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ABSTRACT 
 

Evaluating the impact of intensive grazing on the grasslands productivity is very important for assessment of the risk 

of deterioration of soils and rangelands. Quantification of carbon and nitrogen cycles is an important step towards of 

parameters of admissible anthropogenic load. Rational use of resource potential of a territory and elimination of 

ecological risk emerging as a result of intense anthropogenic impact is one of important aspects of the sustainable 

development of the region. The impact of grazing is simulated and it was demonstrated that steady state carbon and 

nitrogen were sensitive to grazing intensity. Modeling provides potential for testing hypotheses on rates of nutrient 

accumulation, litter decomposition and identify gaps in the soil processes presentation. Since models are applied to the 

systems with different intensity of grazing it became possible to estimate consequences of the land use, define local 

specific processes that could persist under specific regimes of farming.  
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INTRODUCTION 

 

As a result of irrational land use the processes of 

carbon biogeochemical cycles change occurred, not only 

the soil properties deteriorated, but dehumification has 

been observed. The latter has had impact on the level of 

biogenic elements involvement in biogeochemical cycles 

of migration. The intensity of their involvement depends 

not only from soil-climatic conditions, soil type, forms of 

compounds in the soil, but also from anthropogenic factor 

that causes amplified redistribution of humus substances 

in agroecosystem and their intake into hydrological net. In 

this respect investigations directed to conjugated analyses 

of quantitative changes in elements biogeochemical cycles 

conditioned by anthropogenic activity have become 

highly significant, they be used for determination of 

admissible levels of parameters   of anthropogenic load.  

In this work an attempt to assess the changes in 

carbon and nitrogen content in components of highland 

agroecosystems resulting from existing practice of grazing 

is made on an example of highland grasslands of alpine 

zone. Namely these kinds of anthropogenic impact 

determine the main load specific for highland meadows. 

Moreover, they change to great extent biogeochemical 

cycles of carbon and nitrogen established in highland 

meadows in the system “atmospheric precipitations-soil-

plant-infiltration waters” under different scenarios of 

change in external conditions and domestic activities. 

Models of ecosystems proved to be useful for the 

interpretation of the research results, forecasting 

interconnections in the ecosystem and outlining the 

investigation problems. 
 

Objects and methods of investigation 

Studies were conducted on the southern slopes of the 

mountain Aragats in Alpine zone (absolute altitude 3200-

3275 m.). Selection and treatment of soil samples, plants, 

atmospheric precipitation, lysimetric filtrates were 

conducted on the monitoring station. Flat lysimeter caps 

of the size 40 50 cm were set on the depth 50cm 

without damaging the natural vegetative cover and 

deforming to the lowest degree the structure and 

composition of soils. The vegetative cover is presented 

with sward mountain meadow soils specified with rather 

high humus content (9-11%), acidic and weakly-acidic 

reaction Samples of atmospheric precipitation were taken 

from a landline rain gauge recording the amount of 

rainfall dropped on the unit surface. Selection of 
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lysimetric samples and atmospheric precipitation was 

implemented every season, i.e. once in three months. 

Annual data constitute averaged summary seasonal data. 

The productivity of phytocenosis was determined with 

conventional weighting method, 25 meter patches were 

taken from 1 hectare. 

To estimate the impact of management on parameters 

of carbon, nitrogen and phytomass productivity two 

scenarios of farming over 20 year time period were studied. 

Scenario A expresses a natural development of the 

meadow-pasture development of farms excluding grazing 

of livestock. 

The main version of the model is based on the 

following assumptions: 

 the growth of herbage depends on the resource which 

is in deficit (available nitrogen); 

 the model describes cycles of carbon and nitrogen in 

the system “atmospheric precipitation-soil-plant-

infiltration waters. 

Input parameters of the model are: 

 carbon of soil, nitrogen intake from atmospheric 

precipitation; 

 input of carbon and nitrogen with the litter including 

stubble. 

Output parameters: 

 removal of carbon and nitrogen with alienable 

biomass (hay); 

 leaching of nitrogen with infiltration waters 

(lysimetric filtrates). 

