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INTRODUCTION


The lowlands of Azerbaijan occupy an important place in the economy of the republic. The main cotton growing regions of Azerbaijan are located in the lowlands. Large areas are also devoted to cereals and viticulture. In addition, these regions are interesting from the standpoint of nature and also reclamation.


As is known, reclamation of saline soils is one of the major factors in agriculture intensification. Salinization in the soil and the ground waters of the Azerbaijan lowlands greatly impedes the development of irrigation, and the development and reclamation of the land there.


Calculations indicate that soils in need of radical reclamation in Azerbaijan amount to more than 60% of the lowlands of the republic. About 2.5 million hectares of these lands is deemed difficult to reclaim, due to a hard mechanical composition of the soil, high alkalinity, and low water permeability of the soil. To improve such lands, specialists usually apply high leaching rates of water, frequently exceeding 70,000-100,000 m3 per hectare of soil, and frequently also with a deep (more than 3 m) drainage network with interdrainage distances of 100 m or less. Leaching and desalinization of saline lands are sometimes prolonged for 8-10 years. These factors greatly raise the cost of reclamation operations (more than 5-6 times) and delay the development of saline lands under agricultural crops for several years.


Saline soils with analogous reclamation properties are widely distributed in the Siyazan-Sumgayit massifs, the Karabakh, Shirvan and Salyan steppes, South Mughan, and other massifs of Azerbaijan.


The high need in agriculture for expanding sown areas and achieving a sharp rise in yields of agricultural crops demands study of the main rules involved in the overall system, the mechanism of salt migration, and the physicochemical and water-physical properties of difficultly reclaimable salinized soils, and demands the development of scientific principles of radical reclamation directed toward sharp acceleration of leaching and development of these lands.


In this connection, we decided to study and develop methods of accelerated improving of difficultly reclaimable saline soils in Azerbaijan on the basis of production-scale experiments.


With a view toward a more well-founded solution to the problem, we have carried out complex research work on difficultly reclaimable saline clay soils of the Karabakh steppe, including research into salt removal, differentiation and conjugacy of salt masses, changes in physicochemical and water-physical properties of soils, and productivity of soils leached by various means, through growing of agricultural crops in vegetation and field conditions. The crops involved were cotton, barley, and rice, as agricultural crops, and fodder pea, as forage.


The field investigations were carried out under the leadership and direct participation of the author. Also participating in the field work were graduate students V.A. Ahmedov, N.K. Mikhailov, and partly T.G. Nazarov and A.M. Guliev. Soil analyses were performed by junior research workers Sh.I. Javadzade, N.D. Ismailova and R.G. Aslanova. Calculations were performed by engineer S.G. Isgenderova. The author expresses his grateful acknowledgement to the abovementioned researchers.









CHAPTER 1





NATURAL AND SOIL RECLAMATION FEATURES OF PLAIN TERRITORIES


The lowland areas of Azerbaijan may geomorphologically be regarded as former vast shallow-water bay regions of the Caspian Sea, which existed in prehistoric times. Today this part of the republic is characterized as a plain formed by alluvial-proluvial cones deposited in diluvial-proluvial terraces. Between the cones there are more or less waterlogged “contact” depressions, whilst the periphery of the cones undergoes a transition to a general strip plain. The central part of the Mughan lowland is an alluvial plain formed by cumulative activity of the Kur and Araz rivers. Closed depressions, or so-called “chalas” and ridges, are the basic forms of mesorelief of the alluvial plain.


The lowland areas of the republic are characterized by a dry sub-tropical climate, where evaporation (1000-1100 mm) significantly exceeds annual total atmospheric precipitation (200-300 mm). Climatic conditions have contributed to the development of a semidesert ecology as relates to the zonal type of vegetation there. Russian thistle, thistle-sagebrush, and ephemeral groupings of vegetation, notable for deep root development, small leaf surface, high osmotic pressure, and strong mineralization of the cell sap, are widely spread. Some species are able to excrete salt through their leaves.


