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ABSTRACT 

The paper summarises studies on plant root biomass (RB), root gross energy (GE) and energy yield potential (EYP) distribution 
throughout the soils of the Dry steppe (DS, 1250-1400 m), Meadow steppe (MS, 1900-2400 m) and Alpine (AL, 2700-3000 m) zones 
of the Geghama ridge in Armenia. In the DS zone the influence of irrigation on RB distribution throughout the soil profile of 0-30cm 
depth was also studied. The stocks of total RB were: 1293, 2571 and 2526g DM m-2; GE value: 17.0, 16.8 and 18.1 MJ kg-1 DM and 
EYP: 22.0, 43.2 and 45.7 MJ m-2, respectively for the DS, MS and AL zones. The zones had a significant impact on total RB, 
biomass of different soil layers (p<0.001) and GE value (p<0.05). Regardless of altitude, the soil root density decreased with depth 
ranged from 0 to 40cm (p<0.001). Irrigation in the DS zone increased the total RB and changed its distribution picture throughout the 
soil layers of 0-25cm depth.  
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INTRODUCTION 

Armenia is a small mountainous country (ca. 30,000 km2) loca-
ted in the southern Trans-Caucasus. More than half of the agri-
cultural land of the country is occupied by natural pastures and 
hay producing fields, which serve as the basic source of nut-
rient supply for ruminant animals. Past management practices 
and, specifically, uncontrolled grazing of domestic livestock 
have caused negative changes in plant communities and land 
degradation in many areas [7, 10]. Grazing management has 
also influenced under-ground biomass accumulation and distri-
bution through the soil profile [2, 10]. 
The level of plant adaptability to environmental conditions, 
and sustainability of agricultural exploitation, is largely deter-
mined by the structure of plants’ underground organs and their 
capacity to use soil resources efficiently. Due to relatively well 
developed underground organs, plants are able to develop 
quickly a sufficient leaf area to capture incoming solar energy. 
The penetration of roots to deeper soil horizons enriches them 
with organic matter and makes an important contribution to the 
ability of plants to withstand soil moisture deficits during 
drought [9]. 
Biodiversity of soil fauna depends to a great extent on the 
energy yield potential converted in root biomass, which serves 
as an essential food resource for soil herbivores. Despite 
having an important role for ecosystems, the energy yield po-
tential of root biomass is insufficiently studied [4, 6]. 
We aimed to study the total stocks of root biomass, energy 
yield potential and the distribution pattern of root biomass 
through the soil profile in the three altitudinal belts – as influ-
enced by differing environmental and human impacts. We also 
assessed the impact of irrigation on the distribution of root 
biomass in the dry steppe zone, which had been subjected to more human activity than other zones. 

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. 
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MATERIAL  AND  METHODS 

Areas sampled. The studies were carried out in the Dry steppe (DS), Meadow steppe (MS) and Alpine (AL) 
zones of the north-west slope of the Geghama ridge of Armenia (Fig. 1). The soils and climatic characteristics of these 
zones were described in previous work by Mezhunts et al. [5]. The grasslands studied are distributed in a vertical 
pattern and included lands from 1250 to 3000m above sea level. Annual air temperature varied between +38 and –30oC 
in the DS zone, +26 and –36oC in the MS zone, and +20 and –42oC in the AL zone. Annual precipitation varied 
between 350-400mm, 650-700mm and 800-900mm, respectively in the DS, MS and AL zones. The zones differed 
according to human activities: the AL zone serves as summer pasture, with a grazing period ranged from mid -July to 
late September; the MS is a hay making area, which is mown in mid-July and afterwards is grazed until mid-November; 
pasturelands in the DS zone are grazed by for a longer period (March-December) than other pastures. 

Sampling of root biomass. Soil blocks, each 20x25cm, were collected from along the studied altitudinal belts 
(194 in 1986-1990 and 30 in 2002), for determination of total stock of root biomass (RB), gross energy (GE) and energy 
yield potential (EYP). From these samples, 30 from each zone were used for determination of RB distribution through 
the soil profile to 25cm depth. These soil blocks were split into three or four strata each of 10cm depth and in each of 
them the density of plant material was determined. Then 20 samples were taken from the DS zone, comprising of 10 
samples from a non-irrigated and unploughed (virgin) area and 10 from an irrigated, but not ploughed during the last 10 
years, (fallow) area. In this experiment, a more detailed stratification of soils was performed, including six strata each of 
5cm depth. 

