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[2]. Pastures covering 185,5 million hectares refer to the prevailing type of lands, while
60% of their area is confined to the desert and semi-desert zones with low productivity
of grass stand.

Another problem that increases the risk of food insecurity in the country, is the
predominance of private ownership of land, which involves: small-scale commodity
production; lack of scientific knowledge in the field of landscape planning and
application of advanced technologies of land use; lack of possibilities for farmers to
independently solve the problem of water supply of lands and construction of watering
facilities. Agricultural formations, trying to get the maximum profit, use consumptive
technologies of land use and do not take into account the compliance of the existing
structure of the agricultural use of natural resources with their ecological potential.
Analysis of the current state of the country's agricultural lands has shown that about
45% of their area is exposed to various types of degradation (water erosion, deflation,
dehumidification, land pollution by agricultural waste) [2], which leads to a decrease in
the area of arable lands and contributes to the reduction of natural resources potential of
the country.

Food security is the socio-economic problem, which has a wide reflection in the state
documents, one of which is the "Program for the Development of Agro-Industrial
Complex in the Republic of Kazakhstan for 2013-2020" [3]. The solution to this
problem in the context of geographical science is possible with the development of
landscape-ccological bases of land use, which involves analysis of the current state,
assessment of trends of changes in natural complexes under the agricultural impact and
equally takes into account the socio-economic needs of the people and the ability of
natural-resource potential of the country to meet the needs of the society in foodstuffs.

METHODS

Landscape-ecological bases of ensuring food security in Kazakhstan are developed
using a system approach and ecological-economic balance [4], which allowed to
evaluate the forms of organization of agricultural production, taking into account natural
conditions and the possibility of environmentally friendly arrangement of the territory.
In this respect, the paramount importance belongs to landscape mapping, as a landscape
map brings objective information on the spatial distribution of natural complexes of
agricultural purpose and is basic for preparation of application maps. The basis of the
analysis of the landscape structure of Kazakhstan was the system of typological units:
class (plains and mountains) - subclass - type of the natural zone (steppe, desert, etc.) -
subtype - type of landscape [5]. Type of landscape, which contains information on the
nature of the relief, lithology of rocks, soils, vegetation and their anthropogenic
transformation, is selected as the basic taxonomic unit of representation on the map.

The environmental status of agricultural lands in Kazakhstan was estimated according
to informative indicators grouped in four ecologically significant appraisal groups: the
natural conditions (climate, soil indices, relief, water supply, etc.); the level of
agricultural impact (degree of plowing, degree of irrigation impact, pressure of livestock
on pastures, the presence of livestock and poultry farms, the use of fertilizers and
pesticides, etc.); consequences and factors of agricultural impact (pollution and
degradation of soil and vegetation cover, loss of humus, etc.); the scope and focus of
manifestations of natural and man-caused processes and phenomena (salinization of
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soil, water and wind erosion, waterlogging and flooding). A quantification scale was
taken for each evaluation indicator, according to which the agricultural lands were
ranked by level of ecological state [6]. The overall level of the ecological state of
agricultural lands is a cumulative index of all the components. Five levels of ecological
condition of lands were distinguished on the basis of the developed estimation scales: a
favorable, relatively favorable, satisfactory, stressed and critical. On the map of the
"Landscape-environmental status of agricultural land in Kazakhstan" on the scale of
1:2500000, the degree of the environmental status is shown in color. The main factors
determining the environmental status of agricultural land are marked by letter indices
(in the numerator), and in the denominator- there are the serial numbers of the dominant
natural complexes. The types of agricultural use are reflected on the map by shading.

The main indicator of the efficiency of use of agricultural land is the estimate indicator
of the ratio of actually produced gross crop and livestock production per unit area of
agricultural land of the selected landscapes to respective index of products, which can
be achieved in these kinds of landscape at an affordable level of development of
productive forces. In determining the coefficient of efficiency of use of agricultural
land, the following estimate indicators were used: land structure, crop yields,
productivity of rangelands, forage yield per unit area of agricultural land, the gross
output of crop and livestock production in kind and money equivalents [7]. On the map
of the "Efficiency of agricultural land use in Kazakhstan" on the scale of 1:2500000, the
efficiency is shown in color, the predominant landscapes are reflected on the map by
shading. A set of methods, the leading of which are methods of mathematical
processing of cartographic and statistical data, is used for the analysis of the current
state of natural complexes of agricultural purpose.

