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WATER GEOCHEMISTRY
ON AKDALA RICE IRRIGATION SYSTEMS

Abstract. In the rice system produced discharges of water from rice fields that rice farmers is explained by the
increase of water mineralization in rice bays influencing a reduction in rice yield. Given the Geochemistry of water
Akdala irrigation system. The physics of negative influence of salts in water of rice bays on development of plants of
rice and its productivity is proved. The critical threshold indicators of salinity and pH of water of rice bays and the
frequency of discharges, providing a decrease in the rate of water consumption and sanitation by 15 %, increasing the
vield of rice by 12 %, the profitability of production by 11%.

Key words: management, water, rice irrigation systems, rice, rice bay, salinity, change of water, irrigation rate,
yield.

Introduction. Rice irrigation systems of Kazakhstan are situated on terraces in basins of rivers
Syrdarya, Ile, Karatal on the area 200 thousand hectares. Soils are alluvial-sierozemic, takyr, weakly, mo-
derately and strongly saline, climate is extremely continental arid, summer is hot 30-45°C. Rice is
cultivated on rice bays, which area is from1,5 ha to 3,0 ha. Periodical water discharges from rice bays are
performed in rice-planting cooperatives and farm, growing rice during irrigation period, which necessity is
related to increase of water salinity in bays, affecting on reduction of rice yield.

Disadvantage of this method of water resources management on rice irrigation systems is that there is
insufficiently studied water geochemistry rice bays, no adequate substantiation of necessity of water
discharge from rice bays during irrigation period. Unnecessary water discharges from rice bays overfill
drain discharge channels, decrease their drainage effect, and lead to soil water head, secondary salinization
and genesis of bog soils of rice systems. About 20-30% of mineral fertilizers, herbicides is removed by
discharge outflow resulting in reduction of rice yield. In the result of application of this method of rice
planting, rice yield has reduced to 46 c/ha, and irrigation norm has increased to 26,800 thousand m’/ha,
anddischarge outflow is 20-30% of irrigation norm.

Usage of water resources on rice systems in terms of restricted water access requires new approaches
to water management and usage on rice irrigation systems, where nowadays there are hundreds of
cooperatives and farms, which are water consumers and have equal rights on irrigation water in accor-
dance with the Water Code of the Republic of Kazakhstan [1]. But there are a lot of problems due to water
supply deficit, caused by application of obsolete method of rice growing and tlchnology of regulation and
usage of irrigation water in rice irrigation systems. According to literary sources |2, 3] threshold values of
water quality in rice bays, affecting rice yield and necessity in periodical water discharges are salinity and
pH of water layer in water consumption rate rice bays. Dynamics of salinity and pH of water level during
irrigation period, its impact on rice yield, water consumption and water discharge rates, water resources
the frequency of water discharges from rice bays, efficiency use on rice irrigation systems is presented in
this work.

Methods. Researches were conducted in Akdala rice system of lle river basin, on rice fields of
“Birlik” Agricultural Company of Balkhash region, Almatinskaya oblast. Water resources management in
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Akdala rice system and necessity in water discharge from rice bays during irrigation period due to increase
of salinity and pH of water layer has been studied on 20 bays of rice field with area 155 ha (figure 1).
Chemical composition of salts in soils was determined at spring prior to rice planting, salinity and pH of
water layer during irrigation and their impact on growth and development of rice, yield, water
consumption and water discharge rates. Lands of rice bays 10 and 11 were very salted, with salt content
more 1,0%, lands on other bays were slightly saline with salt content in soils 0,3%.
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Figure 1 — Plan of rice field 155 ha of second agricultural area of “Birlik™ Agricultural Company:
1-20 — rice bays, where salinity and pH of water layer were determined during irrigation period;
10 and 11 — rice bays, where water was discharged during irrigation period, 2.16 — area of rice bays hectares

Using the chemical content of water in rice bays, the irrigation coefficient SAR [4] was calculated,
which was later used for assessment of water suitability for growth and development of rice plants, we
were observing the condition of rice plants as well. With increase of SAR > 18 and appearance of first
signs of wilting or delays in growth and development of rice plants, the water was discharged (changed)
from rice bays immediately, and the “new” water was supplied from irrigation channel. Water supply into
rice bays of experimental section of the fields was defined using Ivanov water release systems.

