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CHANGES IN MORPHOGENETIC AND PHYSICAL PROPERTIES OF LEACHED BLACK 
SOILS

Abstract. The deterioration of physical properties of soil and destruction of soil structures of soils in the 
North Kazakhstan region is one of the most pressing problems due to the inadequate control of the cultivation 
technology of agricultural crops with the intensive occurrence of soil erosion. This paper considers the 
processes of physical and structural properties ofleachedblack soilsin the North Kazakhstan region.The article 
comparatively studies the physical and structural properties of virgin soils and arable lands used in agriculture 
for more than 30 years.Drought of spring climate for the last 2 years has a significant impact on the decline 
in crop yields in the North Kazakhstan region. If the land is not used properly for many years in agriculture, 
the structural, water and physical properties of the soil will deteriorate. As a result, resistance to dry climates 
and moisture retention are reduced and loss of organic matter occurs because erosion washes away topsoil 
and humus. To date, soil humus has decreased from 8.6% to 27.7% as a result of improper organization of soil 
protection farming systems in the widespread use of land for agricultural purposes in the region. One of the 
main reasons for the dehumidification of soil cover is the long-term use of monocultures in the agricultural 
system and the disruption of the crop rotation system, the lack of introduction of organic and biofertilizers.

Key words: leachedblack soil, soil physics, soil morphology, soil structure, soil erosion.

Introduction. The current state and prospects of development of the agro-industrial complex of the Republic 
of Kazakhstan are closely linked with the proper use of soil cover [1]. Soil protection and conservation is one 
of the main environmental problems today. Preservation and increase of soil fertility is the main condition for 
ensuring the ecological sustainability of the entire biosphere on the planet [2-7].

Compression of soil structures, soil agroeis one of the ecological problems. In the black soils of the North 
Kazakhstan region, which is the main agricultural resource of the country, the negative balance of humus was 
from 620 to 1650 kg / ha, the humus content decreased by 20-25%. Due to the intensive use of black soil in 
agriculture in the North Kazakhstan region, it leads to thinning of the A + B layers of the soil, changes in soil 
structure, reduction of basic nutrients, resulting in erosion processes [8-10].

Mass development of virgin and fallow lands in the steppe zones of North Kazakhstan was carried out 
in 1954-1960. By 1990, the «cultivated land» in the region was 47 million hectares (36 million hectares of 
arable land and 11 million hectares of land in need of improvement as a whole) [11]. In the sixties, after the 
development of light and carbonate southern black soils in the northern regions, soil erosion took place, and 
the balance of mineral nutrients and organic matter in the soil began to be disturbed. Over the last 30-40 years, 
due to the rapid spread of such processes, there have been significant changes in the composition of humus in 
the soil and changes in the structural properties of the soil, resulting in deterioration of soil water and physical 
properties and moisture depletion.

North Kazakhstan region is the main grain-growing area of   the country, aimed at agricultural production. 
Therefore, the study of physical, structural properties of soil is very important in maintaining and improving 
soil fertility. In this way, we will consider ways to preserve and increase soil fertility, creating opportunities 
for quality and abundant production.

Materials and methods. The North-Kazakhstan region is located in the Northern part of the Republic. 
The continentality of the climate was estimated by the L. Gorchinsky index (k) [12]. According to this index 
k <20 in mild ocean climate, in a moderate ocean mantle - k = 20.1-30%, in a moderate continental climate 
- k = 30.1-50%, in continental climate - k = 50.1-70%, in harsh continental climate - k = 70.1-90%, in strong 
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continental climate k> 90% (in Verhoyansk k = 100%). In the region’s territory the continentality index 
ranges from 59.1 to 70. Therefore, the regions climate is considered to be as continental. The rainfalls range 
from 300-340 mm, ¾ of which occurs during the warm season of the year. The northernmost point is 55º 26’ 
N, the southern - 52º 13’N, western - 65º 57’East, Eastern - 74º 02’East. The maximum distance between 
the North to the South is 375 km, and from the West to the East - 602 km. The total area of the region is 98 
thousand km², from which 58,8 thousand km² are croplands, which accounts for 60% of the territory [13]. For 
the description of soil sections according to the methodology «Classifi cation and diagnostics of soils of the 
USSR 1977» [14] soil physics according to N.A. Kachinsky method 1965 [15].

