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Soybean (Glycine max L. Merr) crops were grown in 2013-2015 to determine
effect of drip irrigation in the different variants water levels with using mulch on growth
and productivity under conditions of the south-east of Kazakhstan. The use of mulch in
agriculture has increased in last years throughout the world. This article presents the
outcome of field experiments conducted in the Kazakhstan on the effects of drip irrigation
(DI) practices on reproductive stages of soybean. Drip irrigation with or without mulch
was adopted for the experimental plots. The most effective way to combat weeds in
soybean crops proved to drip irrigation under mulch film, where the number of weeds in
the early growing season did not exceed 36-44 units / m?. Despite the prevailing adverse
weather conditions for the growth and development of soybean in the south-east of
Kazakhstan, we have received a fairly high yield (42.2 tonnes / ha) on a variant using a
mulching film. The results indicated that use mulch under drip irrigation significantly
increase plant growth and production soybean. This increase is due to benefits such as
increase in soil temperature, reduced weed pressure, moisture conservation, reduction of
certain insect pests, higher crop yields, and more efficient use of soil nutrients.
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Soybean (Glycine max L.) is an
economical and valuable agricultural commodity
due to its unique chemical composition. It isone
of theworld’s most important leguminous plants.
It is considered as a good source of high quality
plant protein and vegetable oil. Given its high
concentration of protein (36-48%), oil (1824%), and
carbohydrate (20%), soybean is grown in almost
all parts of the world for human consumption,
industry and animal feed. Besides, dietsincluding
soybean have been proposed to reduce risk of
major diseases such as breast cancer,
cardiovascular disease, osteoporosis, diabetes
and obesity. The biochemical composition of
soybean seeds affect the quality of various soy
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foods such as soy milk, soy flour, tofu, soy sprouts,
soy concentrates and soy isolates. Higher protein
content and low oil content are generally desirable
characterigticsfor food users (H. Kirnak et al.,2010).

The need for reduction in water use by
agriculture is being advocated globally due to
stiffer competition among fresh water users such
as industry and the environment. Several
suggestions have been made to optimize the use
of water for crop production. One of them is that
water should be applied to crops when they need
it most, that is when shortage of water could lead
to significant reduction in yield. This approach is
called regulated, pre-planned or deficit irrigation
(D). Dl isameansof reducing crop water usewhile
minimizing adverse effectson crop yield. In order
to adopt DI, information on the responses of crops
to water deficit at various stages is required
(Omotayo Adeboyeetal., 2015).
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(Irmak, S. etd., 2014) evauated therdative
evaporativelosses and water balance components
intwo soybean Glycinemax (L.) Merr. fieldsunder
subsurface drip irrigation and center pivot
irrigation systems in south-central Nebraska.
Evaporation losses were estimated as the
difference between measured evapotranspiration
and estimated transpiration . Average soil water
content in the crop root zone and effectiverainfall
were estimated using the water balance method.

Soybean (Glycinemax) is one of the most
important legume crops which fix atmospheric
nitrogen in symbiotic association with bacteria
through nodules. A study was conducted to
investigate the effect of molybdenum and pre-
inoculation of Rhizobium on biological nitrogen
fixation and yield of soybean under dripirrigation
system. Application of 1 kg of Mo/hain association
of UPMRO020, produced significantly high yield
(29.46 g/plant) compared to control which produced
only 915 g/plant, thus indicating the potential of
this treatment to be used for soybean with drip
irrigation system (Kanaan, Bassam Abdul Jabbar,
2013). The growth and yield potential of soybean
and the effects of mulching on desert sand were
evaluated inrelationto N accumulationin nodules.
The experiment was conducted in concrete framed
plots filled with sand obtained from the Dzungar
desert or thenormal field soil in Shihezi, Xinjiang,
China. It was concluded that nitrogen fertilisation
improves the nutraceutical properties of soybean,
although its effect depends on the activity of the
isoflavone biosynthetic pathway and the
concurrent extent of seed bulging (Vamerali, T.,
Barion, G, Hewidy, M., Mosca, G.2012).