Results. Irrigated land of Akdala rice system are irrigated using water from Ile river. Since 2018,
salinity of water within irrigation channels of production cooperative of “Birlik” Agricultural company
was as follows: in May — 319 mg/l, in June — 339 mg/l, in July — 433 mg/l, in August — 476 mg/l, acid
environment — pH — was not exceeding the level of 8.54 (table 1). In terms of chemical content, the water
from Ile river is considered to be hydrocarbonate and calcium water suitable for domestic purposes and
irrigation. In terms of irrigation coefficient SAR, the water is of a very good quality.

Irrigation coefficient — is the ability to rock and dust distribution within soils, which evaluated by the
value of coefficient of potential sodium absorption and it is equal to 0.63 for water in Ile river.

Ca+Mg 3.70
SAR=Na: 'T=O.85 #T=O.63. (D

According to SAR index, the water from Ile river falls under the class with low salinity rate.

Chemical content of water in rise bays is not only condition by the initial chemical content of
irrigation water, but by the content of water-solvable salts within the upper layer of soils, method of filling
up the rice bay and the water layer. In terms of chemical content, water in rice bays transfers from being
hedrocarbonate and sulphate water to natrium and magnesian water. Among acid ions present in rice bay
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water, sulphates are the main part of it; among positive ions, main parts compose of natrium and
potassium.

During the irrigation period, salinity level of water was not exceeding 917 mg/l in 18 bays out of 20
(table 1). During May and June, salinity of water in 18 bays was 319-442 mg/l and was characterized by
the sulphate-hydrocarbonate-calcium content. During July and August, salinity of water in all bays was
increasing up to 657-917 mg/l, chemical content of water during this period was sulphate-hydrocarbonate-
calcium-magnesium. Alkaline condition of water in rice bays was considered to be satisfactory and the pH
level was not exceeding 9.24 units (table 1).

Table 1 — Salinity and pH level of water within rice bays of experimental field section

No Salinity rate pH rate

of bays May June July August May June July August

Irrigator 319 339 433 476 7.5 7.8 8,54 7,0

Rice bays without water release
1 319 377 511 407 7.5 7.7 7.97 83
2 319 319 461 404 T 7.6 8.02 83
3 319 363 431 515 7.7 7.3 7.65 7.9
4 319 397 448 500 7.5 7.7 7.67 7.9
5 319 393 503 400 7.3 7.5 6.95 83
6 319 326 437 312 7.4 7.5 8.05 8.8
7 319 407 495 444 7.85 7.3 7.79 8.2
8 319 - - 541 7.4 7.7 - 7.7
9 319 381 537 917 7.3 7.1 7.15 8.7
12 319 281 554 516 7.5 7.4 8.06 8.1
13 319 442 657 454 7.4 8.6 7.81 8.0
14 319 - 573 423 7.5 7.8 8.01 7.8
15 319 338 581 506 7.7 7.8 9.29 7.6
16 319 364 543 592 7.6 7.9 823 8.0
17 319 - 357 523 7.4 7.9 7.94 7.8
18 319 279 321 523 7.5 7.8 7.86 7.6
19 319 293 - 476 7.5 83 - -
20 319 359 - 433 7.4 7.8 - -
Rice bays with water release

10 319 1.381 2.490 2.520 7.7 82 7.58 8.8
11 319 1.520 2.510 2.56 7.4 8.6 7.60 8.9

According to irrigation coefficient SAR, the water in 18 rice bays during the irrigation period was
considered to be of a good quality, suitable for production of rice and other cultures. Water was not
released from these bays for the whole irrigation period (figure 2). In land within these rice bays had low
salinity rate with only 0.2-0.3% content of salts in 0-100 cm layer.