Results and discussion. Leached medium-humus chernozem is found in the northernmost part of the 
region, confi ned to drained areas in the forest-steppe subzone, the parent rocks for them are medium brown 
loess-like loams and sandy loams, formed under rich forb-cereal meadow steppes.

Soil section 0 (virgin lands) was laid near the experimental site of the Agrobiological Station. Vegetation 
- Forb-wormwood-cereal, projective vegetation cover 90%.

0-20 cm, dark gray, dry, light loam, poorly compacted, lumpy-granular-silty structure, roots of herbaceous 
plants, the transition is noticed by the addition.

20-47 cm, gray-brown, dry, medium loam, dense, lumpy-nutty structure, found by walking insects and 
earthworms, numerous coprolites, plant roots, the transition is noticed by the addition.

47-54 cm, yellowish brown with a tint, dry, medium loam, dense, noticeable transition.
61- 113 cm, light brown, whitish in places with carbonates, fresh, moist, heavy loam, boils violently with 

HCl. The transition is gradual.
113-152 cm, yellowish brown, fresh, moist, medium loam, dense, boils violently with HCl.

Materials and methods. The North-Kazakhstan region is located in the Northern part of 
the Republic. The continentality of the climate was estimated by the L. Gorchinsky index (k) 
[12]. According to this index k <20 in mild ocean climate, in a moderate ocean mantle - k = 
20.1-30%, in a moderate continental climate - k = 30.1-50%, in continental climate - k = 50.1-
70%, in harsh continental climate - k = 70.1-90%, in strong continental climate k> 90% (in 
Verhoyansk k = 100%). In the region’s territory the continentality index ranges from 59.1 to 70. 
Therefore, the regions climate is considered to be as continental. The rainfalls range from 300-
340 mm, ¾ of which occurs during the warm season of the year. The northernmost point is 55º 
26' N, the southern - 52º 13'N, western - 65º 57'East, Eastern - 74º 02'East. The maximum 
distance between the North to the South is 375 km, and from the West to the East - 602 km. The 
total area of the region is 98 thousand km², from which 58,8 thousand km² are croplands, which 
accounts for 60% of the territory [13]. For the description of soil sections according to the 
methodology "Classification and diagnostics of soils of the USSR 1977" [14] soil physics 
according to N.A. Kachinsky method 1965 [15]. 

Results and discussion. Leached medium-humus chernozem is found in the 
northernmost part of the region, confined to drained areas in the forest-steppe subzone, the 
parent rocks for them are medium brown loess-like loams and sandy loams, formed under rich 
forb-cereal meadow steppes. 

Soil section 0 (virgin lands) was laid near the experimental site of the Agrobiological 
Station. Vegetation - Forb-wormwood-cereal, projective vegetation cover 90%. 

0-20 cm, dark gray, dry, light loam, poorly compacted, lumpy-granular-silty structure, 
roots of herbaceous plants, the transition is noticed by the addition. 

20-47 cm, gray-brown, dry, medium loam, dense, lumpy-nutty structure, found by 
walking insects and earthworms, numerous coprolites, plant roots, the transition is noticed by the 
addition. 

47-54 cm, yellowish brown with a tint, dry, medium loam, dense, noticeable transition. 
61- 113 cm, light brown, whitish in places with carbonates, fresh, moist, heavy loam, 

boils violently with HCl. The transition is gradual. 
113-152 cm, yellowish brown, fresh, moist, medium loam, dense, boils violently with 

HCl. 

 

Fig. 1 - virgin land, soil section 1 

Soil section 1 was laid in the middle part of the experimental site of the Agrobiological 
Station in the fields of spring wheat. 

