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INTRODUCTION 

The drip irrigation is one of the most progres-
sive irrigation methods in terms of irrigation effi-
ciency, water-saving and energy costs. However, 
the positive aspects of this irrigation method are 
only manifested when all elements of the irrigation 
technique comply with the specific soil conditions 
of the site and its topography, as well as the re-
quirements imposed by the cultivated crop to vari-
ous environmental factors [Akhmedov et al. 2010].

Soybean is a universal food, feed and tech-
nical culture. The variety of soybean chemical 
composition and the value of its protein allow ap-
plying it as a raw material in numerous industries 
[Podobedov, 1998a; Koryagin, 1985].

In Kazakhstan, soybean is mainly cultivated 
in the south-east – in the Almaty, Taldykorgan 
and Zhambyl regions. Irrigated southern regions 
are favorable for legume cultivation. The duration 
of the warm period, the amount of precipitation 
in autumn, winter and early spring, as well as the 
abundance of sunlight and heat, allow obtaining a 
high yield of soybean grain [Podobedov, 1998b].

Moisture, most of which is extracted from the 
soil, is required for the rateal growth and develop-
ment of the cultivated crops. According to the data 
of many authors, soil moisture close to the lowest 
water capacity has the greatest accessibility for 
plants. Moisture, as noted by many researchers, is 
one of the main and irreplaceable factors of plant 
life [Kochegura, 2008].

A crop irrigation regime is a set of rates, the 
number and timing of irrigation of each crop in ir-
rigated crop rotation corresponding to the climat-
ic, soil, agrotechnical and hydrogeological con-
ditions of the geographical zone [Yermukhambe-
tova et al., 2018]. It must meet the plants’ need for 
water in all periods of growth and development, 
taking into account the requirements of the ag-
ricultural culture. It must also implement opti-
mal regulation of water and associated nutrients, 
as well as salt and thermal regimes of the soil, 
promote the soil fertility and be linked with the 
irrigation technique and technology [Integrated 
water consumption and wastewater standards for 
individual Industries: approved by order of the 
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ABSTRACT
The influence of various irrigation methods on the soybean water consumption rates and yield has been studied. 
It was established that the yield of the Lastochka soybean variety using the drip irrigation was 52.6 c/ha under 
the conditions of the Ili Alatau and 49.6 c/ha in the Kyrgyz Alatau, which is 8.0–8.14 c/ha more than when using 
the furrow irrigation. In both zones, the soybean consumption rates depended on the soil-hydrogeological state 
of the land.
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Acting Minister of Agriculture of Kazakhstan 
dated October 11, 2016 No. 431].

In Kazakhstan, the shortage of water resourc-
es in average water years reaches 6.6 km3 and is 
significant in all basins. In dry years, the level of 
water supply is about 60% and in some regions – 
only 5–10%; the deficit is mainly observed in the 
irrigated agricultural zone [Current status, pro-
tection and rational use of water resources of 
Kazakhstan, 2018].

The analysis of literature considering the pat-
terns of formation of the soil water regime and 
its influence on the soybean production process 
allowed us to establish that the recommendations 
on this issue are determined by various factors, 
such as the soil and climatic conditions, varietal 
characteristics, irrigation methods, etc. In gen-
eral, most authors consider it more effective to 
use the irrigation regimes differentiated by inter-
phase periods [Balakay, 1983; Russian soybean 
union, 2003]. 

The shape, area and direction of the plots 
were established in accordance with the gener-
ally accepted methods [Dubenok et al., 2009; 
Mesyats, 1984].

Having a positive influence on the irrigated 
areas, irrigation rationing and the appointment 
of irrigation terms are the main stages of the 
resource-saving cultivation technology allowing 
one to obtain a planned yield of soybean grain 
[Shadskikh et al. 2019].

Obtaining a high soybean yield is compli-
cated by the unstable provision of the territory 
with atmospheric precipitation. Under these con-
ditions, irrigation is of decisive importance in 
the complex of agro-measures for the cultivation 
of this culture. The irrigation regime is zonal in 
nature and depends on the soil-hydrogeological 
and weather conditions, as well as the irrigation 
method and technique [Shadskikh et al., 2015].

MATERIALS AND METHODS

The research on various irrigation methods 
was carried out in 2016–2018 in two agroecologi-
cal zones of irrigated agriculture, in the south and 
southeast of Kazakhstan:
 • Irrigated piedmont zone of the Ili Alatau 

(demonstration site of the Kazakh Research 
Institute of Agriculture and Plant Growing 
(KazRIAPG)) on light chestnut soils;

 • Irrigated piedmont zone of the Kyrgyz Alatau 
(Nurzhan farm, Merke district, Zhambyl re-
gion) on gray-earth soils.

