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ABSTRACT 
Results of field and laboratory investigations into biomass dry matter (DM), energy yield potential (EYP), gross energy (GE), in vitro 
digestible organic matter content in DM (DOMD), digestible energy (DE), crude protein (CP) and organic matter (OM) contents of 
natural grasslands of dry steppe, meadow steppe and alpine zones of Armenia's Geghama ridge are presented. A total 338 samples of 
biomass were collected over the period 1986-2000 at various elevations of up to 3000 m. The yield of total biomass was 162.5, s.e. 
9.82; 288.2, s.e. 6.83 and 420.3, s.e. 7.68 g DM m-2 and EYP was 3.10, s.e. 0.188; 5.18, s.e. 0.120 and 7.45, s.e. 0.138 MJ m-2 in the 
alpine, dry steppe and meadow steppe zones, respectively.  The coefficients of utilisation of solar energy (%) by plant communities 
of the dry steppe, meadow steppe and alpine zones, respectively, were 0.20, 0.29 and 0.12. Very poor relationships were found 
between biomass yield and year of sampling, precipitation and temperature (r2 varied from 0 to 0.39 and p was > 0.05). GE, DOMD, 
CP and OM were significantly (p < 0.05) affected either by plant variety or year*zone factors (r2 varied from 0.27 to 0.80). DE and 
ME showed a wide range values (DE varied from 8.5 to 14.6 and ME from 6.8-11.8 MJ kg-1 DM) indicating a wide range in animal 
production potential. The study provides information of the yields of biomass and bioenergy of mountain meadows located in the 
south Caucasus and will be useful for the local government to quantify the annual outcome of forage resources derived from natural 
grasslands which provide a major proportion of the feedstuffs used in Armenia.  
 

INTRODUCTION 
Armenia lies in the southern Trans-Caucasus between 38o51' 
- 41o20' N and 43o 35' - 46o 30' E. Six altitudinal belts exist 
in the local mountain landscapes, from semi-desert (500-
1200 m) to mountain tundra (> 3500 m; Fig. 1). More than 
half the agricultural land consists of natural grasslands 
which provide energy and nutrients for animal production 
which has historically played an important role in the 
national economy. For this reason it is very important to 
understand the productivity of the natural grasslands used 
for grazing or conservation as hay [1, 2, 22]. The energy 
yield potential (EYP) of plant communities is important for 
the determination of the stability of ecosystems and serves 
as a primary food resource for all heterotrophic organisms 
[20]. Studies on EYP of the country’s mountain meadows 
were started recently [14]. 
Until now, forage quality assessment in Armenia has been 
limited to measurements of chemical composition [8, 13]. 
Only in recent years has it been possible to undertake studies 
on local forages, involving the use of in vitro determination 
of digestible organic matter content in DM (DOMD) and 
digestible energy (DE) values for ruminants [15]. 
The principal aims of this work were first to provide a quan-
titative estimate of biomass production and EYP of grass-
lands from different altitudinal belts, and second to carry a 
preliminary assessment of nutritive value for ruminants in 
terms of protein content, and DOMD, DE and metabolisable 
energy (ME) values of native forages of Armenia. The 
impact of zone, year of sampling, plant species and climatic 
factors on the productivity and nutritive value of forages was 
also considered.  

 

Fig. 1. Location of the experimental plots in the dry steppe, mea-
dow steppe and alpine zones of the western slope of the 
Gegama ridge in Armenia. 



 

MATERIAL  AND  METHODS 
Areas studied  

The studies were performed in the dry steppe (DS, 1250-1400 m), meadow steppe (MS, 1900-2400 m) and alpine (AL, 
2700-3000 m) zones of the Geghama ridge, one of the largest mountains in Armenia (length, 70 km; width, 40 km; the 
highest point, 3598 m), located north-east of the capital city Yerevan, between Lake Sevan and the Ararat Valley 
(Fig.1). 
 

Table 1. The number of biomass samples (n biomass) and gross energy determinations (n GE) according to zones and year of 
sampling 

Dry steppe Meadow steppe Alpine Total 
Zone/ year  n Biomass n 

GE 
n 

Biomass 
n 

GE 
n Biomass n 

GE 
n Biomass n 

GE 
1986 23 13 38 25 17 3 78 41 
1988 40 23 20 15 40 7 100 45 
1990* 30 15 31 22 25 4 86 41 
1999 4 4 11 11 - - 15 15 
2000 59 59 - - - - 59 59 
Total 156 114 100 73 82 14 338 201 

* A further 80 and 60 samples were collected from the DS and MS zones respectively, to study the relationships between the incremental 
increase in plant biomass and climatic factors. 

