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SOIL FORMATION IS AN EVOLUTIONARY PROCESS.
TUPROQ PAYDO BO‘LISHI EVOLYUTSION JARAYON
Objective: To provide students with information regarding the factors influencing soil formation; the absolute accumulation of substances during soil formation; the accumulation of organic matter in mineral soils; elementary processes occurring in irrigated soils; soil-forming factors and the impact of human activity on them; and the distribution of agro-irrigation deposits within the soil profile.
Plan:
1. The process of soil formation
2. Absolute and relative accumulation of substances during soil formation
3. The process of primary soil formation
4. Impact of human activity on soil-forming factors
5. River sediments as a factor of evolution

Maqsad: Talabalarga tuproq paydo o ‘lish jarayoniga ta ‘sir etuvchi omillar, tuproq paydo bo‘lish jarayonida moddalarning absolyut akkumulyatsiyasi, mineral tuproqlarda organik moddalarning to‘planish jarayoni, sug‘oriladigan tuproqlarda kechayotgan elementar jarayonlar, tuproq hosil qiluvchi omillar, unga inson faoliyatining ta‘sirii, agroirrigatsion keltirmalarning tuproq profilida taqsimlanishi asosida ma‘lumotlar berish.
Reja:
1. Tuproqni shakllanish jarayoni
2.Tuproq paydo bo‘lishida  moddalarning absolyut  va nisbiy akkumulyatsiyasi
3.Tuproq paydo bo‘lish jarayonining umumiy sxemasi
4.  Inson faoliyatining tuproq paydo qiluvchi omillarga ta‘siri
5. Daryo oqiziqlari-evolyutsiya omili





1. The soil formation process
The process of soil formation encompasses the collective phenomena of soil genesis, development, and evolution occurring within natural and anthropogenic ecosystems under the influence of a complex set of soil-forming factors. The fact that soil is an independent natural body necessitates viewing all phenomena occurring within it—without exception—as components of the soil-forming process. Although these phenomena differ in nature, they manifest and evolve in interconnection with one another.
Soil formation begins when living organisms colonize bedrock or the products of its weathering. In essence, the initial stage of this process resembles the weathering of rock.
Subsequently, at more advanced stages of surface development, the processes of weathering and soil formation diverge in space and time; soil begins to form exclusively within the uppermost layer—the surface horizon—of the rock weathering crust.
At the same time, it is important to recall that in the distant past, the Earth's surface underwent abiotic development; while a weathering crust existed, true soil formation had not yet occurred. The processes of weathering and soil formation—and, consequently, the distinction between the weathering crust and the soil as distinct natural bodies—are of significant importance. Although the factors driving weathering and soil formation operate under similar thermodynamic conditions, the processes themselves and their end products differ.
The general scheme of the soil formation process can be visualized as follows.
As previously noted, the process of primary soil formation begins when simple organisms colonize the weathering products of rocks. The organic residues resulting from their decay enrich the weathering rock material with organic matter, creating conditions suitable for the survival of other groups of organisms. This is a complex evolutionary process rooted in biogeochemistry.
A long period elapses between the initial presence of bacteria and primitive algae and the eventual development of higher plants. Once higher plants appear, their robust root systems penetrate the rock and mineral substrates, thereby intensifying the soil formation process. Alongside the plants, various associated living organisms also inhabit the area and begin to influence the soil formation process. The activity of plants and living organisms leads to the formation of organic matter—including soil humus—which accumulates significant amounts of nutrients such as nitrogen and ash elements. The accumulation of organic matter in mineral soils improves their water regime, lending it greater stability. Thus, soil begins to form from barren rock.
Just as the evolution of the plant world—spanning everything from simple microfauna to higher plants—took millions of years, the process of soil formation also has a similarly long history. Concurrently, as life developed on Earth, the diversity and populations of various plant and organism groups expanded. This increased the total mass of organic matter they produced and raised the amount of solar energy captured by green plants.
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Figure 1. Soil formation process.
In tandem with the evolution of the plant world, the process of soil formation became more developed and complex, while the soil itself gradually evolved and increased its fertility.
Soil formation is not a random occurrence on the Earth's surface. It corresponds to the general history and evolution of landscapes associated with large-scale geological phenomena, including climatic, tectonic, and morphostructural processes. These factors are powerful drivers of soil evolution. Soil formation can be viewed, in a sense, as the balance between the processes of accumulation, differentiation, and migration of elements and substances.
It should be noted that during this process, only certain substances are lost from the developing soil layer, while others accumulate within it—either absolutely or relatively.
1. Tuproqni shakllanish jarayoni
Tuproq paydo bo‘lishi jarayoni yerning tabiiy va antropogen ekotizimlarida tuproq paydo qiluvchi omillar majmuasi ta’sirida tuproqlarning hosil bo‘lishi, rivojlanishi va evolyutsiyasi jarayonlarining yig‘indisidir. Tuproqning mustaqil tabiiy tana ekanligi, tuproqda kechadigan hamma hodisalarni mustasnosiz tuproq paydo qiluvchi jarayonlarni tashkil etuvchilar deb qarashni taqozo etadi. Ular o‘z tabiati bo‘yicha turlicha bo‘lsalarda, lekin o‘zaro bog‘liqlikda namoyon bo‘ladi va evolyutsiyalanadi.
Tuproqning paydo bo‘lishi tog‘ jinslariga yoki ularning nurash mahsulotlarga  tirik organizmlarning qo‘nishidan boshlanadi. Bu jarayonning dastlabki bosqichi o‘z mohiyati jihatidan tog‘ jinslarining nurashiga o‘xshashdir. 
Keyinchalik yer yuzasi rivojlanishining ko‘proq yetuk bosqichlarida nurash va tuproq paydo bo‘lishi jarayonlari makon va zamonda ajralib ketadi, tuproq esa faqat tog‘ jinslari nurash qobig‘ining eng yuqori, ya’ni ustki qatlamida shakllana boshlaydi. 
Shu bilan birga yerning uzoq o‘tmishda, yuza qismining abiotik rivojlanganligini, uning yuzasida nurash qobig‘i mavjud bo‘lganligi, lekin tuproq paydo bo‘lmaganligini ham esda tutish lozim.
Nurash va tuproq paydo bo‘lishi jarayonlari, demak shunga muvofiq nurash qobig‘i va tuproqni har xil tabiiy tana sifatida ajratish jiddiy ahamiyat kasb etadi. Nurash va tuproq hosil bo‘lish jarayonlarini yuzaga keltiruvchi omillar o‘xshash va bir xil termodinamik sharoitlarda yuzaga chiqsalarda, bu jarayonlar va ularning oxirgi mahsulotlari har xildir.
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1-rasm. Tuproq paydo bo ‘lish jarayoni
Tuproq paydo bo‘lishi jarayoning umumiy sxemasini quyidagicha tasavvur qilish mumkin. 
Yuqorida qayd qilinganidek, tog‘ jinslarining nurash mahsulotlariga sodda organizmlarning qo‘nishi bilan birlamchi tuproq paydo bo‘lish jarayoni boshlanadi. Ular nobud bo‘lishidan hosil bo‘lgan organik qoldiqlar nurayotgan tog‘ jinslarini organik moddalar bilan boyitadi va boshqa guruh  organizmlar yashashi uchun sharoit yaratadi. Bu jarayon murakkab evolyutsion bo‘lib, biogeokimyoviy negizga ega.   
Bakteriya va tuban suv o‘tlaridan keyin to yuksak o‘simliklar rivojlanishiga qadar ko‘plab yillar o‘tadi. Yuksak o‘simliklar paydo bo‘lgandan so‘ng, ularning kuchli ildiz tizimlari tog‘ jinslari va minerallar ichiga kirib boradi va tuproq paydo bo‘lish jarayonini kuchaytiradi. O‘simliklar bilan bir qatorda, ularga mos bo‘lgan tirik organizmlar ham bu yerda yashab, tuproq paydo bo‘lishi jarayoniga ta’sir ko‘rsata boshlaydi.
