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WATER-SAVING TECHNOLOGY OF IRRIGATION OF CORN

Abstract. Annually increasing deficit of irrigation water in the Republic of Kazakhstan under market condi-
tions dictates the need for rational and economical use of it. In this regard, the development and implementation of
irrigation methods and techniques that ensure a uniform water distribution over the irrigated field, automation of the
irrigation process, increase in labor productivity and reduction of water loss for filtration are relevant in the zone of
irrigated agriculture. Creation of perfect irrigation systems with reliable technical means and progressive irrigation
technology allows toensure highly efficient use of irrigated lands and increase the yield of cultivated agricultural
CIops.

The article suggests a new method for watering a plant, allowing to switch from watering to watering the plant
and providing irrigation water saving up to 80-86%.Given the materials of field research on its use for irrigation of
tomatoes and corn in the conditions of Kazakhstan [1].

Keywords: injection watering, xylem, driver unit, osmotic pressure, low pressure, suction, e¢vaporation,
transpiration, injection needle, injection, drip irrigation, refueling tank.

Introduction.The decisive factor for obtaining a stable and high yield of agricultural crops in the arid
zone of Kazakhstan is irrigation water. In many agricultural formations, due to a shortage of irrigation
water during the intensive phase development of plants, a large number of products are not received.

At present, to maintain the normal life of plants, depending on the weather conditions of the growing
season, for each hectare of sowing by irrigation is supplied from 3000 to 10,000 cubic m of water.

Of these irrigation norms, only 10-20% arcused by plants to form the crop, the rest isspent on
physical evaporation from the soil surface, descends into the underlying layers or remains in the same soil
layer.

Different plants consume water in unequal quantities, it varies both during the day and during the
growing season. By the end of the vegetation, the need for water decreases.

In the dry and hot period plants use 2-3 times more water for vegetation than in temperate climates.
Therefore, in order to obtain high yields, it is very important that the plants are supplied with water in the
required quantity. It is necessary to maintain a constant turgor pressure in the leaf cells.

For this purpose, the soil is humidified artificially. Analysis of the development trend of irrigation
technology in all countries of the world in recent years convincingly testifies to the intensive development
of perfect irrigation systems of a new type, based on the continuous supply of plants with water during the
growing season in accordance with the course of their water consumption.

Proceeding from the physiological features of the aboveground and underground plant organs, we
found it necessary to put them on the very watering, that is, water must be supplied directly to the
xylemBased on the physiological characteristics of the aboveground and underground plant organs,we
found it necessary to put them on self-watering, that is, water must be supplied directly to the xylem.

Methodology.The experience was carried out in the conditions of the Almaty region, in Zhambyl
district at peasant farm "Bereke". Crop seeding according to the options of the experiment was carried out
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on May 19, when the average moisture of the meter layer was 93% of the lowest moisture capacity. The
first watering in the general options of the experiment was carried out when the moisture of a meter layer
of soil was at the level of 70,6% of the lowest moisture capacity i.e. 15,15% of the weight of the dry soil
(table 1). The first watering on both options was carried out on June 23 at 12 noon [2].

Table 1 — Dynamics of soil moisture from sowing untilfirst watering

19 May 31 May 10 June 31 June 15 July 22 July

% Mfra % M/ra % M/ra % Mfra % Mfra % M/ra
18,75 264 .4 17,0 239,7 17,01 2397 16,92 238.8 14,80 208,7 14,80 208,7
2122 2992 17,33 244 .4 17,01 2397 16,94 238.8 15,05 2122 15,0 211,5
19,74 2783 18,20 256,6 17,23 2412 17,15 241.,8 15,06 2124 15,1 2129
18,84 2656 18,30 2580 17,35 244.6 17,07 2407 15,77 2224 154 2171
19,69 555,7 18,84 531,3 17,37 481,8 17,08 4814 16,01 4541 15,01 423,3
23,60 665.6 18,35 517.,5 17,39 4904 16,93 4774 16,41 462.8 15,35 4329
19,85 559.8 18,33 522.5 17,38 490,2 17,02 479.5 17,0 4794 15,30 4332
2024 2888.1 18,15 2570 17,65 2435.6 17,01 2398 15,74 22519 15,15 21396

Account of the supplied water to the furrows (option 1) was performed by using triangular weirs and
under injection irrigation (option 2), on a scale.

After watering, the moisture content of the soil reached the value of the lowest moisture capacity.
The second irrigation time for option 1 (furrow watering) came on 12 August with an irrigation rate of
950 cubic m/ha (table 2).

