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N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics 
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and 
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to 
researchers, authors, publishers, and institutions sets it apart from other research  databases.  
The  inclusion  of News  of  NAS  RK.  Series  of  geology  and  technical sciences in the 
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of geology and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Тиражы: 300 дана.
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© Қазақстан Республикасының Ұлттық ғылым академиясы, 2023
Типографияның мекен-жайы:  «Аруна» ЖК, Алматы қ., Мұратбаев көш., 75.

Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын-
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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Главный редактор
ЖУРИНОВ Мурат Журинович, доктор химических наук, профессор, академик НАН РК, 

президент Национальной академии наук Республики Казахстан, генеральный директор АО 
«Институт топлива, катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан) H = 4

Ученный секретарь
АБСАДЫКОВ Бахыт Нарикбаевич, доктор технических наук, профессор, ответственный 

секретарь НАН РК, Институт химических наук им. А.Б. Бектурова (Алматы, Казахстан) H = 5
Р е д а к ц и о н н а я  к о л л е г и я:

АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геологомине ра ло-
гических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии им. 
У.М. Ахмедсафина (Алматы, Казахстан) H = 2

ЖОЛТАЕВ Герой Жолтаевич, (заместитель главного редактора), доктор геологоминерало-
ги ческих наук, профессор, директор Института геологических наук им. К.И. Сатпаева (Алматы, 
Казахстан) Н=2

СНОУ Дэниел, Ph.D, ассоциированный профессор, директор Лаборатории водных наук универ-
ситета Небраски (штат Небраска, США) H = 32

ЗЕЛЬТМАН Реймар, Ph.D, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия) H = 37

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси 
(Нанси, Франция) Н=15

ШЕН Пин, Ph.D, заместитель директора Комитета по горной геологии Китайского геологического 
общества, член Американской ассоциации экономических геологов (Пекин, Китай) H = 25

ФИШЕР Аксель, ассоциированный профессор, Ph.D, технический университет Дрезден 
(Дрезден, Берлин) H = 6

КОНТОРОВИЧ Алексей Эмильевич, доктор геолого-минералогических наук, профессор, 
академик РАН, Институт нефтегазовой геологии и геофизики им. А.А. Трофимука СО РАН 
(Новосибирск, Россия) H = 19

АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, почетный 
директор Института химии новых материалов (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Ph.D, ассоциированный профессор, Технический университет (Дрезден, 
Берлин) H = 20

СЕЙТМУРАТОВА Элеонора Юсуповна, доктор геолого-минералогических наук, профессор, 
член-корреспондент НАН РК, заведующая лаборатории Института геологических наук им. К.И. 
Сатпаева (Алматы, Казахстан) Н=11

САГИНТАЕВ Жанай, Ph.D, ассоциированный профессор, Назарбаев университет (Нурсултан, 
Казахстан) H = 11

ФРАТТИНИ Паоло, Ph.D, ассоциированный профессор, Миланский университет Бикокк 
(Милан, Италия) H = 28
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Editorial chief
ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president 

of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of 
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary
ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of 

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5
E d i t o r i a l  b o a r d:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical 
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of  hydrogeology and 
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical 
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty, 
Kazakhstan) Н=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska 
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth 
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University 
(Nancy, France) Н=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological 
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H = 6
KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor, 

academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk, 
Russia) H = 19

AGABEKOV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary 
director of the Institute of chemistry of new materials (Minsk, Belarus) H = 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20
SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor, 

corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named 
after K.I. Satpayev (Almaty, Kazakhstan) Н=11

SAGINTAYEV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H = 28
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K. Seitkazieva1*, K. Shilibek1, A. Seitkaziev1, R. Turekeldieva1, N. Karpenko2

1M.Kh. Dulati Taraz Regional University Taraz city, Kazakhstan;
2”Russian State Agrarian University − Moscow Agricultural Academy named after 

