
Strategic Ecological Assessment of the State of the 
Transboundary Catchment Basin of the Dnieper River under 

Extensive Agricultural Load

Indian Journal of Ecology (2017) 44(3): 442-450

Abstract: The most promising is a practical evidence-based implementation of basin principle of nature, which involves the use of an 

integrated approach to land-and water conservation measures on the basis of the systematic research. The basis of the research objectives is 

entrusted with the implementation of Strategic Environmental Assessment (SEA) of space-time transformation of landscape of the eco-

systems of the Dnieper river catchment area on the basis of river basin approach. Strategic environmental assessment and spatial clustering 

was carried out on six indicators of agrogenic transformation of structural and functional state of landscape ecosystems of the Dnieper river 
îbasin: forest cover, plowing, squares slopes more 1 , squares slopes of southern exposure, the area cultivated slopes, eroded areas of arable 

land. As a result, SEA and geo-modeling determined that more than 50% of the Dnieper basin has high agrogenic transformation of the 

structural and functional status of the landscape ecosystems. The main criterion for the destabilization of agricultural landscapes is a high level 

of tillage. In this case the most effective tool for improving the ecological balance of the territory of the trans-boundary basin study is the 
2reduction of arable land for other land or environmental fund 470 sub-basin boundaries with a total area of ~ 346.3 thousand km . Rational land 

use in accordance with the strategic environmental assessment should take into account the characteristics and features of the landscape, 

promote the protection and reproduction of soil, vegetation and other natural components in a single agreement between the countries of 

trans-boundary basin.
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In recent years, the need and importance of operations of 

the strategic level, aimed at regulating and ensuring 

environmental sustainability of geo-hydro system of trans-

boundary basins are growing. To ensure a comprehensive 

approach to the environmental assessment and 

management of trans-boundary basins the environmental 

assessment methods have been set that require constant 

improvement and amendments by the principles adapted to 

policies, plans and programs of neighboring countries, 

primarily in the areas of trans-boundary basins. In European 

practice, evaluation of policies, programs and development 

plans and ensuring environmental sustainability units 

Directive 2001/42 /EU “On Strategic Environmental 

Assessment” is used. Strategic Environmental Assessment 

(SEA) is the main instrument for integrating environmental 

considerations (including health) in the development of plans 

and programs in ensuring the environmental sustainability of 

trans-boundary basins. Directive 2001/42/EU defines the 

obligations of the government (or those of private 

organizations that provide public services) to identify and 

assess potentially significant environmental effects of the 

proposed plans and programs (not politicians), including 

cross-border cooperation, view to easing or avoiding a 

potentially significant negative impact on the environment 

prior to approval of such a plan or program. SEA promotes 

sustainable development through the promotion of 

environmental issues in economic and social development 

and the integration of green economy objectives and 

sustainable consumption and production in the strategic 

decision making. The issue of the need, development, and 

methodological development of the direction and feasibility of 

using strategic environmental assessment was studied 

earlier (Palekhov, 2005; Khlobystov, 2005; Chernykhivska, 

2011).

The Dnieper river is one of the largest rivers of Europe, 
2the swimming pool which is 511 thousand km  and is located 

within three states (Fig. 1) the Russia (19.8% of the total area 

of the pool), Belarus (22.9%), and Ukraine (57.3%). Cross-

border Dnieper basin is a diversified complex that has a high 

natural and socio-economic value to the three neighboring 

countries, but the environmental crisis, caused by the 

construction on the Dnieper cascade reservoirs that 



completely changed the dynamics of flow, extensive system 

management, large-scale land reclamation, construction 

within the basin of the industrial complex, vast amounts of 

water for industrial and agricultural production, dumping 

large amounts of contaminated water, etc. (Romanenko at 

al., 2000; Lisetskii at al., 2013; Pichura at al., 2015), led to a 

significant deterioration in the functioning of integrity of geo-

hydro-eco-system of the trans-boundary basin, and quality of 

drinking water and as a result, led to deteriorating the health 

of people. Because of historical patterns of development of 

the Ukrainian part of the Dnieper river basin in its territory is 

more than 60% of total industrial production in Ukraine. The 

area of arable land trans-boundary basin is 283 thousand 
2km , or 55.4% of the total area of the basin, of which 206 

2thousand km  (72.8%) are in Ukraine. About half the state's 

population resides in the territory of the basin and two thirds 

drink water from the Dnieper. Therefore, taking into account 

the conditions of high anthropogenic load for the rational 

management of natural resources, the search for optimal 

interaction between management, man and nature is 

necessary, i.e. the formation of balanced relations between 

the exploitation geo-hydro-ecosystem their guard and 

purposeful transformation (Lisetskii et al., 2015).