The ground water table, which generally follows the terrain, rises from the foothills to the central part of the lowland. Thus, whereas the ground waters are deficient or occur at great depths (deeper than 10-20 m) in the zone of foothills of diluvial plains, so that no evaporation of them takes place, in connection with which they do not appear as regularly acting factors in the soil formation process and do not impact the water-salt regime of the soils, it is true that the role of evaporation gradually increases and becomes a prevailing factor in the soil formation process as one progresses toward the central part of the lowland.


Thus, the abovementioned conditions and the complex history of landscape formation of the lowlands of Azerbaijan became the reason for the formation of a great variety of soils. The analysis of literature data and the results of our investigations showed that chestnut, gray-brown, gray, meadow, and marshy soils and their primitive varieties, frequently takir and takirized soils, are characteristic for the lowlands of Azerbaijan. Soils with high salinity and alkalinity are widespread among them.


The processes of salt accumulation in soils and ground waters of Azerbaijan lowlands have been considered by many researchers, but there are different concepts of these processes, under which the source of entry of salt masses into the lowlands of Azerbaijan was (respectively) the ground waters of the foothills, bringing with themselves the products of bedrock weathering in dissolved form (Savarensky, 1929), river waters and their filtration flows (Savarensky, 1929; Zakharov, 1935; Priklonskiy, 1946), sea waters (Volobuyev, 1945; Abduyev, 1966), existing centuries-long geochemical flows of salt solutions from mountains to the lowland (Kovda, 1954), intensive evaporation (Egorov, 1959), and surface diluvial-proluvial waters (Abduyev, 1965, 1968).


Analyzing the systems and chemism of the migration of halophytes for the soils of Azerbaijan, V.R. Volobuyev (1948, 1965) established the genesis and geography of the forms of salt migration. He distinguished eleven forms of soil salinization for the soils of the Kur-Araz lowland: eluvial, deflation-accumulative, diluvial, proluvial, cone, alluvial, valley, seaside, marshy, deep-pressure and mound.


Indeed, the salinization process of soils in Azerbaijan has proceeded in a variety of ways, so that there are different forms of salinization which are characteristic even for one type of soil there.


Thus, natural features of the lowlands of Azerbaijan have led to the creation of a great diversity of soil-reclamation conditions and, hence, various reclamation types of soils. For projecting and carrying out the deeply worked-out system of reclamation operations in the republic (V.R. Volobuyev, 1951, 1956, 1965), it is necessary to consider genetic and reclamation features of soils of the three most important reclamation types of lands, occupying the main territory of the lowlands and constituting the basic object of irrigation and reclamation of Azerbaijan lands: 1) diluvial and diluvial-proluvial plains; 2) river debris cones; and 3) alluvial plains.


PECULIARITIES OF SOILS OF DILUVIAL AND DILUVIAL-PROLUVIAL PLAINS


We presented the detailed characteristics of the natural conditions (genesis, geography, salinization regime) and reclamation features of the soils of this type in a special monograph (M.R. Abduyev, 1968). In the present work we devote space to this only to identify specifics of soil-reclamation conditions of this soil type [(these soil types)].


Soils of diluvial plains are formed under the influence of surface diluvial and diluvial-proluvial runoff under conditions of lack of connection with ground waters. Waters of diluvial flows deposit on surfaces of diluvial slopes, especially in their strip-like zones, slightly elutriated material, which causes incessant rejuvenation of the upper level of soils. The degree of concentration of salts in the upper layers of soil is related to the introduction of salts from upper layers, on one hand, and redistribution of salts inside the soil profile, on the other hand.


The largest area of lands of diluvial origin is contiguous to the Shirvan, the Mil-Karabakh steppes, and the Ganja-Gazakh and Siyazan-Sumgayit massifs. A large area of these soils also occupies the southeastern foothills of Gobustan, in the Nakhchivan Autonomous SSR, within the Jeyranchel massif, the outskirts of the Araz region, and even in the Lenkaran region. In terms of Azerbaijan, the area of these lands is more than one third (1,100,000 ha) of the total area of the plains part of the republic.


The soils of the diluvial and diluvial-proluvial plains are notable for poor chemical, physical and physicochemical properties: strong salinization, high alkalinity, hard mechanical composition, great density, comparatively weak structuring and porosity, and very low water permeability. A relatively important and regular variation of these features has been observed, within the limits of the diluvial slopes and separate massifs of the piedmont plains. This enables us to identify specific features of soils of clearly marked local zones: upper (salt intake zones), medium (salt transit zones) and border strip (salt accumulation zones).