 
 
The DS zone is close to the populated areas and is therefore grazed most of the year. The MS zone is the haymaking 
area and the AL zone is used as summer pastures for cattle and sheep. The characteristic soils of the zones are: in the 
DS - mountain chestnut types with the following composition [24]: humus (H) 20-30, total nitrogen (N) 1.3-2.0, phos-
phorus (P) 1.5-4.0, potassium (K) 13-26 g kg-1, (pH) 7.9-8.1; in the MS - black earth-like with: (H) 70-100, (N) 5-7, P 
3-5 and (K) 11-13 g kg-1, (pH) 6.2-6.7; in the AL - mountain meadow, with (H) 150-200, (N) 10-18, (P) 5-6, (K) 10-13 
g kg-1, (pH) 5.1-5.5. The DS zone’s climate is dry with an average annual air temperature 6-9oC (tmax=38oC, tmin=-30oC), 
precipitation 400 mm; climate in the MS is moderately humid and cold (tmax=26oC, tmin=-36oC), precipitation is 650-700 
mm and in the AL zone climate is very harsh, with long winters and short summers (tmax=20oC; tmin=-42oC), precipita-
tion 800-900 mm.  

Sampling of vegetation to measure productivity 
To estimate the productivity and EYP, a total of 264 samples were taken over the years 1986, 1988 and 1990 across all 
zones studied (Tab. 1). Sampling was performed randomly but the distance between two sampling points never 
exceeded 600 m in the DS, 800 m in the MS and 1100 m in the AL zones. A 1 m2 folding quadrat was used to collect 
the plants which were cut at the ground level. Samples were collected at the flowering stage of the dominant plant 
species (in the DS in June, MS - in July and in AL zones – in August).  

Sampling of vegetation to measure biomass accumulation rate 
To assess the relationships between the rate of accumulation of plant biomass and air temperature and precipitation, 80 
and 60 samples were taken in 1990 from the DS and MS zones respectively (see Tab. 1), using 10 quadrats of 0.25 m2 

per sampling. Sampling in the DS zone was performed from 22 March to 20 October at 30 days intervals and in the MS 
zone from 25 May to 15 July at 10 days intervals. 

Sampling of vegetation to measure nutritive value 
In 1999 15 mixed grass and mixed legume samples (8 and 7 samples of each respectively) were collected from the DS 
and MS zones (4 and 11 samples from each respectively) and in 2000 59 pure grass and legume samples were collected 
from the DS zone to assess nutritive value of forages (see Tab. 1). The following forage species were collected in 2000: 
grasses Bromus tectorium (5 samples), Bromus danthoniae (3), Poa bulbosa (3), Aegilops cylindrica (3) and Dactylis 
glomerata (3) and legumes Medicago sativa (13 cultivated and 7 wild-growing), Onobrychis antasiatica (4), Vicia 
sativa (6), Trifolium pratense  (4), Trifolium repens (3), Lotus caucasica (2), and Melilotus officinalis (3).  

Laboratory procedures 
From each zone, sets of samples, collected for productivity and EYP determination, in order/position of sampling were 
bulked and then fractionated into grasses, legumes, forbs and litter. All samples were then dried initially at 65-70o C 
following which sub-samples were prepared and dried at 105o C to constant weight to measure dry matter (DM), total 
ash (TA) and gross energy (GE) contents. Gross energy was measured by bomb calorimetry. The adiabatic bomb 
calorimeter used in 1986-90 period was of Soviet production (model VL-08M, "Etalon" Factory Production, Alma-Ata, 
Kazakstan) whereas in 1999-2000 the US produced Parr 1261 peribolic bomb was used (Parr Instrument Company, 
Holline, Illinois). The productivity of the Parr 1281 was much higher than that of VL-08M, but there was no significant 
difference between the GE values produced. Using both instruments, six replicated samples of above-ground and root 
biomass were tested. The VL-08M and the Parr 1281 gave a mean GE values of 17.236 (s.e 0.376) and 17.145 (s.e 
0.355) MJ kg-1 respectively. DOMD and OM digestibility (OMD) were measured using the rumen fluid-based in vitro 
technique of Tilley and Terry [27], nitrogen content was measured by the Dumas procedure and TA was measured by 
combustion in a muffle furnace at 550oC. 



