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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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GEOLOGICAL STRUCTURE OF ALLUVIAL SEDIMENTS 
OF RIVER TERRACES AND ENERGY EFFICIENCY 

OF IRRIGATION SYSTEMS

Abstract. The geological structure of the Syrdarya river basin of the Shardara 
irrigation system river terraces, where the studies were carried out, consists 
of Quaternary alluvial sediments, the upper layer of which is represented by 
loams and sandy loams up to 3 m., and the lower layer is by sandy deposits. 
The soils are alluvial light gray and desert-gray soils with a high content of 
coarse dust (0.05 - 0.01 mm) and fine sand (0.1 - 0.5 mm), porosity is 48-52%, 
bulk density is 1.2 - 1 .3 g/cm3, specific gravity constitutes 2.6 - 2.67 g/cm3, 
while humus is 1.1% (Kolomenskij, 1968).

Due to irrigation the arable and subarable soil layers are compacted and 
bulk density increases to 1.5 - 1.6 g/cm3, and porosity decreases by 10%. 
The compacted arable layer of the soil in a state of difficult aeration causes 
restoration processes and oxygen deficiency in the soil, consequently, the 
nutritional regime deteriorates. To preserve and restore soil properties, and 
increase its fertility, alfalfa crop rotations should be increased. 50% of Alfalfa 
in cotton crop rotations enriches the soil with organic matter up to 12 t/ha, 
destroys the compacted soil layer, reduces the bulk density from 1.5–1.6 g/cm3 
to 1.3–1.4 g/cm3, and increases the porosity by 5-8%.

Field studies were carried out in 2019-2021 on four peasant farms, with 
63%, 54%, 50.3%, 37.5% of cotton crops and 37%, 46%, 49.3%, 46.5% of 
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alfalfa. The highest yield of cotton and alfalfa, 26.6 and 131 centners per 
hectare correspondingly, was obtained in Ali-Myrza farm, where the structure 
of sown areas for cotton and alfalfa constitute 50.3% and 49.7% respectively.  
The profit from cotton was 511,914 tenge/ha, and from alfalfa is 250,840 tenge/
ha, while in other farms these figures are lower by 10 - 26%.

The results of the study can be scaled upfor cotton crop rotation on the area 
of 220 thousand hectares of irrigation systems.

Key words: geology, soil cover, soil fertility, irrigation systems, energy 
efficiency, sub-irrigation.
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ӨЗЕН ТЕРРАСАЛАРЫНЫҢ АЛЛЮВИАЛДЫ ШӨГІНДІЛЕРІНІҢ 
ГЕОЛОГИЯЛЫҚ ҚҰРЫЛЫМЫ ЖӘНЕ СУАРУ ЖҮЙЕЛЕРІНІҢ 

ЭНЕРГИЯ ТИІМДІЛІГІ

Аннотация. Зерттеулер жүргізілген Шардара суару жүйесінің Сырдария 
өзені бассейнінің өзен террасаларының геологиялық құрылымы төрттік 
аллювиалды шөгінділерден, жоғарғы қабаты 3 м дейін саздауыт және 
құмдауыт, төменгі құмды шөгінділерден тұрады. Топырағы аллювиалды 
ашық сұр топырақты және құрамында ірі шаң (0,05-0,01 мм) және ұсақ 
құм (0,1 – 0,5 мм) көп, кеуектілігі 48-52%, көлемдік массасы – 1,2 - 1,3 г/
см3, меншікті массасы – 2,6 - 2,67 г/см3, қарашірігі – 1,1% (Kolomenskij, 
1968).