The foothill zone of KazRIAPG field stations 
is located at an altitude of 740 m above sea level 
and characterized by continental climatic condi-
tions: mild and cool winter, cool spring, hot and 
dry summer, warm and dry autumn.

The average duration of the frost-free period 
is 170–180 days with temperature fluctuations. 
However, frosts that are often recurring in late 
spring and early autumn, shorten the frost-free 
period to 140–150 days.

The summer thermal resources in the zone are 
quite high. The average amount of the above-zero 
temperatures is 3,500–4,000 °C. Such a thermal 
regime allows growing many heat-loving crops, 
including soybean.

The distribution of precipitation in the zone 
is uneven. Thus, according to the weather sta-
tion, the average annual amount of precipitation 
is 516.7 mm with the following distribution by 
seasons: 94.1 mm in winter, 177.5 mm in spring, 
158.8 mm in summer and 94.1 mm in autumn. 
The largest amount of precipitation falls in June 
and amounts to 96.6 mm in summer.

Arid weather remains for most of the warm 
period in the irrigated piedmont zone of the 
Kyrghyz Alatau (Nurzhan farm, Merke district, 
Zhambyl region). The period of 120–140 days 
in the year is characterized by relative humidity 
below 30%. The entry of moisture into the soil 
corresponds to the arrival of precipitation and oc-
curs mainly in the spring-winter and early-spring 
periods. The total amount of precipitation in 2018 
(381.4 mm) was distributed as follows: autumn 
– 16.0% (61.0 mm), winter – 19.3% (73.8 mm), 
spring – 56.4% (215.3 mm) and summer – 
31.3 mm (8.2%).

As the object of the study, the authors se-
lected the Lastochka soybean variety, belonging 
to the middle-late group (III group of ripeness), 
approved for use in the Almaty, Zhambyl and 
Turkestan regions.

Sowing was conducted using a VenceTudo 
combination seeder (Brazil), single-line and two-
line sowing methods (45 cm and 50×20 cm spac-
ing, respectively) as well as two irrigation meth-
ods (drip and furrow).
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RESULTS AND DISCUSSION

The Zhambyl region is part of the Shu-Talas 
basin, which consists of the Shu water district 
(code 08.01.14) with three water areas (codes 
08.01.14.01, 08.01.14.02 and 08.01.14.03) and 
the Talas water district (code 08.02.15) with two 
water areas (codes 08.02.15.01 and 08.02.15.02).

The location of water districts and areas, ad-
ministrative regions and districts of the Shu-Talas 
basin by natural moisture zones is shown 
in Figure 1.
1. The rates of water consumption of the agricul-

tural crops are taken in accordance with the 
Consolidated rates of Water Consumption and 
Wastewater Disposal in Agriculture and are 
given in Table 1.

 Thus, in the Shu water district, the soybean wa-
ter consumption (m3/ha) when using the drip 
and surface irrigation depends on the charac-
teristics of the soil-hydrogeological state, i.e. 
in both cases, the rates decrease with increas-
ing hydromorphism. At the same time, the 
water consumption rates when using the drip 
irrigation are 900–1250 m3/ha less than when 
using the surface irrigation.

2. The rates of vegetative irrigation were calcu-
lated using the A.N. Kostyakov’s formula:

𝑚𝑚 = 100𝛾𝛾ℎ(𝛽𝛽𝑀𝑀𝑀𝑀 − 𝛽𝛽0 ) (1)

where: m is the irrigation rate, m3/ha;
 γ is the bulk density of the soil, t/m3;
 h is the depth of soil moisture, m;

 βMC and β0 are the lowest moisture capac-
ity and pre-irrigation soil moisture, % of 
the weight.

3. The depth of soil moistening depends on the 
mechanical properties of the soil, the hydro-
geological and ameliorative conditions, the 
density of the plant root system, the irrigation 
method, etc. and is assumed to be equal to the 
thickness of the active layer of the soil.

4. The intra-vegetational distribution of the ir-
rigation rates for crops was developed on the 
basis of the variation-statistical method for the 
years of varying degrees of supply (50%, 75%, 
95%).