O‘simlik va tirik organizmlar faoliyati natijasida, tarkibida azot, kul elementlari kabi oziq moddalarni ko‘plab ushlaydigan organik moddalar, jumladan, tuproq chirindisi paydo bo‘ladi. Mineral tuproqlarda organik moddalarning to‘planishi tufayli, ularning suv tartiboti yaxshilanadi, u barqaror xarakterga ega bo‘ladi. Shunday qilib, unumsiz tog‘ jinslaridan tuproq paydo bo‘la boshlaydi.
O‘simlik dunyosining sodda mikrofaunadan boshlab, to yuksak o‘simliklargacha rivojlanish davri millionlab yillar davomida evolyutsiyalangan bo‘lsa, tuproq paydo bo‘lishi jarayoni ham shunday uzoq davr tarixiga ega. Shu bilan birga yerda hayot nishonalari rivojlanishi tarixida o‘simlik va tirik organizmlarning guruhlari, ularning ayrim turlari ko‘paya borgan. Bu ular tomonidan vujudga keltirilgan organik moddalarning umumiy massasini ko‘paytirgan, yashil o‘simliklar to‘playdigan quyosh energiyasining miqdori  oshib borgan.
O‘simlik dunyosining evolyutsiyasi bilan bog‘liq holda, tuproq paydo bo‘lishi jarayoni rivojlangan va murakkablashgan, tuproq esa asta-sekinlik bilan evolyutsiyalanib o‘z unumdorligini oshira borgan.
Tuproq paydo bo‘lishi jarayoni yer yuzasida tasodifiy hol emas. U katta miqyosdagi geologiya, jumladan iqlim, tektonik va morfostruktura jarayonlari bilan bog‘liq bo‘lgan landshaftlarning umumiy tarixiga va evolyutsiyasiga mos keladi. Yuqoridagilar tuproq evolyutsiyasining qudratli omillari hisoblanadi. Tuproq paydo bo‘lishiga ma’lum ma’noda elementlar va moddalarning akkumulyatsiyasi, differensiatsiyasi, migratsiyasi jarayonlarining nisbati sifatida qarash mumkin. 
Shuni qayd etish kerakki, bu jarayonda tuproq paydo bo‘layotgan qatlamdan, faqat ba’zi bir moddalar chiqib ketadi, boshqalari esa unda absolyut yoki nisbatan akkumulyatsiyalanadi.
2. Absolute and relative accumulation of substances during soil formation
The absolute accumulation of substances during soil formation refers to the influx of materials from the atmosphere, hydrosphere, and parent rock into the soil-forming substrate and their subsequent accumulation within the newly forming soil. Through this process, substances such as carbon, nitrogen, water-soluble salts, gypsum, lime, aluminum and iron compounds, and silicon oxides accumulate in the soil.
As for the relative accumulation of substances during soil formation, this is a relative increase in the amount of certain substances and elements due to the leaching of certain elements and substances from the layer.
For instance, the loss of alkali and alkaline-earth metal compounds from weathering rock leads to a relative increase in the content of silica and sesquioxides.
The accumulation and loss of substances during soil formation result from the interaction between the small biological cycle and the large geological cycle of matter on the Earth's surface; these processes vary and act in opposing ways depending on natural conditions. The primary result of the biological cycle is the accumulation of carbon, nitrogen, and various other biophilic elements in the soil through biological processes. As a result of geological cycling, soil may become depleted of certain elements (an eluvial process) or enriched with them (salinization, or the relative accumulation of gypsum and carbonates).
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Figure 2. Soil horizons in a podzol from a site in northeast Scotland.
Therefore, given the critical importance of these processes, soil formation is viewed broadly as a complex interaction involving small biological and large geological cycles—as well as energy exchange—occurring at the interface where parent rock undergoes weathering, ultimately leading to the genesis, development, and evolution of the soil.
2. Tuproq paydo bo‘lishida  moddalarning absolyut  va nisbiy akkumulyatsiyasi
Tuproq paydo bo‘lish jarayonida moddalarning absolyut akkumulyatsiyasi - bu tuproq paydo qiluvchi jinslarda atmosferadan, gidrosferadan, onalik jinslaridan moddalarning kelishi va ularning yangi shakllanayotgan tuproq tarkibida yig‘ilishidir. Shunday yo‘l bilan tuproqlarda uglerod, azot suvda eriydigan tuzlar, gips, ohak, alyuminiy, temir birikmalari, kremniy oksidlari  va boshqalar akkumulyatsiyalanadi.
Tuproq paydo bo‘lishida moddalarning nisbiy to‘planishiga kelsak bu qandaydir element va  moddalarning qatlamdan chiqib ketishi hisobiga ayrim moddalar, elementlar miqdorining nisbiy ko‘payishidir.
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2-rasm. Shotlandiyaning shimoli-sharqidagi podzoldagi tuproq gorizontlari.
Masalan, nurayotgan jinslardan ishqoriy va ishqoriy yer metallarining birikmalari chiqib ketishi natijasida, unda kremnezem va bir yarim oksidlar miqdori oshadi.
Moddalarning tuproq paydo bo‘lish jarayonida to‘planishi va chiqib ketishi yer yuzasida moddalarning kichik biologik va katta geologik aylanma harakatining o‘zaro ta’sir natijasi bo‘lib, u har xil tabiiy sharoitlarda qarama-qarshi va bir xil emas. Biologik aylanma harakatning natijasi, avvalo, tuproqda uglerod, azot va qator boshqa biofil element1arning biologik yo‘llar bilan to‘planishidir. Geologik aylanma harakatning natijasida tuproq ayrim elementlar bilan kambag‘allashuvi (ellyuvial jarayon), shuningdek, boyishi  (sho‘rlanish, gips va karbonatlar nisbiy to‘planishi) mumkin. 
Shuning uchun ham yuqorida qayd qilingan jarayonlarning o‘ta muhimligini hisobga olib, tuproq paydo bo‘lishini umuman, tog‘ jinslarining nurashga uchragan chegaralarida kichik biologik va katta geologik aylanma harakatlar va energiya almashinuvining murakkab o‘zaro ta’siri jarayoni bo‘lib, tuproqning hosil bo‘lishiga, rivojlanishi va evolyutsiyasiga olib keladi deb qaraladi. 
3. Soil-forming processes
This refers to the aggregate of phenomena involving the movement, transformation, exchange, and evolution of energy and matter at the boundary of the Earth's pedosphere.
Soil formation is not only variable depending on conditions, but is itself a complex phenomenon composed of distinct physical and chemical events—elementary processes. It comprises a multitude of chemical, physicochemical, biochemical, and biological processes occurring within the soil, manifesting in specific compositional characteristics and properties of the soil mass.
It should be noted that, like all natural phenomena, the process of soil formation is characterized by the simultaneous occurrence and evolution of a diverse range of processes, often acting in opposing directions. These include:
1) the breakdown of primary and secondary minerals and the synthesis of new minerals;
2) the accumulation of elements in the soil and their assimilation by organisms;
3) the accumulation of elements in the soil via aqueous pathways versus the geochemical leaching of elements from the soil;
4) the decomposition of organic compounds versus the synthesis of new organic compounds;
5) the adsorption of ions from solution onto the solid phase versus the release of ions back into the solution; 6) dissolution and precipitation of substances;
7) peptization and coagulation of colloids;
8) downward and upward movement of solutions within the soil profile;
9) wetting and drying;
10) swelling and shrinking;
11) heating and cooling;
12) oxidation and reduction;
13) nitrogen fixation and denitrification, among others.
To summarize, among all soil formation processes, three major groups can be distinguished:
1) the transformation of specific mineral compounds (e.g., the continuous breakdown of primary minerals and the emergence of new ones) and the formation of secondary minerals and neoformations;
2) the decomposition of certain organic substances (e.g., plant and animal residues) and the simultaneous formation of others—such as humic acids, fulvic acids, and the like—as well as the generation of complex organic matter in the form of microbial biomass and plant tissues;
3) the removal of various products resulting from weathering and soil formation from the soil layer (or their migration within its boundaries) and the input of diverse compounds—such as nitrogen and various ash elements—into the soil from the atmosphere, groundwater, and the weathering crust, primarily through biological pathways. In any natural soil, all three types of phenomena—biophysical and chemical—occur and develop simultaneously. However, at various stages of soil evolution and under the influence of specific external conditions, each of the aforementioned groups of phenomena may manifest with varying degrees of intensity and distinctness.