Table 2 — Accounting of the supplied water to the furrows (option 1)

Beginni_ng Durationofwatering Water Water o
and ending X disch T v 1 Irrigation rate Note
of watering minutes seconds 1scharge, Ii's supply,

10%-12% %0 5400 0.5 2700 m=630 cubic nvha

i m;=2,70 cubic m/ha Totalof com
00 151 111 m =950 cubic m/ha
117°-12 6700 0,6 4000 il 1 eyl
Total 6700 or 6,7 cubic mfor 42 sq.m area

At the first watering it was possible to supply 2,7 cubic m of water and in the second watering -
4 cubic m of water. During vegetation of corn plant in the plot with area (42 sq.m) consumed 6,7 cubic m:
300 = 22,3 liters of water.

At the same time, the total water consumption of corn was 4726 cubic m/ ha (table 3).

During the vegetation period in the more humid year the com silage, under furrow watering used
moisture from soil reserves in the range of 1296 cubic m/ha, atmospheric precipitation — 1830 cubic m/ha
and irrigation water - 1600 cubic m/ha. Before the injection irrigation of corn silage used 2396 cubic m/ha
of water from the soil [3-7].

In the second option, where watering was carried out by injection method, during the comn silage
growing period on experimental crops were used 342,5 liters of water from soil (for one plant 1,2 liters of
water), while the irrigation rate was 84 cubic m/ ha at the rate of 71thousand grew in the first (table 4).

Irrigation water savings was 91% compared with furrow watering. Under furrow watering,
the irrigation rate in the external water was 1600 cubic m/ha and under injection method -
300 cubic m/ha.
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Table 3 — Total water consumption of corn silage under furrow watering, cubic m/ha

Dates of irrigation Initial moisture reserve, Inflow Total water
(2002) cubic m/ha precipitation fromsoil fromwatering consumption
19.05 2888 - - - -
31.05 2570 650 +318 - 968
10.06 2436 450 +134 - 584
30.06 2398 450 +48 - 498
15.07 2252 200 +146 - 346
22.07 2140 ) +112 650 650
31.07 2470 +330 - 112
10.08 220 - +278 950 1%8
31.08 2170 80 -30

30

Total 1830 1296 1600 4726

Table 4 — Water accounting for injection irrigation (option 2, experimental plot No. 1)

Period of Horizon of water | Difference, | Water discharge per Wzielr Od(;scllzl irt%e Note
observations in the tank, cm cm 100 plants in liters per U0 P
in liters/day
17 VI 20 - - - Full filling 1 cm - 5 liters of
30 VI 12 8 40 0.038 water
5 VI 4 8 40 0.08
5 VI 20 - :

Refilled 80 liters of water and
80 the level is brought to 20 cm

15 vII 4 16 0.08 .

15 VII 20 R 3'5 Refilled 80 liters of water

58 g% ;(3) 7 - 0.07 Refilled 35 liters of water and
the level is brought to 20 cm

31 VI 6 14 L 0.07

31 VI 20 - - .

10 VIII 6 14 70 007 Refilled 70 liters of water

10 VIII 20 - - .

15 VIII 13 7 35 0.07 Refilled 70 liters of water

28 VIII 7 6 30 0.03

Total water discharge for vegetation 400 liters.

Results. For the period from June 17 to August 28 per 100 pieces of corn silage spent under injection
400 liters of water, and per plant 400: = 4 liters of water. In the translation of 1 hectarethe irrigation rate of
corn silage under injection method of irrigation was 300 cubic m/ha and under furrow irrigation method it
was 1600 cubic m/ha. Water saving was 81% [8-10].

The data in table 5 show that the maximum water demand of corn silage during the injection was
observed from June 20 to July 10 in the period of throwing out the panicle and the beginning of flowering.
At this time, one com silage per day sucked from the injection needle an average of 0,08 liters of water
[11,12].

During injection method of watering, the plant does not stop consuming water from the soil by roots.
In total, the total water consumption of corn was 4,073 cubic m/ha (table 5).

When the irrigation method was injection, the total water consumption of corn silage was 4073 cubic
m/ha, while under furrow irrigation it was 4726 cubic m/ha.

In wet years, the main part of the total water consumption constitutes atmospheric precipitation and
the use of a reserve of moisture from the soil (table 6).

Observation of the growth and development of corn was carried out every 15 days during the growing
season.