It is significant that given the general hard mechanical composition of soils of the diluvial-proluvial plains there is a pronounced regularity of the changes depending on the gradient of the locality. Schematically, the mechanical composition of the soils grows finer toward the border strip of the diluvial plains. The soils in the upper zone of the diluvial plains are primarily loamy. In the medium zone the mechanical composition of soils becomes light argillaceous, and in the border strip zone hard argillaceous. In this same direction, it is noticed that the content of the clay fraction is increased, and the degree of the structured nature of the soil is decreased. This indicates a micro-aggregate composition and is evidence of the significance of the dispersivity factor of soils. The factor of the dispersivity of the upper half-meter layer of the soils ranges within the limits of 50-60% (the Siyazan-Sumgayit massif) and 60-100%: (the Kurovdagh massif), which indicates fragility of the micro-aggregates. To our thinking, this may be related to the salinity of the soils. By the content of absorbed sodium, the salinity of these soils is 15-20% of the total of absorbed base in the upper zones of the plains, and 30-40% and above in the soils of border strips, where suberous solonetzes are generally developed.


A distinct feature of the soils of the diluvial plains is accumulation of maximum salt at a certain (generally, not great) depth depending on the gradient of the locality.


Thus, the salt content in the upper meters of soils [in] the upper zones of the plains averages 0.3-0.5%, whilst the figure for the border zone part of the slopes is 2-3%. A layer of maximum salt accumulation in the upper zone of the plains occurs at greater depths (60-120 cm) than in the border zone (10-15 cm). A great difference in the salt content is noted both in the salt leaching layer and the desalinized upper layer. The salt content in the desalinized upper layer of the soil of the upper zone is 0.1-0.2%, and in the corresponding layer of the border zone part it is 1-2%. The quantity of salts in the maximum content layer of the upper zone of the plains nearly corresponds to the salt content in the so-called desalinized layer of the border strip zone. As for the salt composition, the diluvial soils are rich with sodium salts in nearly all parts of the plains; with hydrogen carbonate content [sic] of salts in the upper zone, sulfate content in the medium zone, and chloride content in the border strip zone.


Regarding physical constants, the soils of the diluvial plains of Azerbaijan have characteristically high values of bulk density. The bulk density for the border zone part of the plains in the soil layer 0-1 m is rather high, ranging from 1.5 to 1.6. In the higher part of the massif the bulk density decreases to 1.1-1.2. The porosity of the soil changes correspondingly. Soils of the upper part of the diluvial plains are characterized by increased porosity within the limits of the first meter (55-60%). With progression toward the border zone, the porosity decreases to 45-50%.


Regarding the water properties of the soils -- the hygroscopic and maximum hygroscopic moisture, the coefficient of wilting of plants, the maximum molecular water capacity, the moisture content, and the coefficient of filtration were investigated. These parameters deteriorate with progression toward the border zone of the diluvial plains. In this respect, the materials in the study of the filtration capability of the soils are very significant. In gray-brown soils distributed over the greater part of the upper zone of the diluvial plains, the coefficient of filtration rarely reaches 0.08 mm/sec in the first hour of the experiments, and mainly it varies in the range of 0.04-0.05 mm/sec. In soils of of the border zone of the slopes, this index does not exceed 0.01 mm/sec. During the course of the experiment, the water permeability progressively decreased, eventually falling by several times. It is significant that the abovementioned sequence of changes in the water properties of soils was observed in the soils of all of the massifs studied by us. However, the magnitudes of the changes were not the same. Thus, the physical, and, consequently, the water properties, become worse from soils of diluvial slopes of the Mil piedmont plain to the soils of the Kurovdagh, Kharam, Bozdagh, and Siyazan-Sumgayit massifs.


Thus, the physical and water properties of the soils of the diluvial plains of Azerbaijan are unfavorable in general. The specific peculiarities of mechanical composition and physical properties, structure of the salt profile, widespread alkalinity, and other properties of the saline soils of the diluvial and diluvial-proluvial plains, which were found, demand a complex combination of reclamation systems.