Total water consumption and irrigation rates

Total water consumption is the total water 
consumption of the field associated with evapora-
tion from the soil surface and plant transpiration 
during the growing season. The water consump-
tion is made up of the soil moisture reserves used 
by plants, the precipitation of the growing season, 
the capillary feeding of groundwater (when it is 
close to the ground) and irrigation.

Evapotranspiration (total water consumption) 
was established based on the bioclimatic method 
according to dependencies:

ETcrop=KоKв ET0 (2)
where: ETcrop is crop evapotranspiration, m3/ha;
 Kо is the microclimatic coefficient;

Figure 1. The location of water districts and areas, administrative regions and districts of the Shu-Talas basin 
by natural moisture zones
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 Kв is the biological coefficient character-
izing the role of plants;

 ET0 is evaporation for monthly intervals of 
time, determined using the N.N. Ivanov’s 
formula:

E=0.018(25+t) 2(100-а), m3/ha (3)
where: t is the air temperature, оС;
 a is the relative air humidity, %.

The irrigation rate is defined as the differ-
ence between evapotranspiration (total water 
consumption) of an agricultural crop and its natu-
ral moisture supply. On the irrigated lands with 
deep groundwater (more than 3 m) and non-saline 
soils, its values were established as follows:

M= ETcrop – Wa – Pef (4)
where: M is the irrigation rate (net) on non-saline 

soils with deep (> 3 m) groundwater ta-
ble, m3/ha;

 ETcrop is crop evapotranspiration, m3/ha;
 Wa is productive soil moisture reserve 

used by plants, m3/ha;
 Pef is precipitation that fell during the 

growing season, m3/ha.

The irrigation rates that take into account the 
soil-ameliorative and hydrogeological conditions 
of the irrigated field were established according 
to the following relationship:

𝑀𝑀(𝑃𝑃𝑃𝑃) =
𝑀𝑀 −  𝐸𝐸𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐾𝐾𝑔𝑔

𝐾𝐾𝑃𝑃
 (5)

where: MPM is the ecological and melioration ir-
rigation rates ensuring the melioration 
welfare of irrigated lands, m3/ha;

 M is net irrigation rate for non-saline 
soils with deep (> 3.0 m) groundwater 
table, m3/ha;

 ЕТcrop is crop evapotranspiration, m3/ha;
 Kg is coefficient of permissible use of 

groundwater for sub-irrigation.

The Almaty region is part of the Balkash-
Alakol basin (code 02) and includes the Ili water 
district (code 02.01.07) with seven water areas 
(codes 02.01.02.01–02.01.02.07), the Karatal-
Aksu water district (code 02.02.03) with two wa-
ter areas (codes 02.02.03.01 and 02.02.03.02), the 
Alakol-Sasykolskiy water district (code 02.03.00) 
with two water areas (codes 02.03.00.01 and 
03.03.00.02) and the North-Pribalkashsky water 
district (code 02.04.00) with one water area (code 
02.04.00.00).

The location of water districts and areas, 
administrative regions and districts by natural 
moisture zones is shown in Table 2 and Figure 2 
(Q-contour lines are constructed according to data 
of hydromagnetic system located no higher than 
1,000 m above sea level).

The total water consumption and irrigation 
rates in the Balkhash-Alakol basin in the Ili water 
district were calculated in the same way as in the 
Shu-Talas basin, according to formulas 2–5.

The rates of water consumption of the agri-
cultural crops are taken in accordance with the 
Consolidated rates of Water Consumption and 
Wastewater Disposal in Agriculture and are given 
in Table 2.

In the Balkhash-Alakol basin in the Ili water 
district, the quantitative indicators of the water 
consumption rate (m3/ha) also depend on the fea-
tures of the soil-hydrogeological state: the higher 
hydromorphism, the lower irrigation rates. At the 
same time, in the Shu water district. due to the 
aridity of the region, the water consumption rate, 
in general, is 200–300 m3/ha higher than in the Ili 
water district.

Table 1. Aggregated soybean water consumption rates for drip and surface irrigation in the Shu water district 
08.01.14, water area 08.01.14.02.

Q, natural 
areas

Irrigated 
crops

Water consumption rates, m3/ha
Soil-hydrogeological areas

automorphic, ground water
level > 3 m

semi-hydromorphic, ground 
water level = 2–3 m

hydromorphic, ground 
water level = 1–2 m

Probability level of excess, %
50 75 95 50 75 95 50 75 95

0.25–0.20, 
annual intake 

limit

Surface irrigation
Soybean 4,300 4,950 6,100 3,050 3,700 4,850 2,150 2,800 3,900

Drip irrigation
Soybean 3,400 3,900 4,850 2,400 2,950 3,850 1,700 2,200 3,100
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Studying the soybean productivity features 
associated with different irrigation methods al-
lows determining the most optimal growing con-
ditions for a particular variety, providing for a 
significant yield increase.