K.A. Timiryazev”, Moscow.
Е-mail: Seytkazieva14@mail.ru

ECOLOGICAL AND MELIORATIVE SUBSTANTIATION OF GRAY-EARTH-
MEADOW SALINE SOILS OF ZHAMBYL REGION

Abstract. The main topic and object of research are gray-earth-meadow saline irrigated 
lands of the Zhambyl region, which, due to high natural salinity, are characterized by 
unsatisfactory ecological and reclamation conditions. The main purpose of the research 
is the ecological and meliorative substantiation of the water-salt regime of saline soils 
in irrigation systems of the Zhambyl region. The paper considers the reclamation and 
ecological justification of the water-salt regimes of saline soils, which, to restore their 
fertility and improve the ecological and meliorative state of irrigated lands, need to 
carry out comprehensive reclamation. Based on the conducted studies of soil and 
ecological-reclamation conditions of gray-meadow soils characterized by a high degree 
of salinity and insufficient moisture supply, the rationale for regulating the water and 
salt regime of the root layer, taking into account the distribution of precipitation, the 
supply of irrigation and drainage water to improve soil formation processes, was carried 
out. The obtained research results made it possible to develop methods for determining 
the reserves of surface and groundwater salts, and evaporation from the groundwater 
surface by the studied objects, which can be used to develop technologies for restoring 
and normalizing the soil-ecological state of irrigated lands to increase the productivity 
of agricultural land.

Key words: Evaporation, salt transfer, hydrochemistry, washing norms, ecological 
coefficients.
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К. Сейтқазиева1*, К. Шилібек1, А. Сейтқазиев1*, Р. Турекелдиева1, 
Н. Карпенко2 

1М.Х. Дулати атындағы Тараз өңірлік университеті, Қазақстан;
2 К.А. Тимирязев атындағы Мәскеу ауыл шаруашылығы академиясы, Ресей 

мемлекеттік аграрлық университеті», Мәскеу, Ресей.
Е-mail: Seytkazieva14@mail.ru

ЖАМБЫЛ ОБЛЫСЫНДАҒЫ СОРТАҢДАНҒАН СҰР-ШАЛҒЫНДЫҚ 
ТОПЫРАҚТАРДЫ ЭКОЛОГИЯЛЫҚ- МЕЛИОРАТИВТІК НЕГІЗДЕУ

Аннотация. Негізгі тақырыбы мен зерттеу объектісі – Жамбыл облысының 
сұр-шалғынды сортаңды суармалы жерлері табиғи тұздылығы жоғары 
болғандықтан экологиялық-мелиоративтік жағдайы қанағаттанарлықсыз болып 
сипатталады. Зерттеудің негізгі мақсаты – Жамбыл облысының суландыру 
жүйелеріндегі сортаң топырақтардың су-тұз режимін экологиялық-мелиоративтік 
негіздеу. Жұмыста олардың құнарлылығын қалпына келтіру және суармалы 
жерлердің экологиялық-мелиоративтік жағдайын жақсарту үшін кешенді 
мелиорацияны қажет ететін сортаң топырақтардың су-тұзды режимдерінің 
мелиоративтік-экологиялық негіздемесі қарастырылған. Тұзданудың жоғары 
дәрежесімен және жеткіліксіз ылғалмен қамтамасыз етілмеуімен сипатталатын 
шалғынды-топырақтардың топырақ-экологиялық-мелиоративтік жағдайларын 
жүргізілген зерттеулердің негізінде түбірлік қабаттың су-тұз режимін реттеуге 
негіздеме жасалды. атмосфералық жауын-шашынның таралуын, топырақ түзуші 
процестерді жақсарту үшін суару және дренаждық суларды жеткізуді есепке 
алу. Зерттеудің алынған нәтижелері зерттелетін объектілер үшін жер үсті және 
жер асты суларының тұздарының қорын, жер асты суларының бетінен булануды 
анықтау әдістерін жасауға мүмкіндік берді, оларды қалпына келтіру және қалыпқа 
келтіру технологияларын әзірлеу үшін пайдалануға болады. ауыл шаруашылығы 
жерлерінің өнімділігін арттыру үшін суармалы жерлердің топырақ-экологиялық 
жағдайы.

Түйінді сөздер: булану, тұз алмасу, гидрохимия, шаю жылдамдығы, 
экологиялық коэффициенттер.
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ЭКОЛОГО-МЕЛИОРАТИВНОЕ ОБОСНОВАНИЕ 
СЕРОЗЕМНО-ЛУГОВЫХ  ЗАСОЛЕННЫХ ПОЧВ ЖАМБЫЛСКОЙ 