Taking into account the socio-economic situation of 

cross-border the environmental situation in the Dnieper basin 

is constantly unstable (Lisetskii et al., 2014). Therefore, to 

solve the environmental problems of trans-boundary River, 

the most promising is a practical evidence-based 

implementation of basin principle of nature, which involves 

the use of an integrated approach to land-and water 

conservation measures on the basis of the systematic 

research. The main stage in the territorial organization of 

trans-boundary basin environmental management is to 

determine the spatial and temporal patterns of processes of 

degradation of the complex as a whole and determine 

specific relationships to research chain “environmental 

sustainability or breach of landscapes-the quality of surface 

water - human health” conditions for sustainable operation of 

the natural geo-hydro-ecosystem Dnieper basin, meeting the 

needs of the population and production of natural resources 

with minimal disturbances of geo-environment of natural 

integrity and improving the nation's health. Geo-planning of 

the territory of trans-boundary river basin should be based on 

assessment of agro-genic transformation of structural and 

functional state of landscape ecosystems as the main 

violator of integrity geo-hydro-ecosystem and environmental 

problems of the Dnieper river basin. 

The basis of the research objectives is entrusted with the 

implementation of strategic environmental assessment of 

space-time transformation of landscape of the ecosystems of 

the Dnieper river catchment area on the basis of river basin 

approach. The advantages of using the basin approach for 

environmental research and the organization of 

environmental management indicates the clarity and 

simplicity of selection borders; hierarchical structure that 

allows you to jump to different territorial levels of government; 

organization unidirectional flows of matter, energy and 

information; geo-system relationship that enables to carry 

out all types of environmental monitoring; restriction of soil 

and vegetation, settlement system and environmental 

management to individual basin structures; localization 

anthropogenic sources of pollution along watercourses 

watershed.

MATERIAL AND METHODS

To separate annual sub-basin of the Dnieper river into 

groups depending on the order of the main channel, the 

approach of Stralera-Filosofova was used (Simonov at al., 

2004; Pichura, 2016). The ability to study geomorphological 

features of the load on the Dnieper basin and all components 

of the landscape in relation to the characteristics of water flow 

parameters allows the basin organization area at watersheds 

erosion forms IV procedure, which provides for the 

Fig. 1. Geographical location of the Dnieper basin
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identification of landscape heterogeneity territory.

Agricultural development and distribution of forest area in 

the basin of the Dnieper river is determined based on 

decoding of the data of the land remote sensing (LRS) using 

correctly calibrated series of MODIS satellite images 

(geometric distinction ~ 230×230 m) as of April 23 and August 

13, 2015. Thematic image interpretation procedures 

conducted on the basis of dimensionless index NDVI-

normalized differential vegetation index. The official statistics 

were used for the purpose of comparison and correction of 

the results.

To investigate the erosion potential of landscapes 

different-order catchment of river sub-basin by morphometric 
îcharacteristics of the terrain (part of slopes is more than 1 , 

Part of the southern slopes, the proportion of cultivated 

slopes) using the working module Surface of Spatial Analyst 

Tools and Zonal Statistics of Spatial Analyst Tools.

Earlier a systematic approach was presented, using 

cluster analysis, multi-functional GIS-instruments and LRS 

data to analyze anthropogenic load capacity and display of 

water-erosion processes in agricultural landscapes in the 

territory of the regional geo-eco-system. Reproduced in part 

approach used for grouping different-order watershed sub-

basin of the Dnieper river for agricultural development and 

environmental condition. Spatial clustering was carried out on 

six indicators to assess agrogenic transformation of structural 

and functional state of landscape ecosystems of Dnieper river 
îbasin: forest cover, plowing, squares slopes more 1 , squares 

slopes of southern exposure, the area cultivated slopes, 

eroded areas of arable land. For this, Grouping Analysis of 

Spatial Statistics Tool was used. For processing, GIS analysis 

and mathematical modeling spatial heterogeneity of 

distribution of the studied parameters used licensed software 

ArcGIS 10.1, MathWorks MATLAB 7.9 R2009b and 

STATISTICA Advanced + QC for Windows v.10 Ru.