At the same time, because these soil phenomena are intrinsically linked, the relative intensification of a particular process or group of processes leads to the intensification or suppression of other interconnected groups. Due to these interdependent biophysical and biogeochemical phenomena, specific combinations of processes emerge under particular external conditions and stages of soil evolution.
This aggregate of interconnected biological, chemical, and physical phenomena occurring in the soil is termed "elementary soil-forming processes," and these can be viewed as the fundamental constituents of soil formation as a whole. I.N. Gerasimov (1976) classifies elementary soil processes into three major groups, corresponding to the aforementioned soil formation conditions:
I. Elementary soil processes in which the transformation of mineral mass within the soil profile plays the leading role:
1) primary or primitive soil formation;
2) argillization (clay formation);
3) lateritization, ferrallitization.
II. Elementary soil processes in which the transformation of organic matter within the soil profile plays the leading role:
1) humus accumulation;
2) peat accumulation.
III. Elementary soil processes in which the transformation and migration of organic and mineral substances formed during soil genesis play the leading role:
1) salinization;
2) desalinization;
3) gleyzation;
4) dealkalization;
5) podzolization, etc.
Based on the data provided by I.N. Gerasimov (1976), we have outlined only the most fundamental, widespread, and extensively studied elementary processes.
In addition to these, a wide variety of other processes may manifest under certain conditions. Since the aforementioned elementary soil processes are already partially familiar from courses in general soil science, soil geography, and soil chemistry, it suffices here to simply recall their essence.
The formation of primary or primitive soil involves, above all, the mechanical and physical weathering of massive rocks—specifically, minerals possessing a crystal lattice.
The formation of primary or primitive soil entails the emergence and evolution of soils—derived from the mechanical and physical weathering of massive rocks (specifically minerals with crystal lattices) and the colonization of these products by simple organisms—that differ in properties and characteristics from the parent rock but lack differentiation into genetic horizons. This process corresponds to the initial stage of soil formation or to soils developing on a thin layer of eluvium derived from magmatic and metamorphic parent rocks.
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Figure 3. The process of primary soil formation.
The process of clay formation (*oglinenie*) is an evolutionary development occurring during soil formation where new clay minerals are generated in specific horizons of the soil profile through chemical and biological weathering, generally resulting in a heavier soil texture (an increase in the fine-particle fraction).
This process can be observed in the *boz* soils (grey desert soils) formed in our republic; during their development, the content of physical clay increases in the B horizon. This phenomenon is linked to the hydrothermal and other environmental conditions characteristic of *boz* soils.
Lateritization is a complex process primarily associated with the accumulation of iron compounds resulting from the lateral movement of the soil solution. The transition of iron compounds into a dissolved state is primarily the result of gleying in the surface layer. Their precipitation in the form of hydroxides occurs in conjunction with the formation of geochemical barriers along the path of solution movement.
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Figure 4. Formation of clay minerals.
Ferrallitization is a stage of rock weathering. This process is characterized by the decomposition of the majority of primary minerals (except quartz) and the formation and accumulation of sesquioxide-group secondary minerals, as well as—at times—partial formation of kaolinite (and halloysite) clay minerals. Bases and silica are leached from the weathering layer. Hydrated iron oxides formed during weathering accumulate in situ—in environments poor in organic acids—and impart a red color to the kaolinite mass.
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Figure 5. Ferrallitic soils.
The process of humus accumulation involves the transformation of organic residues within the soil through the action of microorganisms and fauna, in the presence of water and oxygen. Humus formation is the aggregate of processes comprising the decomposition of initial organic residues, the synthesis of microbial biomass (secondary forms), and their subsequent humification. Since the sources of humus are the organic remains of higher plants, microorganisms, and animals—and because conditions for humus formation vary across geographic regions—the humus content differs depending on the specific conditions under which soil formation occurs.
Peat formation—peat arises from the accumulation of partially decomposed plant remains on the soil surface in excessively moist environments, where the processes of humification and mineralization are slowed down. This is caused by excessive moisture and anaerobic conditions. Under such conditions, the intensity of oxidation processes drops sharply, preventing organic remains from fully decomposing. Anaerobic decomposition leads to the formation of intermediate products, such as low-molecular-weight organic acids.
These products, in turn, inhibit microbial activity. Consequently, organic remains that have not fully decomposed accumulate year after year, forming a layer of peat.
The salinization process is a distinct evolutionary phenomenon linked to the accumulation of highly water-soluble salts in parent materials and groundwater, as well as the environmental conditions that facilitate their buildup within the soil. Desalinization is an evolutionary process involving the reduction of water-soluble salts in soils and subsoils to levels that do not adversely affect plant growth and development.
Sodification (alkalinization) is the process wherein the content of exchangeable sodium—and in some cases, exchangeable magnesium—within the soil's adsorption complex exceeds standard limits.
Gleying refers to a complex biogeochemical reduction process that occurs under anaerobic conditions, necessarily involving the presence of organic matter and the activity of anaerobic microorganisms.
The nature of certain elementary soil processes has been outlined above; this in itself demonstrates their significance. This is particularly relevant to the central scientific task of soil science: the genetic diagnosis and evolution of soils, as well as the approaches to addressing these issues. Each elementary soil process occurs at a specific time and under specific conditions; consequently, a combination of these processes characterizes a particular genetic soil type. For instance, the gleying process manifests in hydromorphic soils under conditions of excessive moisture. Salinization, meanwhile, can develop under arid and hyper-arid climatic conditions due to the presence of water-soluble salts, and so on.
Elementary soil processes offer an effective and promising approach for analyzing soil formation from genetic and evolutionary perspectives. However, there is a need for further scientific substantiation regarding their content—specifically the types of elementary processes and the criteria used to distinguish them—since each of the processes discussed earlier encompasses a range of general phenomena and micro-processes. Furthermore, one cannot rule out the existence of evolutionary processes in soil formation that remain unstudied or unidentified.
Specific elementary soil processes may play a leading role in the formation and evolution of various genetic soil types. The elementary processes occurring in irrigated soils differ sharply from those involved in the formation of natural soils, as they are driven by human activity; nevertheless, the influence of the aforementioned soil-forming factors persists to some degree.
Oasis soils comprise groups that do not fit entirely within standard natural soil classification schemes. Factors such as the synthesis, mineralization, and deposition of organic matter; changes in thermal, air, and water regimes; the accumulation of irrigation-derived deposits; and the formation of a genetically distinct cultivated layer enriched with biologically active elements—all indicate that oasis soils should be viewed as a distinct soil type from an evolutionary perspective.
However, oasis soils can only form as a distinct soil type when the volume of artificial irrigation significantly exceeds that of natural precipitation. In such cases, irrigation fundamentally alters the soil formation process; that is, a quantitative change leads to a qualitative transformation. Conversely, in temperate climates, where irrigation serves merely as a minor supplement to natural precipitation, it does not essentially alter the nature of the soil formation process.
The irrigated oasis soils of Uzbekistan are distributed across the deltas and valleys of the Amu Darya, Syr Darya, Zarafshan, Kashka Darya, and Sherabad Darya rivers, as well as the foothills and low-lying plains of the Tian Shan, Gissar, and Pamir-Alay mountain ranges. Oases in the piedmont plains generally fall within the zone of sierozem (grey-earth) soils; they differ from the soils of the desert zone due to the specific nature of their soil-formation processes and evolutionary history.
Climatic conditions in these areas also differ from one another.
The history of agriculture and the intensity of land use vary as well. Consequently, comparing the irrigated soils of these two regions makes it possible to determine their fertility levels, reveal their regional characteristics, and optimize their use in agriculture.
In terms of geomorphological conditions, these areas are characterized by their elevated position relative to the base level of erosion, as well as by deep-seated groundwater with good drainage. The diversity of natural soil-forming factors mentioned above fosters the natural development of sierozem, meadow, and marsh soils in this region.