A field experiment conducted during 2009
and 2010 at the research farm of the Indian
Agricultural Research Institute, New Delhi to study
the performance of soybean as influenced by the
intercropping of cereals, viz. maize (ZeamaysL.),
sorghum [Sorghum bicolor (L.) Moench.] and pearl
millet (Pennisetum glaucum L.) with 0, 50, 75 and
100% of their respective recommended dose of N
(RDN) levels. The highest gross returns, net
returns, B: C ratio and soybean equivalent yield
(SEY) were observed under soybean+maize
intercropping system along with 100% RDN to
intercropped maize in both the years of
experimentation. Among the intercropping
systems, soybean+maize intercropping systems
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recorded higher returns and SEY than others
(Layek, J., Shivakumar et al. 2015). Soybean grown
under soybean-wheat-mungbean system had
significantly higher total uptake N and K over
soybean-wheat-fallow system. Application of 25%
RDF + 50% RDN through FYM along with
Rhizobium and PSB gave significantly highest
pods/plant, seeds/pod and seed and stover yields
of soybean over control during both the years of
study. Application of 50% RDF + 25% RDN
thorough FYM + biofertilizersor 25% RDF + 50%
RDN through FYM + biofertilizers, remaining on
par with each other fetched maximum net returns.
Significantly maximum total uptake of N and Pwere
recorded with the application of 25% RDF + 50%
RDN thorough FYM + biofertilizers over control
(Prajapat, K., Vyas,A. K., Dhar, Shiva, 2015. Impact
of short-term zero tillage is short lived for
favourable soil health and root parameters when
skipping with conventiond tillage Rajkumar, Singh,
Karunakaran, V., 2015)

The water requirement of soybean and
wheat estimated by Penmann-Monteith method
was in close agreement (-2.58% and 9.26%
deviation) with the measured average water
requirement (401.6 and 352.2 mm) respectively
followed by Hargreaves method for Bhopal district.
Itisalsoinferred that in absence of solar radiation
data Hargreaves method could be considered for
predicting water requirement of soybean and wheat
crops. These water requirement values are useful
for effective planning of irrigation scheduling of
the soybean and wheat crops in the State (Singh,
Ramadhar, Singh, Karan, Bhandarkar, D. M.,2015).

Sharma, Mahaveer P. (2015) IPof resident
AM fungi in soybean rotation involving maize in
conservation tillage was found to be highly
correlated (r=0.96 to 0.99) with grain yield of
soybean and maintaining higher organic carbon
which indicates the functioning of resident AM
fungi in enhancing the soybean yield. The seasonal
average Gwas 13.1%, 15.2%, 10.9%, and 12.8% of
R(n) for irrigated maize, rainfed maize, irrigated
soybean, and rainfed soybean, respectively.
Statistical analyses of the performance of the four
models showed a wide range of variation in G
estimation. Theroot mean square error (RM SE) of
predictionsranged from 15t0 81.3 W m(-2). Based
on the wide range of RMSE, it is recommended
that local calibration of the models should be
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carried out for remote estimation of soil heat flux
(Irmak,A., etal. 2011).

Soybean Glycine max (L) Merr. yield,
irrigation water use efficiency, crop water use
efficiency and soil water extraction response to
treatments of full, limited, or delayed irrigation
versus arainfed control wereinvestigated using a
subsurface drip irrigation system. Thisresearches
demonstrated that delaying the onset of irrigation
until theand practicing full irrigation thereafter for
soybean grown on silt loam soilsresulted inyields.

MATERIALSANDMETHODS

The objectiveswere solved by setting up
and carrying out one-factorial and multiple-factorial
field experiments on a demonstration site of the
Distribution Center “Ushkonyr” of the Kazakh
Scientific Research Ingtitute of agricultureand plant
growing, table 1.

The total area of the experiment - 0,15
hectares. The area of land plots is 40-50 sg.m, 3
replications.

a Phenological observation over growth and
development of plantsin the main phases
by variety control technique of State
commission (Balashev, 1968);

b) Studying of water and physical and
meliorative properties of the soil (Kachinsky
N.A. Physicssoil. Chapter I1. Water physical
properties and modes of the soil. Moscow,
the Higher school, 1970).

