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ABSTRACT 

 

 The goal of this research is to evaluate the state of the vegetative ground cover of small river basins using the land productivity 

index suggested by the authors, which describes the ability of a natural or natural-anthropogenic ecosystem to reproduce products 
(phytomass) in certain land and climate circumstances. It describes the resource of ecosystems through the index averaging several 

parameters (phytomass, productivity, climatic characteristics, soil fertility, and the condition of agricultural used areas). The land 

productivity potential is expressed in scores and allows evaluating and comparing the long-term annual average resource of various 
territories for production of phytomass of both natural and natural-anthropogenic ecosystems. The objects of the research were 

ecosystems of small river basins formed by the Kirzhach, Sherna, Koloksha and Peksha Rivers, which are the left bank confluents of 

Klyazma and are located in the center of the European part of Russia. Evaluation and analysis of the land productive potential of the 
territory allowed detecting a river basin (The Koloksha River basin) where optimal conditions for agricultural production are formed: 

high productive potential of the territory, favorable landscape characteristics (small amount of forests favors land plowing). However, 

when making forecasts, it is necessary to take into account the adverse consequences of active utilization of this territory, which can take 
effect in the future. These are low water consumption in the river, which can result in lack of water for irrigation, as well as high density 

of the river system, which evidences the development of the ravine and gully system and the activeness of erosion processes within this 

territory. The indexes describing the land productivity potential can be used for monitoring, calculation of the anthropogenic load within 
the catch basins, and arrangement of rational structure of the land management.  
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INTRODUCTION 

 

 Soil fertility and productivity of the vegetative 

cover are considered the most important 

characteristics of the condition and stability of 

landscape. The condition of vegetation is strongly 

dependent on the singularities of the soil mantle. Soil 

mantle plays an important role in land ecosystems, as 

it unites all other elements into a single functioning 

system.  

 Usually, a separate specific set of parameters is 

used for describing each element of an ecosystem. At 

evaluation of the soil mantle condition, the soil 

evaluation and soil ecology indexes are used most 

often [1,10]. The most important characteristics of 

the vegetative cover condition, by which the stability 

of ecosystems is evaluated and their condition is 

simulated are productivity and phytomass supply 

[4,11,12,13]. These indexes can be found through 

land measurements, and, since recently also remote 

evaluation of the vegetation state is used – it is 

prompter and based on usage of vegetative indexes 

[18,19,3]. However, in both cases, a particular state 

of phytocenosis is recorded without including the 

factors influencing its development. To our opinion, 

the usage of comprehensive indexes describing soil 

mantle and vegetative cover as a unified system is 

not sufficient.  

 It is necessary to take into account that the 

indexes of productivity much depend on the state of 

soil resources of the territory; therefore, it is obvious 

that the productive potential of soil is also a very 
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important factor providing for the stability of 

ecosystems; and the variety and diversity of 

biological resources of the territory strongly depend 

on this factor. Also, climatic indexes considerably 

influence on the productivity. Consequently, it is 

necessary to develop indexes that would integrate 

both the parameters describing productivity, and the 

factors influencing on this process. In order to find a 

solution for these tasks, the authors suggest using the 

land productivity potential index. This article deals 

with evaluation of the condition of river basins' 

ecosystems using the land productivity potential. 

 

2. Objects and Methods: 

 The basin-based approach was used in our work 

[7,9]; the objects of the research were ecosystems of 

small river basins formed by the Kirzhach, Sherna, 

Koloksha and Peksha Rivers, i.e. the left bank 

confluents of Klyazma located in the European part 

of Russia (Figure1). They are located near each other 

and their landscape structures have many common 

features, though each of them has some singularities 

(Table 1). For example, the main part of the soil 

mantle of the Koloksha River basin consists of grey 

forest soil (with the highest fertility in this area), and 

the soil mantle of the adjacent basins is represented 

by soddy podzolic soil typical of this region. 

 

 
 

Fig. 1: The Klyazma river basin. 