 

Calculations and statistical analysis 
The yield of forage biomass potentially edible by animals was calculated as total biomass yield – litter yield. The EYP 
(MJ m-2) of pastures and hay-producing areas was calculated as the product of the mean yield of biomass (g DM m-2) 
and the GE contents (MJ kg-1 DM). DE (MJ kg-1 DM) was calculated as GE (MJ kg-1 DM) * OMD (g kg-1) / 1000. This 
calculation assumes that OMD is a good estimate of GE digestibility as found in other forages [25]. ME (MJ kg-1 DM) 
was calculated as DE * 0.81 [12]. 
Difference in yields of biomass and EYP was assessed using the descriptive statistics and two-tail t-test. Impact of 
zones, year of sampling and plant species on plant biomass, EYP and nutritive value was estimated by linear regression 
analysis and standard errors (s.e.) of the coefficients of dependent and independent variables, r2 and p values were used 
to check the goodness of fit of regression equations to the experimental data. Relationships between plant biomass and 
temperature and precipitation rate data (obtained from the Department of Hydrometeorology at the Government of 
Armenia) were estimated using Pearson correlation coefficient (r), standard error of r was measured as root square from 
1 - r2/n –2 ratio, where r2 is coefficient of determination and n is number of observations. Student’s t- criterion was used 
to estimate the significance of the correlation (tr) and regression (tb) coefficients. To assess the impact of zones on the 
parameters studied we used the samples collected from the three zones during each sampling year separately; similarly, 
when the impact of year was analysed, the samples collected from each zone but during the three sampling years were 
used and to estimate of the impact of plant variety on nutritive value the grass and legume forages of the dry steppe 
zone collected in 2000 was used. The computer package Statistica, Version 6.0 (StatSoft Inc.) was used to perform all 
these analyses.    
 

RESULTS 

Productivity and energy yield potential of ecosystems at different altitudinal belts 
The yields of above ground biomass obtained in 1986, 1988 and 1990 are shown in Tab. 2. There was a wide range in 
the minimum and maximum yields of total and separate fractions with substantial and significant (p<0.001) differences 
between the mean values of total biomass yield derived across all zones and of edible and forbs biomass from DS and 
MS (p<0.001) zones. The MS zone had higher total, edible, legume and forbs biomass than the DS in 1986, 1988 and 
1990, but grass biomass was higher in the DS zone especially in 1986 (p<0.05) and in 1990 (p<0.001) than in the MS. 
In the DS zone a significant difference of total, edible and grass biomass was found between the values obtained in 
1986 and 1988 (p<0.05) and in 1986 and 1990 (p<0.001); in the MS a significant difference was between the yields 
harvested in 1986 and 1990 (p<0.001) and in the AL zone between 1986-1988 and 1988-1990 (p<0.05). Tab. 3 shows 
that compared with the MS zone, forbs in the DS zone had significantly GE values in all years (p<0.001) and for grass 
in 1988 (p<0.05). The GE of forbs derived from DS zone in 1990 was also significantly (p<0.05) higher than in 1986 
and 1988. Table 4 indicates the highest total EYP from MS with the greatest contribution from legumes and forbs; in 
the DS zone the EYP of grasses was the main contributor. The difference in EYP of biomass fractions according to 
zones and year of sampling was the same as in yield of biomass with one exception for the EYP of grasses which in the 
DS zone during 1988 was also significantly (p<0.05) higher than in the MS zone. 
 
 

Table 2. Yield of biomass (g DM m -2) derived from different zones of mountain grasslands in 1986, 1988 and 1990 

1986 1988 1990 Biomass 
fractions Mean s.e. Mean s.e. Mean s.e. 

