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The structure and production of an ecosystem’s plant 
community is the result of interacting processes (Kremen 
2005; Hudson et al. 2014). These include both abiotic and 
biotic processes, such as disturbances through herbivory 
and climate change (Wallace 2007; Ouled Belgacem and 
Louhaichi 2013; Islam et al. 2018). Intense herbivory, as the 
dominant land-use practice in arid and semiarid rangelands, 
influences the distribution and abundance of certain plant 
species and also alters the ability of an ecosystem to cope 
with stress, such as low soil moisture and nutrient levels 
(Gong et al. 2015; Zubair et al. 2018; Louhaichi et al. 2019). 
Therefore, it would be vital to evaluate the relationship 
between vegetation and the environment in order to provide 
effective rangeland management interventions and maintain 
sustainable production levels to reduce the degradation of 
ecosystem goods and services (Watson and Novelly 2004; 
Suding and Hobbs 2009).

In general, rangelands are characterised by uneven 
rough topography combined with low and/or erratic 
precipitation. Particularly, mountainous rangelands are 

affected by topography and aspect (Gong et al. 2016; Liu 
2017). In the northern hemisphere, south-facing slopes 
of mountainous rangelands receive a greater amount of 
radiation than north-facing slopes (Kutiel and Lavee 1999). 
These differences in solar radiation affect ecologically 
critical factors of microclimate, including near-surface 
temperature, photosynthetically active and ultraviolet 
wavelengths, evaporative demand and soil moisture content 
(Bale et al. 1998; Lozano-García et al. 2016), which in turn 
drive differences in vegetation structure, production and 
composition (Klemmedson and Wienhold 1992; Olivero and 
Hix 1998). Vegetation composition differs between north- 
and south-facing aspects (Kutiel and Lavee 1999; Ghimire 
et al. 2010; Kerven et al. 2011). These differences commonly 
reflect broader-scale patterns associated with latitudinal 
and altitudinal gradients in microsite environments (Badano 
et al. 2005). For example, the lower solar radiation in 
north-facing slopes results in lower evapotranspiration rates 
and lower daily maximum temperatures (Begum et al. 2010). 
Such evidence indicates that spatial variability of aspect 
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plays a critical role in influencing vegetation patterns and 
ecosystem processes in many mountainous environments. 
Consequently, the sustainable utilisation, management 
and conservation of mountain rangelands are important for 
maintaining their unique biological diversity and productivity 
(Begum et al. 2010).

In Tajikistan, only 7% of the country (approximately 960 000 
ha) is arable, and the rest is either mountainous (exceeding 
3 000 m asl) or desert. The climatic conditions vary by region 
and altitude, from hot dry plains to high glacial mountains. 
Agricultural production is dominated by cattle breeding and 
horticulture that primarily occur in mountainous landscapes 
(Djanibekov et al. 2016). The rapid growth of cattle breeding, 
particularly in the steppes, has played an increasingly 
important economic role, and it has changed lifestyle of the 
pastoral population (Lioubimtseva et al. 2005). The majority 
of rural households raise livestock in the steppes (Kerven 
et al. 2011). Mountainous rangelands, as in Tajikistan, are 
represented by highly contrasting vegetation over short 
distances within a small geographic range. This biophysical 
condition is usually neglected when grazing is applied in those 
rangelands. As a consequence, mountainous rangelands 
in Tajikistan are very often degraded due the combined 
effects of harsh environment, heterogeneous topography 
and overgrazing (Louhaichi et al. 2013; Mirzabaev 2016). 
This seriously affects the species composition and diversity 
and consequently the productivity and the resilience of these 
ecosystems. In the current study, we investigated the effects of 
aspect on vegetation characteristics in the high-altitude grazing 
lands of Tajikistan. We hypothesised that habitat conditions, 
especially aspect, would affect vegetation attributes response 
(vegetation diversity, cover, plant life forms and biomass 
production) in semiarid mountainous rangelands of Tajikistan.