In two bays (10 and 11) out 20, salinity of water during the irrigation period was increasing and by
the end of May was 1.381-1.520 g/I, by the end of second decade of July — 2.490-2.510 g/l (table 1).
Having the water salinity rate of 2,5 g/l and above, the chemical content of water becomes sulphate-
magnesium-sodium, and the coefficient calculated by the chemical content of water exceeds 18 units,
which means that such water considered to be of poor quality and unsuitable of production of agriculture
plants, including rice. The water in rice bays was released and then substituted with the fresh water from
irrigation channel that has salinity level of 339 mg/l. Alkane water in rice bays, with salinity level of up to
2.5 g/l was considered to be satisfactory, and pH level was 8.2-9.29 units.
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Figure 2 — Salinity of water layer on rice bays where water was not discharged during the irrigation period:
1 — maximum, 2 — average, 3 — minimum value

The second water release from two rice bays 10 and 11 was performed in first decade of August,
when salinity level of water in bays was 2,520-2,560 g/l (figure 3).
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Figure 3 — Salinity of water on rice bays with water release during the irrigation period:
----- — rice bay Nel0, —rice bay Ne 11

Irrigation norm during the mineralization of water in rice bays is 0.7-0.9 g/l and without water
release during the irrigation period is 21396 m’/ha, in case of water salinity in rice bays of 2.5 g/l and
above with water being released in July and August — 23448 m’/ha (tables 2, 3). Hydromodule of filling
up the rice bays is equal to 6.4-7.8 /s ha, during the period of maintaining the water level — 1.9-4.6 /s ha
(table 2, 3).
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Table 2 — Water supply to rice bays without water release systems during the irrigation period

Water layer | Water layer in water Water Specific water Water
Month Decade on the bay, release system, consumptio consumption, supply.
cm mm n, I/sec I/sec ha m’/ha
2 122 476 200.0 78.0 6723
May 3 124 83 22.8 8.9 766
Total per month 7489
1 4.9 125 42.0 16.3 1412
2 33 37 6.1 24 205
June
3 2.7 30 5.0 1.9 168
Total per month 1785
1 2.5 137 479 18.6 1610
July 2 9.8 126 423 16.5 1422
3 14.0 126 424 16.5 1425
Total per month 4457
1 11.0 79 21.0 82 706
2 102 212 89.0 34.6 2992
August
3 9.4 280 118.0 46.0 3967
Total per month 7665
Water supply during the irrigation period 21396
Table 3 — Water supply to rice bays with water release systems during the irrigation period
Water layer | Water layer in water Water Specific water Water
Month Decade on the bay, release system, consumptio consumption, supply.
cm mm n, I/sec I/sec ha m’/ha
2 122 367 152.5 64 5525
May 3 8.6 111 333 14.0 1209
Total per month 6734
1 14.9 157 57.6 24.2 2091
2 8.95 109 34.6 14.5 1256
June
3 4.75 51 18.4 7.7 668
Total per month 4015
1 2.33 45 9.0 38 327
July 2 10.7 241 101.6 42.7 3688
3 9.6 140 50.4 212 1830
Total per month 5845
1 8.5 169 60.6 255 2200
2 12.0 160 63.3 26.6 2298
August
3 12.0 170 66.0 28.0 2396
Total per month 6894
Water supply during the irrigation period 23488

Yield rate of rice in tested 18 bays, where water salinity level during the irrigation period was
0.339-0.917 g/l and water discharges were not performed, is 52.4 metric center/ha, and in two rice bays
(10 and 11), where two water discharges were performed — 47.2 c¢/ha. Rice yield is 46.0 c/ha, irrigation
norm is 26800 m3/ha in rice planting cooperative, where researches were performed, at unrationed water
discharge from rice bays with arca 100 ha. Along with discharged water, there are minerals being washed
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out from fields as well, which had a certain effect on growth and development of rice plants and their yield
rate, in other words, yield rate in bays with discharged water was 5,2 metric centners lower in comparison
with rice bays with no water discharges performed and 6,4 c/ha as compared to data of rice-planting
cooperative, where unreasonable water discharges are performed (table 4).