C) Costing of field germinating ability by
calculation made on 4 fixed siteswith 0,25
sg.m on all land plots at full shoots
(Bdashov, 1968);

d) Costing of density of plant standing by
calculation of quantity of plantswith 1sg.m
of aland plot at the beginning and the end
of vegetation of the studied cultures in
twofold replications.

2) Costing of accumulation dynamics of
biomass of plants of the studied culturesin
the main phases of their development by
selection of plantswith 1 sg.m of each land
plot in twofold replications with
measurement of wet and dry weight. (The
guide to control and observe phases of
agricultural development , 1982, p. 150);

f) Water consumption of rice plants was
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defined by a balance method.

0) Costing of crop contamination, vulnerability
and damageability by pests is carried out
according to standard methods
(Methodical instructions on monitoring of
number of weed plants, pests and
development of diseases, Astana, 2004);

h) Sampling for studying of the maintenance
of nutritious elementsin the soil and plants
will be carried out in the main rice growth
and development phases.

i) Before harvesting from three experiment
replications, sheaf samplesfrom 1sg.mwere
selected. Basic elementsof structure of rice
crop (quantity of plants, quantity of the
general and productive stalks, mass of a
sheaf, amount of grains in a panicle, the
mass of 1000 grains) are determined
according to variety control technique of
State commission (Balashev, 1968);

)i Costing of a crop is carried out by the
SAMPO-250 combine;

K) Processing of crop data according to
Dospekhov’stechnique, [1985];

) Quality of grain according by thetechnique
stated in the reference book “Assessment
of grainquality”, M. VO “Agropromizdat”,
1987,

m  Studying of agrochemical properties of soil
by atechnique of agrochemical researches”™
33

n) Calculation of economic efficiency ismade
on the actual costs of unit of the made
production from area’s hectare according
to the actual monetary and energy costs of
cultivation of the studied cultures.

Dripirrigation system

Dripirrigation systemincludes:

a Accumulator of irrigation water on 36 m3
near the Kaskelenkariver (figure 1).

b) Thewater pump Pedrollo F 32/200B witha
productivity of 50 m3/an hour.

C) A clarifier on 25 m3 at the height of low level
of 5m.

d) Sand strainer (figure 2)

2) Cleaning strainer

f) Aninjector for additional fertilizing

0) Main pipes

h) Delivery pipes

i) Irrigation tapeswith drippersfor surfacedrip
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irrigation

)i Irrigation pipeswith drippersfor subsurface
dripirrigation

Agrotechnical conditions

The general agrotechnology for drip
irrigation soil preparation wasin thefollowing:

a Fall-plowing ondepth of 25-27 cm.

b) Current planning.

C) Early-spring braking.

d) Introduction of phosphoric fertilizers for
background creation.

2) Cultivation on depth of 12-15 cm.

f) Preseeding processing on depth of seed
crops.

f) Cropsof rice are made by aseeder 2BM J-4
(People’s Republic of China) which carries
out simultaneous laying of a drop tape, a
tension of the mulching film, seal of seeds
over afilmand apacking with thesoil filling
(figure3).

h) Norm of seeding is 15-30 kg/hectare
depending on ways of crops.

i) Additional fertilizing was made by
ammonium nitrate with irrigation water of a
drip irrigation according to schemes of
experiences:. the first — at the beginning of
tillering, the second - in a phase of a full
tillering, the third —in a booting phase, the
fourth—in an ear emergence phase, thefifth
—inaphase of dairy ripeness of grain.

Harvesting was carried out by direct
combining SAMPO-250 (figure6).

RESULTSAND DISCUSSION

As a result of research, growth and
development, formation of aharvest of soy plants
in many ways depended on the studied ways of
dripirrigation and ways of protection from weeds,
levelsof mineral nutrition (table 2). Soy shoots, on

options with the mulching film, appeared on 5-7
daysearlier than the option without thefilm. They
advanced in growth and development in early
phases, a ternate leaf, branching, budding
eventually werereflected in formation of biomass
and a harvest.