ОБЛАСТИ

Аннотация. Главной темой и объектом исследований являются сероземно-
луговые засоленные орошаемые земли Жамбылской области, которые вследствие 
высокой природной засоленности характеризуются неудовлетворительным 
эколого-мелиоративным состоянием.  Основная цель исследований заключается в 
эколого-мелиоративном обосновании водно-солевого режима засоленных почв на 
оросительных системах Жамбылской области.  В работе рассмотрено мелиоративно-
экологическое обоснование водно-солевого режимов засоленных почв, которые для 
восстановления их плодородия и улучшения эколого-мелиоративного состояния 
орошаемых земель нуждаются в проведении комплесных мелиораций.  На 
основе проведенных исследований почвенных и эколого-мелиоративных условий 
сероземно-луговых почв, характеризующихся высокой степенью засоленности и 
недостаточной влагообеспеченностью, выполнено обоснование регулирования 
водного и солевого режима корнеобитаемого слоя с учетом распределения 
атмосферных осадков, подачи оросительных и дренажных вод для улучшения 
почвообразовательных процессов.  Полученные результаты исследований 
позволили разработать  методы определения запасов солей поверхностных 
и грунтовых вод, испарения с  поверхности  грунтовых вод по исследуемым 
обьектам, которые могут быть использованы для разработки технологий по 
восстановлению и нормализации почвенно-экологического состояния орошаемых 
земель для повышения продуктивности сельскохозяйственных угодий.

Ключевые слова: испаряемость, перенос солей, гидрохимия, промывные 
нормы, экологические коэффициенты.

Introduction. The effectiveness of the reclamation use of sierozem-meadow soils in 
the Zhambyl region of Kazakhstan is associated with serious changes in soil-forming 
and natural processes on irrigated and adjacent lands, which do not allow for obtaining 
guaranteed crop yields. At present, a significant part of the irrigated lands in this region 
is in an unsatisfactory ecological and reclamation state due to the high degree of 
salinization of the soil cover, aeration zone, groundwater, poor natural drainage, and 
irrational use of water and land resources and the lack of strategic and tactical solutions 
for the development of reclamation in Zhambyl region.
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To manage the reclamation regime on irrigated lands, a complex of reclamation 
measures is needed to ensure high yields of crops of good quality at the lowest cost 
of water, labor, and material resources per unit of production and to maintain a stable 
favorable reclamation state of irrigated lands and adjacent territories. To find out the 
reasons for the unfavorable reclamation state of lands and a reasonable choice of 
measures to improve it, a systematic approach is required for reclamation and operational 
indicators. These include the ratio of the values of evaporation and drainage flow to 
water intake and water supply, the values of the system efficiency, coefficients for the 
use of water resources, water consumption of agricultural crops, and others. The main 
criteria that characterize the reclamation state of irrigated lands and integrally reflect 
the course of the reclamation process in the irrigated area are the regime of levels and 
mineralization of groundwater, the degree, and type of soil salinity, and crop yields 
(Adilbektegi and et al, 2019).

One of the criteria that increase the level of agricultural technology is the agrotechnical 
system of tillage. It should be at a particularly high level, as it is the main condition 
for obtaining high yields of irrigated crops and serves as one of the main means of 
increasing the fertility and quality of irrigated lands, the expedient and efficient use of 
water supplied for irrigation.

In the system of processing saline soils, deep (by 0.25 ... 0.35 m) autumn plowing is 
of particular importance, which helps to increase the water permeability of the soil and 
disrupt the capillary connection of the upper arable soil layer, since the delay leads to a 
sharp drying of the upper soil horizons, their strong compaction, restoration of capillary 
pathways for groundwater rise and, ultimately, salt accumulation. However, plowing 
saline soils during the spring period is not allowed (Averyanov, 1978).

When regulating the water regime of the soil, the thickness of the moistened soil 
layer is important, which is not constant during the growing season and increases as the 
root system of plants develop in depth. In this regard, the calculated moistened layer 
under sugar beet, alfalfa, and spring crops in May and the first half of June on thick gray 
soils should be taken no more than 0.5 ... 0.6 m (Bresler and et al, 1987). On powerful 
gray soils and meadow soils with deep groundwater, it is limited to a layer below which 
soil moisture is maintained at the level of its lowest moisture capacity by capillary 
recharge from groundwater and is taken equal to when groundwater occurs 2 ... 3m - 
0.8. ..1.0 m, at 1...2 m - 0.7...0.8 m (Deng and et all, 2015). 