Table 4 — Efficiency of rice plants and their yield capacity on experimental-production field of “Birlik™ Agriculture company

Ne Amount of rice Amount of effective rice Tillering Yield capacity,
of bays plants before harvest straws, pes/m’ coefficient | metric centner/ha
Rice bays without water release
1 142 195 1.37 50.30
2 152 206 1.45 53.30
3 142 197 1.39 50.15
4 142 196 1.41 50.0
5 155 197 1.36 55.65
6 157 193 1.31 54.30
7 150 197 1.44 51.90
8 146 189 1.39 54.0
9 148 185 1.30 49.54
12 149 194 1.40 53.80
13 153 185 1.39 48.90
14 149 188 1.35 51.11
15 158 194 1.31 53.50
16 152 194 1.36 54.20
17 148 191 1.37 52.0
18 149 197 1.38 52.76
19 151 201 1.41 53.94
20 148 194 1.41 53.85
Area 48,2 ha 149 194 1.40 524
Rice bays with water discharge

10 141 183 1.34 48.1
11 137 178 1.31 46.3
Area 6,8 ha 139 180 1.32 472
Rice-planting cooperative, 100 ha 136 129 1.30 46.0

Rather close relation of yield rate (Y) (1=0.983) to water salinity within rice bays was defined
YV =(2.6+48C)-0.5C. 2)

In case of C < 2.5 g/l during the irrigation period.

Discussion. Physics of negative influence of salts on development of rice plants lays in the fact that
mineral salts increase osmotic pressure of soil solvents, decrease transpiration rates, inhibit ionization of
mineral fertilizers, part from which remains in unionized condition and thus is not available for plants,
cells receive less water and mineral elements dissolved in this water. Chemical elements that are not
required for process of biomass formation, such as natrium, chlorine, magnesium and others, settle down
in vacuoles, which, in their turn, grow and cause the decrease of cytoplasm volume [2-4]. Besides, all
valuable agricultural properties of soil degrade — structural condition, water retention ability, aeration
porosity, alkalinity, mobility of organic compounds. Excess of natrium causes the swilling of soil colloids,
degradation of coagulation and other negative effects.
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The influence of water salinity in rice bays on the development of rice plants may be described by the
following analytical dependence:

C = _Xa ) (3)
1+V,

Such equation describes development of rice plant: changes in environmental conditions (con-
centration of salts in water of rice bays (y) and leads to the fact that relation of work modes, vegetation
organs (4), cone of increase (V,) and environmental conditions becomes uneven (C). Rice plants try to
restore the lost balance, therefore change the physiological and biochemical mode of their regulation
center of increase cone, which causes that very change of physiological and biochemical mode of vege-
tative organs that we may observe on rice bays in case of water salinity increase up to 2.5 g/, rice plants
have delay in growth, thus, in order to improve development conditions for rice plants, it is necessary to
improve the environment — decrease the salinity level in water of rice bays, and in order to do so, it is
necessary to perform water release and change of water.

Conclusions. Saline soil in Akdala rice system is 15 % of irrigating area, but rice on rice is grown
with water discharge from rice bays, charges are performed when salinity of water layer 1s 2.5 g/l, irriga-
tion norm on these lands is 23480 m’/ha, rice yield — 47.2 c/ha. Rice is cultivated without water discharge
on slightly saline lands, which are 85% of irrigated area, salinity of water layer in bays during irrigation
period is 1.0 g/l, irrigation norm is 21396 m’/ha, rice yield — 52.4 ¢/ha. In rice-planting cooperatives water
is discharged in all rice bays resulting in increase of irrigation norm of rice by 3945 m’/ha and decrease of
rice vield on 5.4c/ha. Introducing this method of water use on Akdala rice system, saving of irrigation
water will be 39.450 thousand m’, additional harvesting of rice — 5.2 thousand ton.
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'Kasak yATTHIK arpapisIk yHEBepCHTET, Amvatel, KasakcTas,
*Hurpa Aysummapyamsiisiesl Ciosak Yausepcuteti, Hurpa, Crosakms