The amount of weeds on soy crops at the
beginning of vegetation was 146-176 pieces on
one sguare meter. Mechanical treatment led to
decreasein quantity of weedsto 44-56 pieces, and
chemical processing - up to 33-42 pieces (table 3).

The most effective way for protection
from weeds on soy cropswasdrip irrigation under
the mulching film where the amount of weeds at
the beginning of vegetation did not exceed 36-44
pieces/sg.m.

In table 4 there is data on accumulation
dynamics of biomass of plantsin the main phases
of its growth.

You can clearly see positiveinfluence of
the mulching film on accumul ation of biomass of
soy plants, especially in comparison with
subsurface way of drip irrigation. Crude mass
reaches 4222 g and 2694 without mulching. Unlike
in year 2013, there is a higher efficiency of
subsurface drip irrigation on formations of
biological harvest.

Asiit is noticeable from table 5, the soy
plant with drip irrigation forms rather high leaf

Table 1. Study of ways of soy grades drip irrigation

SN Ways of drip irrigation Soybean sort
1 Furrow irrigation Zhal paksay
2 Surfacedripirrigation Zhansaya
3 Surfacedrip irrigation under

mulchfilm Lastochka
4 Subsurfacedrip irrigation Vita
5 Subsurfacedrip irrigation

under mulch film Dikovit

Table 2. Phenology of soy development depending on ways of drip irrigation

Ways of dripirrigation Shoots ternateleaf  branching blossoming Formation
of beans
Furrow irrigation 20.05 20.06 02.07 27.07 04.08
Surfacedripirrigation 19.05 20.06 02.07 27.07 05.08
Surfacedrip irrigation under mulching film 17.05 17.06 30.06 25.07 02.08
Subsurfacedripirrigation 20.05 20.06 03.07 27.07 06.08
Subsurfacedrip irrigation under mulching film 18.05 18.06 01.07 26.07 03.08
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surface of 40,6-70,6 sguare meters on one hectare.
Efficiency of asurfaceway of anirrigation can be
seen on formation of aleaf surface, not likein the
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option with subsurface drip irrigation. Drip
irrigation with mulching film had the highest resullts,
and that remainsfor the entire period of vegetation
of plants.

Table 3. A contamination of soy crops depending on ways of drip irrigation and ways of protection from weeds

Ways of drip irrigation The amount of weeds, piece/sg.m, Weed types
Phase of The amount of weeds, piece/sg.m,
ternateleaf  mechanica chemica mulching
Furrow irrigation 154 25 36 - Yellow foxtail,
Surfacedripirrigation 162 26 22 - corobind,
bristlegrass,
redroot,
Surfacedrip irrigation under mulching film - - 14 clotbur,
Subsurfacedrip irrigation 132 24 33 - dindleetc.
Subsurfacedripirrigation under mulching film - - 21

Table 4. Accumulation of crude biomass of soy plants depending on ways of drip irrigation

Ways of dripirrigation

Crude biomass of plants, h/10 plants

ternate leaf branching  budding Formation Grain
of beans  filling
Surfacedripirrigation 106 320 980 1400 -
Surfacedrip irrigation under mulching film 176 540 2140 4520 -
Subsurfacedripirrigation 144 310 1540 3130 -
Subsurfacedrip irrigation under mulching film 176 490 2010 4100 -
Table 5. Accumulation of crude biomass of soy grades with drip irrigation
Ways of drip irrigation Crude biomass of plants, h/10 plants
ternate leaf branching  budding Formation Grain
of beans  filling
Zhal paksay 166 660 1920 2400 -
Zhansaya 210 480 1980 3640 -
Lastochka 167 510 2040 5560 -
Vita 204 520 1120 2520 -
Dikovit 176 540 2140 4520 -