An essential peculiarity of the model of the system is 
an opportunity of joint consideration of herbage dynamics 
and the content of the organic substance in the soil. The 
latter is divided on the stable humus and organic carbon. 
Formalization of such parameters became possible on the 
base of data on biological productivity and eco-
physiological characteristics of plants, main of which are: 
1. Biological productivity of foliage: grams of biological 

productivity, gains of biomass onto grams of foliage. 
2. Consumption of soil nutrition elements per units of 

the growth. 
3. An annual litter and stubble, entered the soil. 

 

MATERIALS AND METHODS 
 

To construct the model, we applied Svirezhev’s 
algorithm to definition of a simple model for carbon 
accumulation in compartments of the grassland 
ecosystem. The approach is based on analyzing properties 
of trophic chain and more generally trophic network 
structures. The method allows to derive the model form 
given “storage-flow diagram”. It has been often 
mentioned (Manzoni et al., 2012), that simple models are 
preferred for longer-term application (typically a year). 
An example of a model for a particular wetland ecosystem 
was explored and analyzed in (Zavalishin et al., 1997) and 
further used for investigating dynamic regimes of carbon 
cycle in bog ecosystem (Zavalishin 2008). More detailed 
discrete compartment models were applied with time scale 
of months (Porporato 2003). 

 

 
 
Fig. 1: The interplay among biotic biomass production, organic matter decomposition, and the nature of the litter–soil, organic matter 

pool controls ecosystem dynamics. 



Inter J Agri Biosci, 2016, 5(5): 301-305. 
 

 303 

The model is based on the process-oriented approach. 

The diagram on Figure 1 shows the flow diagram in 

general biogeochemical cycle, it was originally proposed 

in (Bin-Le Lin et al., 2000) The spatial heterogeneity is 

not accounted, as it is mentioned in (Batlle-Aguilar et al., 

2011) the distribution of organic matter and inorganic 

nitrogen is uniform on the root level, but in the surface 

layer it is necessary to consider accumulation, in result of 

which the layer becomes source for the underlying layer. 

We define three compartments for the litter, humus and 

standing biomass.  

The biogeochemical cycle for nitrogen consists of 

complex processes of intrasoil transformations of its 

compounds (Revazyan et al., 2006; Sakoyan et al., 2009). 

In this research quantitative features of NO3 and NO2 

leaching were included since they determine main losses 

of the soil nitrogen.  The curves on fig.2 demonstrate that 

increase of the nitrogen content is dominant. 

The balance of ammonium and nitrate is defined with 

the following equations: 
 

,

dN
MIN IMM NIT LE UP

dt

dN
MIN IMM LE UP

dt


    


   

    

   

 

 

where MIN is denotation for mineralisation, IMM_-

immobilization, NIT-nitrification, LE-leaching UP-uptake 

processes. The functions are parametrized with linear 

functions. 

Model inputs are precipitation and litter fall rates, 

while output is the extent of soil respiration, plant uptake, 

transpiration and leaching. The amount and frequency of 

precipitation are the only climatic variables considered. 

Isothermal conditions are assumed, meaning that 

variations of the average daily temperature within the year 

are limited. On the other hand, the model can still be 

applicable given that, during the unfavorable season (too 

high or low temperature), the moisture content becomes 

an additional limiting factor, thus inhibiting soil 

respiration and transformations. 
 

RESULTS AND DISCUSSION 
 

The balance of biogenic elements in agroecosystems 

essentially depends on methods of domestic activity. An 

intense grazing leads to decreasing of the general stock of 

organic matters in the agroecosystem due both to herbage 

removal and on the account of organic matter 

mineralization. In the result the natural balance between 

input and output of carbon and conjugated elements and 

first of all, nitrogen, gets disturbed.  