They are presented in table 7. There is no significant difference in the growth and development of
cormn silage this year. However, there was a tendency for a certain increase in the leaf area and plant in the
options where the watering was conducted by injection method.
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Table 5 — Total water consumption of corn silage under injection method of irrigation (option 2), cubic m/ha

Period of Initial moisture reserve Inflow of moisture Total water
observations in the soil — . . consumption
precipitation fromsoil fromwatering
19V 2888 - - -
20V 2613 570 275 - 845
31V 2570 80 43 - 123
Start of plant injection
17 VI 2196 450 374 120 944
30 VI 1779 450 417 867
15 VII 1557 200 220 100 527
31 VI 1404 - 153 153
15 VIII 1195 80 209 80 289
28 VIII 945 1830 1943 300 4073

Table 6 — Components of the total water consumption (experimental plot No. 1)

Ofthem
. . Total water consumption, T ; .
Experimentoptions cibiomiha precipitation fromwatering fromsoilreserves
cubic m/ha % | cubicmvha | % cubic m/ha %
1. Furrow watering 4726 1830 35 1600 30 1219 25
(control)
2. Injection watering 4073 1830 45 300 8 1943 46
Table 7 — Growth and development of corn silage in 2011
Period 1 option (furrow watering) 2 option (injection watering)
of observations height, cm area of leaves, sq.cm height, cm area of leaves, sq.cm
31v 5.1 9 5,10 9,23
15 VI 27 115,5 27,15 116,18
30 VI 115 1209 115 1228.5
15 VI 190 2657 191 2592
20VII 220 2722 230 2755
15VIII 230 3690 238 3735
31VIID 250 3960 250 3776

In experimental crops, the growth and development of corn silage, depending on the method of
irrigation, have their own peculiarity. Under watering by furrows, there was some inhibition in growth and
in development of corn, due to a decrease in moisture supply at the beginning of the next irrigation. Under
injection method of watering corn silage during the vegetation, the water was evenly supplied to the cells
of the leaf, which positively influenced the growth of plants [13, 14].

The intensive growth of the leaf in the second option is probably due to the fact that irrigation water,
supplied directly to the xylem of the plant, quickly and easily advances to the leaf cells and the plant was
constantly in the conditions of self-watering.

At continuous supply of water to the plants in the cells of the leaves, the turgor will be constant, and
the cells will be saturated with water. Under furrow irrigation is not always possible to accurately deter-
mine the watering time and any delay with watering can have a negative effect on the turgor of the leaf
cells. Thus, under injection water supply, plants do not suffer from a lack of moisture. Plants take water as
much as it needs for normal growth and development. All this contributes, ultimately, to the formation of
vields. Under injection irrigation, the yield of green mass of corn silage to 80 t/ ha was greater than in the
control variant.

The largest yield of corn was noted in the second variant (456 c/ha), where irrigations were carried
out by injection method (table 8).
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Table 8 — Com silage yield andwater consumption coefficient

Experimen Method Yield, Total water consumption, Water consumption coefficient,
toptions of watering centner/ha cubic m/ha cubic m/centner
1 Furrow watering (control) 419 4726 11,2
2 Injection watering 456 4073 8.9

Conclusion. During injection method of irrigation to produce one centner of the crop was used
8.9 cubic m of water and under watering by furrows was used 11,2 cubic m of water. The productivity of
irrigation water under injection method is very high, 1 cubic m, gives 1,5 centners of production, while
irrigation by furrows gives 0,25 centners (table 9). Consequently, with traditional irrigation, our farmers
now spend a huge amount of water, moistening the entire territory, whereas the plant uses a meager part of
it. Therefore, in the conditions of water resources shortage (it increases every year) the use of some types
of crops for irrigation, in small areas the water-resource-saving irrigation technology is of great
importance [15-18].

Table 9 — Irrigationwaterproductivity

Experimen tontions Yield, Irrigation rate, Irrigation rate productivity,
P P centner/ha cubic m/ha cubic m/centner
1. Furrow watering (control) 419 1600 3.85
2. Injection watering 456 300 0.66

Observations of the growth of the comn root system showed that during furrow irrigation the roots
penetrated to a depth of 74 cm, and when the irrigation method was injection, the roots spread to a depth
of 36 cm.

It can be noted that corn silage before the first irrigation succeeds in extending the root system to a
depth of 35-40 cm. Further growth of the root system with the injection irrigation method is not signi-
ficantly noticeable. In our opinion, this is due to the fact that after the injection the plants are not needed in
the roots, because water is supplied to the zone of differentiation of the root hairs directly into the xylem.
At this time, the roots terminate their function of supplying plants with soil moisture.