Table 6. Leaf surface of soy gradeswith dripirrigation

Grades Areal of soy leaves Sq.m/10 plants

ternate leaf branching budding Formation of beans
Zhal paksay 0,26 1,75 512 717
Zhansaya 0,40 1,27 9,20 14,30
Lastochka 0,34 1,35 9,90 20,76
Vita 0,34 1,38 4,70 8,82
Dikovit 0,39 1,43 10,10 19,12
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Table 7. Soy harvest structure depending on ways of drip irrigation, 2014

Ways of drip Amount of Amount of Amount of  Mass 1000 Biologica
irrigation plants, branches, beansin1 grains, g harvest,
piece/sq.m piece  plant, piece h/sq.m
Surfacedripirrigation 20 8,0 52 146 467
Surfacedrip irrigation under mulching film 22 12,4 78 156 739
Subsurfacedripirrigation 20 8.8 46 150 422
Subsurface drip irrigation under mulching film 21 10,8 69 160 664

Table 8. Structure of the harvest of soy grades under drip irrigation, 2013-2015.

Grades Amount of Amount Amount of Mass Biologica

plants, of branches, beansin 1 1000 harvest,

piece/sg.m piece plant, piece grains, g h/sq.m

Zhal paksay 20+2,2 8,2+0,9 52+14,5 146+0,9 467+19,8
Zhansaya 20+2,9 9,4+1,4 76+17,8 145+0,7 660+20,6
Lastochka 20£3,5 8,8+1,2 84+11,6 150+1,8 760£17,9
Vita 20+2,7 10,1+2,3 68+16,9 150+1,6 620+21,8
Dikovit 20+3,0 12,4+3,4 78+13,2 156+2,1 739£13,5

el LU

Fig. 2. Water cleaning and additional fertilizing system

Fig. 3. Double-row rice sowing with laying Fig. 4. Drip irrigation system
of both irrigation tape and tensioning of the film
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Plantsfrom the option with the mulching
film had ahealthy appearance, apowerful leaf blade
and differed in dark green colors of leaves which
characterizes good conditions of cultivation (table
6, figures7,8).

Intensive growth and development of
plants in the option with the mulching film under

Fig. 7. Soy at the beginning of vegetation
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drip irrigation during vegetation, eventually,
reflected in good branching, formation of more
beans in a plant and the absolute mass of grain.
Analysesresults of soy harvest structure
show (table 7) that height of stalks in option of
surface drip irrigation with the mulching film
reaches 107 cm, with aheight of 77 cm without the

Fig. 8. Soy in the phase of budding
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mulching film. Ways of drip irrigation have
significant effect on formation of separate elements
of the harvest structure. So, use of the mulching
film under drip irrigation increases quantity of
branches on 1-2,4 units, quantity of beansin one
plants from 37 to 49 pieces, the absolute mass of
grainson 24-32 g.

Intensive growth and devel opment of soy
plants during vegetation with formation of bigger
biomass of plants, aleaf surfaceand basic elements
of harvest structure eventually led to formation of
more crops. It should be noted that the bigger soy
harvest was in option with surface drip irrigation
on 3,6-9,2 c/hectare. Despite the bad weather
conditions for growth and development of soy in
the southeast of Kazakhstan, we have got a big
crop (42,2 c/hectare) in option with use of the
mulching film (table 7). At the same time the most
effectiveway of dripirrigation wasthe surfaceone.

As aresult of research, there has been
reveal ed the most acceptabl e option of cultivation
and irrigation for the Kazakhstan soy grades-
surface dripirrigation with themulching film, table
8, and also the grades Lastochka and Dikovit
showed the highest resultsin harvest inthreeyears.

CONCLUSON

Field experiments have proved that of use
mulch under drip irrigation makes it possible to
obtain that high yield and nutritional value of
soybeans, increasing the efficiency of water use,
reducing moisture permeation is the root zone,
reduce evaporation from the soil surface, rational
distribution of moisture, effective distribution of
fertilizer, reducing plant water stress due to
frequent watering, and asaresult of the high quality
of the product, saving energy. Comparison of the
productivity of soybean varieties showed that
productivity in variants with mulch far exceeded
variants without mulching.
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