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N3MEHEHUMA COJIEBOI'O COCTABA CEPO3EMHBIX ITOYB ITPU ITOJIMBE
CTOYHbLIMH BOAAMMU B YCIIOBUAX IOI'O KASAXCTAHA

AHHOTAUA

B cratbe mpuBeneHBI pPe3yJbTaThl MOJIEBBIX MCCIEAOBAHUU IO BBISIBICHUIO BIUSHUS
OpPOILIEHUS] CTOYHBIMM BOJIaMM Ha COJIEBOM cOCTaB MO4YBBLI. COJIEBOM PEKUM IMOYBOIPYHTOB
M3yYaJiCsi Ha BCEX OMBITHBIX y4YacTKax Iora M IOro-BocToka KaszaxcTaHa €XerogHo BECHOW U
oceHbto. Bce maGopatopHbie aHamm3el oOpabotansl Ha OBM EC-4 mporpamme HWHCTHTYTa
"KazrunpoBoaxo3". OHU AatOT OCHOBAHME CIENATh 3aKJIIOUEHHUE YTO CEPO3EMHBIE CYTJIMHUCTHIE
MOYBHI PErMOHA KaK J10, TaK U MOCJIE OPOLICHHS OTHOCATCS K KAaTETOPUU HE3aCOJICHHBIX.
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STATE OF SOIL FERTILITY DURING WATERING WITH WASTEWATER IN THE
SOUTH OF KAZAKHSTAN

Abstract

Article presents the results of our own laboratory, lysimetric and experimental studies
using three types of wastewater for watering: depending on the type of soils: sierozem and
meadow-bog soils. Also to assess the effectiveness of soil fertility, used the classification of I.
Tyurin, M.M. Kononova, P. Machigin and Protasov, E. Arinushkina. In all experiments, as in
watering with both pure water and wastewater, increase in humus was observed. This increase is
more evident while watering with wastewater.
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Introduction

Irrigation with wastewater creates favorable conditions for plant growth. However, non-
compliance the irrigation regime, use of wastewater with a content of harmful contaminants
above the maximum allowable concentration can lead to negative consequences. Irrigation with
wastewater changes the physical state of the soil, the intensity of chemical and microbiological
processes. Depending on the type of crop, the content of organic matter in the soil may decrease
or increase. With the right choice of the method of irrigation, observance of the irrigation regime
and the irrigation norm in combination with agrotechnical methods the negative impact of
wastewater on the soil can be avoided.

During irrigation with wastewater, there is an accumulation of organic matter in the soil.
Sewage contains organic soluble, suspended and colloidal substances that are retained in the soil.
The increase in agricultural crop yields and especially the cultivation of perennial grasses are
accompanied by an increase in the mass of their roots, which, when decomposed, partly turn into
humus, which participates in the creation of a strong soil structure. In compliance with all
conditions of irrigation with wastewater the accumulation of organic substances are ahead of the
process of its destruction, and soil enriched with organic matter, soil fertility increases.
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Microbiological processes in the soil are strongly influenced by the irrigation regime:
irrigation rate, irrigation frequency, irrigation method, depth of the moistened layer.

n case of excessive watering, some of the air from the soil pores is displaced by water, the
activity of anaerobic microorganisms is increased, the respiration of the roots is hampered due to
a lack of oxygen and the plants are exposed to the toxic effect of the products of the anaerobic
process (hydrogen sulphide, methane).

At optimum soil moisture increases the number of microorganisms, enhanced their activity
and biological activity of the soil - a total index that takes into account the respiration of
microorganisms, biochemical transformations in the soil, respiration of plant roots, etc.
Numerically, the biological activity of the soil is expressed by the amount of carbon dioxide
emitted from 1 square meter of the soil surface over a certain period of time. At the humidity
wilting point of plants, the activity of microorganisms is weakened. 80-95% of humidity of the
maximum hygroscopicity of the soil is minimal, when fungi and actinomycetes develop poorly.
Aerobic bacteria-nitrifiers are inactive at humidity corresponding to double maximum
hygroscopicity. The optimum moisture content of the soil for these microorganisms is about 60%
of the total moisture capacity. When the humidity of the soil increases, their activity decreases.
The process of nitrification of nitrogen in the soil slows down while too rare waterings and
frequent overmoistening of the soil. Great influence has the watering on the activity of nodule
bacteria. At lack of moisture nodules on the roots of leguminous plants are almost not formed,
during irrigation this process proceeds normally and nitrogen nutrition of plants improves.