Material and research methods. The Zhambyl region in terms of natural and 
climatic terms is located in the desert zone of the temperate zone. This zone occupies 
the largest part of the flat territory of the republic, located south of the semi-deserts 
and piedmont sloping plains of mountain systems (Duan and et all, 2015). The zone 
as a whole is characterized by a very low amount of atmospheric precipitation, a 
large amount of evaporation, and significant daily and annual fluctuations in air and 
soil temperatures, which leads to a sharp continentality and aridity of the climate. The 
main characteristic feature of the desert climate is aridity, which directly defines the 
boundaries of the desert zone and creates the originality of its landscapes (Elimelech 
and et all, 2011). The annual amount of precipitation is not more than 250 mm, and in 
many areas, the amount varies from 100 to 200 mm.
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Summer is characterized by very high temperatures. The average July temperature 
ranges from 23...250 in the north to 300 in the south of the zone (Kireycheva and et 
all, 2017). Summer weather is characterized by great stability, frequency of occurrence 
of atmospheric droughts, and large daily amplitudes of air and soil temperatures 
(Zhaparkulova and et all, 2021). The duration of the summer period is on average 150-
170 days, during which only 20 ... 25% of the total negligible annual precipitation falls 
(Kulagin and et all 2019).

However, when irrigated, desert soils can produce high yields of a variety of crops. 
Agricultural plants grown on desert irrigated soils contain more trace elements and 
various useful salts than on lands in a humid climate (Howard and et all, 2009).

Field studies necessary for the development of methods for predicting the water-salt 
regime of reclaimed lands were carried out on experimental plots characterizing five 
groups of soils in the lower reaches of the Talas River, Kokozek LLP, Bayzak district, 
Zhambyl region, in terms of mechanical composition and filtration capacity. The total 
area of the experimental plot was 20 ha (Kulagin and et all 2019).

For ecological and reclamation substantiation of the water-salt regime of saline 
sierozem-brown soils, leaching against the background of horizontal drainage is 
envisaged. To assess the operation of the existing horizontal drainage and subsequent 
feasibility studies on the development of technology and the justification of land 
reclamation measures that ensure the optimal water-salt regime of the calculated layer (0 
... 1.0 m) of the soil, it is necessary to sequentially calculate the following (Kharchenko 
and et all, 1977):

– admissible depth of ground waters depending on the salinity of ground and 
irrigation waters, admissible increase in salinity of 0...1.0 m of the soil layer during the 
growing season, irrigation rate, and total evaporation.

To restore soil properties, an adaptive complex of reclamation measures is required, 
that is, a complex adapted to natural conditions and ensuring the functional stability of 
the soil cover. This complex is aimed at the formation of an optimal reclamation regime. 
At present, the main limits for regulating the components of the reclamation regime and 
measures have been developed to ensure the creation of an optimal reclamation regime 
on reclaimed lands, and a favorable environmental situation within the agro landscape 
(Mueller and et all, 2014).

Soil pollution during salinization occurs mainly as a result of anthropogenic human 
activities, with improper work on land improvement, and agrotechnical environmental 
measures. This occurs as a result of ignoring the laws governing the natural balance and 
evolution of soils, as well as hydrogeological, hydrochemical, and geochemical changes 
during environmental and reclamation work (Nippert and et all, 2010).

Based on the studied data on soil-ecological conditions for seorozem-meadow and 
dark chestnut carbonate, as well as insufficient moisture supply in the presence of high 
thermal resources, which requires the need to regulate the water regime of the root layer 
in the studied years in terms of the distribution of precipitation, the supply of surface 
and discharge sources according to the parameters of the ecosystem (Jamil and et all, 
2011).
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The main methods of regulating the hydrochemical regime are the impact on the 
level of groundwater by various measures (irrigation, washing, loosening of soil 
against the background of drainage). The formation of water-salt, thermal, and food 
regimes in the calculated soil layer is directly affected by water-physical and Physico-
chemical processes. This is because as a result of irrigation and flushing with the use 
of drainage, the conditions for the formation of incoming and outgoing elements of the 
water-salt balance, salt reserves, infiltration rate, changes in the movement of moisture, 
evaporation, the outflow of groundwater and others change dramatically (Veselov and 
et all, 2004). The use of a complex of environmental and reclamation measures made it 
possible to displace leached toxic salts from the calculated salt.

When studying the mechanism of salt transfer, proper regulation of water-salt and 
food regimes, it is necessary to determine the following values - the dissolution of 
salts, leaching of rocks, evaporation of soils and groundwater, convective diffusion, 
transfer of salts with filtration flow, ion-salt balance in the system solution - solid phase, 
displacement of pore solutions, etc (Ibrahimi and et all, 2014).