Materials and methods

Site description
The study was conducted in the Kurama Ranges of the West 
Tian-Shan Mountains in North Tajikistan (Figure 1). The 
study area is located in the Matchin and Gafurov districts 
of Sughd Province. The climate is moderately warm, with 
short warm winters and long hot dry summers, average 
annual temperature ranges from 15.6 to 20 °C and average 
annual rainfall ranges from 230 to 350 mm (Kurbonov 2017). 
The soils of the Kurama mountain range are very diverse, 
represented by rocky landscapes. They are mostly light brown, 
with subtypes light brown carbonate, whereas light sierozems 
are found only on the foothills (Kurbonov 2017; Turakulov et 
al. 2021). Agricultural production has expanded owing to an 
increase in the human population and this has contributed to 
widespread land degradation (Djanibekov et al. 2016). The 
major types of land degradation prevalent in the region include 
soil erosion in the mountainous areas and degradation of 
high altitude and rangelands vegetation resulting from chronic 
grazing (Dukhovny and Ziganshina 2011; Louhaichi et al. 
2013). The dominant species of overstory vegetation in the 
study sites are Artemisia persica Boiss., Prangos pabularia 
Lindl., Ferula ovina (Boiss.) Boiss and Rosa kokanica (Regel) 
Regel ex Juz. in high-elevation mountains, whereas Artemisia 
persica Boiss. and Stroganowia paniculata Regel & Schmalh. 
are widely distributed in low-elevation mountain rangelands.

Study design
In the Kurama Ranges, north- versus south-facing aspects 
were selected in two mountains facing each other to 
monitor the interaction of aspect and season of grazing 
on the growth of vegetation. The summer grazing season 
begins from early June and ends in October, whereas the 
spring grazing season lasts from November to May. Small 
ruminants are the dominant livestock type with an average 
herd size of approximately 300 head. The summer pastures 
are characterised by higher elevation and cover an area of 
approximately 1 km2. During the autumn grazing season, 
the total area is utilised by 2–3 flocks, but this number may 
decrease during the winter season because of the harsh 
cold conditions. On the other hand, the winter pastures 
cover a larger area of approximately 2 km2 and their 
elevation is lower than the summer pastures. However, 
because they are closer to the settlements, there are more 
herds grazing during spring (5–7 flocks).

Sampling methodology and measurements
Two V-shaped valleys with north- and south-facing aspects 
were selected for summer (40°37′10.34″ N, 69°45′21.43″ E; 
1 478 m asl) and winter pastures (40°32′53.23″  N, 
69°41′11.44″ E; 1 063 m asl) (Figure 1). In winter pasture, 
the selected valley dimensions were 2 km length (the 
starting point at the bottom of the valley to the top point), 
200–250 m width, whereas in summer pasture the 

Figure 1: Study area showing the location of summer and winter 
pastures in the Kurama Ranges, Tajikistan
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dimensions of the selected valley were shorter (1 km) and 
wider (300–350 m). In each pasture type, three monitoring 
locations were set up in two contrasting aspects at the same 
altitude in each valley. For all slopes, vegetation sampling 
was carried out at the approximate midpoint of the slopes 
during the two peak biomass accumulation periods at the 
end of spring (May) and autumn (November) during 2015 
and 2016 to assess the vegetation characteristic changes 
after grazing and resting periods in both pastures in relation 
to the aspects. In this study site, the comparison between 
north- and south-facing slopes presented an opportunity 
to compare the effects of different landscape types on 
vegetation growth within the same vicinity. Plots were 
excluded if covered by >60% rock or exposed soil or if a 
well-established trail passed through. Species composition 
and density were described using three randomly placed 
quadrats (10 m × 2 m) in the mid slope of each aspect in 
both valleys. Plant density was estimated by counting the 
number of individuals of each species within each quadrat. 
The effect of aspect was evaluated in relation to the life 
form of individual species, as described by Raunkiaer’s 
life forms, which is a classification of plants, based on the 
position of perennating buds in relation to the soil surface 
(Raunkiaer 1936). To determine plant canopy cover, the 
same quadrats (10 m x 2 m) as for density was used, where 
individual plant crowns of each species within the quadrat 
frame were measured. Biomass production of annuals was 
estimated by clipping the grazeable materials within three 
1 m × 1 m frame quadrats, randomly distributed on both 
slopes of each aspect in both valleys. For perennial overstory 
vegetation within every size category (big, medium and small 
plants), one representative plant was selected, clipped and 
weighed for determination of biomass production. In order 
to determine the percentage dry matter (%DM), samples of 
both perennial and annual plants were oven dried at 85 °C 
for 24 h. Biomass production was then calculated, based on 
plant densities and converted to kg DM ha−1.