The primary productivity of the herbage, as it has 

been recognized, is one of main parameters of the carbon 

balance determining the intensity of its input to an 

agroecosystem, as well as in involving other elements in 

biogeochemical cyclicity. The dynamics of primary 

productivity of the herbage on the first stage of modeling 

made 10 cwt/ha and over a decade changed on the 

territory under investigation in a range making 13.9 

cwt/ha in average provided the level of atmospheric 

nitrogen input being about 5kg/ha (fig.3). In case of 

natural development of meadows (test option) their 

productivity increased at 39% over the monitoring period 

of ten years. The intense grazing led to decreasing of 

organic matter stores at 25%, not only in result of the 

herbage removal but also on the account of amplified 

mineralization of the soil nitrogen containing organics 

(Revazyan et al.., 2006). 
Over 10 years the indicator of the average 

productivity, which allows assessing the parameters of the 
annual carbon accumulation in pastures under intensive 
grazing decreased by 3.0 cwt/ha, which makes 32.6%. 

Complex changes occur also in vegetative cover of 
grasslands, organic substances of which are considered as a 
reservoir of the carbon deposition. At the first stage of 
modeling (the first year) the carbon stores in soils were 
assumed 114 ton per hectare (control case) and 69 t/ha 
(experimental plot) computed for the layer 0-40cm. 
According the results of observations over 10 year period 
for the natural development (without grazing) the amount 
of carbon accumulated in the soils has increased almost to 
5.3% making 120 t/ha in average. As the monitoring data, 
presented on the figure 2, shows the average level of carbon 
stock in the soil changed insignificantly in time in the 
scenario of the test version, while the practice of intense 
grazing led to noticeable loss of the soil organic matter. As 
a result in this case the carbon store reduced at 7.8%. on the 
main part of the model territory and made 63.6 ton/ha. 

The conducted calculations of main flows of carbon 
allowed estimating the parameters of balance of the element 
for the territory being examined. As our data demonstrated 
under scenarios with extensive grazing the pastures of 
Ararat mountainous region bound 1.39 cwt per ha carbon 
annually in the biomass of the green biomass grass stand. 
For the plot with intensive grazing reduction of the carbon 
store in the herbage had made annually 0.92 cwt/ha.  

We investigated also the impact of another factor, 
namely the flux of nitrogen with atmospheric precipitation 
on the change of carbon balance. As a rule, the pastures 
on alpine grassland soils have shortage on available 
nitrogen despite high content of total nitrogen, then as it 
has been shown by many authors (Revazyan et al.., 2006; 
Sakoyan et al.., 2009), additional amounts are almost 
totally caught by agroecosystems of alpine grasslands and 
are used for development of some new biomass. 

Analyses of parameters specifying conservation or 

accumulation of carbon in soil organic substance under 

different scenarios of farming and the level of nitrogen in 

atmospheric precipitation indicated that on the control plot 

(without grazing) provided influx of 5kg per ha of 

nitrogen an additional accumulation of soil organic matter 

can make 1.4 t/ha and recompense the loss of carbon. At 

the same scenarios with heavy grazing the nitrogen 

deposition of the same level did   not compensate the loss 

of carbon in the soil relative to uptake the herbage 

biomass. An annual additional input of nitrogen is 

necessary to keep the carbon content in the soil.  

Analyses of the nitrogen redistribution between green 

biomass and the soil demonstrated that in the green 

biomass under natural development and the level of the 

load equal to 5kg per ha main part if nitrogen entered the 

ecosystem is accumulated in green biomass (fig.5). The 

ratio changes while the nitrogen load increases to 11 

kg/ha. The obtained results make ground for conclusion 

that smaller amounts of nitrogen are required for obtaining 

optimal harvests in case of grassland ecosystems.  
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Fig. 2: The balance of nitrate (NO3) for the alpine (line1) and 

mountain-steppe (line2) from mean annual values. Time is given 

in years, corresponding observations over 2003-2009, dots show 

monitoring data. 

 

 
 

Fig.3: Productivity of the phythocenosis expressed in carbon 

under two scenarios of the grassland use. 
 

 
 

Fig. 4: Dynamics of the soil carbon stock under different 

scenarios of the grassland using. 

 
 

Fig. 5: Parity of parameters of nitrogen redistribution between 

soil and vegetation blocks of the ecosystem under different 

levels of nitrogen load. 