Materials and methods

Numerous works of domestic and foreign scientists show that many factors influence the
soil qualitatively and quantitatively. The main ones are: water composition, irrigation regime,
mechanical composition and genetic characteristics of the soil. However, the nature of the impact
of irrigation by wastewater of different compositions is still very poorly studied and requires an
urgent and in-depth study. In this paper, we present the materials of our own laboratory,
lysimetric and experimental studies using three types of waste water: depending on the type of
soils: sierozem and meadow-bog soils.

Analyzing numerous chemical data on the content of nutrients in the soil of experimental
sites, it should be noted some features in the redistribution of these elements in the soil profile
during wastewater irrigation. To assess the effectiveness of soil fertility, we used the
classification of I. Tyurin, M.M. Kononov, P. Machigin and Protasov, E.V. Arinushkina.

Results and discussion

Medium-loamy soils of the Zhambyl region at six years of watering with household
wastewater with an insignificant mixture with production water were not exposed significant
changes.

According to the content of mobile forms of phosphorus and potassium, the soil becomes
medium-ensured and highly ensured. The dynamics of nitrogen content in the soil is significantly
affected by the crop rotation. In the area where alfalfa was intensively cultivated, the nitrogen
content remained at the same level, and where sugar beet and barley alternated the nitrogen and
total phosphorus content decreased. Similar can be noted for the South-Kazakhstan region. The
meadow-bog soils of the Kyzylorda region also improved in the content of mobile forms of
nitrogen and phosphorus during wastewater irrigation. Gross nitrogen with 0,098% decreased to
0,079%, and gross phosphorus from 0,11% to 0,09%.

Carrying out of summer and winter irrigation mixed with wastewater at farm "Burundai" in
Almaty region helped the transition of soil from a very low ensured by nitrogen compounds to
the hydrolyzed low ensured.

In all experiments, as in the case of irrigation with clean and wastewater, an increase in
humus is noted. This increase during watering with wastewater appears more. But the intensive
cultivation of barley at the farm «Tastoba» in Zhambyl region led to the unification of the soil
with humus.
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On the loamy light gray soils of the farm "Iliskiy" in Almaty region, under the crops of
alfalfa, Jerusalem artichoke, sunflower marsh, an increase in nitrogen is observed, which
indicates their ability to assimilate nitrogen with nodule bacteria. And here, also, under the crops
of the studied cultures, there was some increase in mobile forms of phosphorus and potassium,
although their incomes with wastewater are insignificant. This is the result of their mobilization
from the gross reserves of the soil. Therefore, in order not to reduce the fertility of the soil, it is
necessary to systematically introduce phosphorus-potassium fertilizers.

An important indicator characterizing the process of soil wastewater treatment, we studied
in the pilot sites in the farm "Iliskiy". The obtained data (Table 1) show that sprinkling irrigation
creates better conditions for the nitrifying ability of the soil than the surface one. This is due to
the fact that surface watering to some extent disturbs the aeration of the soil, which is favorable
for the accumulation of ammonia nitrogen.

With surface watering, the greatest accumulation of nitrates is observed under crops of
non-traditional crops - amaranth, mallow, sunflower.

An important effect on soil fertility is provided by livestock wastewater (Table 2).

Table 1. Changes in nitrate, ammonia nitrogen in a meter layer of soil in the experimental
sections of the farm «lliskiy» in Almaty region under various wastewater irrigation methods, mg/
kg

Indicators Original content Methods of watering (6 years of irrigation)
sprinkling furrow sprinkler
irrigation irrigation watering

Nitrates 3,6 223 34 21,2
Ammonia nitrogen 9,8 5,3 13,5 -

Table 2. Agrochemical properties of serozem-meadow soils of the Zhetygen farm after 4
years of irrigation with livestock wastewater in 0 -100 cm layer