The main parameters of systematic horizontal drainage are the distances between 
drains, the position of the groundwater level (GWL) after drainage, the head between 
the drains, and the inflow of groundwater to the drain and collector. The inflow and 
outflow of water to the drain from both sides are determined by the formula.
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where, Q – water flow to the drain, m3; k filtration coefficient, m/day; h is the pressure 
of groundwater between drains, m; l - drain length, m; t is the duration of flushing, days; 
R is the distance between drains, m.
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where q0 – module of drainage runoff at a given pressure of groundwater, m3/ha.
Then, with a known value of the actual speed of water movement Vf of the soil, 

drainage runoff and based on a system analysis of the water-physical and chemical 
properties of the study area and environmental coefficients characterizing the level of 
danger in the calculated soil layer, it is possible to determine the net leaching rates of 
saline soils using the following formula: 
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where Nnm – water supply (net), m3/ha; Vph – filtration rate in saturated layers, m/
day. Ec-Environmental coefficient.

The physical substantiation of the proposed system of basic indicators in assessing 
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the ecological state of the soil based on the violation of physical functions is determined. 
Primarily topics that the classical ideas about soil as a dispersed porous system with a 
developed structure and pore space are fundamental for assessing the physical state of 
the soil (Adilbektegi and et all, 2019).

1. Hydrothermal regime (Ruan and et all, 2008). Reflecting heat and moisture supply 
of territories. in a generalized form it is characterized by a “dryness index”:
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where Ro – radiation balance of natural conditions, kcal/cm2.
The advantage of this indicator over others (Ku. GTK. BKP) is obvious: firstly, it 

characterizes the conditions of heat and moisture supply of plants, those biological 
processes. Secondly, determines to a large extent the conditions for the formation of 
soil, hydrogeological and geochemical conditions and, thirdly, allows you to take into 
account the nature of the intensity of anthropogenic activities (irrigation regime, patterns 
of land use, etc.). [3-8,9-12]:

                                         RlkhQ /4 2
0 =                                                                       (1) 

 

                                            t
Q

q 0
0 =                                                                                        (2) 

 

                                         0

0

q
VQ

N ф
nm =  .Эк ,                                                                                         (3) 

 
                         OcLRoR */= .                                                                                                   (4) 

 

                              ),(*/ OpOcLRууR +=                                                                                           (5) 
 

               )1/()1( 1 ААRоRу −−= .                                                                                                          (6) 
 

R
n eRQ −= /                                                                                                       (7) 

 
)*5.1exp()/( ROpOcgg −=+= .                                                                            (8) 

 
  R =R / L(Oc + Op + W + g) .                                                                   (9) 

 

           for automorphic conditions,                                                         (10) 

        for hydromorphic conditions,                                               (11) 

where:   - indicator of the hydrothermal regime; R is the radiation balance. kJ/cm2 per year; Os –  
            Values of water exchange between soil and ground waters. as well as evaporation are 

determined depending on : 
,                                                                                                     (12) 

1.5  ,                                                                                       (13) 
E = 1 –   ,                                                                                                                (14) 
where:  – moisture exchange in automorphic and hydromorphic conditions. share of 

precipitation; 
Е – evaporation. share of precipitation;   ;  
Δ – depth of groundwater, m; 

 - groundwater depth. at which evaporation from their surface is 0. m. The results of solar energy 
consumption for soil formation are given in Table 3. 

An analysis of the available data shows. that salinization of arid soils under natural conditions is 
observed under the following conditions: 

                                                                                                     (15) 

 
 

 
 

                                            (5)

where Rу – radiation balance when upgraded;
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where А1 and А – albedo. depending on the structure of use and the degree of 
moisture of irrigated lands; Or - irrigation norm - net (mm).