0-11 cm, dark gray, loose, dry, lumpy-silty, light loam, the transition is noticed by the 
density. 

Fig. 1 - virgin land, soil section 1

Soil section 1 was laid in the middle part of the experimental site of the Agrobiological Station in the fi elds 
of spring wheat.

0-11 cm, dark gray, loose, dry, lumpy-silty, light loam, the transition is noticed by the density.
11-31 cm, dark gray, compacted, fresh, moist, lumpy-fi ne-grained-silty, medium loam, found by insects 

and earthworms. The transition is clear.
31-45 cm, brownish-gray, compacted lumpy, fresh, moist, coprolite; root passages, wavy border, clear 

transition.
45-66 cm, light gray, fresh, moist, nutty-silty, medium loam, slightly compacted, penetrated with root 

hairs, the transition is noticed by the addition.
66-92 cm, yellowish-brown, fresh, moist, dense, penetrated with fi ne root hairs, boils violently with HCl. 

The transition is gradual.
93-123 cm, gray-fawn, fresh, moist, dense, clayey, boils violently with HCl.
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11-31 cm, dark gray, compacted, fresh, moist, lumpy-fine-grained-silty, medium loam, 
found by insects and earthworms. The transition is clear. 

31-45 cm, brownish-gray, compacted lumpy, fresh, moist, coprolite; root passages, wavy 
border, clear transition. 

45-66 cm, light gray, fresh, moist, nutty-silty, medium loam, slightly compacted, 
penetrated with root hairs, the transition is noticed by the addition. 

66-92 cm, yellowish-brown, fresh, moist, dense, penetrated with fine root hairs, boils 
violently with HCl. The transition is gradual. 

93-123 cm, gray-fawn, fresh, moist, dense, clayey, boils violently with HCl. 

 

Fig. 2 - arable land, soil section 2 

A comparative study of the morphogenetic and water-physical properties of the soil 
profile of the excavated soil section 1 and the virgin soil section 0 in the field of leachedblack 
soil has been carried out for more than 30 years. 

The profile of leached chernozem is well differentiated into soil-genetic horizons 
gradually replacing each other: Aпах – A – AB – B - C. The profile is characterized by a 
uniform dark gray color with a brownish tint, starting from the AB horizons. 

On the cut0 (virgin land) shows significant changes in soil layers in the soil profile. 
Especially in the upper layers, there is no biogenicity, the structure is disturbed, and very dusty 
fractions prevail. This leads to erosion processes. The thinness of the A layer is observed in 
comparison with virgin soil. The thickness of the A layer in section 0 is 54 cm, and the thickness 
of the A layer in soil section 1 is 45 cm. 

Density characterizes the ability of the soil to accumulate reserves of available moisture 
for plants, as well as air. Soil density affects moisture absorption, gas exchange in the soil, the 
development of plant root systems, the intensity of microbiological processes.The density of the 
soil in the section 0 of the arable horizon is 1.26 g / cm3 and increases with depth to 1.4-1.48 g / 
cm3. The lowest density of the solid phase is characteristic of the arable horizon (2.65 g / cm3), 
in section 1, the soil density in the section of the horizon is 1.24 g / cm3 and increases with depth 
to 1.50-1.41 g / cm3. The lowest density of the solid phase is characteristic of the arable horizon 
of 2.66 g / cm3 (Tables 1). With the depth of the profile and the increase in the density of the 
addition of the soil, the values of the indicators characterizing its physical properties decrease 
markedly. This nature of their change is associated with a decrease in the content of humus in the 
soil to the bottom[16]. 

In terms of soil density, soil section 0 in the 0-20 cm soil layer is 1.26 g / cm3, in soil 
section 1 it is 1.24 g / cm3, the density increases to 1.51 g / cm3 in the lower layer, and the 
relative density in section 0 is low. It is noted that the soil moisture in section 0 is higher by 

Fig. 2 - arable land, soil section 2

A comparative study of the morphogenetic and water-physical properties of the soil profi le of the excavated 
soil section 1 and the virgin soil section 0 in the fi eld of leachedblack soil has been carried out for more than 
30 years.

