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ABSTRACT 

 

 This article presents the results of many years of research on the development of technology to improve the productivity of 

degraded farmland in the arid zones of the Russian Federation by means of comprehensive land amelioration. Author presents a 
conceptual model, reflecting the mechanism of the ameliorative effect on the degradation processes, occurring on the lands, suitable for 

agricultural use, under the impact of natural and anthropogenic factors. A set of ameliorative measures, differentiated for various types of 

farmland, are developed to ensure the optimal conditions for improving the natural resource potential of arid ecosystems and to prevent 
desertification of areas, removal of soil mantle relief, reduction of natural and anthropogenic salinity and alkalinity,as well asto eliminate 

a risk of other negative processes. Thearticle presents a classification of phyto-ameliorants of different ecological groups, suitable for 

practical implementation, which is based on the use of adaptive strategypatterns of production potential, the natural environment-forming 
and environment-optimizing functions of plants. Author gives recommendations ontechnologyto recover natural resource potential of 

secondary salinized irrigated lands, using non-conventional ameliorant crops.  

 
Key words: degradation, comprehensive amelioration, ecology, agrolandscape, phyto-ameliorants, natural potential, soil-protecting 

technology, productivity of arid crops. 

 

 

INTRODUCTION 

 

The problem of degradation and desertification 

of agricultural land over time is becoming more and 

more urgent, due to the globally noticeable climate 

change, increasing anthropogenic pressures on 

ecosystems at all levels and the lack of financing the 

works on land reclamation and the elimination of the 

negative agri-environmental effects.  

The aridization of climateleads to a decrease in 

sustainability of ecosystems to degradation, as it is 

evidenced by the current condition of lands in the 

territory of the European part of the arid belt of the 

Russian Federation. An extreme degree of 

degradation, namely desertification, which is clearly 

manifested, affects natural ecosystems and 

agricultural land to the greatest extent. Total land 

area liable to degradation and desertification in the 

Russian Federation is over 100 million hectares. Due 

to the negative integrated impact of various natural 

and anthropogenic factors, agricultural production of 

the country annually loses about 47 million tons of 

products in grain equivalent [1,2,3]. In the past two 

decades the attention of scientists of different profiles 

and environmental organizations, including UNEP 

(United Nations Environment Program) is attracted 

to the problem of arid areasdesertification. When 

solving this problem, the issuesoncause-and-effect 

relationsof desertificationare of special attention, 

because without a detailed study, analysis and 

interpretation of concerned process mechanisms it is 

impossible to develop an effective action plan to 

prevent and eliminate the negative effects. 

The Republic of Kalmykia is located in the 

European part of the arid belt of the Russian 

Federation, where desertification of a significant part 
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(80%) of its territory is one of the major 

environmental and socio-economic problems. The 

main desertification process components of 

agricultural land include pasture degradation, wind 

and water soil erosion, dehumidification and 

resalinization. Improving natural resource potential 

of degraded agricultural land in irrigated and rainfed 

conditions is possible on the basis of 

comprehensiveamelioration, aimed at reduction of 

the natural salinity and alkalinity, removal of soil 

mantle reliefand prevention of secondary 

salinization. The two main courses of amelioration 

(hydraulic and chemical) should be supplementedby 

the third measure, namely vegetative reclamation or 

phyto-amelioration, which is based on the use of 

biological reduction potential of arid plants in semi-

desert areas of southern Russia [4,5,6].Studies of 

domestic and foreign scientists have proved that for 

development of degraded agricultural land it is 

possible to apply various phyto-ameliorant cultures, 

capable of generating high yields under conditions of 

atmospheric drought and hydromorphic water 

regime, providingat the same time ameliorating 

effect on soil [7,8,9]. However, to date, in view of 

developing environmental and economic situations, 

the issues, related to recovery and increase the 

productivity of degraded landscapes, based on the 

use of production potential adaptive strategy patterns, 

as well as the natural environment-forming and 

environment-optimizingfunction of plants with 

various ecological specialization, are 

underinvestigated. 

The aim of our research was to develop 

theoretically justified comprehensive 

ameliorationsystem for reclamation of degraded 

agricultural lands of Kalmykia, based on phyto-

amelioration approach, and aimed at restoring the 

productivity of agricultural landscapes, soil fertility 

enhancement and improvement of the ecological 

state of the environment and the reclaimed land. 