Table 1: Balance of nitrogen compounds in the system 

atmospheric precipitation-infiltration waters on alpine 

grasslands. 
Component NH4 NO2 NO3 

Input with atmospheric precipitation  5.6 0.6 4.8 

Removal with infiltration waters  0.41 0.23 2.52 

Balance 5.19 0.37 2.28 

 

One of main sources of nitrogen is the atmospheric 

precipitation coming in the form of rain and thawed water. 

Fig. 5 shows that most of the incoming nitrogen in the soil 

was in the form of ammonia and a considerable amount is 

in the nitrate form. 

The removal of the nitrogen from soil occurs mainly 

through infiltration waters in nitrate form. Relatively 

small concentrations of the nitrite and ammonium can be 

explained by the low initial concentration in case of nitrite 

and regarding the ammonium its retention in soil. The 

nitrogen balance demonstrated that input of the nitrogen 

compounds is two times greater than removed with the 

run-off. The ammonia nitrogen influx to the soil is 5.6 

kg/ha, while the loss from the soil is less than a kilogram. 

With regard to ion NO3, the removal makes a significant 

part and this presents threat of entering to ground and 

river waters  

With respect to the nitrogen balance the model 

predicts increasing of its total stocks in agroecosystems of 

the alpine grasslands in response to influx with 

atmospheric deposition (fig. 5). Under natural 

development of grass stand and the level of influx of 

nitrogen equal to 5kg/ha can be additionally accumulated 

in in the agroecosystem over 20 year period, which is 

sufficient for keeping a positive balance of the nitrogen 

under scenario A (control version). In case of intense 

grazing (scenario B), keeping the positive balance is 

possible under condition of higher levels of the nitrogen 

input in order to recompense the loss removed with the 

biomass and infiltration waters. 

Mathematical modeling allows transforming our 

understanding of biogeochemical cycles to process 

description with further experiments that makes possible 

assessment of shifts in the ecosystem state. Quantification 

of the carbon and nitrogen cycles, in particular, 

peculiarities of the elements accumulation in the soil is 

important for assessment of litter quality and resource 

availability in rangelands. It is important to model not 

only the intensity of grazing but also potential impact 

resulting from changes in regimes of grazing. The latter 

includes periodic changes in the land use. It has been 

recognized that the nitrogen biogeochemical cycle 

includes a whole complex of complex processes of 

intrasoil transformations of its compounds which in the 

framework of suggested model are not described 

quantitatively. The processes include formation of nitrous 

oxide and the soil respiration which determine main loss 

of the soil nitrogen and carbon content under different 

scenarios of the grassland farming and the level of 

nitrogen load.  

 

Conclusion 

Results of model estimates of nitrogen and carbon 

balance in the agroecosystem of alpine grasslands of 

Aragats massif described in this paper are of preliminary 

type. Nevertheless, they allow justifying main regularities 
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of transformation of the nitrogen biogeochemical cycle 

under condition of intense grazing being observed 

recently. The obtained data confirm interconnections of 

the carbon and nitrogen cycles and give evidence on need 

of their conjugated analyses that can be used in for 

development of scenarios of optimal environmental 

management. A more detailed consideration of these 

cycles can be performed after introducing additional 

components of the nitrogen cycle in the model. 

Analyses of the model showed that it is sensitive to the 

following parameters: input of nitrogen from the 

atmosphere, nitrogen utilization for the growth, content of 

organic matter and nitrogen in the soil. A significant 

peculiarity of this model of the system is an opportunity of 

conjugated consideration of dynamics of growth and 

content of organic matter and nitrogen in the soil. The 

impact of grazing on the system was simulated and showed 

that steady-state soil C and N levels were sensitive to the 

grazing intensity, with soil C and N levels decreasing with 

increased grazing rates. Regional trends in SOM can be 

predicted using site-specific variables, temperature, 

moisture, soil texture. Nitrogen inputs must also be known. 

Grazing intensity during soil development is also a 

significant control over steady-state levels of SOM.  
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