The profi le of leached chernozem is well differentiated into soil-genetic horizons gradually replacing each 
other: Aпах – A – AB – B - C. The profi le is characterized by a uniform dark gray color with a brownish tint, 
starting from the AB horizons.

On the cut0 (virgin land) shows signifi cant changes in soil layers in the soil profi le. Especially in the upper 
layers, there is no biogenicity, the structure is disturbed, and very dusty fractions prevail. This leads to erosion 
processes. The thinness of the A layer is observed in comparison with virgin soil. The thickness of the A layer 
in section 0 is 54 cm, and the thickness of the A layer in soil section 1 is 45 cm.

Density characterizes the ability of the soil to accumulate reserves of available moisture for plants, as well 
as air. Soil density affects moisture absorption, gas exchange in the soil, the development of plant root systems, 
the intensity of microbiological processes.The density of the soil in the section 0 of the arable horizon is 1.26 
g / cm3 and increases with depth to 1.4-1.48 g / cm3. The lowest density of the solid phase is characteristic of 
the arable horizon (2.65 g / cm3), in section 1, the soil density in the section of the horizon is 1.24 g / cm3 and 
increases with depth to 1.50-1.41 g / cm3. The lowest density of the solid phase is characteristic of the arable 
horizon of 2.66 g / cm3 (Tables 1). With the depth of the profi le and the increase in the density of the addition 
of the soil, the values of the indicators characterizing its physical properties decrease markedly. This nature 
of their change is associated with a decrease in the content of humus in the soil to the bottom[16].

In terms of soil density, soil section 0 in the 0-20 cm soil layer is 1.26 g / cm3, in soil section 1 it is 1.24 
g / cm3, the density increases to 1.51 g / cm3 in the lower layer, and the relative density in section 0 is low. It 
is noted that the soil moisture in section 0 is higher by 1.9% in the 0-20 cm layer and in the lower layer by 
2-2.5% compared to section soil section 1 (Tables 1).

The soil profi le is washed from calcium carbonates up to the C horizon and has a moderately compacted 
structure.

Soil porosity -one of the most important properties of the soil, which mainly determines the water and air 
regime. The density of the soil affects the growth of plant roots, since the compacted soil is a signifi cant barrier 
to their penetration. The movement of water in the soil, water permeability and water-carrying capacity, and 
water mobility depend on the size of the pores, and the ecological signifi cance of soil density is to ensure the 
optimal functioning of vegetation and soil fauna.In compacted soil with a high value of soil density, porosity 
is low, hence the lack of soil moisture.

As for the porosity of the soil, it is observed that section 0 is 3.5% higher in the surface layers and 1-1.5% 
higher in the lower layers than section 1,by the porosity of soils, fl uctuating in virgin lands from 52.0 in the A 
horizon to 46.6% in the parent rock, in the section fl uctuating 50.2 in the Apah horizon to 45.3% in the parent 
rock(Tables 1).



117

Reports  of the Academy of Sciences of the Republic of Kazakhstan

 Table 1 - Physical properties of soils 20.05.2021

Place of selection Depth cm Field moisture
%

Volume
weight g / cm3

Porosity
%

Porosity of 
aeration, %

Solid phase 
density, g / cm3

P-0

Virgin 
land

0-20 12.9 1.26 52.0 36.8 2.65
20-47 13.7 1.31 51.0 32.2 2.68
47-54 14.4 1.43 48.6 28.0 2.69
54-113 15.6 1.46 48.3 25.5 2.71
113-152 19.5 1.48 46.6 17.7 2.73

P-1

Arable land

0-11 10.3 1.24 50.2 37.4 2.66
11-32 12.6 1.39 49.2 31.7 2.69
32-45 9.5 1.49 47.4 33.2 2.70
32-66 10.0 1.50 46.2 31.2 2.73
66-92 11.2 1.51 45.3 28.4 2.75

According to the results of the study, in the conditions of the North Kazakhstan region, the water and 
physical properties of Leachedblack soil used for many years in agriculture have deteriorated. There is a 
tendency of thinning of topsoil, destruction of soil structures and wind erosion, so it is necessary to consider 
ways to improve the structural and physical properties of soil by introducing organic and biofertilizers.