Суару нәтижесінде топырақтың жыртылған қабаты мен егу қабаттары 
тығыздалады. Көлемдік массасы 1,5 – 1,6 г/см3-ге дейін артады, 
кеуектілігі 10%-ға төмендейді. Топырақтың тығыздалған егістік қабаты 
күрделі аэрация жағдайында, қалпына келтіру процестері дамиды. Бұл 
топырақта оттегінің жетіспеушілігін тудырады және қоректену режимі 
нашарлайды. Топырақтың қасиеттерін сақтау және қалпына келтіру, 
олардың құнарлығын арттыру үшін ауыспалы егістердегі жоңышқаны 
көбейту қажет. Мақта ауыспалы егістеріндегі 50% жоңышқа топырақты 
органикалық заттармен 12 т/га дейін байытады, топырақтың тығыздалған 
қабатын бұзады, көлемдік массаны 1,5 – 1,6 г/см3-тен 1,3-1,4 г/см3-ке 
дейін төмендетеді, кеуектілігін 5-8% - ға арттырады.
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Тәжірибелік-эксперименттік зерттеулер 2019-2021 жылдары мақта 
егісі 63%, 54%, 50,3%, 37,5%, жоңышқа– 37%, 46%, 49,3%, 46,5% бар төрт 
шаруа қожалығында жүргізілді.Мақтаның ең жоғары өнімділігі – 26,6 ц/
га, жоңышқа – 131 ц/га «Али-Мырза» шаруа қожалығында алынды, егістік 
алқаптарының құрылымы мақта 50,3%, жоңышқа – 49,7%. Мақтадан 
түскен пайда 511914 теңге/га, жоңышқадан 250840 теңге/гақұрайды.
Басқа шаруашылықтарда бұл көрсеткіштер 10 – 26% - ға төмен.

Зерттеу нәтижелері 220 мың га алқапта суармалы жүйелердің мақта 
ауыспалы егісіне енгізілуі мүмкін.

Түйін сөздер: геология, топырақ жамылғысы, топырақ құнарлылығы, 
ирригациялық жүйелер, энергия тиімділігі, субирригация.
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ГЕОЛОГИЧЕСКОЕ СТРОЕНИЕ АЛЛЮВИАЛЬНЫХ 
ОТЛОЖЕНИЙ РЕЧНЫХ ТЕРРАС И ЭНЕРГОФФЕКТИВНОСТЬ 

ИРРИГАЦИОННЫХ СИСТЕМ

Аннотация. Геологическое строение речных террас бассейна р. 
Сырдарьи Шардаринской оросительной системы, где проводились 
исследования, состоит из четвертичных аллювиальных отложений, 
верхний слой до 3 м представлен суглинками и супесями, нижний 
песчаными отложениями. Почвы аллювиальные светлые сероземы и 
пустынно-сероземные с высоким содержанием крупной пыли (0,05 – 
0,01мм) и мелкого песка (0,1 – 0,5 мм), порозность 48-52%, объемная 
масса - 1,2 – 1,3 г/см3, удельная масса - 2,6 – 2,67 г/см3, гумуса – 1,1% 
(Kolomenskij, 1968).

В результате орошения уплотняется пахотный и подпахотный слой почв. 
Объемная масса увеличивается до 1,5 – 1,6 г/см3, порозность снижается 
на 10%. Уплотненный пахотный слой почвы находится в состоянии 
затрудненной аэрации, развиваются восстановительные процессы. 
Это вызывает дефицит кислорода в почве и ухудшается питательный 
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режим. Для сохранения и восстановления свойств почв, повышение их 
плодородия необходимо увеличить в севооборотах люцерну. Люцерна 
в хлопковых севооборотах 50% обогащает почву органикой до 12 т/га, 
разрушает уплотненный слой почвы, снижает объемную массу с 1,5 – 1,6 
г/см3 до 1,3 – 1,4 г/см3, повышает порозность на 5-8%.

Опытно-экспериментальные исследования проводились в 2019-2021 гг. 
в четырех крестьянских хозяйствах, с посевами хлопка 63%, 54%, 50,3%, 
37,5%, люцерны – 37%, 46%, 49,3%, 46,5%. Наибольшая урожайность 
хлопка – 26,6 ц/га, люцерны – 131 ц/га получена в крестьянском хозяйстве 
«Али-Мырза», при структуре посевных площадей хлопка 50,3%, люцерны 
– 49,7%. Прибыль от хлопка составляет 511914 тг/га, люцерны – 250840 
тг/га. В других хозяйствах эти показатели ниже на 10 – 26%.

Результаты исследования могут внедряться на хлопковых севооборотах 
оросительных систем на площади 220 тыс.га.