RESULTS AND DISCUSSION

As a result of spatial hydrological gemodelling, almost 

half the length of all the erosion forms of the Dnieper river 

basin is forms of 1st order, and 90% of the total length is 1-4 

orders of magnitude. For all the basin of the Dnieper (S = 511 
2thousand km ) identified 776 sub-basins (Fig. 2) ranging from 

21.9 to 22,680.2 km  IV-IX orders (Table 1). As a result, the 

comparative analysis of the structure of space slopes of 

(a) (b)

Fig. 2. Spatial organization of the internal structure of the Dnieper river basin: a. ordinal structure valley and ravine-beam 
network; b. basin structure 
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different orders in the Dnieper basin and that of modal pool 

found that the top link of the mainstream of the Dnieper basin 

VII - VIII orders decreased in 2 times, and IX order increased 

almost 3 times in accordance with the modal form. In the 

upper levels, slight increase by 1.2 times was observed. The 

length of the passed way and the time spent on the 

movement of water and sediment from the slopes in bed is 

associated with the area of the river basin. Relevant 

deviations from the modal type is anomalous figure basin 

planar structure, which allows to analyze the increase or 

decrease in value accumulation potential local loose 

sediments in line with the Dnieper. The analysis of the 

catchment area of different-order Dnieper basin showed that 

the area is drained by thalwegs from first through the fourth 

order of 58.4%, fifth and sixth order-33%, from the seventh to 

ninth-8.6%, so the main supply bed sediments carried by the 

top and middle managers (91.4%) and local power drifts 

lower level bed of the Dnieper is 1.8% (Pichura, 2016). The 

main power source are snow water in the upper reaches, they 

constitute about 50%, ground-27% and rain- more than 23% 

(Maksimovich et al., 1985).

Woods, as part of the natural areas of the Dnieper basin 

perform a number of important and unique ecological and 

economic functions. They affect the water exchange and the 

state of aquatic ecosystems, prevent soil erosion, prevent 

from the formation of gullies and landslides, as well as 

landscapes and preserve the fertility of grants and so on. 

Degree river sub-basin watershed forest preserves the 

natural ecological balance of the entire trans-boundary 

basin, which significantly disrupted human activities. Land 

resources of the Dnieper river basin are characterized by a 

high level of development of business. When taking into 

account, the degree of tillage and forest to assess the 

consequences of the anthropogenic violation of the territory 

(Lisetskii et al., 2016) transfer from medium to strong degree 

of transformation of land resources is associated with a share 

of more than 40% of arable land and forest cover at least 

20%. The smallest loss of river flow observed in the weighted 

average slopes to 2.5°, when plowing watershed is 40-60%, 

natural grasslands – 33-53% forest cover and shelter-7% 

(Lopyrev at al., 1999; Buryak, 2015).

Forest resources are very unevenly distributed 

throughout the basin of the Dnieper River. Forests are mainly 

concentrated in the upper part of the basin and are 

underrepresented in its lower part, dominated by a relatively 

small area of artificial afforestation and forest shelter belts. 
2The total forest area is approximately 175.4 km , including 

Belarus-48.6%, Russian Federation-31.6% and Ukraine- 

17.1%. Forest cover of trans-boundary Dnieper basin for 

individual catchment river sub-basin ranges from 0% to 95% 

(Fig. 3a). Most of sub-basin (~ 97%) of forestation> 20% are 

located in the boundaries of the upper reaches.

Land resources of the Dnieper river basin are 

characterized by a high level of development of economic. 

Almost three-fifths of the basin completely lost its natural 

landscape as a result of intensive economic use. Lopyrev at 

al. (1999) proposed to assess the sustainability of agricultural 

landscapes on parity “arable land / natural lands”. On 

average for gently hilly terrain ratio “arable land / natural 

lands” defines the following types of state agricultural 

landscapes: 70:30-destruction, 60:40-not stable, 50:50-

boundary stable, 40:60-minimally stable, 35:65-average 

stable, 30:70-resistant, 25:75-coverings, 0:25: 100-75-

ecological balance with steady increase soil fertility. Based 

on this classification, the average value of ecosystem 

sustainability landscape Dnieper river catchment is 

estimated as unstable. Plow areas of trans-boundary 

Dnieper river basin in separate sub-basin catchment is 

distributed evenly (Fig. 3b) in the direction of the Dnieper river 

from north to south, it increases on average by 75% and from 

east to west by 60%. The ratio of arable and forest cover 

gives an idea of the system of strategic environmental 

assessment of the degree of environmental sustainability as 

each sub-basin and the entire basin.