Conclusions. In comparison with virgin soils, the soil structures of arable lands are disturbed, soil density 
increases in the areas where plant roots are distributed, soil moisture is 2.0-3.0% lower than in virgin lands, 
soil porosity is reduced by 2-2.5%.

The thickness of the soil layers A is thinner than in virgin lands and the soil structure is disturbed, there are 
processes of soil erosion by wind.

Тоқтар М.*, Ахметов М.Б.

Солтүстік Қазақстан мемлекеттік университеті М. Қозыбаева, Петропавл, Қазақстан.
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СІЛТІЛЕНГЕН ҚАРА ТОПЫРАҚТЫҢ МОРФОГЕНЕТИКАЛЫҚ ЖӘНЕ ФИЗИКАЛЫҚ 
ҚАСИЕТТЕРІНІҢ ӨЗГЕРУІ

Аннотация. Солтүстік Қазақстан облысында топырақтың физикалық қасиеттерінің нашарлауы 
және топырақ құрылымының бұзылуы топырақ эрозиясының қарқынды пайда болуы кезінде 
ауыл шаруашылығы дақылдарын өңдеу технологиясын жеткіліксіз бақылауға байланысты өзекті 
проблемалардың бірі болып табылады. Бұл мақалада Солтүстік Қазақстан облысындағы тазартылған 
қара топырақтың физикалық және құрылымдық қасиеттерінің өзгеру процестері қарастырылады. 
Мақалада ауыл шаруашылығында 30 жылдан астам пайдаланылған тың топырақ пен егістік жерлердің 
физикалық және құрылымдық қасиеттері салыстырмалы түрде зерттелген. Соңғы 2 жылда көктемгі 
климаттың құрғақшылығы Солтүстік Қазақстан облысында ауыл шаруашылығы дақылдарының 
шығымдылығын төмендетуге айтарлықтай әсер етеді. Егер жер көптеген жылдар бойы ауыл 
шаруашылығында дұрыс пайдаланылмаса, топырақтың құрылымдық, су және физикалық қасиеттері 
нашарлайды. Нәтижесінде құрғақ климатқа төзімділік пен ылғалдың сақталуы төмендейді, сонымен 
қатар органикалық заттардың жоғалуы байқалады, өйткені эрозия топырақ пен қарашіріктің жоғарғы 
қабатын жуады. Бүгінгі таңда аймақтағы ауылшаруашылық жерлерін кеңінен пайдалану кезінде 
топырақты қорғайтын егіншілік жүйесін дұрыс ұйымдастырмау нәтижесінде топырақтағы қарашірік 
мөлшері 8,6% - дан 27,7% - ға дейін төмендеді. Топырақ жамылғысын құрғатудың негізгі себептерінің 
бірі-ауылшаруашылық жүйесінде монокультураларды ұзақ уақыт пайдалану және ауыспалы егіс 
жүйесінің бұзылуы, органикалық және био тыңайтқыштардың болмауы.

Түйінді сөздер: сілтіленген қара топырақ, топырақ физикасы, топырақ морфологиясы, топырақ 
құрылымы, топырақ эрозиясы.
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ИЗМЕНЕНИЯ МОРФОГЕНЕТИЧЕСКИХ И ФИЗИЧЕСКИХ СВОЙСТВ ВЫЩЕЛОЧЕННЫХ 
ЧЕРНОЗЕМОВ