Table 10 — Dynamics of soil moisture change
in the experimental plot No.2 in the numerator - %, in the denominator — cubic m/ha

) ] May June July August Moisture
Experiment options consumption,
15 31 15 30 15 31 15 28 cubic m/ha
Optionl 152 18,0 16 13,8 11,8 10,8 9.1 7,6
(open) 2669 2500 2224 1918 | 1640 500 1265 1060 1609
Option2 19,2 13,9
(closed) 2669 : : : : : : 1932 737
Option3 ) ) 15,8 12,8 11,2 10,1 8,6 6,8
(openinjectionwatering) 2196 1779 557 1404 | 1195 945 1724

These data show that in conditions without irrigation from May 15 to August 28, the total moisture
consumption from the soil was 2669-1060 = 1609 cubic m/ha, whereas the closed area by film (the soil is
closed between plants), the moisture consumption was 2669-1932 = 737 m’/ha (table 10).

Findings. At a rough calculation, the moisture transpiration through the corn silage leaf organ was
737 cubic m/ha, and the physical evaporation from the soil was 1609-737 = 872 cubic m/ha.
Consequently, of the total water discharge of the non-irrigated ficlds, about 46% is transpiration and 54%
physical evaporation. When the irrigation method was injection, the total water discharge in the field was
2669-975 = 1724 cubic m/ha, of which 1724-0.46 = 793 cubic m/ ha for transpiration and 931 cubic m/ha
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for physical evaporation. In this third option, observations were made over supplied water by injection. On
the option there were 20 comn plants, on which 80 liters of water were used for injection irrigation, which
translates for 1 ha that is 300 cubic m/ha. This volume of water (300 cubic m/ha) completely goes to the
transpiration of plants, it is fed into the interior of the plant. If we take into account that the water
consumption for transpiration according to rough estimates was 793 cubic m/ ha from May 15 to August
28, then it can be assumed that corn plants for silage from the moment of entrance to harvesting during the
injection irrigation, in addition to the injection water from the soil, are sucked 793-300 cubic m/ha of
water [19-21].

The preliminary economic effect is based on an estimate of the costs of irrigation water (the main
factor) and the variants of the experiment, using the results of table 11.

Tablel1 — Economic efficiency on irrigation water costs

Options Irrigation rate, cubic, Costof 1 cubicm | Cost of irrigation water | Savings compared to
P m/ha of water in tenge in tenge the final option. tenge
1- furrow watering 4570 0,2 917
2 - injection watering 330 0,2 66 848

Cost of irrigation water on control (furrow irrigation) at a price of 1 cubic m of water in Almaty
region cost 0,2 tenge and an irrigation rate of 4570 cubic m/ha is 917 tenge/ha. When injectionwatering
(irrigation rate 300 cubic m/ha) water costs do not exceed 66 tenge/ha (table 11).

Thus, in comparison with furrow irrigation, under injecting irrigation by reducing irrigation water
costs ensured saving of 848 tenge/ha.
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JKYT'EPIHI CYFAPYJIA CY /bl YHEMAEY TEXHOJIOI'UACHI

Annoramus. JXei1 calielH, HAPBIKTHIK >KaFmatina Kazakcran PecnyOmmkacsiHAa CYFAPMAITB CYIBIH TAMIIBLTEI-
FBIHA OANTAHBICTHI CY/IBI YTHIMIBI )KOHE YHEMII Makmanany Kaxer. OcbraH OaHIaHBICTHI, CYFapyabIH KaHA dIicTepi
MCH TOCUIACPIH CHTi3Yy, CYFapMAIThI CyIbI OipKeKi 06Ty Ai KAMTAMAaChI3 €Ty, ABTOMATTAHABIPBITFAH CYFapy MpOIeCi,
OHIMIITIKTI aPTTHIPY JKOHE CYFAapy alMAarbIHAA CY IIBIFBIHBIH 3alTy, 0aCKa Ja Iapanapasl iCKe ackIpy aybUI mapya-
IOBLTBIFEl CANTACBIHAA ©3CKTI OOmbIm OThIp. Kasipri TaHma CYFAPYABIH O3BIK TCXHOJOTHAIAPBIMCH, CCHIMII TCXHH-
KaJbIK KYPalIapMeH >KaOJbIKTAIFaH CyFapy JKYWECIH Kypy, aybLIIIApyambUIblK JAaKbLIIAPBIHBIH OHIMIITIITIH apT-
TBIPBIIL, CYFApPMAJIBI KEPIACPIl THIMI TTaHmaTaHyFa MyMKIHZIK OEpeTiHi co3ci3.