The results of modeling indicate a high degree of 

environmental vulnerability and displays strong degraded 

Order Total, 
units

2Total area, km Relative importance to 
the total area, %

_
2

,   S k m Relative importance of the total 
area in the modal river basin, %

Deviation from the 
value , +/-

IV 607 298379.8 58.4 492.5 50.0 +8.4

V 131 104036.7 20.4 795.6 26.0 -5.6

VI 30 64555.0 12.6 2155.8 12.5 +0.1

VII 5 15391.1 3.0 3083.8 6.5 -3.5

VIII 2 5957.2 1.2 2984.1 3.5 -2.3

IX 1 22680.2 4.4 22680.2 1.5 +2.9

Total 776 511000 100 – 100 –

Table 1. Distribution of river sub-basins within the research area by order
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(a) (b)

Fig. 3. Spatial distribution characteristics of forest area (a, %) and agricultural development landscape  (b, %) Dnieper river basin

land resources processes more than 70% of the trans-

boundary basin, leading to a significant disruption of hydro-

eco-system of the Dnieper river.

The most valuable in the economic terms on which 

degraded water and erosion have the least impact on 

agricultural landscapes are upland areas. In the areas of 

slopes, significant signs of erosion processes are primarily 

caused by anthropogenic factor. Analysis of the situation of 
îerosion suggests that it appears since the of slopes 1  

(Oliinyk et al., 2014). Spatial analysis of the morphometric 

characteristics of relief determined that slopes share of the 

boundaries of the Dnieper river basin (Fig. 4a) average 

increases from west to east by 2.7 times, in the direction of 

the river (north® south) distribution is uneven with sinusoidal 

changes. 

A part of the area of slopes of the southern exposure P  is sc

an additional criterion and displays a tendency to exercise 

pools erosion during snowmelt. P  criterion for each basin sc

was calculated based on the digital elevation model (DEM) 

division raster displays, sampling azimuth values ranging 

from 135 to 225°. It is assumed if the P  > 25%, the basin sc

topography is characterized by high erosion potential during 

snowmelt (Lisetskiy et al., 2012; Buryak, 2015). A part of P  is sc

less than 20% (Fig. 4b) with 183 (23.9%) sub-basin with a 
2total area of 104.4 thousand km  ~ (20.4%) in the range of 20-

225% with 472 (61.6%) sub-basin area ~ 341.6 thousand km  

~ (66.9%), increased erosion potential in snowmelt are 121 
2sub-basin watershed with a total area of ~ 65.0 thousand km  

(12.7 %).

In the cultivated slopes of the trans-boundary basin, the 

modern water-erosion processes occur mostly in the form of 

planar flushing. Natural factors of development and intensity 

of flow are features of topography (slope length and slope 

exposition), weather conditions (amount and intensity of rain 

and snowmelt rate), erosion and other soil properties. Plow 

slopes of the Dnieper river basin in some areas of sub-basins 

reaches 64% (Fig. 5a), thus 596 (77.8%) of the sub-basin 
2watershed with the total area of 383.6 thousand km  (75.2%) 

have less than 20% of cultivated slopes; 20 to 50% of 

cultivated slopes-174 (34.0%) with the area of 125.1 
2 thousand km (24.5%), more than 50% of the slopes are 

2cultivated 6.0 (0.8%) with an area of 2.3 thousand. km  

(0.5%). Plow slopes significantly increased (11 times) from 

west to east trans-boundary basin, and this trend is observed 
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(a) (b)

Fig. 4. Characteristics of morphometric parameters of slopes within the boundaries of different-order watershed sub-basin of 
îthe river Dnieper: a. part of the slopes more 1  %; b. part of the southern slopes (%)

from its source to the delta of the Dnieper, in the direction of 

plowing slopes landscape sub-basin increased by an 

average of 4-5 times.