3.Tuproq paydo qiluvchi jarayonlarning umumiy sxemasi
Bu yerning pedosferasi chegarasida energiya va moddalarning harakati, o‘zgarishi, almashinuvi va evolyutsiyasi hodisalarining yig‘indisidir.
Tuproq paydo qiluvchi jarayon nafaqat har xil sharoitlarda bir xil emas, balki uning o‘zi elementar jarayonlarda  alohida fizikaviy, kimyoviy hodisalardan tashkil topgan murakkab hodisadir. U tuproqda kechadigan turli-tuman kimyoviy, fizik-kimyoviy, biokimyoviy va biologik jarayonlar yig‘indisi bo‘lib, tuproq massasining u yoki bu tarkibi va xususiyatlarida ifodalanadi. 
Shuni qayd qilish kerakki, hamma tabiiy jarayonlar singari tuproq paydo bo‘lish jarayoni ham juda xilma-xil va qarama-qarshi yo‘nalishdagi qator hodisalarning bir vaqtda sodir bo‘lishi va evolyutsiyasi bilan xarakterlanadi. Bularga quyidagilarni keltirish mumkin:
1) birlamchi va ikkilamchi minerallarning parchalari va yangi minerallarning sintezi;
2)tuproqda elementlarning to‘planishi va organizmlar tomonidan o‘zlashtirilishi;
3) tuproqda elementlarning gidrogen yo‘llar bilan to‘planishi - tuproqdan elementlarning geokimyoviy chiqarib yuborilishi;
4) organik birikmalarning parchalanishi - yangi organik birikmalarning sintezi;
5) qattiq fazaga eritmadagi ionlarning yutilishi -  eritmaga ionlarning qaytishi;
6) moddalarning erishi - moddalarning cho‘kmaga tushishi;
7) kolloidlar peptizatsiyasi va  koagulyatsiyasi;
8) tuproq profilida eritmalarning pastga va yuqoriga harakati;
9)  namlanish - qurish;
10) bo‘kish - cho‘kish;
11) isish - sovish;
12) oksidlanish - qaytarilish;
13) azotofiksatsiya – denitrifikatsiya va boshqalar.
Ularni umumlashtiradigan bo‘lsak, tuproq paydo bo‘lishining hamma jarayonlari orasida, avvalo uch katta guruhni ajratish mumkin:
1) ayrim mineral birikmalar  (masalan, birlamchi minerallarning uzluksiz parchalanishi va yangilarining vujudga kelishi), ikkilamchi minerallar va yangi yaralmalarni shakllanishi;
2) ayrim organik moddalar ning (masalan, o‘simlik va hayvonot qoldiqlari) parchalanishi va aksincha boshqalarining hosil bo‘lish jarayoni, gumin kislotalari, fulvokislotalari va shu kabilar, shuningdek, mikrob tanalari, o‘simlik to‘qimalari shaklida yirik organik moddalarning vujudga kelishi;
3) nurash va tuproq paydo bo‘lishi jarayonlarining har xil mahsulotlarining tuproq qatlamidan chiqarib yuborilishi yoki uning chegarasidagi harakati va tuproqqa, asosan biologik yo‘llar bilan atmosfera, sizot suvlari va nurash qobig‘idan xilma-xil birikmalar, masalan, azot, har xil kul elementlari va shu kabilarning keltirilishi.
Har qanday tabiiy tuproqda biofizik, kimyoviy hodisalarning har uchala turi bir vaqtning o‘zida kechadi va rivojlanadi. Lekin tuproq rivojlanishi evolyutsiyasining  har xil bosqichlarida va tashqi sharoitning u yoki bu birikmalarining ta’siri ostida yuqorida qayd qilingan har bir guruh hodisalari nisbatan kuchliroq va erkin namoyon bo‘lishi mumkin. 
Shu bilan birga tuproqda kechadigan bu hodisalar bir-birlari bilan uzviy bog‘liq bo‘lgani uchun, u yoki bu jarayon yoki guruhlarning nisbiy kuchayishi u bilan o‘zaro bog‘liq bo‘lgan boshqa qator guruhlarning kuchayishi yoki susayishiga olib keladi. Tuproqda kechadigan bunday o‘zaro bog‘liq biofizik-biogeokimyoviy hodisalar tufayli, ma’lum tashqi sharoitlar va tuproq rivojlanishi va evolyutsiyasining bosqichlarida aniq o‘zaro bog‘liqlikdagi hodisalar qo‘shilmasi ajratiladi. 
Tuproqda kechadigan bunday o‘zaro bog‘langan biologik, kimyoviy va fizikaviy hodisalar yig‘indisi tuproq paydo bo‘lishining elementar jarayonlari deb atalishi va ularni, umuman tuproq paydo bo‘lishining asosiy tashkil etuvchilari sifatida qarash mumkin. I.N.Gerasimov (1976) elementar tuproq jarayonlarini yuqorida qayd qilingan tuproq paydo bo‘lishi holatlariga muvofiq uchta katta guruhga ajratadi:
I. Tuproq qatlamida mineral massaning o‘zgarishi yetakchi rol o‘naydigan elementar tuproq jarayonlari:
1) birlamchi yoki primitiv tuproq paydo bo‘lish jarayoni
2) loylanish;
3) lateritizatsiya, ferralitizatsiya.
II.  Tuproq qatlamida organik moddalarning o‘zgarishida asosiy yetakchi rol o‘ynaydigan elementar tuproq jarayonlar:
1) chirindi to‘planishi;
2) torf to‘planishi.
III.  Tuproq paydo bo‘lishida hosil bo‘lgan organik, mineral moddalarning o‘zgarishi va harakati yetakchi rol o‘ynaydigan elementar tuproq jarayonlari:
1) sho‘rlanish;
2) sho‘rsizlanish;
3) gleylanish;
4) ishqorsizlanish;
5) podzollanish va boshqalar.
Biz yuqorida I.N.Gerasimov (1976) ma’lumotlariga asoslanib, faqatgina eng asosiy, keng tarqalgan va ko‘p o‘rganilgan elementar jarayonlarni ko‘rsatdik xolos. 
Bulardan tashqari ham juda xilma-xil jarayonlar u yoki bu holda namoyon bo‘lishi mumkin.
Yuqorida qayd qilingan elementar tuproq jarayonlari umumiy tuproqshunoslik, tuproqlar geografiyasi, tuproq kimyosi kurslaridan qisman ma’lum bo‘lganligi uchun ham bu yerda faqat ularning mohiyatini eslash kifoyadir.
Birlamchi yoki primitiv tuproq paydo bo‘lishida asosan massiv tog‘ jinslari kristall panjaraga ega bo‘lgan minerallarning mexanik va fizikaviy nurashi natijasida hosil bo‘lgan mahsulotlar va ularga sodda organizmlar qo‘nishi tufayli, ona jinsdan o‘z xossalari, xususiyatlari bilan farqlanuvchi, lekin genetik gorizontlarga tabaqalashmagan tuproqlarning vujudga kelishi, evolyutsiyasi ko‘zda tutiladi. Bu jarayon tuproq paydo bo‘lishning dastlabki bosqichiga yoki ona jins sifatida magmatik va metamorfik jinslarning kichik qalinlikdagi ellyuviysi ustida hosil bo‘lgan tuproqlarga mos keladi.
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3-rasm. Birlamchi tuproq paydo bo’lish jarayoni
Loylanish (oglinenie) jarayoni - tuproq paydo bo‘lishi davrida kimyoviy va biologik nurash natijasida tuproq profilining ayrim gorizontlarida yangi loyli minerallarning hosil bo‘lishi, umuman tuproq granulometrik tarkibining og‘irlashuviga olib keluvchi evolyutsiyadir.
Bunday jarayonni bizning respublikamizda shakllangan bo‘z tuproqlarda ko‘rish mumkin. Ularda tuproq paydo bo‘lishi jarayonida B gorizontda fizik loyning miqdori oshadi. Bu hol bo‘z tuproqlarning gidrotermik va boshqa sharoitlari bilan bog‘liq.