 
Table 1: Landscape characteristics of river basins. 

Characteristics River basin 

Sherna Kirzhach Peksha Koloksha 

Square of the river basin, sq. km 1886.1 1767.5 1065.0 1468.2 

Hydrological characteristics 

Runoff rate (average, perennial) l/sq. km 3.37 6.64 6.21 5.02 

Density of the river system 0.35 0.36 0.42 0.46 

Soil mantle 

(soil square, sq. km) 

Soddy podzolic and podzolic soil 1482.7 1089.9 647.1 139.9 

Grey forest soil 86.5 243.4 202.2 787.3 

Soddy soil 8.1 8.0 5.1 5.1 

Peaty-podzolic soil   10.5  

Swamp soil 57.5 81.4 15.5 6.3 

Alluvial soil 131.5 154.9 89.4 99.8 

Eroded soil of ravines and gullies 217.0 144.4 123.3 424.3 

Land management structure 

(according to the results of decryption of satellite images, % of the square) 

Forests 52.8 47.2 49.0 22.5 

Grassland 10.1 12.7 17.3 21.6 

Cropland 32.6 33.7 28.3 53.5 

Water bodies 0.4 1.1 0.7 0.4 

Swamps - - 0.7 - 

Settlements, roads, etc. 4.1 5.3 4 2 
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Table 2: Evaluation of the land productivity potential of ecosystems according to surface data and remotely sensed data. 

Land productivity potential Evaluation parameters 

of the natural ecosystems 
(without including farm ecosystems) 

1. specific phytomass supply  
2. specific productivity  

3. natural fertility of soil  

4. bioclimatic parameters 

Total potential (of the ecosystem as a whole, with account of farm 

ecosystems) 

1. specific phytomass supply  

2. specific productivity  

3. yield of grain crops 
4. soil and ecology index (SEI)  

 

 For comprehensive characteristic of the 

condition of the soil mantle and vegetation ground 

cover, we propose to use the "land productive 

potential", which characterizes the ability of natural 

or natural-anthropogenic ecosystem to reproduce 

products (phytomass) in certain soil and climate 

conditions. It characterizes the resource of 

ecosystems through the index averaging the 

following parameters (in scores): specific phytomass 

supply (the total of live aboveground organs and 

underground organs of plants in the values of 

absolute dry weight (tons per hectare)); specific 

productivity (the gain in phytomass for one year per 

unit of square); natural fertility of soil; yield of grain 

crops; bioclimatic parameters; the soil and ecology 

index (SEI). 

 The land productivity potential is expressed in 

scores and allows evaluating the long-term annual 

average resource of various territories for production 

of phytomass of both natural and natural-

anthropogenic ecosystems. To make comparative 

evaluation more convenient, we provided ranking of 

all characteristics by dividing them into equal 

intervals on a 5-score scale followed by bringing the 

data to an aggregated index by summing the scores. 

As a result, both the land productivity potential of 

natural ecosystems and the total land productivity 

potential of the whole territory is calculated with 

account of the condition of the present farm 

ecosystems (Table 2). 

 

Characteristic of separate indexes at determination of 

the land productivity potential: 

a) For evaluation of the productivity indexes 

(phytomass and productivity) of the ecosystems of 

river basins, we used electronic maps of the land 

management structure, which are composed by 

decrypting satellite images (usage of materials of 

surface shooting is also possible). In the structure of 

land management, the following main lands are 

distinguished: forests, agricultural lands, swamps, 

grassland, settlements, roads, etc. and their square is 

determined.  

 In our research, each land was characterized by 

the indexes of specific productivity and phytomass, 

which are published in the respective reference books 

[2]; these indexes are used for calculation of 

phytomass and product of the lands. The total of 

product and phytomass of each basin is found by 

summing the phytomass and the product of the lands 

that are included in it, by the following formulas: 

Р =  Si Pi 

 where Р is the product of the basin, th. tons/year; 

Si is the square occupied by the i
th

 type of the lands, 

sq. km; Pi is the specific productivity of the i
th

 type 

of the lands, (th. tons/sq. km)/year. 