Variants of Experiment humus,% total phosphorus | potassium CO,
nitrogen, gross,% mobile, %
% mg / kg
1. without watering (control) 0,42 0,018 0,131 217 2,36
II. watering - clean water, 0,59 0,036 0,149 296 2,67
70% NH
III. clean water + livestock 0,064 0,036 0,167 232 4,036
wastewater 1:10 . 70% NH
IV. clean water + livestock 0,73 0,038 0,169 296 4,68
wastewater 1:10 . 70% NH
V. clean water + livestock 0,85 0,042 0,180 124 6,67
wastewater 1:7 . 70% NH
IV. clean water + livestock 0,86 0,062 0,184 280 6,77
wastewater 1:7 . 80% NH
VII. clean water + livestock 1,02 0,038 0,178 330 6,14
wastewater 1:5 . 70% NH
VIII. clean water + livestock 0,89 0,061 0,186 418 5,69
wastewater 1:5 . 80% NH
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It 1s also characteristic that in the cases where the prepared livestock wastewater was used,
accumulation of nutrients and especially organic substances along the entire profile of the soil
section occurs, in contrast to variant 1, variant 2, where clean water was used. There is an
insignificant accumulation of these elements and substances in the main only in 0-40 cm layer.

When using livestock waste, it is very important to control the inflow into the soil of
elements of mineral nutrition during the growing season, depending on the moisture availability
of the year. We have established for the year 75% of the supply the most optimal mixture is 1: 7,
and for 50% of the year 1: 5, and in the dry year 95% of the supply is 1:10. In the condition of
Zhambyl region for irrigation of alfalfa, mixing with a ratio of 1: 5 is optimal, and for maize for
silage 1: 7.

Table 3 provides recommended doses of feeding nutrients with irrigation water.

Table 3 - Optimal doses of nutrient inputs with clarified livestock wastewaters for the
condition of South Kazakhstan.

Culture and base Yield, Removal of nutrients, Dosage of nutrients,
of products t/ ha kg/ha kg/ha
1 2 3 4 5 6 7 8
Alfalfa (hay) 13,0 285 103 167 339 119 233
Corn (green mass) 55,0 146 55 222 243 85 167
Barley (grain) 3,0 81 37 60 115 41 79

Such a differentiated approach to the appointment of the norm of introduction of livestock-
wastewater (the degree of dilution of prepared livestock wastewaters) will get maximum returns
from the irrigation fields and exclude the accumulation of nitrates in agricultural production from
the fields, and also provide a favorable ecological and meliorative environment for them.

The salt regime of the soil is to a large extent related to the composition of the absorbed
bases. With the increase in their composition of the sodium, will show the signs of soil
alkalinization. Research materials show that all soils of the south and southeast of Kazakhstan,
irrigated by wastewater, belong to the category of non-alkaline, because the absorbed sodium did
not exceed 3%. But there were some peculiarities in the changes of absorbed sodium. Under
alfalfa crops, the amount of absorbed sodium decreases in all test sites. Thus, in the plot Ne 3 in
Zhambyl region, where sugar beet and barley alternated until 1980, the content of absorbed
sodium increased from 1,81% to 1,97%, and when in 1981 - 1983, alfalfa was cultivated here, it
decreased to 1,6%.

Similar results were obtained in the experiments of L.I. Sergienko, who for 12 years
watered the perennial grasses with wastewater from the Volga Chemical Combine [1,2,3].

The increase in absorbed sodium also occurred at a permanent culture of barley. In order to
avoid an increase in absorbed sodium in soils that reduce fertility, it is necessary to withstand the
alternation of crops according to the adopted crop rotation with the production of perennial
grasses.

On the sandy loam soils of the «lliisky» farm, the content of absorbed sodium decreased
from 2,54 to 0,86 — to 2.0% when cultivating the zoned and non-traditional crops. These data are
completely consistent with the content in the soil of water, soluble sodium, which during the
years of research has consistently decreased. This once again confirms that in the wastewaters of
Almaty predominate alkaline earth cations.