Ключевые слова: геология, почвенный покров, плодородие почв, 
ирригационные системы, энергоэффективность, субирригация.

Introduction. In the 1970-90 s the irrigation systems were built on the 
alluvial sediments of the river terraces on the territory of 2.3 million hectares. 
Since 1991 the irrigation systems area has decreased by 38.5%, the yield of 
cultivated crops by 1.5 times. The irrigation systems area in Turkestan region 
has significantly decreased from 500.5 thousand ha to 395.0 thousand ha, 
including cotton from 220 thousand ha to 174.4 thousand ha (2020).

The reduction irrigation systems farmlands are mainly caused by lack of 
knowledge about the geological structure of river terraces soil-forming rocks, 
the characteristics of the genesis, regime and properties of alluvial deposits 
soils cover, which is characterized by poor resistance to external impacts. In the 
process of irrigation, many soil properties change, the bulk density increases, 
the porosity and filtration characteristics decrease, a formed compacted plow 
layer increases soil degradation, and reduces its fertility and the cultivated 
crops’ yield, due to low productivity, the lands are abandoned and removed 
from agricultural circulation.

It is necessary to change the structure of crop rotation, irrigation parameters, 
specifying them to correspond to the soil genesis, ensuring the fertility 
reproduction, and profitable agricultural production on irrigation systems and 
their energy efficiency on these lands.

Irrigation systems constitute the second subsystem of the melioration 
system. Irrigation systems supply water to irrigated fields, converting the flow 
of water into soil moisture, providing optimal soil moisture for plant growth 
and development, increasing their productivity and economic performance 
(Kostyakov, 1960).
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Improving the cotton crop irrigation systems energy efficiency is a priority 
task to solve a set of associated issues with energy, environment, economic and 
social (2020, 2008).

The study is aimed at establishing the energy efficiency of irrigation systems 
for cotton crop rotations, agricultural practices that increase soil fertility, crop 
yields, water saving and environmental safety of natural ecosystems.

Research materials and methods.  The studies were carried out on the 
Shardara irrigation system with cultivating cotton crop rotation. When 
studying the soil fertility level, we considered the appropriate soil analogue of 
virgin land and cotton nine-field crop rotation scheme with 63% or six of fields 
by cotton and 37% or 3 fields by alfalfa, which is widespread in the cotton-
growing farms of the Shardara irrigation system.

Experimental studies were carried out on four peasant farmlands with the 
parameters as follows: Didar farm 63% for cotton, alfalfa - 37%, Toyshi farm 
with 55% for cotton and 45% alfalfa, Ali-Myrza farm - 50.3% cotton and 
49.7% alfalfa, and Dikhan farm with 37.5% for cotton, 46.5% for alfalfa and 
16% for corn. In these peasant farms the accumulation of organic matter in 
soils, humus, the gross form of nitrogen, phosphorus and potassium, the yield 
of cultivated crops, the cost price, profit, and irrigation norms were measured. 

Soil sampling to detect the content of humus, phosphorus, potassium and 
salts was conducted in spring before sowing and in autumn after harvesting 
(Dospekhov, 1985). For each farm, a technological map was developed, where 
all the costs for cultivating crops, and the energy efficiency of crops and the 
irrigation system were indicated. 

Results. The agro-resource potential and climate conditions of the Shardara 
irrigation system are favorable for the cultivation of cotton crops. Natural 
conditions enable to maintain an automorphic reclamation regime of soils, 
ensuring the reproduction of fertility and high yields of cotton up to 35 centners 
per hectare and alfalfa up to 150 centners per hectare (Kemenger, 2020).

The soils salt regime with cotton crops develops favorably. The salt reserves 
in the meter layer before the development of virgin soils was 96 t/ha, but 
exploitation of soils for cotton crop rotations decreased the salt content to 16.5 
t/ha. The sulfates content decreased from 0.3 to 0.02%, sodium from 0.12 to 
0.016%. The decrease in chlorides was the most dynamic, as their content 
fell to 0.008%. As a result of irrigation, the total alkalinity increased to 0.09 
- 0.1%. Such an increase in alkalinity is associated with reducing reactions 
involving anaerobic microorganisms.