As a result of excessive agricultural development of 

landscape of Dnieper river basin, including high tillage, 

extensive use of productive land, become widespread 

processes of soil degradation, characterized by erosion 

index. In the medium and strongly washed-off lands of 

opportunity soil infiltration is reduced to 30% and increases 

washing-off 1.5-2.0 times, which leads to a significant 

increase in accumulation processes in rivers of products 

erosive destruction of soil with agrochemicals mio-genes, 

heavy metals, including radionuclides, which significantly 

impair the quality of river water, cause eutrophication of water 

bodies, sedimentation ponds, reservoirs, valleys of small 

rivers that cause extinction of many of them in the borders of 

the Dnieper river basin. According to the historical and 

geographical research and decryption of satellite images it 

has been found that over the past 200 years, the total length 

of small rivers (100 km) has decreased by almost 40% with 
-an average speed degradation of streams almost 15 km year

1 (Lisetskii et al., 2015).

Erodibility of soils in the Dnieper basin varies of 

boundaries (Fig. 5b) of 0.13% (absent) to 74.5% 

(catastrophic): 436 (~ 56.2%) catchment of river basins with a 
2total area ~ 260.2 thousand km  (almost 51% of the total area 

of the Dnieper basin) have weak or non-existent area of 

eroded lands; a significant degree of soil erosion with 149    
2(~ 19.2%) sub-basin with a total area of ~ 117.5 thousand km  

(~ 23.0%); from severe to catastrophic erosion of soil with 

191 (~ 24.6%) sub-basin with a total area of ~ 133.3 thousand 
2km   (~ 26.0%). It is estimated that on average soils slightly 

eroded and shortfall crop is 10-20% (the average eroded – 

40-60% and strongly eroded – up to 80%). Summary results 

of the evaluation indicators of the degree of transformation 

agrogenic structural and functional status of landscape 

ecosystems of the Dnieper river basin are shown in Table 2.

As a result of geo-modeling (spatial grouping or clustering) 

typing was made (Fig. 6) of watershed sub-basin by six 

indicators of the agrogenic transformation of structural and 

functional state of the landscape ecosystems of the Dnieper 

river basin. There are three groups (clusters), where defining 

classification signs were forestry, erodibility and tillage 

(including slopes) soil (Table 3), this section is consistent with 
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Indicators Share in the sub-basin watershed boundaries, % 2Total, km

<10 10-20 20-30 30-40 40-50 >50

Forest cover S 198792.70 125631.10 59463.70 50640.40 31467.00 45005.10 511000

% 38.9 24.6 11.6 9.9 6.2 8.8 100

Arable land S 40865.20 57972.20 66104.70 38574.20 93048.60 214435.10 511000

% 8.0 11.3 12.9 7.5 18.2 42.0 100

îSlopes more 1 S 16612.51 92872.06 176890.40 134982.50 48567.10 41075.44 511000

% 3.3 18.2 34.6 26.4 9.5 8.0 100

Cultivated slopes S 223917.60 159686.10 77119.09 38679.22 9297.20 2300.80 511000

% 43.8 31.2 15.1 7.6 1.8 0.5 100

Arable land eroded S 151620.30 108608.20 117436.60 88332.11 29523.40 15479.40 511000

% 29.7 21.3 23.0 17.3 5.8 3.0 100

Table 2. Average different-order sub-basin watershed by the gradation of indicators of the agrogenic transformation of the 
structural and functional status of landscape ecosystems of the Dnieper river basin

(a) (b)

Fig. 5. Erosion danger and intensity of degradation of farmland in the watershed boundaries different-order Dnieper river sub-
basin: a. part of cultivated slopes, (%), b. part of arable land eroded (%)

the physical and geographic zone trans-boundary of Dnieper 

river basin and the degree of anthropogenic load, sub-basin of 

Group I confined to the forest zone, II and III groups to steppe 

and steppe zones. Tillage and soil erosion gives an idea of the 

results of large-scale long agrogenic load and modern 

structural and functional status of landscape ecosystems of 

Dnieper river basin.