 The basins' phytomass supply was calculated by 

the following formula: 

F =  Sj Fj 

 where F is the phytomass supply of the basin, th. 

tons; Sj is the square occupied by the j
th

 type of the 

lands, sq. km; Fj is the specific phytomass of the j
th

 

type of the lands, th. tons/sq. km. 

 The specific indexes of the phytomass supple 

(Fsp) and of productivity (Psp) were calculated by 

dividing the general index for the basin by its square 

(Sbas):  Fsp= F/ Sbas;  Psp= Р / Sbas. 

 The specific indexes are informatory for 

comparative evaluation of various basins. 

c) Natural fertility of soil. One of main attributes of 

soil fertility is presence of humus substances in it; 

therefore, the percentage of humus in the surface soil 

is typically accepted as the main characteristic of 

natural soil fertility. 

d) Crop yield. The yield of grain crops in centners 

(100kg) per hectare is counted. 

e) Bioclimatic conditions. This index is composite 

and includes the sum of biologically active 

temperatures and the precipitation ratio.  

f) The soil ecology index, which reflects the 

correlative dependence of the crop yield index on the 

agrochemical properties of soil and the agroclimatic 

indexes and is calculated by the following formula 

[10,17]:  

SEI = 12.5*(2-V)*S*D*(∑t
0
 >10

0
*(PC-S) / 

CC+100)*A, 

 where SEI is the soil ecological index; V- is the 

density (weight by volume) of soil (on the average 

for 1 meter layer); 2- is the maximum possible 

density of soil when compacted g/cu. cm; S is the 

active capacity of soil of various mechanic structure; 

D is the ratio of deviation of humus content; the 

average ratio of humus content to the average content 

in soils of various mechanical structure is calculated; 

∑ t
0
 >10

0
 is the annual average sum of temperatures 

exceeding 10
0
С; PC is the precipitation coefficient; 

CC is the coefficient of continentality; A is the final 

agrochemical index calculated by multiplying the 

correction factors for acidity by the content of mobile 

fractions of phosphorus and by the exchange 

potassium. 
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 This index is used for comprehensive evaluation 

of the studied territory and allows determining the 

soil ecological indexes of a particular plot – from a 

field or a farm to a region. 

 For evaluation of the land productivity potential 

of the basins of the Kirzhach, Sherna, Koloksha and 

Peksha Rivers, we used: 1. Electronic maps of the 

studied territory: a topographic map (1:200,000), a 

soil map, a map of soil ecological zoning; 2. 

Statistical and literature data describing the 

landscape structure, the climatic and soil conditions, 

the supplies of phytomass and the productivity of the 

vegetative ground cover of the studied territory; 3. 

Materials of remote sensing (Landsat ETM+); 4. For 

digital processing of satellite images, the Erdas 

Imagine software was used; the GIS analysis was 

carried out with the Arc GIS software. 

 

3. Results: 

 The results of calculation of certain parameters 

that are part of the land productivity potential and the 

final results of the land productivity potential are 

represented in Table 3. 

 
Table 3: Land productivity potential of the river basins' ecosystems. 

Characteristics River basin 

Sherna Kirzhach Peksha Koloksha 

Land productivity potential of natural ecosystems and its elements 

 value score value score value score value score 

Specific phytomass of natural 

ecosystems, tons per hectare 

177.69 3 242.97 5 156.10 2 113.33 1 

Specific productivity of natural 

ecosystems, th. tons per hectare a 

year 

11.39 3 9.69 1 11.87 3 13.33 5 

Natural fertility of soil, humus % 1.83 1 1.92 1 1.96 1 2.65 5 

The bioclimatic index: 

the total of biologically active 

temperatures/the precipitation ratio 

1885/ 

1.05 

1 1885/ 

1.05 

1 1905/ 

1.05 

3 1920/ 

1.05 

5 

Land productivity potential of 

natural ecosystems, score 

 