Mineralization of groundwater prior to the development of the area was 2.9 
g/l. Over the years of cotton cultivation, the mineralization of groundwater has 
decreased to 1.2 g/l.
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Alfalfa on the irrigation system of the Shardara irrigation system is cultivated 
by itself or under the cover of barley. Alfalfa seedlings and crop density in 
areas of pure alfalfa sowing are 25-30% higher compared to areas of sowing 
under barley cover.

In Didar farm, Alfalfa share in the crop rotation is 37%; the accumulation of 
organic matter over 3 years of Alfalfa cultivation in the 0-20 cm soil layer was 
27 c/ha, in the 0-100 cm layer - 50 c/ha (control). In the Toishy farm share of 
Alfalfa in the crop rotation is 45%, the root mass accumulation is respectively 
32.4 centners per hectare and 57.77 centners per hectare. In the Ali-Myrza 
and Dikhan farms the share of Alfalfa is 49.7% and 46.5% respectively, while 
the root mass accumulation is 88.85 and 125.52, 39.86 and 67.13 centners per 
hectare correspondingly. Primarilyroot mass (60-70%) is accumulated in the 
0-20 cm soil layer, with depth the root mass decreases and at a depth of 80-100 
cm does not exceed 3.12 c/ha (Table 1).

Table 1. Accumulation of root mass of Alfalfa in the soil and gross forms 
of nitrogen, phosphorus and potassium

Farm housholds Soil 
layer, 
sm

 Root mass 
of Alfalfa, 
c/ha

Gross forms
N Р2О5 К2О
% kg/ha % kg/ha % kg/ha

1 2 3 4 5 6 7 8 9
1 Didar cotton  63%, 
Alfalfa - 37%
(Contol)

0-20

0-100

27.0

50.0

1.7

8,1

48.0

400

0.18

0.80

4.2

40.0

0.6

2.3

16.0

120
2 Toishy
Cotton - 54%, Alfaalfa - 46%

0-20
0-100

32.43
57.77

2.1
8.9

68.0
514.0

0.21
0.85

6.8
49.0

1.0
4.22

32.0
244.0

3 Ali-Myrza
Cotton- 50.3%, Alfalfa – 49.7%

0-20
0-100

88.85
125.52

2.8
12.3

249.0
1540

0.21
0.96

19.0
120.5

1.0
4.66

89.0
580.0

4 Dikhan cotton – 37.5%,
Alfalfa – 46.5%, 
grain corn – 16%

0-20

0-100

39.86

67.13

2.4

10.1

96.0

678.0

0.30

0.98

12.0

66.0

0.88

3.66

35,0

246.0

The gross ratio content of nitrogen in the root system of the 0-20 cm soil 
layer at Didar, Toishy, Ali-Myrza and Dikhan farms is 48.0 kg/ha, 68.0 kg/
ha, 249.0 kg/ha, and 96 kg/ha, respectively; and the share of phosphorus and 
potassium on the same farms is indicated at 4.2 kg/ha and 16.0 kg/ha at Didar 
farm, 6.8 kg/ha and 32 kg/ha at Toishy farm, as well 19.0 kg/ha and 89 kg/
ha at Ali-Myrza, and 12.0 kg/ha and 35.0 kg/ha at Dikhan farm, respectively. 
At Ali-Myrza farm, compared with the control Didarfarm, the root mass of 
alfalfa in the 0-20 cm soil layer increased 3.3 times, in the 0-100 cm layer - 
25 times. The total nitrogen ratio went up 5.2 and 3.8 times, but phosphorus 
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and potassium 4.5 and 3.0 times, 5.6 and 4.8 times correspondingly. Such an 
accumulation of organic matter and nutrients in the soil of the Ali-Myrza farm 
improves the yield of cotton by 5.5 centners per hectare, and alfalfa by 17.4 
centners per hectare.