The values of species densities per m2 recorded in the 
quadrats were used to calculate the Simpson’s diversity 
index, which takes into account both species richness and 
evenness using the following formula (Onaindia et al. 2004).

( )
( )
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where, ni = number of individuals or amount of each 
species (i.e. the number of individuals of the ith species) and 
N = total number of individuals for the site.

For computing species compositional similarity, the north- 
and south-facing aspects for both the winter and summer 
pastures were compared using the Sørensen similarity 
index (Vellend 2001).

Data handling and analyses
During the two seasons and in each pasture type for 
both north and south facing aspects there were no true 
replicates because all sampling sites within each aspect 
were situated on the same location. Therefore, the samples 
taken inside the quadrats on each site were considered 
as replicates for the among-sites comparison, and they 
were pseudoreplications of the comparison between the 

two aspects as well (Hurlbert 1984). Three-way analysis 
of variance (ANOVA) was applied to the data using 
Generalised Linear Modelling (GLM procedure). Main 
effects and interactions between the aspects, seasons and 
pasture types were tested on three vegetation variables: 
biomass production, percentage plant cover and density. 
Kolmogorov-Smirnov and Levene’s tests were performed to 
evaluate adherence of residuals to the normality assumption 
and homogeneity of variances. The plant density data were 
normal, but biomass production and plant cover percentage 
variables were not, and hence log transformed, Q–Q plots 
were performed to test the normality of both variables before 
and after the log transformation to make sure they became 
normal after transformation. All statistical analyses were 
performed with SAS v. 9.2 software (SAS Institute, Cary NC, 
USA). Dunnett’s T3 test was used for comparison of means 
at p < 0.05.

Results

Effects of season and aspect on plant cover
The ANOVA of total plant cover showed significant 
differences (F(1,40) = 21.78, p < 0.0001) between north- and 
south-facing slopes. Regardless of sampling season, higher 
plant cover was recorded on the north- compared with 
south-facing slopes for both summer and winter pastures 
(53.9 ± 5.9 and 34.4 ± 7.7%; 18.0 ± 0.8 and 16.3 ± 3.3% in 
autumn and 53.9 ± 7.1 and 34.4 ± 8.7%; 12 ± 1.9 and 13 ± 
0.2% in spring, respectively) (Figure 2).

In spring, the dominant species (species with highest 
plant cover percentage) in the summer pasture in overstory 
vegetation were Artemisia persica Boiss., Ferula ovina (Boiss.) 
Boiss., Prangos pabularia Lindl and Eremurus regelii Vved. 
Whereas understory vegetation was mainly dominated by 
Poa bulbosa L., the four species are native to central Asia and 
vary in height: 0.5 m for A. persica and P. pabularia. 1 m for 
F. ovina, and 1.8 m for E. regelii. The common characteristic 
of these species is their adaptation to a wide range of soils 
from light sandy to heavy clay soils and from acid to neutral 
alkaline soils. Although A. persica, P. pabularia and E. regelii 
are well known traditionally for their medicinal uses, both 
P. pabularia and F. ovina are palatable and consumed by 
ruminants (Amooaghaie 2009; Banday et al. 2012). The 
dominant species in winter pasture were Artemisia persica 
Boiss. and Stroganowia paniculata Regel & Schmalh that 
belong to Asteraceae and Brassicaceae, respectively. In 
autumn, Artemisia sp. was dominant in both summer and 
winter pastures.