RESULTS AND DISCUSSION

Landscape-ecological bases of food security in Kazakhstan are considered by the
authors as a set of methodical and applied researches, the use of which allows to
develop regional environmental protection measures and schemes of agricultural land
management for the successful solution of the problem of self-provision of the
population with foodstuffs. In this case, it is necessary to consider agricultural land as
natural and agricultural systems, which by their nature are part of the landscapes,
tending in their development to the original invariant, have a certain structure and ties
with other geosystems. The main conceptual line of the development of landscape-
ecological bases of food security is its being comprehensive and interdisciplinary, which
involve the use of the following approaches: systemic, ecological and economic
balance, genetic, historical-geographical, regional, typological and environmental.
Using the above mentioned approaches allowed the following in the territory of
Kazakhstan: to assess the heterogeneity and diversity of the landscapes and to trace their
transformation under the agricultural impact; to establish the existing forms of
organization of agricultural production, to determine the degree of its compliance with
the natural-resource potential and the ecological status of the region; to improve land
use structure, to justify landscape and environmental feasibility of conducting those or
other agricultural activities and to develop environmental protection and organizational
measures. A compulsory condition in the agricultural development of land is the
protection of the natural complexes that form the landscape-ecological framework and
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support the sustainability of agricultural systems. Fulfillment of the above memim_led
conditions will provide low cost, adaptability, sustainability of agricultural product{on
on the one hand, and the preservation of resource-saving and environment-forming
functions of landscapes, on the other.

Landscape-ecological bases of ensuring food security should be confirmed by a high
level of scientific and information support, mainly cartographic, which is the natural
basis for sustainable agricultural nature management. Landscape map of Kazakhstan on
the scale of 1:2500000 compiled on the basis of the results of long-term research,
objectively reflects the spatial distribution, the interrelationship o_f natural complexes,
the peculiarities of their transformation. The map is accompame(_i by an gxpapded
legend, which reflects both background landscapes and their derivatives mod}ﬁc:_atlons.
The territory of Kazakhstan is characterized by complex structural organization of
landscapes, significant diversity of their types (677 types of landscapes are identified)
and their being subdivided that should be considered in the agricultural deve!opmgm of
natural complexes. There are two classes of landscapes - plains and mountains (Figure

1).

Landscapes of Kazakhstan
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Figure . - Fragment of the ““Landscape map of Kazakhstan™ with a legend

Plains are presented by lowland, upland and hummocky natural complexes, ocgupying
85% of the country's arca. Mountains are formed by natural complexes of foothills, low
mountains, middle mountains, high mountains and inter-mountain depressions, which
account for 15% of the entire area. Natural complexes of low-lying plains (31% of the
total number of selected landscape types), foothills (22%) and upland plains (18%) are
characterized by the greatest diversity of types and repeatability. Natural complexes. of
Kazakhstan function in conditions of relative scarcity of rainfall and soil moisture, high
temperature and wind conditions, and over 45% of the country's area is coyered by
desert landscapes, which considerably limits their agricultural use. Analysis of the
country's landscape showed that the consequence of intensive and ]arge-scalc_
involvement of the territory in agricultural production was the development of
anthropogenically disturbed natural complexes, which greatly reduces the level of food
security of the country. Within the plain part, the largest areas of disturbed landsFapes
are confined to low-lying (68,1% of their area) and upland (57% of their area? plains of
the steppe and forest steppe zones. In the foothill part of Kaza_khs_tan intensively used
for agricultural purposes, 52% of the area of foothill landscapes is disturbed.

One of the conditions of ensuring food security of the Republic of Kazakhstan is the
identification of environmental problems and regional conflicts in the field of land use
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and agricultural production and the development of an overall strategy of environmental
protection activities. Cartographic assessment of the environmental status of agricultural
lands was carried out within the boundaries of the prevailing types of landscapes.
Modem environmental situation of agricultural lands is formed under the influence of
natural and anthropogenic factors. The natural preconditions affecting food security of
the country include: dissected relief, stressed hydrological and hydrothermal conditions,
low productivity class of soil, natural salinity of soil and its being covered by detritus,
the development of water and wind erosion. The area of agricultural lands with features
listed above makes up about 56% of the area of agricultural lands. Types and methods
of agricultural impacts on natural complexes should be identified out of anthropogenic
factors affecting the food security of the country.