PROPERTIES OF SOILS OF RIVER DEBRIS CONES


Soils of river debris cones are widely distributed in the lowland regions of Azerbaijan. A factor in salt migration within these soils is intracone ground waters with runoff from higher located sections of the cone down to the gradient to more peripheral soils which are ordinarily replenishable by irrigation waters. In this process of general directionality, the displacement of soils to peripheral parts of the cone, as pointed out by V.R. Volobuyev (1965), might be involved with the strata in soil thickness displaced in the ground waters with descending flows of moisture.


The regions of river debris cones are divided into three genetic zones with regard to soil reclamation features: top section, outcrop zone, and border zone of river cones (Volobuyev, 1965). The mechanical composition of soils and grounds in the top section is the lightest (mainly sandy and sandy-loamy, but loamy in hollows between ridges). These soils are highly fertile, unsalinized or weakly salinized. The ground waters are fresh (salinity less than 2 g/l) and they extend deeply. In the outcrop zone of soils, although somewhat heavier, the mechanical composition of the soils remains sandy and loamy. The ground waters are mainly located not far from the surface of the soil, with outcroppings of springs in some locations, and for the most part have very low (fresh) or low mineralization. As with the previous zone, the ground waters here have completely adequate outflow and therefore in many cases do not contribute to the salinization of soils despite the fact that they are close to the surface (less than 1 meter). Ground waters in the outcrop zone in East Shirvan are strongly mineralized (40-60 g/l), which contributes to the catastrophically strong salinization of the soils. In some cases, particularly within inter-cone depressions of the Shirvan steppe, the soils tend to have a suberous texture when irrigated.


The border zone of river debris cones is sharply different from the previous zones. Soils with argillaceous mechanical composition tending toward a tuberous type, frequently with high salinity and alkalinity, are widespread there. Although ground waters occur there at greater depths than in the outcrop zone, in the presence of strong mineralization (50-100 g/l) they are capable of rising to the surface, and strongly salinizing soils as they evaporate.


As is seen from the preceding, river debris cone regions demand a special approach for each portion of this geomorphological region in terms of irrigation and reclamation for development of the territory. Thus, whereas soils of the top zone do not need reclamation because of their lack of salinization, in the outcropping zone it is essential to carry out a number of measures to upgrade saline and alkaline lands. In the border strip zone, moreover, complex reclamation systems, including not only leaching and construction of a deep collector-drainage network, but also other measures, are required.


PROPERTIES OF ALLUVIAL PLAINS SOILS


The alluvial plains of the republic have more distinctive conditions of soil formation. The main factor in salt migration there is the stagnant ground waters occurring not far below the soil surface.


According to V.R. Volobuyev (1965), the alluvial plains in the region are clearly distinguished by a gradual reduction in accumulation, where the ground waters [eventually] stopped being fed at the expense of surface river waters. The same is true for new alluvial plains with contemporaneous accumulation of river flooding. Whilst capillary salinization dominates in the first area, in the second areas, which are subject to capillary salinization, the regions of capillary salinization occur side by side with regions having a leaching regime of wetting.


The presence of a very weak runoff from soils outside the massif, or the essential absence of runoff, has contributed to an unfavorable salt balance, where salt reserves in the soil ground thickness rise from year to year.


Soils of the region, beside having strong salinization, are distinguished in many cases by high alkalinity, which together with the hard argillaceous mechanical composition of soils having frequently a fused character, results in low water permeability and poor cultivability. The combination of these unfavorable factors in alluvial plains has created hard reclamation conditions.


Thus, as the results of the investigations in the described regions showed, the soil reclamation conditions of the lowlands of Azerbaijan vary quite widely. That is why measures for reclamation of saline soils there should be implemented starting with the natural conditions, and should be directed to upgrading of the soils and increasing their fertility. Thus, a differentiated approach to the reclamation of the separate geomorphological and soil-reclamation regions was proposed as the main task. The characteristics of the separate reclamation types of soils indicate that we are restricted in the application of the usual leaching with a collector-drainage network for reclamation on only a very limited area of the Azerbaijan lowlands. This, in particular, applies to the soils of the top zone and partly the outcrop zone of ground waters of the river debris cone. As for the remaining territories of the Azerbaijan lowlands, it would be insufficient to carry out the abovementioned measures for practical upgrading of saline soils of diluvial-proluvial plains, the border zone of river debris cones, and alluvial plains (attenuation of areas of contemporary accumulation areas and inter-ridge spaces). Radical reclamation of saline soils demands development of such systems of reclamation measures as were directed first of all to the major improvement of the physicochemical and water-physical properties of the soils, contributing to a significant rise in the effectiveness of the leaching, and to acceleration of the upgrading of the saline soils.