8 

 

9 

 

9 

 

16 

Total land productivity potential of the river basin and its elements 

 value score value score value score value score 

Specific phytomass, tons per 
hectare 

112.0 4 146.0 5 106.0 3 51.0 1 

Specific productivity, th. tons per 

hectare a year 

7.4 4 5.8 1 8.04 5 8.9 5 

Grain crop yield, centners (100 kg) 
per hectare 

13.3 1 14.3 1 15.9 1 23.4 5 

SEI 46 1 50 1 46 1 62 5 

Total land productivity potential, 

score 

10 8 10 12 

 

 Absolute supply of phytomass is high in the 

basins of the Kirzhach and Sherna Rivers, where half 

of the territory is covered with forests, which are the 

main contributors in the product of the Sherna River 

basin.  

 Taking into account the productivity of the river 

basin and its phytomass supply we determine specific 

values per unit of the basin square for facilitating 

comparative evaluation; at that, these calculations are 

made both with respect to natural ecosystems 

(forests, grassland) and for the total square of the 

basin including all territories not covered with 

vegetation. The specific quantity of phytomass and 

products calculated for the whole basin allow 

determining the anthropogenic load on its territory: 

the larger area is engaged in the economic activity, 

the lower the index value will be.  

 The specific supply of phytomass of natural 

ecosystems reaches its maximum in the basin of the 

Kirzhach River (Table 3); lower quantity of 

phytomass is accumulated in the Koloksha River 

basin, as grassland vegetation prevails in the 

structure of the natural lands there and provides for 

the highest values of productivity of natural 

ecosystems if compared to the three adjacent regions. 

However, the productivity of the vegetative cover in 

conversion to the total square of the Koloksha River 

basin is substantially lower than of the Sherna and 

Peksha River’s basins, as more than half of the 

territory in the Koloksha River basin is plowed. 

 The highest land productivity potential of 

natural ecosystems (without including farm 

ecosystems) is shown by the Koloksha River basin: It 

has the most favorable conditions for plants due to 

the climatic conditions (the highest total of 

biologically active temperatures) and the most fertile 

grey forest soil in this region. As a result, the 

maximum productivity of natural ecosystems is here; 

however, no large supply of phytomass is noticed as 

large territories are covered with grassland 

vegetation, which has high productivity but does not 

gain large phytomass (Table 3).  

 In the basins located near Koloksha, there are 

less favorable soil and climate conditions, which has 

determined decrease in productivity of natural 

ecosystems and, accordingly, reduction of the land 

productivity potential index. 
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 The final value of the total land productivity 

potential (taking into account farm ecosystems) in 

the basin of the Koloksha River is higher than that of 

the basins located nearby due to its following 

elements: fertile soil, condition of farm ecosystems, 

and productivity of the vegetative cover. The land 

productivity potential of the basins of the Peksha, 

Koloksha, and Sherna Rivers is lower. 

 

4. Discussion: 

 Thus, the generalized index in the form of the 

land productivity potential can describe one of the 

main functions of ecosystems – the function of 

ensuring productivity. Analysis of the parameters of 

the land productivity potential within the river basins 

shows that river basins can be treated as main 

biosphere structures, within which it is reasonable to 

analyze the state of natural-anthropogenic 

ecosystems and land management peculiar features.  