 

Methods: 

On the territory of the Republic of Kalmykia 

there are four natural climatic zones (NCZ): steppe, 

dry steppe, semi-desert and desert. To assess the 

territory of the republic in terms of itssupply by 

natural heat and moisture, we usedthe data based on 

long-term observations during the time period from 

1970 to 2010. These data show that over the past 

three decades, fluctuations in annual precipitations 

were as follows: in the steppe zone 

(Gorodovikovsk):309-751 mm; in dry steppe zone 

(Elista): 248-492 mm; in the semi-desert zone 

(MalyeDerbety): 132-467 mm, and in the desert zone 

(Yashkul): 151-436 mm. Climate dryness is 

enhanced from the north-west (300-400 mm of 

precipitation per year) to the south-east (170-200 

mm). According to Land Registry of the Republic of 

Kalmykia, the majority (80%) of all arable land and 

more than 60% of the irrigated lands are 

characterized bycombinations of light chestnut and 

brown semi-desert soils with salt marshes (Table 1). 

  
Table 1: Soil coverstructure of the Republic of Kalmykia 

Soil type 

Total area, 

thousand 
hectares 

Proportion of the 

total area, % 

Including arable land 

Thousand 

hectares 

As % of total 

arable land 

Total chernozems 110.4 1.48 93.9 9.88 

including ordinary idiomorphic  108.9 1.46 91.7 9.76 

Total chestnut soils 1084.3 14.23 393.4 41.79 

 including dark chestnut soils,  50.0 0.67 40.2 4.28 

 chestnut soils and  77.6 1.04 47.9 5.04 

 light chestnut soils 945.0 12.94 301.8 32.76 

Total brown semi-desert soils 2128.7 30.04 109.3 11.69 

 including idiomorphic soils 2098.2 27.54 83.8 8.92 

Total sodic soils 2426.9 31.47 331.2 35.28 

 including chestnut idiomorphic soils 670.4 8.97 209.0 22.23 

 and semi-desert idiomorphic  1571.6 21.03 115.6 17.28 

Alkali soils  109.8 1.47 0.1 0.01 

Meadow soils 453.1 6.07 10.6 1.13 

Other type of land 1065.0 15.24 1.7 0.18 

including sands 664.8 8.90 - - 

Total land area  7473.1 100.0 939.3 100.0 

 

Experimental study on comprehensive 

rehabilitation of degraded land using phyto-

ameliorants were carried out on zonal brown semi-

desert soils, light-brown soils, and meadow-chestnut 

hard clay-loam soils using system analysis methods 

and field experimentstechniques. As research objects, 

we studied both soils, degraded due to secondary 

salinization, and the technology to restore them using 

phyto-ameliorants. 

When preparing and conducting field 

experiments, performing observations, surveys, and 

laboratory studies, we were guided by the 

methodological regulations of B.A.Dospekhov 

(1985) and Vilyams Feeding-Staff Research Institute 

(1987);the All-Russia Academy of Agricultural 

Sciences,in terms ofbioenergy assessment of the 

technology efficiency, usedin irrigated agriculture 

(1989); and the methodology recommendations on 
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the efficiency assessment of investment projects on 

reclamation of agricultural land (2003). Geobotanical 

studies were performed in accordance with the 

conventional technique, described in the 3
rd

 volume 

of "Field Geobotany" (Ponyatovskaya, 1964). 

Processing of the experimental data was carried out 

using correlation, regression, and variance analysis 

methods according to B.A.Dospekhov (1985), 

employing STATISTICA 6.0 software and 

MicrosoftExcelXP, the electronic spreadsheet 

processing tool.  

 

Results: 

Most common degradations in Kalmykia are 

caused by irrigation-related economic activity. 

Currently, there are five large water-supply and 

irrigation systems in Kalmykia (Sarpa system, 

Kalmyck-Astrakhan system, Right-Egorlykskaya 

system, Chernozemelnaya system and Caspian 

system), which are operated for over 30 years. The 

total area of reclaimed land is 90.3 thousand 

hectares, including 53.1 thousand hectares of 

regularlyirrigated lands and 37.2 thousand hectares 

of estuary irrigation [10,11]. Reclamation condition 

indicators of the regularly irrigated lands (in terms 

ofground water elevation and salinity) are as follows: 

good - 1.8 thousand hectares (3%), satisfactory - 16.7 

thousand hectares (31%), and poor - 35 thousand 

hectares (66%). The total area of secondary salinized 

irrigated land with varying degrees of salinity is 

about 45 thousand hectares or 85% of the irrigated 

area. Strong and very strong degreeof secondary 

salinization was observed in almost all water-supply 

and irrigation systems, except Right-

Egorlykskayasystem. This is due to the fact that all 

the water-supply and irrigation systemsin Kalmykia 

were built in the early 60s - mid 80s of the XX 

century. Despite the fact that they perform water 

supply and irrigation multipurpose tasks, technically 

they are not perfect. Virtually the entire network of 

main, distribution and discharge canalswas built as 

unlined canal without watertight screensthat leads to 

large losses of water, especially in light soils 

(system’sefficiency is just 0.6-0.7), as well as to 

processesof secondary salinization, alkalization, 

water-logging and bogging [12,13,14,15].  