Field and laboratory procedures. Blocks were cut with a metal spade to 30 or 40cm depth, depending on the 
thickness of the rooted stratum, and transferred to the laboratory. Here they were dissected to 5 or 10cm sections, which 
were washed in tap water to enable separation of the roots from the soil particles. Samples were initially dried at 65-
70oC, following which a sub-set of samples was prepared and dried at 105oC to a constant weight, to measure GE 
contents. The bomb calorimeter used in 1990 was made in the Soviet Union (model VL-08M, Factory "ETALON", city 
Alma-Ata, Kazakhstan) and that used in 2002 was made in the USA (Parr 1281, Parr Instrument Company, Holline, 
Illinois). Sub-samples were prepared from the DS (47), MS (32) and AL (25) zones for GE determination. 

Calculations and statistical analysis. The energy yield potential (EYP) of the underground biomass was 
calculated as the product of the mean yield of RB and the GE content. To describe the interaction between zones and 
RB distribution through the soil profile, we randomly selected one depth sample from each of the 90 points distributed 
between the three zones, such that there were 10 samples from each profile depth (0-10cm, 10-20cm and 20-30cm) at 
each zone. The data were subjected to a two-way analysis of variance (ANOVA). Comparisons of RB from different 
zones were carried out using F-test technique (Least significant differences, LSD, of means were determined to assess 
real difference available between them). All comparisons were considered significant at p<0.05 using statistical com-
puter package – Statistics, Version 6.0 (StatSoft Inc.). 
 

RESULTS 

The yield of root biomass and energy value at different altitudinal belts. Tab. 1 shows that the yield of RB in 
the natural grasslands of the Geghama ridge varied from 1293 to 2571g DM m–2, with a maximum value in the MS 
zone. GE varied from 16.8 to 18.1 MJ kg-1 DM and EYP from 22.0 to 45.7 MJ m-2, both with maximum values in the 
AL zone. The difference between total RB yield in the DS and two successive higher zones was significant (p<0.001). 
The GE value of RB was also affected, significantly, by the zones studied (p<0.05), mainly due to the difference 
observed between the DS and AL zones, on the one hand, and MS and AL zones, on the other.  
 

Table 1. Root biomass (depth 25-30cm) and energy values of natural grasslands on different altitudinal belts of Geghama ridge 

 Dry steppe Meadow steppe Alpine 
1. Yield of root biomass     

Samples’ number 105 79 40 
Mean  (g DM m-2) 1293a 2571b 2526b 
Range 539-3350 1560-4380 1700-3730 
Standard error 44.4 67.3 88.0 

2. Gross energy content    
Samples’ number 47 32 25 
Mean  (MJ kg-1DM) 17.0c 16.8c 18.1d 
Range 13.0-20.3 14.8-19.0 16.5-20.3 
Standard error 0.3 0.2 0.2 

3. Energy yield potential of root biomass ( MJ m-2) 22.0 43.2 45.7 

Effect of zones on: 
1. Root biomass yield: p<0.001; LSD=137 and 180g DM m-2 for DS vs. MS and DS vs. AL. 
2. Root gross energy value: p<0.05; LSD=0.6 and 0.9, respectively, DS vs. AL and MS vs. AL 
a, b indicate differences between mean values of root biomass from DS, MS and AL zones, 
c, d indicate differences between GE values of root biomass from the same zones. 
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Fig. 2. Influence of irrigation on quantity of root biomass distribu-
tion by soils profile. 

d1, d2, d3, d4  and d5 indicate soil layers of the depth: 0-5cm, 5-10cm, 
10-15cm, 15-20cm and 20-25cm, respectively. 
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Distribution of root biomass through the soil profile. Tab. 2 shows that soils located in different altitudinal belts 
had different levels of root saturation in the 0-30cm layer. Soils of the DS zone had a lower RB than soils of the MS and 
AL zones – at each sampled depth. For example, in all soil layers of the DS belt, the stocks of RB were lower than those 
of the MS and AL belts by 747 and 859g DM m-2 (for d1); 202 and 132g DM m-2 (for d2) and 125 and 39g DM m-2 (for 
d3), respectively. The average values of RB for the soil layers 0-10cm, 10-20cm and 20-30cm of the DS, MS and AL 
zones were: 1673, 369 and 177g DM m-2 respectively, which differed from each other significantly (p<0.001; 
LSD=105g DM m-2). 
 

Table 2. Distribution of root biomass (g DM m-2) through the soil profile of the three vertical zones (n=30) 

Zone's Soil layers1 Mean Min Max SE 

d1 1138a 490 2450 77.9 
d2 258c 80 650 25.4 Dry steppe 
d3 122s 50 330 12.2 
d1 1885b 1100 3700 95.0 
d2 460d 107 1210 38.1 
d3 247t 20 500 20.6 Meadow steppe  

d4 168 100 280 11.0 
d1 1997b 1300 2910 73.9 
d2 390d 190 900 30.5 Alpine 
d3 161s 70 380 15.4 

Notes: 1 d1 – 0-10cm;  d2 – 10-20cm; d3 – 20-30cm; d4 – 30-40cm; 
Effect of zone on RB of soil layers d1-d3: p<0.001; LSD=305g DM m-2 

Effect of soil depths on RB (d1, d2 and d3 only): p<0.001; LSD=105g DM m-2 
Interaction: soil layers*zones: p<0.001 
a, b indicate differences between the layers of d1 of  3 zones (p<0.05); c, d indicate differences between the 
layers of d2 of  3 zones (p<0.05); s, t indicate differences between the layers of d3 of  3 zones (p<0.05). 