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4-rasm. Loyli minerallarning hosil bo’lishi
Lateritizatsiyalanish - murakkab jarayon bo‘lib, asosan tuproq eritmasining yonbosh harakati tufayli temir birikmalarining olib kelinishi bilan bog‘liq. Temir birikmalarining eritma shakllariga o‘tishi, asosan yuza qatlamdagi gleylanish natijasidir. Gidrooksid shaklida cho‘kishi eritmalarning harakat yo‘lida geokimyoviy to‘siqlarning vujudga kelishi bilan bo‘liq kechadi.
Ferralitizatsiya - bu tog‘ jinslarining nurash bosqichidir. Bu jarayon birlamchi minerallarning ko‘p qismi (kvarsdan tashqari) parchalanishi, ikkilamchi minerallarning bir yarim oksidli guruhlari, shuningdek, ba’zida qisman kaolinit (va gallauzit) loy guruhi minerallarining hosil bo‘lishi va to‘planishi bilan xarakterlanadi. Asoslar va kremnezem nurayotgan qatlamdan chiqib ketadi. Nurash jarayonida hosil bo‘lgan temirning gidrat oksidlari, organik kislotalarga kambag‘al bo‘lgan muhitda hosil bo‘lgan joyida to‘planadi va kaolinit massasini qizilga bo‘yaydi.
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5-rasm. Ferralitli tuproqlar
Chirindi to‘planishi jarayoni - organik qoldiqlarning tuproqda mikroorganizmlar, jonivorlar, suv va kislorod ishtirokida o‘zgarishi bilan bog‘liq kechadi. Chirindi hosil bo‘lishi - dastlabki organik qoldiqlarning chirishi, ikkilamchi shakldagi mikrob plazmalarining sintezi va ularning gumifikatsiyasi jarayonlari yig‘indisidir. Chirindi manbai yuksak o‘simliklar, mikroorganizmlar va hayvonlarning organik qoldiqlari bo‘lganligi, shuningdek, geografik mintaqalarda chirindi hosil bo‘lish sharoiti har xilligi tufayli, turli sharoitlarda tuproq paydo bo‘lishi jarayonida chirindi miqdori har xil bo‘ladi.
Torf hosil bo‘lishi - ortiqcha namli sharoitda o‘simlik qoldiqlarining chirindiga aylanish va mineralizatsiyasi sekinlashuvi natijasida, ularning yarim chirigan qoldiqlarining tuproq yuzasida to‘planishi hisobiga torf paydo bo‘ladi. Uni ortiqcha namlik va anaerob sharoitni yuza keltirib chiqaradi. Bunday sharoitda oksidlanish jarayonlarining shiddatliligi keskin kamayadi va organik qoldiqlar oxirigacha parchalanib ulgurmaydi. Anaerobiozis sharoitida ularning chirishi kichik molekulali organik kislotalar kabi oraliq mahsulotlarning paydo bo‘lishiga olib keladi.
Ular, o‘z navbatida mikroorganizmlarning hayot faoliyatini susaytiradi. Natijada yildan-yilga to‘la chirishga ulgurmagan organik qoldiqlar to‘plana boradi va torf qatlamini hosil qiladi.
Sho‘rlanish jarayoni - ona jinslar va sizot suvlarida suvda oson eriydigan tuzlarning to‘planishi va ularning tuproqda yig‘ilib qolishiga imkon tug‘diradigan sharoitlar bilan bog‘liq bo‘lib, o‘ziga xos evolyutsion jarayon hisoblanadi.
Sho‘rsizlanish - aksincha, tuproq va gruntlarda suvda eriydigan tuzlarning miqdorini, o‘simliklar o‘sishi va rivojlanishiga salbiy ta’sir ko‘rsatmaydigan darajagacha kamayishi bilan bog‘loq evolyutsion jarayon hisoblanadi.
Sho‘rtoblanish- tuproqlarning singdirish kompleksida singdirilgan natriy, ayrim hollarda singdirilgan magniy miqdorining me’yoridan oshib ketishi jarayonidir.
Gleylanish jarayoni - anaerob sharoitda, albatta organik moddalar mavjudligi va anaerob mikroorganizmlar qatnashuvida kechadigan murakkab biogeokimyoviy qaytarilish jarayonini ifodalash.
Yuqorida ayrim olingan elementar tuproq jarayonlarining mohiyati ko‘rsatib o‘tildi. Ana shuni o‘zi ham ularning qanchalik ahamiyatli ekanligini ko‘rsatib turibdi. Ayniqsa, bu hol tuproqshunoslikning markaziy ilmiy vazifasi - tuproqlarning genetik diagnostikasi, evolyutsiyasi va uni hal etishga yondoshishi masalalariga tegishlidir. Har bir elementar tuproq jarayonlari ma’lum vaqtda, aniq sharoitlarda sodir bo‘ladi. Shuning uchun ham ularning ayrimlari yig‘indisi ma’lum bir genetik tuproq tipini xarakterlaydi. Masalan, gleylanish jarayoni gidromorf tuproqlarda, ortiqcha namli sharoitda yuzaga chiqadi. Sho‘rlanish esa quruq va o‘ta quruq iqlim sharoitda, suvda eriydigan tuzlar mavjudligi sababli rivojlanishi mumkin va hokazo.
Elementar tuproq jarayonlari tuproq paydo bo‘lishini genetik va evolyutsiya  nuqtai nazardan tahlil qilishda samarali va istiqbollidir. Lekin uning mazmunini, ayniqsa, elementar jarayonlarning turlari, ularni ajratish mezonlarini yanada ilmiy asoslash zarur. Chunki yuqorida ko‘rgan jarayonlarimizning har biri qator umumiy hodisalarni, mikrojarayonlarni o‘z ichiga oladi. Bundan tashqari, tuproqlarning paydo bo‘lishida hali o‘rganilmagan, aniqlanmagan evolyutsion jarayonlarni inkor etish mumkin emas.
Tuproqning turli genetik tiplari hosil bo‘lishida evolyutsiyasida u yoki bu elementar tuproq jarayoni yetakchi rol o‘ynashi mumkin. Sug‘oriladigan tuproqlarda kechayotgan elementar jarayonlar, tabiiy tuproqlar paydo bo‘lishida ro‘y beradigan jarayonlardan keskin farqlanib, inson faoliyati ta’sirida namoyon bo‘ladi. Lekin ma’lum darajada yuqorida ko‘rib chiqilgan tuproq paydo qiluvchi omillarning ta’siri ham u yoki bu darajada saqlanib qoladi.
Voha tuproqlari tabiiy tuproq tasnifi sxemasiga to‘laligicha joylasha olmaydigan tuproq guruhlarini o‘z ichiga oladi. Sug‘orish ta’sirida ro‘yobga chiqadigan organik moddalarning sintezi, mineralizatsiyasi, yerga tushishi sharoitining almashinuvi, issiqlik, havo va suv tartiblarining o‘zgarishi, irrigatsion keltirilmalar akkumlyatsiyasi va genetik jihatdan yangi madaniy qatlamning hosil bo‘lishi va uning biologik faoliyatli elementlar bilan boyishi - voha tuproqlarini maxsus tip sifatida evolyutsiya nuqtai nazaridan ham qarab chiqish lozim ekanligini ko‘rsatadi. 
Ammo, voha tuproqlari maxsus tuproq tipi sifatida sun’iy sug‘orish tabiiy yog‘in miqdoridan bir necha marta oshgandagina hosil bo‘lishi mumkin. Chunki bu holda sug‘orish butun tuproq hosil bo‘lish jarayonini o‘zgartiradi, ya’ni miqdor o‘zgarishi sifat o‘zgarishiga olib keladi. Mo‘tadil iqlim sharoitida esa sug‘orish tabiiy yog‘inga ozroq qo‘shimcha bo‘lganligi tufayli tuproq hosil bo‘lish jarayonining mohiyatini deyarli o‘zgartirmaydi.