At Didar farm with 63% of cotton and 37% of alfalfa in the crop rotation 
scheme the average cotton yield was 21.5 c/ha for 2019-2021, alfalfa hay yield 
was 113.9 c/ha, profit from cotton and alfalfawas 324,850 tg/ha, and 149,048 
tg/ha respectively, average profit from area was 277,467.6 tg/ha. The energy 
efficiency of the irrigation system reached 1.67. At Ali-Myrza farm with 50.3% 
of cotton 49.2% of alfalfa in the crop rotation scheme, cotton yield was 26.6 
centners per hectare, alfalfa yield was 131.3 centners per hectare. The profit 
from cotton and alfalfa crop rotation accounted to 511,914 tg/ha and 250,840 
tg/ha, respectively, and average profit from area was 383,517 tg/ha. The energy 
efficiency of the irrigation system was highest and reached 2.25 (Table 2, figure 
1).

Table 2. Energy efficiency by the Shardara irrigation system

№ Farm 
households

crops, % Area, 
ha

Crop 
produc-
tivity,c/
ha

Produc-
tion cost, 
tg/ha

Crop 
Profit, 
tg/ha

Average 
profit, tg/
ha

Energy 
efficiency of
crops Irrigation 

systems
1 2 3 4 5 6 7 8 9 10
1 Didar 

(control)
Cotton 
plant 63%
Alfalfa, 
37%

29.0

10.7

21.5

113.9

14890

2588

324850

149048

277467.6 2.01

1.3

1.67

Table 2 continue

1 2 3 4 5 6 7 8 9 10
2 Toishy Cotton plant 55%

Alfalfa, 45%

13.7

6.3

24.8

124.4

11637

2329

445414

201906

368709 2.6

1.5

2.02

3 Ali -Myrza Cotton plant 50.3%

Alfalfa, 49.7%

15.5

15.0

26.6

131.3

10755

2087

511914

250840

383517 2.7

1.7

2.25

4 Dikhan Cotton, 37.5%

Alfalfa, 46.5%

Grain corn, 16.0%

15.7

17.0

8.1

25,7

126.0

75.0

11232

2419

4123

482336

235236

215800

326462.4 2.65

1.5

2.36

1.88
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The crops energy efficiency in irrigation systems with cotton crop rotations 
indicates a high profitability of cotton crops, when the gross income of cotton 
exceeds the cost by 2.01-2.7 times, alfalfa by 1.3-1.7 times.

At the Didar farm household irrigation norms for cotton plant, Alfalfa and 
average comprised 8,860 m3/ha, 7,348 m3/ha, and 8,453 m3/ha correspondingly. 
The specific irrigation water consumption for cotton is 412 m3/c. At the Toishy 
farm the corresponding figures are 8,384 m3/ha and 357 m3/c, 59 m3/c, while at 
the farm Ali-Myrza the same indicators are 8,116 m3/ha and 333 m3/ha, and 56 
m3/c correspondingly. And at Dikhan farm the indicators are as follows: 8,568 
m3/ha and 345 m3/c, 58 m3/c and 141 m3/c. With cotton crop rotation scheme, 
cotton is 50.3%, alfalfa is 49.7%, the irrigation rate from the crop rotation area 
is 4% lower, the specific water consumption per centner of the crop is 15-20% 
(Table 3, Figure 1).

Table 3. Irrigation rates for crops in cotton crop rotation on the Shardara 
irrigation system

№ Farm 
households

Crops in crop 
rotation

Crop pro-
duc tivity, 

c/ha

Irrigation rate, m3/ha Specific water 
cost per crop 

unit, m3/c
% crops Crop 

rotation area
1 Didar (control) Cotton plant– 63% 21.5 8860 8453 412

Alfalfa – 37% 113.9 7348 64.51
2 Toishy Cotton plant– 54% 24.8 8860 8384 357

Alfaalfa – 46% 124.4 7348 59
3 Ali-Myrza Cotton– 50.3% 26.6 8860 8116 333

Alfalfa – 49.7% 131.3 7348 55.96
4 Dikhan Cotton – 37.5% 25.7 8860 8568 345

Alfalfa – 46.5% 126.0 7348 58
Corn grain – 16% 75.0 10563 141

Figure 1. Dependence of profit and irrigation norms on cotton crop rotations
1 – profit, 2 – irrigation rate
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Discussion. The reduction in cotton sowing on irrigation systems by 20% 
and in the cultivated crops declining yield by 1.5 times is associated with a 
drop in soil fertility and deterioration of its water-physical properties, as well 
with unreasonable crop rotation. In irrigation systems, there was a decrease in 
the share of fodder crops by 20%, which caused a sharp drop in cotton yields 
by 29%, cereals by 48% in the structure of sowing crops.