Plant height, as one of the productivity fea-
tures, is rather indirect, although such property as 
the manufacturability of the variety depends on it. 
Both low and high rates can lead to lower yields 
due to the difficulties in mechanized harvesting. 
The optimal parameters of the height of soybean 
are 80–100 cm.

For the varieties with an indefinite growth 
point, the furrow irrigation methods associated 
with a higher level of moisture can lead to uneven 
stretching and lodging of plants, which adversely 
affects harvesting. The plant height also depends 

on the sowing density: for instance, with 45-cm 
row spacing the height was lower than with two-
line sowing since with single-line sowing plants 
grow less densely.

The sowing and irrigation methods have a 
similar effect on the height of attachment of the 
lower beans in addition to the height of the plant 
itself. The highest rates are characteristic of drip 
irrigation and two-line sowing (Table 3).

The seed productivity is determined by the 
weight of seeds per plant – this indicator is the 
most important and economically valuable fea-
ture of a soybean plant. The number of beans per 
plant is also a relative indicator for character-
izing its productivity and is used in the samples 
with the same size of seeds since the weight of 
1,000 seeds and the number of seeds in a bean 

Figure 2. The Balkhash-Alakol basin

Table 2. Aggregated soybean water consumption rates for drip and surface irrigation in the Ili water ditrict 
02.01.02, water area 02.01.02.05.

Q, natural areas Irrigated crops

Water consumption rates, m3/ha
Soil-hydrogeological zones

automorphic, 
ground water
level > 3 m

semi-hydromorphic, 
ground water level 

= 2–3 m

hydromorphic,  
ground water level 

= 1–2 m
Probability level of excess, %

50 75 95 50 75 95 50 75 95

0.25–0.20, annual 
intake limit

Surface irrigation

Soybean 4,050 4,700 5,800 2,600 3,200 4,200 1,550 2,000 3,000

Drip irrigation

Soybean 3,200 3,700 4,600 2,050 2,550 3,350 1,250 1,600 2,350
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have a wide variation range. Therefore, in all 
other cases, when determining the productivity 
of a plant, the indicator of the weight of seeds 
per plant is used.

The highest weight index of 1,000 seeds 
(21.6 g) was established under two-row sow-
ing and furrow irrigation in the Kyrgyz Alatau. 
This indicator amounted to 26.6 g under the same 
growing conditions in the Ili Alatau.

In terms of the weight of seeds per plant, the 
Lastochka variety is averagely large with the av-
erage weight of seeds on 160–170 g. In all experi-
ments in the two cultivation zones, no significant 
differences were observed in terms of the weight 
of 1,000 seeds based on different sowing and ir-
rigation methods. In all variants of the experi-
ment, this indicator was within its genetic limits. 
Despite the growing conditions, a rather high 
level of stability can be observed in terms of the 
large size of seeds, as well as the quality indica-
tors. The level of protein of the Lastochka variety 
was in the range of 39.1–40.6% and the level of 
fat – 19.2–20.4%.

The crop productivity varies with the crop 
conditions. The highest yields in both test areas 
were obtained when using the drip irrigation 
and wide-row two-line sowing (51.6 c/ha in the 
Kyrgyz Alatau and 54.6 c/ha in the Ili Alatau). 
The lowest yields were obtained when using the 
furrow irrigation in wide-row single-line sowing.

CONCLUSIONS

In the Ili water district of the Almaty region 
and in the Shu water district, the quantitative in-
dicators of the water consumption rate (m3/ha) 

depend on the features of the soil-hydrogeologi-
cal state, i.e. the higher hydromorphism, the low-
er irrigation rates.

It has been established that the sowing and ir-
rigation methods have a significant effect on the 
plant height, the height of lower beans attach-
ment and the seed weight per plant. However, the 
methods did not have a significant effect on the 
weight of 1,000 seeds, as well as the seed protein 
and fat content. The highest yields in both test ar-
eas were obtained when using the drip irrigation 
and wide-row two-line sowing (51.6 c/ha in the 
Kyrgyz Alatau and 54.6 c/ha in the Ili Alatau). 
Conversely, the lowest yields were obtained when 
using the furrow irrigation and wide-row single-
line sowing.
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