Cartographic analysis of the environmental situation of agricultural land (Figure 2)
allowed to reveal that the largest areas are occupied by lands of satisfactory
environmental status (52,7% of their area), which are confined to the natural complexes
of upland and lowland plains (in the north and central parts of the country), foothills (in
the south of the country) and undergo agricultural (rain-fed or irrigated) and grazing
impacts. Agricultural lands of favorable and relatively favorable environmental status
occupy 34,7 % of the agricultural land area and are confined to the semi-desert and
desert plains and mountains, experiencing the slight impact of distant-pasture livestock
breeding.

The stressed ecological status of agricultural land is observed on 8,3% of the
agricultural land area and is characterized by significant disturbances in natural
complexes caused by the excess of permissible norms of anthropogenic impact and non-
compliance with land-use technology. The stressed ecological condition of agricultural
land is recorded within the steppe zone with well-developed rain-fed farming and high
density of agricultural enterprises, in the south of the country within the river valleys
with the developed irrigated agriculture, high density of the location of grazing
livestock and agricultural-residential complexes, as well as within the acolian plains in
the south and west of the country experiencing significant pasture loads. Critical
ecological status takes place on 4,3% of the area of agricultural land and is observed on
the dried bottom of the Aral Sea, which has the status of the zone of ecological disaster
and in the south of South Kazakhstan region, where agricultural land is experiencing
loads, several times exceeding the permissible ecological and economic norms.

The main environmental problems on agricultural lands of forest steppe and steppe
natural zones and within the foothills, affecting food security in the region, include:
high degree of plowing of the territory and reduction of soil fertility; the development of
erosion processes; significant spreading of alkaline and saline natural complexes: high
load of livestock on pastures and a relatively high density of livestock farms. In
agricultural lands areas of irrigated agriculture of the desert zone, the main
environmental issues are: disturbance of the hydrological regime caused by the
withdrawal of water for irrigation; pollution of surface water by wastes of agricultural
production; the poor state of the irrigation network; loss of biodiversity and productivity
of grassland and riparian ecosystems; contamination and re-salinization of soils.
Environmental issues on the pastures of the desert zone include reduction of their
natural resource potential as a result of non-normalized grazing, cutting down of shrubs
for fuel and the development of deflation.
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Figure 2. - Fragment of the map “Landscape and ecological condition of agricultural
lands in Kazakhstan” with a legend

One of conditions for ensuring food security in the Republic of Kazakhstan is to
improve the efficiency of use of agricultural land in accordance with the landscape type
they refer to. Several periods can be distinguished on the territory of the country by the
level of efficiency of use of agricultural land by various agricultural formations. Most
efficient use of agricultural land was recorded in the period from 1958 to 1990 and was
due to the development of virgin and fallow lands. The period from 1991 to 1996 was a
period of economic crisis, a sharp decline in the volumes of agricultural production and
enhance of the threat to food security of the country. Currently, there is the growth of
production in the sectors of plant cultivation and livestock farming, but in view of the
private ownership of land and the unequal access of agricultural producers to water
resources, a great range of the level of efficiency of agricultural land use is observed on
the territory of the country (Figure 3).

Cartographic assessment of the efficiency of agricultural lands use showed that the
inefficient use of lands (efficiency coefficient 0,1-0,4) is recorded on 12,8% of their

526

area, prevails within the natural complexes of the central part of Karaganda region, the
south-west of East Kazakhstan region, south of Mangystau region and is due to the lack
of knowledge among farmers in the field of landscape planning and the system of
agricultural management. Inefficient use of agricultural lands (efficiency coefficient
0,5-0,6) is recorded on 23,9% of their area in the landscapes in the south of West
Kazakhstan region, south-east of Aktobe region, west of Akmola region, and is due to
the fact that the farmers do not use modern technology of growing crops. Effective use
of agricultural land (efficiency coefficient 0,7-1,0) is observed on 49,4 % of the area of
the latter, mainly in the landscapes of the northern and southern Kazakhstan, which play
an important role in ensuring food security of the country.
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Figure 3. - Fragment of the map "Effectiveness of agricultural land-use in Kazakhstan"
based on landscapes with a legend