Analysis of theoretical developments, as well as 

the generalization of domestic and foreign practical 

experience shows that the contemporary concepts of 

restoration of affected rangelands in arid areas is 

based on use of natural flora, evolutionarily adapted 

to living in arid conditions, as ameliorants 

[16,17,18]. In the context of irrigation in Kalmykia, 

agro-biological method was designed and tested in 

50-60s of the last centuryto develop low-sodium soils 

and sodic-solodized complexes in Arshan'-

Zelmenskarea. This method consisted in the use of 

agro-technical (deep plowing and fertilizing), 

moisture-accumulating (snowretention, fallowing, 

rechargeandflushingwateringonirrigatedlands),andbio

logicalmeasures(droppingof crop-

developers,resistant to sun and salt) 

thatcanincreasefarm 

cropyieldsandimprovesoilproperties [19,20]. 

Methods for ecological restoration of secondly 

desalinized land, using phyto-ameliorationmeasures, 

are described in the works of Kovda (1984), Mitchell 

(1989), Chhabra (1996), Shamsutdinov (1998), 

Rudneva (2000), and others.  

Analysis and systematic generalization of 

domestic and foreign experience [4,1,3,6,17,21,18, 

etc.] allowed us to develop a conceptual model 

enabling increasing natural resource potential of 

degraded agricultural land by means of 

comprehensive amelioration (Fig.1). The model 

reflects the interdependence of degradation 

processes, taking place on agricultural lands due to 

natural and anthropogenic factors. Applied 

comprehensiveameliorationmodels are differentiated 

by their effects for each type of agricultural land and 

are aimed at improving natural resource potential. 

Author suggests a classification of phyto-

ameliorantsthat are used to enhance the natural 

resource potential, depending on the type of 

agricultural landdegradation, with due regard to 

relationship of lands to ecological factors of the 

environment. It was revealed that for improvement of 

degraded pasture phytocenosesit is advisable to use 

as phyto-ameliorants introduced species of local wild 

plants, such as prostrate summer cypress, wheat 

grasses, camphor-fume, eurotia, wild rye, wheat 

grass and other plants, adapted to arid conditions. For 

phyto-amelioration of secondly salinized lands, we 

selected crops, non-traditional for Kalmykia 

conditions, such astopinambur, amaranth, mallow, 

fenugreek, etc., capable of forming high yields under 

atmospheric drought and hydromorphic water 

regime. For reclamation and fertility improvement of 

rice fields, we selected following ameliorant cultures: 

medic, tender green, spring canola and sunflower, 

which efficiently use the residual moisture remaining 

after rice for forming crop, enrich the soil with 

organic matter due to the additional supply of crop 

residues into the soil, enhance its biological activity, 

improve the phytosanitary condition of the fields, 

have a positive impact on growth, development and 

yield of the main plant of crop rotation, i.e. rice, 

reduce content of impurities in cropsandprevent 

plantsagainst failuredue to pestsanddiseases.  

For successful farming in the lands of all 

categories, rational reclamation systems for various 

natural and agricultural areas of Kalmykia are 

substantiated.This will provide, along with the 

planned crops yield, conservation and improvement 

of soil fertility, high stability of agrobiocenoses and 

sustainable favorable environmental situation in 

agricultural landscapes (Table 2). 
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Table 2: Comprehensive rational amelioration measures in natural and agricultural areas of Kalmykia. 
Landscape Plant Alluvial land (estuaries) 

Soil type 

Light chestnut alkaline 
soils, 

brown semi-desert mid-

loamy alkaline soils 

Brown semi-desert 

loamy soilsalong with 
black alkali desert soils 

Meadow brown semi-

desert soilsalong with 
black alkali desert soils 

 

 

 
 

 