 
 

Influence of irrigation on root biomass 
distribution. Soils of virgin and irrigated sampling 
plots in the DS zone differed significantly 
(p<0.001; LSD=115.6g DM m-2) in the total RB 
(1070 and 2100g DM m-2; Fig. 2). Irrigation also 
appeared to affect the distribution of roots in the 
soil profile. For example, in the virgin area RB 
decreased with the profile d1-d5 from 647 to 34g 
DM m-2 (ca. 19 times) and in the irrigated plot – 
from 809 to 282g DM m-2 (ca. 2.9 times at the 
same sampling depth). 
 
 
 
 
 
 
 

DISCUSSION 

The stocks of root biomass and energy value at different altitudinal belts. The largest proportion of pastures’ 
biomass is usually under-ground [2, 7, and 12]. Narinyan [7] found an unusually low ratio of aboveground to under-
ground biomass in the alpine carpets in Armenia (from 1:27 to 1:38). Root biomass distribution depends on several 
factors including climate, soil type, water and nutrient availability and grazing management. Among multiple factors 
limiting Armenia’s pasture productivity, Shur-Bagdasaryan [10] selected trampling by livestock and erosion levels. 
Drought conditions, which frequently occur in Armenia, further hamper pasture productivity. Lack of moisture suppres-
ses plant growth and retards root development, which make plant unable to extract moisture and nutrients from the soil. 
Khtryan et al. [3] reported the following RB in two distinct situations: 1880g DM m-2 for mountain brown, semi-desert 
none irrigated and 6330g DM m-2 for humid, meadow brown irrigated soils. 
The significant difference between the stock of RB and EYP of different altitudinal belts and wide deviations around 
the mean values (Tab. 1) prove the extreme heterogeneity and patchiness of standing grass on the western slope of the 
Geghama ridge. In this study the stocks of RB and EYP in the MS and AL zones were approximately equal and 
substantially higher than in the DS zone (Tab. 1). However, this does not mean that the communities of MS and AL 
zones, which differ by soil, climatic conditions and by defoliation intensity, have equal capacities for organic matter 
biosynthesis, as the yield of RB depends equally on the intensity of the production process and on the decomposition 
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rate of the available biomass. Khtryan et al. [3] showed that the decomposition rate of RB decreases with increase in 
altitude. So, one reason for the large stocks of RB that was found in the present study in the AL zone might be the 
incomplete decomposition of annual root growth. 
The gross energy and energy yield potential of root biomass of Armenia’s natural grasslands are insufficiently studied. 
In earlier study by Mezhunts [4], the GE value of RB was lower than that of the aboveground organs. A similar picture 
was observed in a study by Morozov [6] for the high-grass communities of Sakhalin (Russia). In recent work by 
Mezhunts and Givens [5], the values of EYP of aboveground biomass were: 5.1, 7.4 and 3.1 MJ m-2 for the DS, MS and 
AL zones, respectively and the EYP of RB for the same zones obtained in this work are: 22.0, 43.2 and 45.7 MJ m-2. 
The highest GE and EYP values of underground biomass recorded in the AL zone probably contribute to survival of 
soil habitants in these unfavorable environmental conditions. 

