KApBIKIEH Cyapy apKbUIbl aJIbIHFaH.

Tyiiin ce3mep: cyapmaibl €riHIIUIK, TaMIIBUIATHIN Cyapy, MailOypiak, »*ajirmbl Cy TYThIHY, Cyapy *bULIaMm-
IBIFBI.
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'HAO «Ka3axckuii HalMOHATBHBIN arpapHbIil yHHBepcHTeT», AnMarsl, Kasaxcra,
2TOO «Kazaxckuii HAy4YHO-HCCIEeI0BATEIbCKUI HHCTUTYT BOIHOTO X03stiicTBay, Tapas, Kazaxcraw,
3TOO «Kazaxckoro HAyYHO-HCCIIEI0BATENECKOTO HHCTUTYTA 3eMIICICIINS U PACTCHUEBOICTBAY,
noc. Anmaneibak, Kapacaiickuii paiioH, AamaTuHcKas ooiactsb, Kazaxcras,

BJUSHUE PEXXVUMA OPOIIEHUS HA YPOKAHHOCTH COM
HA IOT'E 1 IOT'O-BOCTOKE KA3AXCTAHA

Annotanusi. KonndecTBeHHbIE MOKa3aTeIM OPOCHTEIFHONH HOPMBI 3aBUCST OT IOYBEHHO-THIPOIOTUYECKUX
0coOeHHOCTEH M KIMMAaTHYECKUX YCIIOBHH pETHOHA.

HawmBricnire mokasaresii ypojkaifHOCTH B 00€MX 30HaX IIOJMYYeHBI IPH KAIeIbHOM OPOLICHHH M IIHPOKOPSA-
HOM JBYCTPOYHOM TIOCEBE, B ycimoBmsix Kuprmsckoro Amaray 51,6 m/ra, a B ycnoBusix Mnmiickoro Anartay — 54,6 ra.
CaMble HU3KHE TTOKa3aTeI YPOKAHHOCTH IOJy4EHBI IPU OOPO3JKOBOM IOJIMBE B IIHPOKOPSIHOM OIHOCTPOYHOM
HOCeBe.

KoroueBble ciioBa: oponraemMoe 3eMiefelne, KaeilbHoe OpOLIeHHe, cosd, CyMMapHOe BOJOIOTpedIeH e, 0po-
CHUTeIbHast HOpMa.
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