Makanama cyrapmansl cyael 80-86% neHiH yHEMACYTa MYMKIHAIK OCpPETiH CyFapyablH JKaHA 9TiCi Kapac-
THIpBUTFAH. KA3aKCTAHHBIH KAFJAWBIHIA KBI3AHAK TICH JKYTCPiHI CYFapyFa KOJIJAHYFa APHAFAH JANATBIK 3CPTTCYICD
MaTepHAIIAPI YCHIHBUIFAH. [1]

Tyiiin ce3aep: HHBCKUHAIBIK CYFapy, KCHICMA, alIbIH-AJ1a OPHATBIIFAH KYPBUEBI, OCMOTHKAIIBIK KBICHIM, TO-
MCH KBICBIM, COPY, OyJIaHY, TPAHCTIHPALKS, HHBCKIMUIBIK HHE, HHBCKIHSA, TAMIIBLIATHIN CYFapy, KYFO HCTCPHACHL

K. K. Anyap6ekon', A. E. Anausiposa’, T. JK. Menmu6aena’®, A. Pamsiuayc’, A, H. Bypkeroaena'

"Kasaxckmit HAIMOHATHBIH arpapHbIi yHEBEpCHTET, ATMaThl, Kazaxcran,
“KasaxcKuit HayYHO-HCCIEI0BATEECKUI HHCTHTYT 3AIMUTHI H KAPAHTHHA pacTenmii mM. JK. KuemGaena,
Amvarsr, Kazaxcran,
Yrusepcuter Anekcanapa Cryarunckoro, Jutea, Kaynac

BOJOCBEPETAIOIIAA TEXHOJOTHA OPOIIEHUA KYKYPY3bI

Annotamus., E5XeroqHO yBCTHUMBAIOIMICA TS(HUIUT OPOCHTCIFHOH BoAsl B PecyOmmke KaszaxcraH B ycmo-
BHAX PBIHKA JUKTYCT H606X0£[I/IMOCTI> PAUOHAIBHOTO U OKOHOMHOI'O €€ HCIIOJIb30BAHUA. B cBsa3u ¢ OTHM, paspa-
00TKa M BHEIPCHUE CIOCOO0B M TEXHUKHU MOJHNBOB, 0OCCIICUHBAOIIIX PABHOMEPHOE PACIIPEACICHHE BOABI IO OpPO-
IIacMOMY IIOJIFO, aBTOMATH3AIMS IMPOLIECCa TOMBA, MOBBIIICHUE MPOW3BOIUTCIBHOCTH TPYAAa U CHIDKCHHE ITOTEPH
BOJBI HA (DHITBTPALIMIO, SIBJBIOTCSA AKTYaJIbHBIMH B 30HE opomaeMoro semuenenus. Co3ganne COBEPIICHHBIX OPOCH-
TCIBHBIX CHCTCM C HAACKHBIMH TCXHHYCCKHMHU CPCACTBAMH H HpOI'pGCCHBHOfI TCXHOJIOTHH OPOIICHHUA ITO3BOJIAIOT
obecrieunTh BBICOKO3(D(hEKTHBHOE MCIOIB30BAHNUE OPONIACMBIX 36MENb M MOBBICHTH YPOXKAHHOCTD BO3JCIBIBACMBIX
CEIBCKOXO3ANCTBEHHBIX KYIBTYD.

B craree mpemmaraercst HOBBIH CrIOCO0 1711 MOJIMBA PACTECHHH, MTO3BOJLTIONIMI IIEPEXOAUTH OT MOJIHMBA K IOIHBY
pacTeHHH W OOECIICUMBAIONICH YKOHOMHUIO OPOCUTEIBHOH BOABI 10 80—86%. IIpuBOATCS MaTepHanbl MOJIEBBIX HC-
CJIEIOBAHUA MO HCHOJIB30BAHMIO €TI0 I OPOIICHHA TOMATOB U KYKYPYy3bI B ycaoBmax Kaszaxcrana [1].

KimoueBnbie ¢/TI0BAa: HHBCKIHOHHBIH MOIMB, KCHIIEMA, 3aJAI0IIHICS YCTPOHCTBA, OCMOTHYCCKOE JABICHHE, HI3-
KOHATIOPHASI, BCACBHIBAHMWS, WCIIAPCHUS, TPAHCIIUPAIWS, HHBCKIMOHHAS WIJIA, HHBCKIMPOBAHMS, KANlCIFHOE OPOIIe-
HUSL, 3aIIPABOYHBIN OaK.
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