O‘zbekistonning sug‘oriladigan voha tuproqlari Amudaryo, Sirdaryo, Zarafshon, Qashqadaryo, Sheroboddaryo deltalari va vodiylari, shuningdek, Tyan-Shan, Hisor, Pomir-Oloy tog‘larining oldi va past tekisliklarini egallaydi. Tog‘ oldi tekisliklarining vohalari, odatda, bo‘z tuproqlar zonasiga kiradi va tuproq hosil bo‘lish jarayonlarining kechishi va evolyutsiyaslanishi bilan sahro zonasi tuproqparidan farq qiladi.
Bu joylarning iqlim sharoiti ham bir-biridan farqlanadi. 
Dehqonchilik tarixi, yerlardan foydalanish darajasi ham bir xil emas. Shuning uchun ham bu ikki regionning sug‘oriladigan tuproqlarini bir-biri bilan taqqoslash mazkur regionlarning unumdorlik darajasini belgilashga, regional xususiyatlarini ochib berishga, ulardan qishloq xo‘jaligida unumli foydalanishga imkon beradi.
Geomorfologik sharoitlariga ko‘ra, bu hududlar yemirilish (eroziya) bazasiga nisbatan ancha yuqorida turishi, yer osti suvlarining chuqur joylashishi va yaxshi oqimga ega ekanligi bilan xarakterlanadi. Yuqorida ko‘rib o‘tilgan tuproq tabiiy rivojlanish omillarining xilma-xilligi, bu yerda tabiiy holda bo‘z, o‘tloqi va botqoq tuproqlarning rivojlanishini ta’minlaydi.

4. Human activity – a soil-forming factor
Human impact on the soil begins the moment the soil—or the vegetation growing upon it, or the resources beneath it—becomes a means of production. Human influence on the soil-formation process is multifaceted and diverse. Examples include the extraction of mineral resources, deforestation, hay harvesting, livestock grazing, tillage, irrigation, the application of various fertilizers, and so on.
These activities not only affect the soil-formation process but also fundamentally alter its trajectory. Crucially, these changes manifest not only in the soils of areas directly utilized by humans but also in the soils of adjacent regions. Today, waste from industrial production, as well as emissions and residues from vehicles and agricultural machinery, are exerting a negative impact on soils across vast areas.
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Figure 6. Soil protection
Below, we illustrate the impact of the human factor on the soil-formation process using the example of irrigated soils, which are widespread in our country. From the very moment human activity began to impact the soil—particularly through land cultivation and irrigation—soil-forming factors and the process of soil formation have been artificially altered to suit human needs.
The profound impact of irrigation on soil has been documented in the works of numerous scientists, including N.A. Dimo, M.A. Orlov, A.N. Rozanov, N.K. Balyabo, S.N. Ryzhov, and R. Kuziyev.
In the hot, arid regions of Uzbekistan where *boz* (grey-brown) soils are prevalent, the artificial regulation of soil moisture regimes—specifically the application of irrigation water in volumes far exceeding natural precipitation—fundamentally alters the soil formation process. From the very first day of land development and irrigation, key factors of natural soil formation—such as vegetation cover and biota—undergo drastic changes. Consequently, crops like cotton and cereals replace native vegetation. These crops differ entirely from native plants in their soil requirements, the nature and quantity of residues they leave behind, and the processes by which those residues decompose and transform into humus. Microbes multiply in the soil, and their composition shifts; simultaneously, the soil's microbiological and enzymatic activity increases. This heightened biological activity alters not only the substances within the soil humus but also the nature of the interactions occurring there.
In a natural biogeocenosis, soil and vegetation are inextricably linked. Plant growth and yield are inseparable from soil fertility and characteristics; they largely determine the biological cycling of substances and, consequently, influence soil properties.
Thus, under natural conditions, specific soil types drive changes in vegetation, and vice versa. Unlike wild plants, cultivated plants are demanding of the soil. Human activity often creates conditions where the soil lacks sufficient nutrients for these plants to grow. All cultivated plants grow within specific soil temperature ranges; favorable temperature and aeration conditions are achieved through soil cultivation. Many cultivated plants require water during a short growing season. Unlike wild plants, they are less capable of fully regulating transpiration and evaporation under hot conditions. In such instances, it is necessary to create a deep soil layer with a favorable structure and good aeration to supply plants with water and nutrients. During their short growing season, cultivated plants require significant amounts of nutrients, which they primarily derive from the soil. However, a large portion of these elements is not returned to the soil but is instead removed from the biological cycle along with the harvested crop. Therefore, the soil supporting these crops must possess adequate reserves of nitrogen, phosphorus, and other essential nutrients.
Nitrogen, phosphorus, potassium, and certain microelements are applied to the soil as fertilizers. Indeed, it is difficult to envision modern intensive irrigated agriculture without the use of mineral fertilizers. Even on highly fertile irrigated soils—such as the *boz-voha* (gray-oasis) type—cotton yields are limited to just 12–15 centners per hectare in their natural state, without the application of mineral or organic fertilizers. With the application of mineral fertilizers, however, yields can reach or even exceed 30–40 centners per hectare. The pace of agricultural intensification in our republic accelerated significantly during the period leading up to independence.
However, the heavy emphasis placed on using mineral fertilizers to maximize crop yields led to a neglect of the soil's natural development processes. Consequently, the soil's inherent fertility potential began to decline. The removal of organic matter through harvesting resulted in a reduction of humus, nitrogen, and other essential nutrients in the soil. Deficiencies in the nutrient balance are primarily compensated for by the application of mineral fertilizers. The depletion of humus also affects soil cultivation and physical properties; soil density increases, while air and water regimes deteriorate. The application of large quantities of mineral fertilizers, herbicides, and toxic chemicals leads to the accumulation of their residues in the soil. Furthermore, the nature of the soil humus changes, diminishing its protective function.
The accumulation of various substances released by plants during their growth and development fosters the proliferation of microbes that cause diseases in cultivated crops. A prime example of this is the wilt disease, which is widespread in sierozem-oasis soils.
In addition, mineral fertilizers affect soil humus by increasing its mobility. If these processes are not regulated, soil development could take a negative turn.
We have examined only one aspect of how human activity affects irrigated soils. Furthermore, the process of soil erosion intensifies as soon as land is reclaimed and cultivation begins. This process is particularly rapid on uneven terrain. Consequently, the fertile topsoil is washed away and deposited in low-lying areas.

4. Inson faoliyati - tuproq paydo qilivchi omil
Insonning tuproqqa ta’siri, tuproq yoki unda o‘sayotgan o‘simlik, shuningdek, uning ostidagi boylik ishlab chiqarish vositasi bo‘lgan paytdan boshlanadi. Insonning tuproq paydo bo‘lishi jarayoniga ta’siri ko‘p qirrali, turli-tumandir. Foydali qazilma boyliklaridan foydalanish, o‘rmon daraxtlarini kesish, o‘tlarni o‘rib olish, mol boqish, yerlarni haydab ishlov berish, sug‘orish, har xil o‘g‘itlarni qo‘llash va hokazolar shular jumlasidandir. 
Bular, nafaqat tuproq paydo bo‘lishi jarayoniga ta’sir etibgina qolmasdan, balki uning yo‘nalishini tubdan o‘zgartirib yuboradi. Eng asosiysi shundaki, bu o‘zgarishlar faqat inson foydalanayotgan hududlarning tuprog‘ida namoyon bo‘lib qolmasdan, balki boshqa qo‘shni hududlar tuproqlarida ham ro‘y beradi. Hozirgi davrda sanoat ishlab chiqarishi chiqindilari, avtomashinalar, qishloq xo‘jalik texnikalari chiqindilari va izlari juda keng maydondagi tuproqlarga salbiy ta’sir ko‘rsatmoqda.
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6-rasm. Tuproqni muhofaza qilish
Quyida biz mamlakatimizda keng tarqalgan sug‘oriladigan tuproqlar misolida inson omilining tuproq paydo bo‘lishi jarayoniga ta’sirini ko‘rsatib o‘tmoqchimiz.
Inson faoliyatining tuproqqa ta’sir qilgan kunidanoq, ayniqsa, yerlarga ishlov berish va sug‘orish natijasida tuproq hosil qiluvchi omillar va tuproq hosil bo‘lishi jarayoni insoniyat xohishi bo‘yicha sun’iy o‘zgaradi.