Results. Energy spent on soil formation (Table 1):
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where Q – energy. spent on soil formation. kcal/cm2. α is the coefficient. taking into 
account the condition of the soil surface.
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Alfalfa 3000 158 750 210 960 3.0 0.66 37 0.52 0.48
Winter wheat 1320 102 350 160 510 2.6 0.80 17.5 0.45 0.40
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Vegetables 2200 132 460 200 680 2.64 0.78 23.7 0.46 0.41



196

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

Intensity of moisture exchange between soil and ground waters:
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- hydrothermal regime radiation “dryness index” 
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including water (Oc. Op. W. g values) and thermal (R) regimes;
- energy. spent on soil formation (Q). which is directly related to the hydrothermal regime 

(R) and the nature of the use of irrigated lands (Or); change in the balance of humus; salt 
regime and balance of the root-inhabited soil layer based on balance and differential equations 
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based on the intrazonal distribution of the agrochemical properties of soils depending on the 
hydrothermal regime (R). for plants (Nippert and et all, 2010):
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regimes, is associated with the hydrothermal regime and the structure of the use of irrigated 
lands (Kharchenko and et all, 1977);
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- the mode of entry and the amount of moisture entering the soil surface and into the soil.
To assess the role of climate in soil formation, the most suitable indicator is the hydrothermal 
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where: C1 - allowable mineralization of the soil solution. g/l; C2 - mineralization of 
groundwater (under hydromorphic conditions) or mineralization of soil solution at the 
depth of seasonal soil wetting (under automorphic conditions) g/l.

The permissible depth of groundwater levels on lands prone to salinization, in the 
presence of mineralized groundwater and irrigation water, depends on the combined 
action of factors, which include: the type of soil salinity, the type, and mineralization of 
groundwater and irrigation water, the permissible increase in salinity of the top meter 
soil layer for the growing season (Wichelns and et all, 2015).

Calculations made to assess the main characteristics and indicators of the ecological 
and reclamation state of soils in the Talas irrigation array of the Zhambyl region are 
shown in Table 2.

Table 2. Permissible groundwater depth
Soil composi-
tion

Soil 
layer. 
m

Soil 
den-
sity, 
γ.t/
m3

Salt 
con-
tent.
Sн.
%

Minera-
lization 
of 
irrigation 
water. 
Мpol .g/l

Minera-
lization 
of ground 
water. 
Мгр .g/l

Irriga-
tion 
rate. Оgr 
gross 
m3/ha

Total 
evapo-
ration for 
vegetation. 
I0. m

3/ha

Height 
of 
capillary 
rise. Hk 
.m.

Permissible 
ground-
water depth 
lewel.  Sadd 
.m

Light loam 0.5 1.30 0.35 0.7 2 5000 2000 2 0.23
Medium loam 1 1.45 0.5 3 4 6000 1500 2.5 0.68
Loamy 1 1.47 0.8 4 5 8000 1500 3 1.28
Clay 1 1.53 1.0 5 6 9000 1500 3.2 2.24

Establishing the ability of soils to retain water available to plants depends on certain 
properties of the soil. Any additional water in the form of precipitation or irrigation. 
groundwater level rise (GWL) exceeding this value is excessive and can disrupt the 
hydrological balance of soils. Depending on the permeability of soils, relief, lithology, 
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and hydrography, excess water can infiltrate into groundwater, turn into waterlogging 
of the area, which will affect the natural landscape, the environment, ecological and 
economic activities, as well as soil fertility, that is, it is a factor pollution (Kulagin 
and et all 2019). Analyzing the obtained calculations given in tabular form show the 
quantitative assessment of the environmental situation of the studied objects: the level 
of danger (very dangerous-EC=0.70-0.80).

Ecological assessment of the study of the site according to the degree of salinity of 
soils for various irrigation tenologies, the indicators are given in tabular form (Table 2).

Table 3. Ecological assessment of the study of the site according to the degree of salinity

Indicators
Experimental area irrigation technology

By furrows By stripes By loosening Calculation formulas
highly 
saline

highly saline highly saline

Area,ωnt, ha 46 44 48 By measurement
Porosity, in shares 0.46 0.47 0.46 P=(1- γ/ d).100%, (16)

Initial mineralization, С0, g/l 5 6 7 By experience
Soil density, γ, t/m3 1.46 1.44 1.46 By experience

Initial salinity, S0, % 1.4 1.7 1.9 Accounting
Total salt reserves, Sb, t/ha 204 245 277 Sоб=100. H. γ . S0,   (17)

Displaced salts, Sw, t/ha 163 201 249 Sв= Sоб.(0.5-0.8),   (18)
Remaining salts, Sos, t/ha. 41 44 28 Sос= Sоб- Sв,        (19)

Groundwater level (GWL), hgw, m 3 3 3
Water volume up to GWL, Wgw, 

m3/ha
13800 14100 13800 Wgw=104.П .hgwl ,   (20)