When the livestock wastewater is used, there is also observed a tendency of increase the
saturation of soils with absorbed bases. In that experiment, if at the beginning of the vegetation
period (1937) the absorption capacity was 9,74 — 10,40 mg.eq. per 100 g of soil, then at the end
of the experiment (1980) it was 10,2 -16,3 mg.eq. per 100 g of soil.
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Conclusions

On the control variant (variant 1), the content of absorbed bases in the soil remained at the
initial level (10,1 - 10,2) mg-eq per 100 g of soil. In absorbed bases, calcium predominates. On
the optimal variant (variant 5) on irrigation regime and concentration of the mixture, the soil
absorption capacity is 12,7 - 16,5 mg.eq. per 100 g of soil, and the sodium content is 8,3 —9,6%
of the total absorbed bases. Calcium accounts for 79.2-83.2%. In variants, the sodium content
increased (9,2 — 12,3%), which indicates the ongoing alkalinization processes in variants where
used increased concentrations of prepared livestock wastewater with clean water (1: 5) and
supported the increased pre-irrigation moisture threshold (80% of NH) soils. However, it should
be noted that the intensity of alkalinization formation processes is low.
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Bomim6aeBa A., AnyapoexoB K.K., Anausipoa A.E., 3yoaupos O.3.

KA3AKCTAHHBIH OHTYCTITTHJIE TOTTH/II CYJIAPMEH CYFAPFAHJIAFBI
TOTBIPAK KYHAPJIBIFBIHBIH KAFTATBI

AHaaTna

Makanana cyp >KoHe IIaIFBIHABI-0aTIIaKThl TOMBIPAKTHIH TYPJIEpiHE OailIaHBICTHI CyFapyFa
TOTIHAI CyJapJblH YII Typl NMalJalaHbLIBIN, XYPTi3UIreH 1abopaTOpHUsIIBbIK, JU3UMETPHUSIIBIK
KOHE DKCIIEPUMEHTAIBIK  3€pTTEYJepMiH HOTWkenepi kKenripiireH. COHBIMEH —Karap
TOTNBIPAKTBIH ~ KYHAPIBIFBIHBIH ~ THIMAUNINH Oaramay ymin W.Tiopun, M.M.KoHoHoBa,
[1.Mauurun xone IIpotacoBa, E.B.ApuHyIIKUHHIH XIKTeyepl KOMAaHbULIEL. Ta3a CyMeH jkoHe
TOriHAI CyMEH CyFapy JXYPri3uireH OapiblK ToXKipuOerepAe TOMBIPAaKThIH TyMyC MeJIIepi
apTKaHABIFBl OaliKaniael. Ocipece, MyHAal KOPCETKIII TOriHAl CyMEH CyFapraHaa KeOipek
OalikasraH.

Kinm ce3dep: cyrapy, Terinii cyiap, TOIbIPAK, XUMUSAJIBIK KYpPaMbl, KOPEKTIK JJIEMEHTTED.

bamumb6aeBa A., AnyapoexoB K.K., Angusiposa A.E., 3y6aupos O.3.

COCTOSAHUE TUIOAOPOAMA ITOYBBLI ITPU ITOJIMBE CTOYHBIMU
BOJAMMU HA IOT'E KASAXCTAHA

AHHOTANUA

B crathe mpuBeneHbl pe3yibTaThl COOCTBEHHBIX JIAOOPATOPHBIX, JU3UMETPUUECKUX H
AKCIIEPUMEHTAJIbHBIX UCCIIEJOBAHUU MPHU UCTIOIB30BAaHUH TPEX BUAOB CTOUHBIX BOJ JIJISl IOJUBA!
B 3aBHCHMOCTH OT THUIIA MOYB: CEPO3EMHBIE M JYTOBO-OOJOTHBIC MOYBHI. Takye NJs OLEHKU
3G(HEeKTUBHOCTH  IUIONOPOAMSI  IMOYBBI  HMCHONB30BaIM  Kiaccudukanuto WM. Tropuna,
M.M.Kononoso#i, [I.Maunuruna u Ilporacosa, E.B.Apunymkunoii. Bo Bcex ombITax, Kak npu
MOJIUBE YHCTHIMHU TaK U CTOYHBIMH BOJIaMU, HAOIIOAAIOCh YBEIMUEHUE TyMyca. DTO YBEIUUYECHHE
IIPU TOJIMBE CTOUYHBIMH BOJAMHU MPOSIBIISUICS OOJIbIIIE.

Kntoueevie cnoea: 1onuB, CTOYHBIE BOJABI, IIOYBA, XMMHYECKHH COCTaB, NUTATEJIbHBIE
AIIEMEHTHI.
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