Mean Range 

Dry steppe (1250-1400 m)       
Grass 208.9 10.84 148.9 4.89 138.7 5.88 160.4 71-324 
Legume 1.6 0.68 1.4 0.51 0.4 0.27 1.1 0-12 
Forbs 72.3 13.72 81.3 5.13 81.1 5.53 79.0 7-256 
Litter 42.7 8.51 51.7 4.61 46.0 6.97 47.6 3-156 
Total 325.4 18.23 283.3 9.51 266.2 6.97 288.2 98-489 
Edible 282.2 15.86 231.6 7.02 220.2 5.07 240.6 92-464 
Meadow steppe (2000-2400 m)      
Grass 156.2 16.62 114.2 17.26 92.1 9.50 124.4 8-455 
Legume 92.9 11.76 86.7 13.27 69.1 8.40 83.2 4-260 
Forbs 171.5 12.09 175.4 9.43 183.6 8.00 176.6 30-325 
Litter 25.9 1.68 37.7 5.45 47.6 3.65 36.1 5-95 
Total 446.5 12.83 414.0 12.09 392.5 11.58 420.3 263-590 
Edible 420.6 12.31 376.3 12.89 344.8 12.75 384.2 183-570 
Alpine (2800-3000 m)       
Total 119.4 13.67 167.8 10.11 183.5 25.39 162.5 30-413 

 
 
The influence of zone and sampling year on plant biomass was assessed using a linear regression model Y = a + bX. 
The t-statistics of the regression coefficient (b) were always higher than t-critical and hence the probability (p) value 
was less than 0.05. The influence of zone on yields of biomass was higher (R2 varied from 0.10 to 0.70) than the 
influence of year (R2 varied from 0.0 to 0.30). Edible and forbs biomass were affected more (R2=0.67 and 0.65) than 
grasses (R2=0.22) and total biomass (R2=0.59) by zones and year of sampling. R2 of the equations based on the 
combined zone*year factor varied from 0.21 to 0.61 including different fractions of biomass.  



 

Table 3. Gross energy content (MJ kg-1 DM) in plant biomass collected from different zones of mountain grasslands in 1986, 
1988 and 1990 

1986 1988 1990 1986-1990 Biomass 
fractions Mean s.e. Mean s.e. Mean s.e. Mean s.e. 
Dry steppe (1250-1400 m)       
Grass 17.92 0.311 18.37 0.094 18.21 0.382 18.21 0.141 
Legume - - - - - - 18.18 0.163 
Forbs 19.05 0.073 19.35 0.113 19.76 0.132 19.40 0.088 
Litter - - - - - - 14.92 0.170 
Meadow steppe (2000-2400 m)      
Grass 17.76 0.184 17.87 0.244 18.08 0.190 17.90 0.115 
Legume 17.95 0.287 18.19 0.205 18.36 0.203 18.16 0.142 
Forbs 17.92 0.137 17.73 0.371 17.52 0.129 17.74 0.109 
Litter - - - - - - 16.34 0.229 
Alpine (2800-3000 m)       
Total - - - - - - 19.02 0.108 

 
Table 4. Energy yield potential (MJ m-2) of biomass fractions according to zone and year of sampling 

1986 1988 1990 1986-1990 Biomass 
fractions Mean s.e. Mean s.e. Mean s.e. Mean s.e. 
Dry steppe (1250-1400 m)       
Grass 3.743 0.194 2.735 0.090 2.525 0.107 2.917 0.086 
Legume 0.029 0.012 0.025 0.009 0.008 0.109 0.020 0.005 
Forbs 1.377 0.261 1.574 0.099 1.603 0.109 1.534 0.085 
Litter 0.636 0.127 0.771 0.069 0.687 0.068 0.711 0.048 
Total  5.786 0.328 5.105 0.167 4.822 0.124 5.182 0.120 
Edible 5.150 0.298 4.333 0.133 4.136 0.096 4.471 0.105 
Meadow steppe (2000-2400 m)      
Grass 2.774 0.295 2.040 0.308 1.666 0.172 2.223 0.163 
Legume 1.668 0.211 1.576 0.241 1.269 0.154 1.509 0.118 
Forbs 3.073 0.217 3.111 0.167 3.216 0.140 3.131 0.110 
Litter 0.424 0.027 0.617 0.089 0.778 0.060 0.591 0.035 
Total  7.938 0.228 7.344 0.217 6.929 0.209 7.453 0.138 
Edible 7.515 0.219 6.727 0.231 6.151 0.229 6.863 0.147 
Alpine (2800-3000 m)       
Total 2.270 0.260 3.304 0.219 3.308 0.466 3.096 0.190 

 
 