On virgin lands of 1970 humus comprised 1.1% in the arable 0-20 cm soil 
layer, in recent years there has been a decrease to 0.8%. Significant changes 
have occurred in the reserves of gross nitrogen, before the land development 
nitrogen share was 0.08% in the 0-20 cm soil layer, while at present it decreased 
to 0.05%.

In connection with the ongoing oxidative processes, a change in the water-
physical properties of soils is observed, the arable and subsurface layers are 
compacted, the bulk density increased from 1.2 to 1.6 g/cm3, and the porosity 
decreased by 5–10%. The compaction is caused by the movement of silt particles 
with a downward current of moisture, and gley-forming process happening, as 
a result of which the number of colloidal particles increased (Sokolov, 1968). 
The compacted soil layer in a state of difficult aeration evokes restoration 
processes and oxygen deficiency, and worsening of water and nutrient regime 
of soils (Sokolov, 1968; Wang et al., 2009).

The studies conducted in China (Wang et al., 2006; Wang et al., 2009; Ali 
et al., 2021) show that soil moisture below the compacted layer is inaccessible 
to tomatoes, potatoes, cereals and legumes. The scientists recommend crop 
rotation schemes with alfalfa, the root system of which destroys the compacted 
layer, so, the soil becomes loose, enriched with organic matter, humic acid, and 
fertility increases.

In cotton crop rotations, it is necessary to increase the alfalfa sowing area to 
50% to preserve and restore soil fertility, as alfalfa enriches the soil with organic 
matter, nitrogen, and decreases the incidence of cotton wilt: the harmfulness 
of wilt drops by 3-4 times, and with a systematic alternation of cotton crops, it 
is suppressed almost completely (Golodkovskij et al., 1937; YUdahin, 1975).

Introducing Alfalfa in crop rotations enables to increase not only soil 
fertility, but also the phytosanitary condition, reduce the consumption of 
mineral fertilizers and chemical plant protection products, and protect soil, 
water bodies, flora and fauna from pollution with pesticides. The advances 
by scientists from Canada, America, Germany, and Denmark evidenced these 
facts (Samaddar et al., 2021; Bell et al., 2012; Rau et al., 2020; Khakbazan et 
al., 2019).

Conclusion. 1. On the irrigation systems of the river basin of Syrdarya the 
soils are alluvial light gray soils and desert-gray soils with a high content of 
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coarse dust (0.05 - 0.01 mm) and fine sand (0.1 - 0.5 mm), and on nine-field 
crop rotation areas with 63% for cotton, 37% for alfalfa arable and subarable 
soil layers are compacted during irrigation. The bulk density increases from 
1.3 g/cm3 to 1.5 g/cm3, the porosity decreases from 50% to 44%. Air, water and 
nutrient regime of the soil deteriorates, restoration processes develop, and the 
crop productivity of cotton and Alfalfa decreases to 15-20 c/ha and 80 - 100 c/
ha respectively. 

2. At the six-field crop rotation scheme, where cotton is 50.3%, and alfalfa 
is 49.7%, the accumulation of organic matter in the soil, compared to the nine-
field crop rotation scheme, increases by 7.5 t/ha, nitrogen by 1,140 kg/ha, 
phosphorus by 80.5 kg/ha, potassium by 126 kg/ha. The root mass of Alfalfa 
destroys the compacted subsurface layer of soils, the air, water and nutritional 
regime of soils improves, the yield of cotton increases to 26.6 c/ha, but of 
alfalfa to 131.3 c/ha.

3. An increase in the alfalfa planting area in cotton crop rotations by 50% 
compared to the control, where alfalfa is 37%, the cost of cultivated crops for 
cotton is reduced by 4,135 tg/c, alfalfa by 501 tg/c, profit increases by 106,050 
tg/ha, and energy efficiency of irrigation systems improves by 34%.
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