Sug‘orish jarayonining tuproqqa nihoyatda kuchli ta’sir etishi N.A.Dimo, M.A.Orlov, A.N.Rozanov, N.K.Balyabo, S.N.Rijov, R.Kuziyev kabi bir qator olimlarning ishlarida yoritilgan. 
O‘zbekistonning bo‘z tuproqlari tarqalgan issiq va qurg‘oqchilik sharoitga ega bo‘lgan joylarda tuproq namligi rejimi singari muhim omilni sun’iy ravishda tartiblashtirish, yog‘in miqdoriga qaraganda sug‘orish suvining bir necha bor ko‘p berilishi tuproq hosil bo‘lish jarayonini tubdan o‘zgartirib yuboradi. Tuproqni o‘zlashtirish, sug‘orishning birinchi kunidanoq tabiiy tuproq hosil bo‘lishining muhim omillaridan biri, o‘simlik qoplami va biomavjudotlar (biota) kuchli darajada o‘zgaradi. Natijada tabiiy o‘simliklar o‘rniga go‘za, g‘alla kabi ekinlar ekiladi. Bu ekinlarning tuproqqa bo‘lgan talabi ham, tuproqda qoldiradigan qoldiqlari va miqdori, ularning chirish va chirindiga aylanish jarayonlari ham tabiiy o‘simliklardan tamomila farq qiladi. Tuproqda mikroblar ko‘payadi va ularning turi o‘zgaradi. Shu bilan birga tuproqning mikrobiologik va fermentativ faolligi ortadi. Tuproqning biologik faolligi oshganligi tuproq chirindisidagi moddalarnigina emas, o‘zaro munosabatlarning ham o‘zgaruviga sabab bo‘ladi.
Tabiiy biogeotsenozda tuproq va o‘simlik bir-biri bilan kuchli bog‘langan bo‘ladi. O‘simlikning o‘sishi va hosil tuproq unumdorligidan, uning xususiyatlaridan ajralmas bo‘lib, ko‘p jihatdan moddalarning biologik aylanma harakatini belgilaydi va shu tufayli tuproq xossalariga ta’sir etadi. 
Shuning uchun ham tabiiy sharoitda ma’lum tuproq o‘simliklarning o‘zgarishiga sabab bo‘ladi va aksincha. Madaniy o‘simliklar tabiiy o‘simliklardan farqli o‘laroq tuproqqa talabchan bo‘ladi. Bu o‘simliklarning o‘sishi uchun tuproqda oziq moddalar yetarli bo‘lmagan sharoit inson tomonidan yaratiladi. Hamma madaniy o‘simliklar tuproq haroratining ma’lum bir oralig‘i intervalida o‘sadi. Qulay haroratli sharoit, aeratsiya yerga ishlov berish yo‘li bilan hosil qilinadi. Ko‘pchilik madaniy o‘simliklar qisqa vegetatsiya davrida suv talab qiladi. Ular tabiiy o‘simliklarga qaraganda issiq sharoitda transpiratsiya va bug‘lanishni o‘zlari to‘la tartibga sola olmaydilar. Bunday vaqtlarda yaxshi aeratsiyaga ega bo‘lgan, o‘simliklarni suv, oziqa elementlari bilan ta’minlash uchun yaxshi strukturali, qalin tuproq qatlami hosil qilish kerak bo‘ladi. Madaniy o‘simliklar qisqa vegetatsiya davrida juda ko‘p oziqa elementlariga muhtojlik sezadi va ularni asosan tuproqdan oladi. Shu bilan birga bu elementlarning ko‘p qismi tuproqqa qaytib tushmaydi, balki hosil bilan biologik aylanishdan chiqib ketadi. Shuning uchun ham madaniy o‘simliklar o‘sadigan tuproq azot, fosfor va boshqa oziqa elementlarning zahirasiga ega bo‘lishi kerak.
Azot, fosfor, kaliy va ba’zi bir mikroelementlar o‘g‘it sifatida yerga solinadi. Albatta, hozirgi vaqtda jadal sug‘oriladigan dehqonchilikni mineral o‘g‘itlarsiz tasavvur qilish qiyin. Sug‘oriladigan tuproqlar orasida unumdorlik imkoniyati yuqori bo‘lgan bo‘z-voha tuproqlarida ham mineral va organik o‘g‘itlarsiz tabiiy holatda g‘o‘zadan 12-15 s/ga hosil yetishtirish mumkin xolos. Mineral o‘g‘itlar yerga solinganda hosildorlik 30-40 s/ga yetishi va undan ham oshishi mumkin. Respublikamizda dehqonchilikni jadallashtirish sur’ati mustaqillikgacha bo‘lgan davrda ancha oshdi. 
Lekin o‘simliklardan yuqori hosil olish maqsadida mineral o‘g‘itlarni qo‘llashga zo‘r berildi-yu, tuproqning tabiiy rivojlanishiga e’tibor kamayib ketdi. Natijada tuproqning eng avvalo unumdorlik imkoniyati kamaya boshladi. Hosil bilan chiqilgan organik moddalar tuproqda chirindi miqdori, azot va boshqa oziqa elementlarining kamayib ketishiga sabab bo‘ldi. Oziqa elementlari muvozanatidagi kamchilik, asosan, mineral o‘g‘itlar hisobiga to‘ldiriladi. Chirindining kamayib ketishi, ishlov berish, tuproqlarning fizik holatiga ham ta’sir qiladi. Ularning zichligi oshadi, havo va suv tartibi yomonlashadi. Katta me’yorda mineral o‘g‘itlar, gerbitsidlar, zaharli kimyoviy moddalarni qo‘llash ular qoldiqlarining tuproqda to‘planishiga sabab bo‘ladi. Tuproq chirindisining xarakteri ham o‘zgaradi va uning himoya funksiyasi kamayadi.
Tuproqda o‘simliklar o‘sish va rivojlanishi jarayonida ajratgan har xil moddalar to‘plana borib, madaniy o‘simliklarni kasalliklarga uchratadigan turli xil mikroblarning rivojlanishiga sabab bo‘ladi. Bunga misol qilib bo‘z-voha tuproqlarida keng tarqalgan vilt kasalligini ko‘rsatish mumkin.
Bundan tashqari, mineral o‘g‘itlar tuproq chirindisiga ta’sir qilib, uning harakatchanligini oshiradi. Agar ana shu jarayonlar me’yorlashtirilmasa tuproq rivojlanish jarayoni salbiy tomonga yo‘nalishi mumkin.
Yuqorida inson faoliyatining sug‘oriladigan tuproqlarga ta’sirining bir tomonini ko‘rib chiqdik xolos. Bundan tashqari yerlar o‘zlashtirilib haydala boshlagandanoq tuproq yemirilishi jarayoni kuchliroq namoyon bo‘ladi. Ayniqsa, bu jarayon o‘nqir  relyefli yerlarda jadal kechadi. Natijada tuproqning ustki, eng unumdor qatlami yuvilib, pastqam joylarga olib borib yotqiziladi.

5. River Sediments: A Factor in Evolution
As previously noted, irrigation has been practiced in the oases of Uzbekistan for centuries. Over this period, vast quantities of agro-irrigation sediments have been transported to the land via irrigation water. These sediments contain both dissolved and solid nutrients. For instance, the Zarafshan River transports 4.5 million tons of material annually (Molodsov, 1958)—an amount sufficient to form a one-meter-thick layer over 350 hectares. A significant portion of these sediments is deposited onto the fields along with the water.
Furthermore, the water carries 828,000 tons of dissolved substances, including 250,000 tons of calcium, 33,000 tons of magnesium, 25,000 tons of potassium, 21,000 tons of sodium, 33,000 tons of water-soluble humus, 1,500 tons of nitrogen, and 1,250 tons of phosphorus, among others. These materials accumulate over centuries, forming an agro-irrigation soil layer reaching depths of 2 to 3 meters. This process differs fundamentally from natural soil formation.
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Figure 7. River sediments.
This is because the influx of agro-irrigation sediments leads to the leveling (homogenization) of soil fertility and certain soil characteristics. Levels of humus, physical properties, carbonates, and nutrients tend to become somewhat more uniform.