CONCLUSION

In the Republic of Kazakhstan, the problem of self-provision of the population with
foodstuffs is due to natural conditions in the region, the system of economic
management in terms of private ownership of land, insufficient study of scientific bases
of agricultural nature management and the lack of development of a mechanism for
sustainable provision with foodstuffs at the regional and local levels. Practical
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application of the developed landscape-ecological bases of food security in Kazakhstan
will contribute to increase in the volumes and the range of food products on the one
hand, and the preservation of landscape and resource potential of agricultural lands, on
the other. The territory of Kazakhstan is characterized by considerable diversity of
landscapes types, the sustainable use of which based on the application of adaptive land
management technologies will make it possible to solve the problem of food security in
the country. The results obtained for the structure of modern landscapes, and the data on
the effectiveness of agricultural land use and their ecological status, allow to develop an
action plan to improve the efficiency of agricultural production and the conservation of
natural resources potential of the country, and the developed methodological approaches
to the compilation of thematic maps compensate for a deficiency in scientific
knowledge in the field of agricultural nature management.
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ABSTRACT

Large areas of soil are historically contaminated with petroleum hydrocarbons, mainly
due to lack of environmental protection legislation and careless oil extraction in the
past. In some cases, one of the potential remedial actions may be the bioremediation of
the oil contaminated soil, due to low cost and low environmental impact. The focus of
this research paper was to analyze the efficiency of the ex-situ bioremediation of oil
contaminated soil at a large scale, in the open air. The investigations were performed by
an ex-situ method in a bioremediation plant with a large capacity. Experiments were
conducted both in open air (large scale, less controlled environment) and in the
laboratory (small scale, controlled environment). Aeration of the contaminated soil was
done using a windrow turner that also had a sprinkler system mounted on it for humidity
control. Laboratory analysis was conducted at the beginning to check the availability of
petroleum degrading indigenous organisms in soil. The hydrocarbons degrading speed
was higher in the field trials under laboratory conditions, but only in the first phase. The
experiments showed up that the overall remediation speed in a longer period of time
tends to be equal in laboratory and in uncontrolled environment.

Keywords: bioremediation, petroleum, oil, contaminated, soil

INTRODUCTION

All around the world there are a lot of areas with petroleum hydrocarbons contaminated
soil, most of them around the oil extraction wells. There are more remediation
techniques [1], but the most promising one is in most of the cases ex-situ
bioremediation, especially when the contamination is not very deep in the soil layer.
Studies have been conducted, but the variation of the degrading speed depends on so
many variables, that further research must be carried on [2].

In this study a full scale ex-situ bioremediation process of the petroleum contaminated
soil was developed in order to study the hydrocarbons degrading speed and also the
speed difference between indoor and outdoor conditions. The bioremediation method
used was soil composting in windrows.
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ABSTRACT

Landscape-ecological bases of ensuring food security in Kazakhstan are described in the
article. Consideration of landscape structure and resource potential of the country,
cstablishing their compliance with agricultural use, as well as the assessment of the
cnvironmental status of agricultural land will allow to develop a scientifically based
system of actions to improve the food security of the country. These circumstances are
confirmed by cartographic models. Map of modern landscapes of Kazakhstan reflects
the patterns of spatial distribution of natural complexes and represents the basis for
applied research. Cartographic assessment of the environmental status of agricultural
land in Kazakhstan and the efficiency of their use allow to identify types of agricultural
use of the landscapes, the environmental status of lands, the main environmental
problems associated with agricultural production and the degree of their rational use by
farm enterprises. This research was carried out on the basis of mathematical processing
of statistical data using the methods of field mapping, profiling, and interpretation of
satellite images, using modern GIS technology and a complex of the methods of
compiling thematic maps.
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INTRODUCTION

I'nsuring food security and guaranteeing the regular access of the population to
loodstuffs is a major challenge not only for the Food and Agriculture Organization, but
also for Kazakhstan, which is a major producer of grain and meat. Degree of the
development of the agrarian sector is the determining factor of the economic and socio-
political stability of the society. Nevertheless, the government suffers from problems
with the level of self-sufficiency of the population in basic foodstuffs (in % of
physiological needs), which makes up 82,3% for such types of products as milk, eggs -
71,2%, meat - 69,8% [1]. This problem is caused by arid natural conditions of the
country, insufficient study of scientific bases of agricultural nature management and a
low level of agricultural production. Agricultural land occupies 222,5 million hectares
or 81,6% of the country's area. Total 24,9 million hectares is used for agriculture, but
only 4,2 million hectares of them have the productivity class score of more than 50 units
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