AKJTAJIA KYPIII CYFAPY JKYHECIHJE CY/IBIH TEOXAMMSACHI

Annortamus. Kypim cyrapy >kyieciHae Kypill aThI3JapbIHAH CY TACTaIyJap KYPri3ijiei, MyHbl Kypilimmniep
KYPIII aThI3JapbIHAAFHI CyIbIH >KOFAPHl MHHEPAIM3AIM JKOHE OCBIFAH Opad Kypill eHIMZITIri azarobIMcH Oaiina-
HBICTBIPAIBL. AKIana cyapy »KyHecl CYbIHBIH TCOXHMUACH OepinreH. Kypimn aTei3apeIHAAFs! CY TY3JAPBIHBIH KYPiml
OCIMIIKTEPIHIH JaMybIHA JKOHE OHBIH 6HIMILUIITIHE TEPIC acep ety (pu3ukacs! HerizaeareH. Cy TYTBIHY JKOHE Cy Oypy
HOpMajapbi 15%-Fa TOMCHACTY 1, KYPIIITiH eHIMALTITIH 12%-Fa apTThIpy ABL, 6HAIpicTiH peHTadenpaimirin 11%-ra
apTTHIPYAbl KAMTAMAChI3 €TETIH KYPIII aThI3JAPBIHBIH MUHECPATH3AMMICH MEH pH CYBIHBIH HICKTIK KOPCETKIITEP]
MEH TOTIHAIICPAIH MEP3IMILIIT] AHBIKTAIIBL.

Tyiiin cesmep: Oackapy, cy, Kypill cyapy >KyHemepi, KYpiml, Kypilll aThI3apbl, CYJbIH MHHCPATH3ALMUICHL,
Cyapy HOPMACBI, OHIMIIIK.
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TEOXHMHUA BOJABI HA AKTAJTHHCKOM PUCOBOM OPOCUTEJIBHOM CHUCTEME

Annortamusi. Ha prcoBbIX cuCTeMax IMPOM3BOIATCS COPOCHI BOJBI M3 PHCOBBIX YEKOB, HEOOXOIHMMOCTh KOTO-
PBIX PHCOBOJBI OOBACHSIOT MOBBIICHHEM MHHEPATH3AIMK BOABI B PHCOBBIX UCKAX, BIMSIOIICH HA CHIDKCHHE YPO-
JKaHOCTH puca. JlaHa reoXuMus BOIbI AKTAIHHCKOH OPOCHTEIbHOM crcTteMbl. OOOCHOBAaHA (PH3HMKA HETaTHBHOTO
BIMSIHHSL COJICH B BOJC PHCOBBIX YEKOB HA PA3BUTHE PACTCHHI PUCA U €T0 YPOKaHHOCTh. ONpeacIcHbI KPUTHUCCKHC
MOPOTOBBIC MOKA3ATEIN MUHEpAIN3auy U PH BOABI PHCOBBIX YCKOB H MEPHOIMIHOCTh COPOCOB, 00CCIICUNBAOIINC
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CHIDKCHHC HOPMBI BOJOTIOTPCONICHHS W BOJOOTBEACHHE HA 15%, MOBBIMICHHE YPOKAHHOCTH puca Ha 12%, peHra-
OcpHOCTH Mpom3BoACTBA Ha 11%.

Kirouernie CJI0BA: VIPABICHHUE, BOJA, PHCOBBIC OPOCHTCIBHBIC CHCTCMBI, PHC, PHCOBBIC UCKH, MHHCPAIH-
320U BOJABL, OPOCUTEIBHAA HOPMA, YPOXKAMHOCTS.
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