To understand more about the reasons for the variations observed in yields of biomass (Tab. 2), we compared them with 
the average annual values of precipitation (P, mm) and air temperature (T, oC). In the DS, MS and AL zones, P for 
1986, 1988 and 1990 were 450 ( s.e. 48.5), 731 (s.e. 67.3), and 916 (s.e. 114) mm and T was 9.5 (s.e. 0.27), 6.2 (s.e. 
0.28) and –2.7 (s.e. 0.32) oC respectively. In the DS zone, the highest coefficient of correlation (r) was observed 
between the litter and T (r=0.99, s.e. 0.141) and litter and P (r=0.86, s.e. 0.510) whilst moderate values of r were 
observed between the T and forbs and grass of the DS, between P and legume and forbs of the MS and between the total 
biomass and P of the AL zone (r=0.60 or less, with s.e. 0.800 or more). A very weak relationship was observed between 
the incremental increase in biomass yield (Tab. 5) and climatic factors measured in 1990 in the DS (from March to 
October, at monthly intervals) and MS (from 25 May to 15 July, at 10-days intervals, Tab. 5) zones. 
 
 
Table 5. Increment of plant biomass yield (for the DS, in g m-2 month-1; for the MS, in g m-2 10 days-1), temperature (oC) and precipi-

tation (mm) values obtained in the DS, MS and AL zones and the correlations between biomass and temperature (rt) and 
precipitation (rp). 

Increment of biomass fractions Vegetative period Total Grass Legume Forbs Litter Temperature Precipitation 

Dry steppe zone (1300 m)     
21 April 46.6 27.3 - 25.9 -6.60 7.70 123.0 
21 May 55.9 49.5 - 15.5 -9.10 13.5 62.6 
20 June 53.5 48.2 - 19.0 -13.7 19.4 20.8 
20July 32.2 10.8 - -3.20 24.6 23.3 16.6 
20 August -22.7 -57.0 - 16.2 18.1 21.6 11.1 
20 September -92.5 0.52 - -71.2 -21.5 19.8 8.30 
20 October -65.3 -39.5 - 5.30 -31.1 7.50 32.7 
rt (Pearson)  -0.01 -0.06  -0.33 0.63   
rp 0.49 0.41  0.48 -0.14   
Meadow steppe zone (2200 m)     
05 June 148.0 22.6 14.0 97.8 13.6 7.80 13.6 
15 June 105.1 56.4 3.20 41.1 4.40 11.6 6.30 
25 June 90.0 48.2 78.5 -33.4 -3.30 12.0 10.3 
05 July 60.4 12.1 -47.3 82.3 13.3 16.0 2.10 
15 July -90.1 -41.7 -13.2 -65.8 30.6 13.6 11.0 
rt   -0.57 -0.33 -0.50 -0.26 0.21   
rp 0.01 -0.17 0.56 -0.28 0.16   



 

Poor and moderate relationships were seen between biomass and climate with the higher values of r observed between 
the litter and T (r=0.63, s.e. 0.347) in the DS zone and between the total biomass and T (r = 0.57, s.e. 0.474) and 
legume and P (r=0.56, s.e. 0.478) in the MS zone. It is noteworthy that the high standard errors recorded in all 
relationships were partly a result of the small number of observations.     

Nutritive value of forages 
Tab. 6 shows the results of chemical composition, in vitro digestibility and energy values of herbage sampled from the 
three zones in 1999 and 2000. All measurements showed a wide range variation around the mean values (Tab. 6). To 
test the impact of combined zone*year factor on forage nutritive value, we used the experimental data obtained for grass 
hay collected during 1999 and 2000 from the DS and MS zones, and for testing of the influence of plant species, the 
data of grass and legume hays collected in 2000 from the DS zone were used. There was a significant effect of 
combined zone*year factor on DM, GE, OM and DOMD and of plant species on the DM, OM, GE and CP contents 
(Tab. 7).  
 
 

Table 6. Chemical composition, digestibility and energy values of forages derived from mountain grasslands of Armenia in 1999-
2000 (n=74) 

Determination Mean s.e. Range 

Chemical composition (g kg-1 DM)    
Dry matter (g kg-1) 916 1.046 905 - 943 
Organic matter  916 1.869 854 - 948 
Crude protein 144 5.801 57.8 - 237 
Total ash 84.5 1.870 51.7 - 146 
Digestibility values    
Organic matter digestibility (g kg-1OM) 643 0.538 553-779 
Digestible organic matter (g kg-1 DM) 588 0.489 501 - 700 
Energy values (MJ kg-1 DM)    
Gross energy 18.1 0.097 14.2 - 19.1 
Digestible energy  11.6 0.107 8.50 - 14.6 
Metabolisable energy 9.40 0.086 6.90-11.8 