Аннотация. Ухудшение физических свойств почвы и разрушение почвенных структур почв в 
Северо-Казахстанской области является одной из наиболее актуальных проблем из-за недостаточного 
контроля технологии возделывания сельскохозяйственных культур при интенсивном возникновении 
эрозии почвы. В данной статье рассматриваются процессы изменения физических и структурных 
свойств очищенных черных почв в Северо-Казахстанской области. В статье сравнительно изучаются 
физические и структурные свойства целинных почв и пахотных земель, используемых в сельском 
хозяйстве более 30 лет. Засуха весеннего климата за последние 2 года оказывает существенное 
влияние на снижение урожайности сельскохозяйственных культур в Северо-Казахстанской области. 
Если земля не будет использоваться должным образом в течение многих лет в сельском хозяйстве, 
структурные, водные и физические свойства почвы ухудшатся. В результате снижается устойчивость 
к сухому климату и удержание влаги, а также происходит потеря органического вещества, 
поскольку эрозия смывает верхний слой почвы и гумус. На сегодняшний день содержание гумуса 
в почве снизилось с 8,6% до 27,7% в результате неправильной организации систем почвозащитного 
земледелия при широком использовании земель сельскохозяйственного назначения в регионе. Одной 
из основных причин осушения почвенного покрова является длительное использование монокультур в 
сельскохозяйственной системе и нарушение системы севооборота, отсутствие внесения органических 
и биоудобрений.

Ключевые слова: выщелоченная черная почва, физика почвы, морфология почвы, структура 
почвы, эрозия почвы.
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29.09.1932 г.  - 16.09.2021 г.
Д.х.н., профессор  Нигметова Роза Шукургалиевна

Нигметова Роза Шукургалиевна, которая 18 лет была заведующей лабораторией сверхчистых 
металлов ИОКЭ НАН РК, а затем – главным научным сотрудником этой лаборатории. 

Нигметова Р.Ш. родилась 29 сентября 1932 г. В 1955 г окончила химический факультет Казахского 
Государственного Университета им. С.М. Кирова. В 1955-1958 г. училась в аспирантуре Института 
химических наук АН КазССР под руководством академика Козловского М.Т.  В 1958-1961 гг. - 
старший лаборант лаборатории аналитической химии. 1962-1966 гг. – младший научный сотрудник 
лаборатории амальгамной химии Института химических наук. 1966-1969.гг. - старший научный 
сотрудник лаборатории сверхчистых металлов  Института органического катализа и электрохимии АН 
КазССР. В 1980 г. Р.Ш. Нигметова возглавила эту лабораторию и посвятила ее работе и развитию всю 
жизнь, как крупный специалист в области физико-химии и термодинамики амальгамных систем. Р.Ш. 
Нигметова принимала участие в проведении внедренческих работ на свинцовом заводе им. Калинина, 
г. Чимкент. Диссертацию на соискание степени доктора химических наук «Термодинамические и 
физико-химические исследования жидких сплавов ртути с металлами II-V подгрупп периодической 
системы элементов» Р. Ш. Нигметова защитила в 1984 г. на ученом совете ИОКЭ, г. Алма-Ата.  Р.Ш. 
Нигметовой впервые проведено систематическое изучение термодинамических и физико-химических 
свойств двойных и тройных (22 системы) амальгамных систем с использованием большого количества 
физико-химических методов исследования. Изучены термодинамические свойства разбавленных 
жидких амальгам кадмия, индия, свинца, олова, висмута, цинка  при температурах 25-200оС. 
Установлена зависимость термодинамических и физико-химических свойств жидких амальгам от 
положения металлов в периодической системе элементов, что позволило прогнозировать свойства 
еще неизученных систем. На основании полученных термодинамических данных амальгамных 
систем установлены критерии поведения многокомпонентных амальгам в люминесцентных лампах. 
В 1992 г. Р.Ш. Нигметова получила звание профессора. Р.Ш. Нигметовой опубликовано около 200 
научных статей и подготовлено совместно с д.т.н. Козиным Л.Ф. 7 кандидатов химических наук. Р.Ш. 
Нигметова работала ученым секретарем диссертационного совета ИОКЭ. Коллеги сохранили о ней 
память, как о принципиальном ученом и отзывчивом человеке.

Сотрудники и коллеги.

MEMORY OF SCIENTISTS
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