Group I (landscape and ecologically stable or slightly 

broken) - sub-basin of absent or weak soil erodibility and low 

agrogenic transformation, where the proportion of arable 

land is on average about 19%, including on the slopes of 5%, 

average forest cover of about 30%. This group is 95% gone 
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Group Part of arable Part of forest Part of arable land Part of slopes Part of cultivated Part of southern 

%

I 19.3±8.7 29.8±11.5 5.8±4.3 26.4±8.9 5.0±3.8 21.3±2.2

II 75.7±15.1 6.9±4.4 33.2±11.4 16.6±8.0 12.1±6.3 20.9±2.8

III 66.7±11.2 7.4±4.8 28.5±11.0 44.0±13.2 28.2±10.1 24.9±2.8

Table 3. Indicators of agricultural development and ecological status of catchment sub-basin trans-boundary Dnieper basin 
(Mean ± Standard Deviation)

Fig. 6. Spatial group of the Dnieper basin by the level of the 
agrogenic transformation of structural and functional 
state of landscape ecosystems

catchment area of the rivers located in the upper reaches of 

the river, the total number was 373 (48.7%) sub-basin with a 
2total area of 224.2 thousand km  (~ 43.9%).

Group II (high agro-genic transformation of landscapes) - 

sub-basin with high agricultural development (about 76%), a 

significant and strong low erodibility and forestation ~ 7%. It 

includes 198 (~ 25.8%) sub-basin with a total area of 116.6 
2thousand km  (~ 22.8%).

Group III (agrogenic transformed with high soil erosion 

risk) - sub-basin with high agricultural development (about 

67%), strong and very strong erodibility, low forestation ~ 7%, 

a high proportion of cultivated slopes an average of 44% and 

increased erosion potential during snowmelt.

Construction of the cascade on the Dnieper of six 

2reservoirs with a total area of 6950 km  and total accumulated 
3volume of 43.8 km  of water led to the flooding of 50 thousand 

2 2km  and flooding of 10 thousand km  of productive land 

violated the ecological balance and radically altered water 

exchange conditions compared to natural conditions it 

slowed to 30 times. Taking into account these conditions the 

waterfront of the Dnieper basin of IX procedure was confined 

to the third degree of agrogenic transformation of the 

structural and functional status of landscape ecosystems. It 

includes 205 (~ 26.8%) sub-basin with a total area of 170.2 
2thousand km  (~ 33.3%).

In most sub-basin of the river Dnieper main criterion of 

destabilization of agricultural landscapes is a high level of 

tillage, in this case the most effective tool for improving the 

ecological balance of the territory trans-boundary basin study 

is the reduction of arable land for other land or environmental 

fund. As a result of the calculations, it is necessary to reduce 

the arable land, especially in the territories agrogenic 

transformed sub-basins with high soil erosion hazard, the 

need for reducing the extent of extensive farming agro-

landscape load on the Dnieper river basin was identified (Fig. 

7) the boundaries of 470 (61.4%) of the sub-basin with the 
2total area of ~ 346.3 thousand km  ~ (~ 67.8%).

As the arable lands are the main source of agricultural 

production and guarantee food security in the Dnieper river 

basin, it is necessary to find a compromise between 

achieving the environmental sustainability of agricultural 

landscapes and cost-effective intensity of agricultural 

production, especially organic farming to obtain stable yields 

and reduce the level of pollution of surface waters. 

CONCLUSIONS

As a result geo-modeling determined that more than 50% 

of the Dnieper basin has high agrogenic transformation of the 

structural and functional status of the landscape ecosystems. 

Therefore, rational land use in accordance with the strategic 

environmental assessment should take into account the 

characteristics and features of the landscape, promote the 

protection and reproduction of soil, vegetation and other 

natural components in a single agreement between the 

countries of trans-boundary basin. This can be achieved 

through the basin of nature and landscape-ecological 
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approach, which involves identifying relationships in 

ecosystems agricultural landscapes and water bodies, their 

record in selecting destinations and types of land use in the 

watershed sub-basin boundaries.  To generate 

environmentally sustainable agricultural landscapes and 

reducing erosion and cumulative processes in catchment 

areas of river basins, priority must provide the following set of 

measures: organizational and economic reclamation-a 

system of soil rotation, mosaic structure of land, degraded 

land, creation of ecological frame area, etc. hydro-meliorate 

– sustainable irrigation, erosion rates, protection zones, 

bottom buildings, dams, bridges, spray flow etc. land 

improvement-limiting the use of heavy tillage machinery, 

creating buffer strips of grasses, soil protecting technologies, 

reduction of pesticide use, handling across slopes, etc; 

agroforestry-shelter, and stock-regulating and forest belts; 

continuous afforestation slopes, etc.
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