 
Table 7. The chemical composition (g kg-1 DM) and energy value (MJ kg-1DM) of forages were affected significantly (p < 0.05) 

by combined year*zone (Z,Y) or by plant species (PS, implies mixed grass and mixed legume hay) factors 

Coefficients of parameters Nutritive value a b c 
r2 adjusted for 

degrees of freedom 
Effect of zone and year of sampling (y = a + bZ+cY)   
Dry matter  962 s.e.12.7 6.52 s.e.4.77 19.7 s.e.4.37 0.59 
Organic matter (OM) 766 s.e.30.3 41.8 s.e.11.3 61.6 s.e.10.3 0.61 
OM digestibility 39.2 s.e.6.09 9.20 s.e.2.29 5.26 s.e.2.09 0.40 
Gross energy  13.3 s.e.0.73 1.25 s.e.0.27 1.72 s.e.0.25 0.67 
Digestible energy 5.29 s.e.1.43 2.50 s.e.0.54 1.81 s.e.0.49 0.45 
Effect of  plant species (y = a + bPS)   
Dry matter  922 s.e.1.96 5.96 s.e.1.11 - 0.32 
Organic matter  945 s.e.5.33 14.9 s.e.3.02 - 0.29 
Gross energy  17.6 s.e.0.17 0.46 s.e.0.10 - 0.27 
Crude protein  23.4 s.e.11.2 98.0 s.e.6.33 - 0.80 

 
 

DISCUSSION 

Productivity and EYP of ecosystems at different altitudinal belts 
The data obtained (Tab. 2 and 4) reflect the mosaic structure and diversity of vegetation in the mountain landscapes of 
Armenia [26]. In the studies by Agababyan [1] and Babayan [2], grasslands of the MS zone also showed higher hay 
production potential than other zones. Grasses were more productive in the dry steppe and legumes and forbs in the 
meadow steppe zone (Tab. 2). A high proportion of grasses in the dry steppe and forbs in the meadow steppe of the 
Geghama ridge and Aragats Mountain in Armenia was also found in the studies of [8] and Babayan [2] and Shur-
Bagdasaryan [23]. 
Despite the significant differences in yields of different fractions of biomass derived from the dry steppe, meadow 
steppe and alpine zones of the Geghama ridge, regression analysis revealed that very little proportion of the variance in 
biomass yields may be explained by the impact of either zone or year of sampling and climatic factors. Even the 
observations made during the plant vegetative period did not show a strong relationship between the incremental 
increase in total biomass yield and precipitation or temperature (Tab. 5). The literature data indicate [24] that soils of 
natural grasslands in Armenia are deficient in the water-soluble form of nitrogen (N), phosphorus (P), potassium (K) 
and in some microelements and that the shortage of mineral elements depends mainly on soil type, topographical 
positions of grasslands, etc. In a study by [2], N, P and K fertilisers (respectively, NH4NO3, Ca(H2PO4 and KCl) 
increased substantially the yield of above ground biomass (from 49 to 93%) of natural grasslands located in the DS, MS 
and AL zones of Aragats mountain. Shatvoryan et al. [21] using the same fertilisers but with the combination of Mo and 



 

Cu in the MS zone of the Geghama ridge obtained 73 to 153% higher biomass yield than in control plots. A substantial 
increase of biomass from fertilised eroded pastures of the DS, MS and AL zones of the Geghama ridge was also found 
by Shur-Bagdasaryan [23]. 
The significant difference in yields of biomass and bioenergy recorded within the same zone in 1986, 1988 and 1990 
along with the above mentioned reasons may be also explained by different grazing activities of livestock. Due to the 
Armenian-Azerbaijanian conflict in 1988-1995, it was very dangerous to keep livestock in AL pastures which are 
remote. As a result, in 1988 and 1990 the pastures of the DS and MS were grazed more intensively and pastures of the 
AL zone less intensively than in 1986. Our latest study [16] showed that in intensively grazed pastures located around 
Yerevan city, the production rate of above ground biomass and EYP respectively varied from 50-150 g m-2 and 1-3 MJ 
m-2 and in protected areas, respectively, from 350-500 g m-2 and 7-1 MJ m-2. 
Gross energy is an important criterion for identification of EYP of ecosystems. Whilst only part of GE contained in 
forages is converted by ruminants into metabolisable energy, in natural conditions all available energy of the plant 
community is consumed by different groups of organisms forming the food chain of the ecosystem [20]. Accordingly, 
higher GE and EYP values of plant communities result in more groups of organisms being fed and an increased stability 
of the ecosystem. In an earlier study, Mezhunts [14] showed that GE varied between different biomass fractions of 
plant, ecological groups and altitudinal belts.  High GE values were recorded in AL and DS plants which probably have 
greater adaptability to severe environmental conditions [5]. Different GE contents were found in different fractions of 
plant biomass derived from different zones in studies by Bogdanov [3] and Bazilevich [4]. The present work has shown 
(Tab. 3), that the EYP of the DS, MS and AL zones was respectively 5.18, 7.45 and 3.10 MJ m-2 per year. Using these 
data and literature [7] on solar photosynthetically active radiation (PAR) for Armenia, we calculated the efficiency of 
utilisation of solar PAR [18]. Values of 0.20, 0.29 and 0.12 % were estimated for the dry steppe, meadow steppe and 
alpine zones respectively. Nichiporovich [18] indicated that the coefficient of PAR utilisation by agricultural lands 
varied within 0.5-1.0 %; Larcher [10] found that this coefficient for different natural grasslands varied from 0.05 to 
0.6% and for agricultural lands it was 0.7%. In a study by Ziroyan [28] the coefficient of PAR utilisation by the semi-
desert zone of Armenia varied from 0.06 to 0.10%. 
 