Simultaneously, the composition of a new soil cover is formed through the redistribution of salts and nutrients within the soil profile, driven by agro-irrigation deposits.
Thus, based on the information above, the following conclusions can be drawn:
1. The natural soil formation process changes drastically once irrigation and cultivation begin; this process subsequently continues under the influence of human activity;
2. Agro-irrigation deposits create a new soil layer with productive potential. The thickness of this layer depends on the timing, frequency, and volume of irrigation, as well as the specific river water source used;
3. Replacing natural vegetation with cultivated crops causes a radical shift in soil biota;
4. Soil fertility increases when mineral and organic fertilizers are applied in combination; conversely, the heavy use of mineral fertilizers and herbicides to maximize crop yields leads to "soil fatigue" in irrigated lands;
5. Many soils in Central Asian oases have retained their fertility over the course of centuries. However, measures implemented without thorough consideration can negatively affect the formation and development processes of irrigated soils.
The soil-forming factors discussed above exert a unique influence on the origin and development of soils, and they cannot be substituted for one another.
In this sense, they are of equal importance. Each plays a specific role in the exchange of energy and matter between the soil and its surrounding environment. At the same time, these soil-forming factors are inextricably linked in nature.
Currently, human industrial activity is assuming increasing importance in the life of our planet. Consequently, the soil cover is undergoing significant changes.
Natural processes may be suppressed or intensified to a certain degree by human activity, but their influence can never be completely eliminated.
By fully understanding the laws governing natural development—specifically soil formation—humans can devise measures for the rational and efficient use of land resources.

5. Daryo oqiziqlari-evolyutsiya omili
Yuqorida O‘zbekiston vohalarida sug‘orishning bir necha asrlardan buyon davom etayotganligini ta’kidlagan edik. Ana shu yillar davomida yerlarga suv bilan juda katta miqdorda agroirrigatsiya keltirmalari olib kelindi. Bularning tarkibida erigan va qattiq holatdagi oziqa moddalar ham bor. Masalan, Zarafshon daryosi yil davomida 4,5 mln. tonna material moddani bir yerdan ikkinchi yerga ko‘chiradi (Molodsov, 1958). Buning hisobiga 350 gektar yerda bir metrli qatlam hosil qilish mumkin. Shu keltirmalarning ko‘p qismi suv bilan dalaga tushadi. 
Bundan tashqari shu suv tarkibida 828 ming tonna erigan moddalar, jumladan 250 ming tonna kalsiy, 33 ming tonna magniy, 25 ming tonna kaliy, 21 ming tonna natriy, 33 ming tonna suvda eriydigan chirindi, 1,5 ming tonna azot va 1,25 ming tonna fosfor va boshqalar bor. Ular asrlar davomida yig‘ilib boradi va 2-3 metrgacha agroirrigatsion qatlam hosil qiladi. Bu hol tabiiy tuproq hosil bo‘lishi jarayonidan tubdan farq qiladi. 
Chunki, agroirrigatsion keltirmalar hisobiga tuproq unumdorligi va uning ba’zi bir xususiyatlari barobarlashadi (nivelirlanadi). Chirindi miqdori, fizik ko‘rsatkichlar, karbonatlar va oziqa elementlari darajasi birmuncha tenglashib qoladi.
Shu bilan bir vaqtda agroirrigatsion keltirmalar tuproq profilida tuz va oziqa elementlarining qayta taqsimlanishi hisobiga yangi tuproq qoplami tarkibi bunyod bo‘ladi.
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7-rasm. Daryo yotqiziqlari
Shunday qilib, yuqoridagi ma’lumotlar asosida quyidagi xulosaga kelish mumkin:
1. Tuproqdagi sug‘orish va ishlov berish boshlangan paytdan tabiiy tuproq hosil bo‘lish jarayoni keskin o‘zgaradi. Bu jarayon keyinchalik inson faoliyati ta’sirida davom etadi; 
2. Agroirrigatsion keltirilmalar hisobiga yangi unumdorlik imkoniyatiga ega qatlam hosil bo‘ladi.  Bu qatlamning qalinligi sug‘orish vaqti, soni, miqdori va qaysi daryo suvi bilan sug‘orilayotganligiga bog‘liq;
3. Tabiiy o‘simliklarning madaniy o‘simliklarga almashtirilishi tuproqlar biotasining keskin o‘zgarishiga sabab bo‘ladi;
4. Mineral va organik o‘g‘itlar birgalikda yerga solinganda tuproqlarning unumdorligi osha boradi  va aksincha o‘simliklardan yuqori hosil olish maqsadida ko‘plab mineral o‘g‘itlar, gerbitsidlarni qo‘llash sug‘oriladigan yerlarning “charchashiga” olib keladi.
5. Markaziy Osiyo vohalaridagi ko‘p tuproqlar asrlar davomida o‘z unumdorligini yo‘qotmagan. Lekin oxirgacha o‘ylamay o‘tkazilgan tadbirlar sug‘oriladigan tuproqlarning hosil bo‘lishi va rivojlanish jarayoniga salbiy ta’sir ko‘rsatishi mumkin.
Yuqorida ko‘rib chiqilgan tuproq paydo qiluvchi omillar tuproqlarning vujudga kelishi va rivojlanishiga o‘ziga xos ta’sir qiladi va ularni bir-birlari bilan almashtirish mumkin emas.
 Bu ma’noda ular teng ahamiyatlidir. Ularning har biri tuproq va uni o‘rab turgan atrof-muhit o‘rtasida energiya va modda almashinuvida o‘ziga xos rol o‘ynaydi. Shu bilan bir vaqtda tuproq paydo qiluvchi omillar tabiatda bir-birlari bilan chambarchas bog‘langan bo‘ladi. 
Hozirgi vaqtda planetamiz hayotida, inson ishlab chiqarish faoliyati yanada kattaroq ahamiyat kasb etmoqda. Buning natijasida tuproq qoplami katta o‘zgarishlarga duchor bo‘lmoqda. 
Tabiiy jarayonlar inson faoliyati natijasida ma’lum darajagacha bo‘g‘ilishi yoki kuchayishi mumkin, lekin ularning ta’sirini hech qachon yo‘qqa chiqarish mumkin emas. 
Inson tabiatning rivojlanishi, xususan tuproq paydo bo‘lishi qonuniyatlarini to‘la o‘rgangan holda, yer manbalaridan oqilona va samarali foydalanish chora-tadbirlarini ishlab chiqishi mumkin.

GLOSSARY ( ГЛОССАРИЙ )

	Atamaning nomlanishi
	Atamaning ma’nosi

	O‘zbek tilida
	Ingliz tilida
	Rus tilida
	

	Nisbiy akkumulyatsiya
	Relative accumulation
	Относительное накопление
	bu tuproq tarkibidagi ba'zi harakatchan (tez eruvchan) moddalarning yuvilib chiqib ketishi natijasida, erimaydigan barqaror elementlarning ulushi (foizi) o‘z-o‘zidan ortib qolishi jarayonidir.

	Metamorfik loylanish
	Metamorphic argillization
	Метаморфический грязевой поток
	Loy zarralari tuproqning aynan shu qatlamining o‘zida, minerallarning ichki nurashi va parchalanishi natijasida hosil bo‘ladi.

	Ferralitizatsiya
	Ferrallitization
	Ферралитизация
	bu asosan tropik va subtropik nam iqlim sharoitida
kechadigan juda kuchli tuproq hosil bo‘lish jarayonidir.

	Illyuvial loylanish
	Illuvial silting
	Иллювиальное заиление
	Yuqori qatlamdagi mayda loy zarralari atmosfera yog‘inlari va suv oqimi bilan kimyoviy parchalanmagan holda pastga yuvilib tushadi va B gorizontida mexanik ravishda tutilib qoluvchi

	Tuproq paydo bo‘lishi
	Soil formation
	Формирование почвы
	tog‘ jinslarining parchalanishi va organik moddalarning to‘planishi natijasida yuzaga keladigan uzoq muddatli evolyutsion jarayondir.
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