Compre-
hensiveamelioration 

types 

Water-based 

Regular, inundative , 

drainage*, flushing, SCI, 

FA and AWS 

Regular, drainage, SCI, 
and AWS 

Inundative, AWS 

Agronomic 
Erosional-preventive, 
integrated agrochemical 

land restoration 

Erosional-preventive, 
integrated agrochemical 

land restoration 

Erosional-preventive 

restoration 

Chemical 
Fertilizers, 
soilameliorants* 

Fertilizers, soil and water 
ameliorants* 

Fertilizers, 
soilameliorants 

Biological 

Recovery of NG 

productivity, canalside 

forest planting 

Recovery of NG 

productivity, canalside 

forest planting 

Utilizing cultures of 
degraded lands 

Application method 
Forage, field and 

vegetable crop rotations 

Rice, vegetable and 

fodder crop rotations 

Rice crop rotation, 

hayfields 

 
Natural zones Dry steppe zone 

Landscape Watershed upland Hillsides 
Floodplain (river beds and 
gullies) 

 

 

Soil type 

Dark chestnut, chestnut 

and loamy meadow-
chestnut along with 

saline-alkali soils 

Light chestnut alkaline 

loamy soils along with 
alkaline up to 20% 

Alluvial-meadow 

alongwithcloughs and 

rivulet valleys, dark brown, 
brown and loamy meadow-

chestnut soils with saline-
alkali soils 

 

 

 
 

Compre-

hensive 
reclamation 

types 

Water-based 

Regular*, inundative*, 

drainage, SCI, FA and 

AWS 

SCI*, FA andAWS 
Inundative, SCI, drainage*, 
FA and AWS 

Agronomic 
Erosional-preventive, 

IALR 

Erosional-preventive, 

IALR 

Erosional-preventive, 

IALR 

Chemical 
Fertilizers, soil*and 

water ameliorants 
Fertilizers, soil*ameliorants Fertilizers, soil*ameliorants 

Biological 
Canalside forest planting 

, NG, IA 

Forest, NG productivity 

restoration 

Forest, NG and IA 

productivity restoration 

Application method 

Forage, vegetable crop 

rotation, non-irrigated 
pasture 

Reclamation and vegetable 

crop rotations, non-
irrigated pasture 

Hayfields and pastures 

Notes to Table 2: * means that use of ameliorationsis limited due to greater risk of secondary negative processes or low economic 

efficiency; FAis field amelioration; AWS is agricultural water supply; NG is natural grasslands; IA is irrigated agriculture; c/ris crop 
rotation; IALR isintegrated agrochemical land restoration; and SCIis small-contour irrigation. 

 

Irrigation reclamations are the most effective 

factor influencingyield capacity, as well as efficient 

soil and cropsfertility in all areas of the Republic.In 

the semi-desert and desert areas this technology is 

the only guaranteed measure of sustainable 

agricultural production.Technologies to increase 

productivity of degraded farmland in Kalmykia by 

means of comprehensive amelioration include the 

following. 

 Technology to restore the natural resource 

potential of secondary salinized irrigated land, no 

longer used for agricultural purposes, with the use of 

non-traditional crops, such as, for example, 

topinambur. This technology based on topinambur 

cultivation on saline soils with a high groundwater 

level (1.5-2.0 m) includes graded irrigation 

regimedepending on plant development phases and 

two-cuts use of green mass;it provides saving of 

irrigation water up to 30%, yield of crop up to 20 

t/ha,as well as improvement of soil properties and 

increasingsoil fertility.  

 Phyto-ameliorants cultivation technology 

(brown mustard, spring rape, sunflower, and blue-

hybrid alfalfa) to restore the land of long-term use in 

the rice crop rotation. Cultures should be placed in 

the rice crop rotation on the checks after two years of 

rice cultivation with yielding moisture reserves of 

280-350 mm. The groundwater depth level should be 

within the range 1.5-1.7 m, and the total 

mineralization must be equal to 5-6 g/l [13,12,11]. 

 Technology of essential improvement of 

degraded pastures using biological reclamation 

methods provides creation of high-yielding lay lands 

with productivity exceeding the level of natural 

grassland by 2-4 times [9, 16]. On light not salinized 

soils (sandy and sabulous soils) under the conditions 

of Kalmykia we recommend to cultivate the crops of 

Siberian wheatgrass. Soils of average granulometric 

texture (loam and clay soils) should be used for 

cultivation of desert wheatgrass, which is normally 

developing even at very strong chloride and soda-

chloride salinity (0.4% Cl- and 0.1 Cl- + 0.03% 

CO3).
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Fig. 1: Conceptual model of the natural resourcepotential growth of the degraded land by means of 

comprehensive amelioration; 

- the type of degradation is excluded, 

         

                  - the type of degradation is controlled by means of comprehensive amelioration. 