Nutritive value 
Natural grasslands in Armenia are located at different altitudes of mountain ranges which substantially differ from each 
other in terms of vegetation diversity [26]. 
Earlier, Maghakyan [13] and Ohanova [17] showed that herbage chemical composition, including the content of mineral 
elements, was significantly affected by both geographical position and plant species. These authors concluded that, in 
general, the nutritive value of the herbage grown in the upper zone of mountains is generally higher than in the lower 
areas. The results of the present study (Tab. 7) suggest that DM, OM and GE were significantly affected by plant 
species and zone*year, crude protein by plant species and DOMD and DE by combined zone*year factors. This is in 
agreement with the findings presented by Givens et al. [9] and by Perez Corona et al. [19] showing the significant 
influence of plant species and topographical gradient on grasslands production and forage nutritional quality. The 
present study has also shown that on average crude protein and GE contents were higher in legumes (CP, 173 g kg-1DM 
, s.e 4.07; GE, 18.44 MJ kg-1DM, s.e. 0.061) than in grasses (CP, 78.0 g kg-1DM  , s.e.3.23; GE, 17.75 MJ kg-1DM, s.e. 
0.217). Some grass forages that are widespread in the steppe zone of Armenia (i.e. Poa bulbosa, Bromus danthoniae) 
had very low crude protein contents (Poa, 70.5, s.e.3.91; Bromus, 71.5 g kg-1DM, s.e. 3.95) which, if the only dietary 
ingredient, would not sustain the nitrogen requirements of the rumen microflora let alone the host animal [6]. 
The comparison of the data on in vitro DOMD contents obtained in this study (mean 588, s.e. 0.489 g kg-1) and 50 years 
ago (612 g kg-1) by Madoyan [11] based on measurements of OM contents in hay and in manure after 48 days of intake 
by experimental animals, showed that the results are very close to each other despite the use of different methodologies. 
The present work does show however, that the range in DOMD content, DE and ME values of these forages is 
extremely wide (Tab. 6). Forages at the low end of the range of ME (6.8 MJ kg-1 DM) have values equivalent to cereal 
straws whereas those at the high end (11.8 MJ kg-1 DM) are equivalent to immature ryegrass. The animal production 
that these forages would sustain would be vastly different and account needs to be taken of this in planning national 
animal production strategies. 

 
CONCLUSIONS 

The present study has showed that mountain grasslands in Armenia located at different altitudinal belts significantly 
differ from each other in terms of above ground biomass and bioenergy yields and by their abilities to utilise solar 
photosynthetically active radiation. Meanwhile, only part of variation observed in biomass and bioenergy yields can be 
explained by the impact of geographical position of grasslands, year of sampling and climatic factors. One of the 
reasons for this variation may relate to overgrazing of pastures. The impact of zone, year of sampling and plant species 
on nutritive value, particularly on OMD, crude protein and GE in forages was more obvious than the impact of zone and 
sampling year on biomass and bioenergy yields. To develop an efficient approach to diet formulation for the local 
livestock it will be necessary to carry out similar investigations throughout all regions of the country taking into account 
the high level of forage diversity grown at different altitudes of mountains in Armenia. 
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