Such lands are widely distributed particularly in the Siyazan-Sumgayit massif, the Shirvan and Salyan steppes, South Mughan, the Karabakh steppe, and in the lower part of the Mil steppe, where ground waters are strongly mineralized, and occur not far below the surface, and the soils themselves are strongly salinized, alkalinized, and dispersed, and to a large extent have a argillaceous mechanical composition and rather low water permeability.










CHAPTER 2





THE STATUS OF THE UPGRADING OF SALINE SOILS OF THE LOWLANDS OF AZERBAIJAN


A number of researchers have devoted attention to the issue of leaching and development (reclamation) of saline lands under the conditions of those in the Mughan lowlands. The organization of direct field investigations involving experimental work, generally with respect to the leaching of saline lands of Azerbaijan, started not too long ago, after the 1930s, and was realized mainly at three locations: the Mughan experimental station (Jafarkhan), South-Eastern Shirvan (the Kara-Chala sovkhoz), and South Mughan. Due to the work in these areas, important experimental material has been accumulated and important conclusions have been made.


Extensive results of the work appear in the literature (N.A. Besednov, 1935, 1939, 1955, 1957; A.A. Shoshin, 1936, 1937, 1940, 1954, 1955; M.V. Kurushin, 1940, 1941; V.R. Volobuyev, 1941, 1948, 1960; V.A. Kovda, 1946; A.G. Morozov, 1962, etc.). More recently, the scale of this experimental research work has expanded. Experimental leaching of saline lands with a combination of shallow and deep drainage has been carried out in the Salyan steppe (M.S. Nunuparov, 1954) and positive results have been obtained in acceleration of ground water outflow, removal of salts, and desalinization of soil grounds. The network of experimental research work has also been expanded in the Kur-Araz lowlands, which have been the object of broad reclamation efforts. Experimental drainage plots have been set up in the Shirvan (A.K.Akhundov, K.G.Teymurov, 1958) and Karabakh steppes (Ministry of Water Economy, Ministry of Agriculture of the USSR, the Institute of Soil Science (Paedology) and Agrochemistry of the Academy of Sciences of the Azerbaijan SSR, and the Azerbaijan Scientific Research Institute of Hydraulic Engineering and Reclamation), and research work has been reopened in South Mughan (Azerbaijan Scientific Research Institute of Hydraulic Engineering and Reclamation).


The general work leading to the results of the experimental investigations of reclamation and development of saline lands under the conditions of Central Asia and Azerbaijan against a background of a collector drainage network (V.S. Malygin, 1939; N.A. Besednov, 1935, 1953; V.R. Volobuyev, 1948, 1960; A.K. Behbutov, 1951; V.M. Legastayev, 1952, 1953; A.A. Shoshin, 1954; S.I. Dolgov and V.F. Sukhenko, 1954; I.S. Rabochev, 1950, 1962; I.S. Rabochev and G.E. Efimov, 1955; M.S. Nunuparov, 1954, 1958; I.K. Penskoi, 1955; P.A. Kerzum, 1958; A.K.Akhundov, 1968, etc.) demonstrated the high effectiveness of drainage in desalinization of soil grounds. At present, the total length of the collector drainage network in Azerbaijan is ca. 7,000 km, which has contributed to the considerable improvement of the water regime and the reclamation conditions of the land. It is sufficient to mention that nowadays above one million hectares of lands, i.e. an increase of 1.5 times from the pre-war period, is irrigated in Azerbaijan.


The construction of the collector drainage network provides a basis for actively combating soil salinization. At present, there are about 250.000 hectares of lands of the republic provided with collector drainage networks. These networks helped to discharge approx. 1.5 billion m3
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