 

Resource-saving technology of topinambur 

cultivation on saline soils with a high groundwater 

level (1.5-2.0 m) that includesgraded irrigation 

regime (maintaining of preirrigation soil moisture 

during the period of 4-5 pairs of leaves (p.l.) in the 

layer of 0-0.4 m, and during the period of 5-10 p.l. in 

the layer of 0-0.7 mat 70-75% of field moisture 

capacity (FMC); in a period of 12-20 p.l.– 60-65% of 

FMC), allows one to receive up to 59.6 t/ha of green 

mass and 25.1 t/ha of tubers with a total yield of 

fodder units equal to 19.5 t/ha,ensuring at the same 

time ameliorating effect. Irrigation while maintaining 

humidity at 70- 75% of FMCleads to reduction of the 

toxic effect of salts high concentrations during the 

whole inter-irrigation period. By reducing the 

moisture content down to 60-65% of FMS, decrease 

in the concentration of the soil solution helps to 

recharge soil by groundwater (salts 2.2-3.8 

g/l)thatmakes it possible to increase the yield of 

green mass onstrongly salinized soils (> 0.50%) by 

10-11%at one-cut use, and 48-73 % at two-cut use; 

in terms of tubers, these figures are 52-92%and 64-

106%, respectively [15, 6].  

We substantiated the environmental efficiency 

of ameliorating effect of ameliorant cultures in rice 

crop rotation: water-physica lproperties improved 

(total porosity and aeration porosity increased by 5-7 

% and 9-12 %, respectfully); consistence density 

decreased by 7.52-10.3%; number of most valuable 

soil aggregatesin terms of agronomy (0.25-10 mm) 

increased by 9.95-16.04%,whereas the structuring 

coefficient increased from 0.9 to 1.7-1.9; 

groundwater level and the risk of land flooding 

declined by 35%. Plowing of crop residues (from 4.0 

to 14.8 t/ha) makes it possible to increase the humus 

content by 15-18%, improve the phytosanitary 

condition of the rice fields by 42-75%, and increase 

the grain yield of rice by 0.39-1.13 t/ha.  

Productivity of seeded perennials (Siberian 

wheatgrass and desert wheatgrass) under arid 

ecological conditions is determined by moisture 

conditions, as well as their biological, ecological and 
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physiological properties. The maximum yield of 

green mass of desert wheatgrass on brown semi-

desert mid-loamyalkaline soils is obtained 

forcontinuous plantingin spring period at a normal 

rate of 10-10.39 t/ha or 2.21 t/ha of dry mass. 

Siberian wheatgrass is most drought-tolerant kind of 

all wheat grasses, though in very dry yearsit does not 

get into ear. It requires lower temperatures during the 

development out of seeds and autumn tillering. 

Radical improvement of pastures by planting 

Siberian wheatgrass on sandy soils in the autumn 

term of sowing leads to the fact that plants form 

more dense sward. The technology of essential 

improvement of degraded pastures provides 

wheatgrass hay yield at the amount of 1.6-3.2 t/ha;at 

that, the economic effect is 3.1-5.0 thousandrubles/ha 

at the profitability level of 30-40%. 

 

Conclusion: 

Comprehensive evaluation of natural resources 

of Kalmykia allowed us to reveal that the area under 

study is very rich in terms of solar radiation (197.6 

kJ/cm
2
) and thermal (∑t>10> 3600

0
С)resources.At 

that, the shortage of evaporating capacityis 3-5 times 

higher than the amount of precipitation, and the 

probability of dry years exceeds 30%. The soil cover 

is characterized by a large diversity and reduced 

productivity class. More than 80% of all tillable land 

and more than 60% of irrigated land represent light-

brown and brown semi-desert soils with salt marshes. 

Outof 6264 thousandhectares of Republic’s 

farmland, 77.9% are exposed to various types of 

degradations, including wetlands (93.96 thousand 

hectares), eroded lands (526.18 thousand hectares), 

deflated lands(1753.92 thousand hectares) 

andsalinized lands (2505.6 thousand hectares).  

We propose comprehensive ameliorative 

measures, differentiated for various types of land, 

which are intended for agricultural use, to ensure 

optimal conditions for improving the natural resource 

potential of arid ecosystems and to prevent 

desertification of areas, removal ofsoil mantle relief, 

to reduce natural and anthropogenic salinity and 

alkalinity, as well as the risk of other negative 

processes.  

The article was prepared within the framework 

of state assignment of the Russian Ministry of 

Education and Science "Ecological and landscape 

system for adaptive land use, biological and agri-

ameliorative cultivation techniques to improvelow-

yielding zonal types of dry steppe and semi-desert 

soils in the cost-effective crop production" (KalmSU, 

project code # 2726). 
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