Water flow to the drain, Q0, m
3 16.8 22.9 35.3 Q0=4.К.h2.L.t/R     ,(21)

Water inflow to the drain, q0, m
3/

day
0.3 0.43 0.77 q0= Q0/ t,    (22)

Flushing rate, net, Nnt, m
3/ha 7000 7456 6877 Nнт= Q0.ϑ/ q0 ,     (23)

Flushing rate, gross, Nbr, m
3/ha 8400 8947 8252 Nбр = Nнт.(1.15-1.20)  , 

(24)
Salt reserves in GW, Sgw, kg/ha 69000 84600 96600 Sугв= Wугв. С0,    (25)

Permissible mineralization in soil 
solution Сd, g/l 4.95 5.58 5.65

Сд=Sугв+Sос/ Wугв +Nбр,          
(26)

Water inflow from channels Q, m3/s 0.1 0.1 0.1 Accounting
Washing time, t, days 56 53 46 t=Nnt.ωnt/86400.η.Q,   

(27)
The share of the volume of transit 
waters discharged into the river 
during the flushing process Vt

0,82 0,82 0,82 Vт= Nnt*ωnt/86400* 
Q.t,(28)

Precipitation of the leaching period 
Р, m3/ha

427 420 100 weather station

The lowest moisture capacity of the 
soil, βmc,%

22 24 22 By analysis

Moisture saturation in the dissolved 
layer, Wн, m3/ha

3212 3456 3212 Wн=100. H. γ. βнв,
(29)
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Filtration rate in saturated layers, 
ϑ, m/day

0.0125 0.014 0.015 ϑ=h.γ. βнв /  100.n. t,    
(30)

Evaporation during flushing, Е0, 
m3/ha

1300 1300 1100 Е0=0.0018(25+ t)2.
(100-а),

(31)
The share of the volume of wash 

water coming from the CDS:
0.35 0.35 0.32 qк=(Nnt+ Р - Wн- E0) / 

Nbr,
(32)

Salinity chemistry: chloride-sulfate 
(x-s)

х-с х-с х-с

Environmental factor: 0.76 0.80 0.77 Эк= 1-ехр (- Сд.Vт.qk),  
(33)

Environmental hazard level Very 
dangerous

Very 
dangerous

Very 
dangerous

Changes in the water-salt regime of the soil under the influence of reclamation 
treatments led to a change in the composition of absorbed bases, in particular, 
exchangeable sodium. Against the non-moldboard background, the changes were not 
significant (0.8%), more significant changes were observed in plantation plowing (7.1%) 
(Ruan and et all, 2008). However, it should be noted that an extremely unfavorable 
picture developed in the first year of development due to the removal of the lower 
horizons enriched in sodium to the soil surface. But over time, the negative phenomenon 
has sharply decreased.

Conclusions and discussion. The need to study the groundwater regime under 
irrigation and flushing conditions is related to the position of these waters relative to 
the earth’s surface, which contributes to the formation of saline soils (Kharchenko and 
et all, 1977). Based on many years of field research on the study of soil and ecological 
conditions of sierozem-meadow saline soils for the effective use of water resources 
in irrigated zones, methods have been developed to improve the ecological and 
reclamation conditions against the background of deep loosening, and methods have 
been recommended for determining the reserves of salts from evaporation from the 
surface of groundwater.

The research was carried out on sierozem-meadow soils, where there is an 
effusion type of water regime, which is created on lands where the annual evaporation 
significantly exceeds the annual amount of precipitation and there is a close occurrence 
of the groundwater level (Kulagin and et all 2019). Therefore, groundwater rises to the 
surface and partially evaporates. If the groundwater is saline, then salinization of the 
soil layer inevitably occurs with the salts contained in the groundwater. In the course 
of the studies, the reserves of salts in the soil and the amount of evaporation from the 
surface of groundwater were determined depending on the depth of groundwater. In this 
case, the water-physical properties of the soil group and, accordingly, the salt content 
and mineralization of groundwater were taken into account.

The studies carried out and the results obtained are the scientific basis for the 
environmental regulation of sierozem-meadow soils with chloride-sulfate salinity for the 
conditions of the Talas irrigation massif, which allow, on the principles of mathematical 
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modeling, to provide the required parameters of the reclamation regime of soils and 
increase the environmental sustainability of agro landscapes in the Zhambyl region.
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