 The problem of selection of territorial units has 

been discussed by many authors, and a battery of 

approaches to ecological zoning of the territory has 

been formed so far [5,6]. As the ecosystem concept 

does not have any definite dimensional positioning, 

evaluation of its structure and operation uses various 

ranks: the landscape rank, the administrative-

territorial, economic, and hydro-meteorological 

ranks, etc. It is known that the basin-based and area-

based types of geospace are the main ones in the 

biosphere; however, they are distinguished by their 

structural arrangement. For example, area-based 

systems have the open-type arrangement; the borders 

between them have transitional zones and are often 

differently determined by different researchers. A 

river basin has a half-closed method of arrangement 

with clearly expressed borders. Here, a river runoff 

plays the leading system-forming role – it forms the 

ecosystem of the river basin by distributing the water 

supplies, peculiar features of the terrain and the 

microclimate, thus influencing on the soil cover and 

vegetation [14,15]. Overlapping the borders of river 

basins on the zone systems allows taking into 

account the peculiarities of these two main geospaces 

at evaluation of the ecosystems' condition and 

analysis of the land productivity potential. 

 However, usage of the land productivity 

potential is not limited to only the basin approach; in 

further research, it can be used for other territory 

units, as well. 

 The productivity of the vegetative cover of the 

territory depends on multiple factors: natural fertility, 

the structure of land management, agrochemical 

properties of the soil, the climate, etc., which can 

hinder comparing different territories, as the identical 

biological resource can be determined with versatile 

natural-climatic parameters.  

 The advantage of using the land productivity 

potential is that it allows not only evaluating the total 

resource of the territory, but also analyzing the 

contribution of separate factors in the total value. For 

example, the Koloksha River basin is described with 

the highest land productivity potential of natural 

ecosystems (without including the farm ecosystems); 

the basins located nearby have approximately the 

same values of it. But, in the basin of the Kirzhach 

River, the main contribution in the total value is 

made by the high value of the specific phytomass, 

and in the Peksha River basin – by more favorable 

climatic parameters and higher productivity. 

  The soil ecology index, which is often used for 

evaluation of agricultural lands in Russia as an 

independent parameter [10], being applied to our 

research shows that the state of cropland is 

considerably better in the basin of the Koloksha 

River, which affects the yield of grain crops. 

However, as our results show, it is not always a rule 

that high values of the soil ecology index 

unambiguously evidence good crop yield. For 

example, in the Kirzhach River basin, the potential 

capacity of the cropland according to the soil ecology 

index is much better than in the Peksha River basin, 

but it has lower crop yield. Therefore, we suggest 

using this index as a constituent element of the land 

productivity potential.  

 Evaluation of the total land productivity 

potential of the territory (taking into account farm 

ecosystems) showed that in the Koloksha River 

basin, there are optimal conditions for agricultural 

production: high productive potential of the territory, 

favorable landscape characteristics (small amount of 

forests favors land plowing). But, when making 

forecasts, it is necessary to take into account adverse 

consequences of active utilization of this territory, 

which can take effect in the future. Those are low 

water consumption in the river, which can result in 

lack of water for irrigation, and high density of the 

river system, which evidences the development of 

ravine and gully system and activeness of erosion 

processes in this territory. 

 

5. Conclusion: 

 Thus, we suggest using the index of land 

productivity potential for environmental 

characteristic of ecosystems of river basins, as it 

generalizes long-term annual data on the productivity 

of the vegetative cover, accumulation of phytomass, 

and on factors influencing on the activity of 

production processes. Evaluation of the ecosystems' 

state is possible using both the generalizing values of 

the land productivity potential, and its constituent 

parameters with the purpose of determination of 

factors that exert decisive influence on the 

productivity of vegetation. The index of land 

productivity potential cannot be used for evaluation 

of annual changes taking place in ecosystems, as its 

calculation is based on the averaged data for several 

years. In order to make this parameter more dynamic, 

it is necessary to pay attention in future researches to 

broader usage of materials obtained by remote 

sensing for the land productivity potential evaluation. 
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 The indexes describing the land productivity 

potential can be used for monitoring, calculation of 

the anthropogenic load within the catch basins, and 

arrangement of rational structure of the land 

management. At that, it is necessary to take into 

account the landscape and hydrological conditions of 

river basins. 

 

6. Credits: 

 The scientific publication was prepared within 

the framework of the VISU assignment No. 

37.2108.2014/K for carrying out state-financed 

works in the scientific area. 
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