Distribution of root biomass through the soil profile. Information on plant belowground biomass distribution 
through the soil profile is essential to understand a soil’s water-holding capacity and how well plants do during drought. 
Reduction of soil organic matter under a variety of external conditions will damage the land’s future productivity. Such 
a loss may take years to correct. Studies, carried out by Rodriguez et al. [8] in the Cantabrian Mountains in Spain, 
showed that the RB, which was mainly concentrated in the upper layers of soils, was considerably affected by grazing 
intensity, by the structure of plant community and by the topographical gradient of habitats. 
In the work by Babayan [2], in the intensively grazed Alpine pastures in Armenia, showed that soil layers 0-10cm, 10-
30cm and 30-50cm contain respectively: 77%, 19% and 4% of the total RB. According to Arutyunyan [1], in the soils of 
the semi-desert zone (meadow-brown, irrigated soil), 3400-4100g DM m-2 of RB was concentrated in the top 40cm and 
800-1400g DM m-2 in the 40-70cm layer. Stepanov et al. [11], who carried out studies in West Tyan-Shan (Uzbekistan) 
at an altitude between 500 and 2000m a.s.l., showed that 0-10cm grey-earth soil layer contains more than 90% of the 
total stocks of RB, although the root saturation of this layer decreased with increasing altitude. Shalyt [9] showed that 
the 20-32cm soil layers of the steppe, forest-steppe and forest zones contain from 76 to 97% of the total RB. 
In the present study (Tab. 2); soil layers of 0-10cm in the DS zone contain 75%, MS – 68% and AL – 78% of the total 
RB. Two-way analysis of variance (ANOVA) of the mean values of the randomly selected data (494, 843 and 833g DM 
m-2, respectively for DS, MS and AL zones and 1645, 347 and 177g DM m-2, respectively for the 0-10cm, 10-20cm and 
20-30cm depths) showed a significant effect of zones on RB distribution within the depth 0-30cm (p<0.001; LSD=130g 
DM m-2). 

Influence of irrigation on root biomass distribution. Almost all agricultural areas in Armenia require irrigation. 
Even pastures located at sub-alpine and alpine zones, with annual precipitation of 800-900mm, suffer the effects of 
drought in late summer. Although only fields lying below 2000m a.s.l. can be irrigated, the country has always faced 
irrigation problems. The DS zone suffers from drought conditions more than other zones studied. The lands of the DS 
zone, capable of growing high quality and productive plant communities, are characterized by orchards, vegetables, and 
wheat and forage crops. The other areas, where soils are shallow, rocky and low fertility and plant communities turn 
brown during even mild droughts are mainly used as pastures. 
In our study the smallest stocks of RB was found in the DS zone (Tab. 1) mainly due to the deficiency of soil moisture. 
To learn more about the impact of soil moisture on RB distribution by soil profile, we carried out a study in both virgin 
and irrigated areas located in the DS zone (Fig. 2). Our observation showed that the areas studied differed according to 
the botanical composition of dominant grasses: Hordeum crinitum, Poa bulbosa and Festuca sulcata dominated the 
virgin area and Agropyron repens, Agropyron trichophorum and Phleum phleoides - the irrigated (fallow) area. 
Fig. 2 shows that the RB of the DS communities was significantly effected by irrigation, which substantially increased 
the RB yield and changed the distribution pattern along the soil profile (p<0.05). The ratios of RB obtained from 
irrigated and non irrigated plots were: for the total biomass – 2.0 and for the RB of soil layers – 0-5cm, 1.3; 5-10cm, 
1.9; 10-15cm, 2.9; 15-20cm, 6.4 and 20-25cm, 8.3; i. e. the irrigation of the DS zone has enriched the lower soil layers 
with RB more than the upper. This may contribute to the intake of soil components by plants and secure sustainable 
production of plant communities in the dry season. These findings are in agreement with the studies carried out by [1, 2, 
11], where higher quantities of RB have been recorded in comparatively humid than in drought environments. 
Rodriguez et al. [8] found another characteristic of root biomass distribution through the 0-10cm soil layer. The authors 
confirmed that xeric communities displayed a more gradual reduction in RB with depth than mesic pastures. One of the 
reasons for this apparent contradiction of our results may be differences in precipitation of experimental plots used by 
us and by the above mentioned authors. Mean annual precipitation values for the altitudes of the Cantabrian Mountains 
in Spain were: 535mm at 990m; 1009mm at 1200-1250m and 1294mm at 1500m a.s.l. and for the DS (1250-1400m), MS 
(1900-2400m) and AL (2700-3000m) zones of the Geghama ridge in Armenia: 350-400, 650-700 and 800-900mm, 
respectively. 
 

 
CONCLUSIONS 

The study showed that vertical zones of mountain grasslands in Armenia significantly affected plant root biomass and 
energy yield accumulation and distribution pattern throughout the soil profile. In particular, the smallest stock of root 
biomass was recorded in the Dry Steppe, mainly because of an insufficient amount of moisture available in the chestnut 
soils of the region. In the Alpine zone the root/shoot ratio, gross energy value and energy yield potential of underground 
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biomass was substantially higher, which may be explained by increasing adaptation abilities of plants to survive the 
severe environmental conditions. Independent of vertical zonality, the principal portion of root biomass was concentra-
ted in the upper soil layers of 0-10cm depth, which probably hampers grasslands’ productivity. The results of this study 
also showed that irrigation may be as a good instrument for the increasing the intensity of root biomass accumulation 
process and for obtaining a comparatively even distribution of roots throughout the soil profile, at least for the Steppe 
zone. The results will be useful for those local farmers who want to develop measures for sustainable use and protection 
of natural pastures and hay making areas. 
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