Effects of season and aspect on plant density
The ANOVA showed that, in both seasonal pastures, 
there was a significant difference in plant density (F(1,40) = 
15.62, p < 0.05) in relation to aspect. In winter pastures, the 
north-facing slopes had significantly higher plant density 
than south-facing slopes (F(1,40) = 5.21, p < 0.05) during both 
seasons: 36.333 ± 5.326 and 31.667 ± 4.475 plants ha−1 
for the north and south aspects in spring, respectively, 
and correspondingly 32.667 ± 1.833 and 12.833 ± 4.206 
plants ha−1 in autumn. However, during autumn less 
difference in density values were observed in the summer 
pasture (Figure 3).
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Effects of season and aspect on biomass production
Biomass production was significantly higher (F(1,40) = 21.78, 
p < 0.05) on north-facing aspects for both the summer (483.4 ± 

10.72 kg DM ha−1) and winter (326.1 ± 4.52 kg DM ha−1) 
pastures in spring, compared with south-facing aspects (Figure 
4). A similar pattern was also recorded in autumn, with 
north-facing aspects in summer (490.6 ± 10.35 kg DM ha−1) 
and winter pastures (281.5 ± 3.78 kg DM ha−1) having higher 
biomass production (Figure 4).

Effects of season and aspect on plant families and life 
forms
Species richness was higher in summer than in winter 
pasture, particularly on north-facing slopes. In spring, 
north-facing slopes were usually represented by a diverse 
community of desirable annual and perennial plants, but 
south-facing slopes consisted of homogenous vegetation 
dominated by undesirable annual species, such as 
Taeniatherum crinitum (Schreb.) Nevski. (Table 1). In autumn, 
the difference in species composition was much less obvious 
between different aspects because annual species senesced 
at the end of autumn. As annual plants become dormant in 
autumn, south-facing slopes will have low vegetation cover 
and reduced biomass. In fact, perennial plants, such as 
Artemisia spp., were scarce in the vegetation composition.

Species richness was expressed as the number of species 
represented at each site during the field sampling. In general, 
species richness was higher in summer than in winter 
pastures (32 and 19 species, respectively), particularly on 
north-facing slopes (20 species). In spring, the north-facing 
slopes in summer pastures were usually represented by a 
diverse species composition rich in desirable annuals, such 
as Bromus danthoniae Trin., Bromus tectorum L., Minuartia 
meyeri (Boiss.) Bornm., Veronica campylopoda Boiss., 
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Ziziphora tenuior L., Taeniatherum crinitum (Schreb.) Nevski. 
and Holosteum sp., and perennial plants mainly Prangos 
pabularia Lindl., Ferula ovina (Boiss.) Boiss., Rosa kokanica 
(Regel) Regel ex Juz., Cousinia egregia Juz., Phlomis 
regelii Popov., Poa bulbosa L., Ziziphora clinopodioides 
Lam., Eremurus regelii Vved. and Carex pachystylis J. 
Gay. Conversely, the south-facing slopes consisted of 
homogenous vegetation dominated by undesirable annual 
species, such as Taeniatherum crinitum (Schreb.) Nevski. 
In autumn, the difference in species composition was less 
between different aspects. Both aspects were dominated by 
perennials because annual species had already senesced 
(Artemisia sp. and Rosa kokanica (Regel) Regel ex Juz.).

Yet, in winter pasture, during the spring season the 
species richness of south facing aspects was higher than the 
north facing (7 and 6, respectively). The recorded species 
in spring were: Taeniatherum crinitum (Schreb.) Nevski., 
Eremurus olgae Regel., Artemisia sp., Capparis herbacea 
Willd., Nepeta sp., Eremurus turkestanicus Regel., Cerasus 
erythrocarpa Nevski., Artemisia persica Boiss., Stroganowia 
paniculata Regel & Schmalh., Crambe kotschyana Boiss., 
and Poa bulbosa L. In autumn mainly perennial species were 
recorded, such as Artemisia persica Boiss. Stroganowia 
paniculata Regel & Schmalh., Carex pachystylis J. Gay. and 
Eremurus olgae Regel. However, the number of species 
observed in north facing aspect was higher (5 species), 
compared with the north facing aspect (four species).

Dominant species and their abundances differed between 
north- and south-facing aspects (Table 1), shaped primarily 
by topographic effects associated with livestock grazing. 
The majority of species on north-facing slopes were 
palatable, whereas south-facing aspects were completely 
dominated by unpalatable species.

Members of nine different botanical families were recorded 
(Figure 5). The Asteraceae and Poaceae were the most 
widely represented families because they were recorded 

in all sites despite their relatively low contributions to 
canopy cover. They were followed by Asphodelaceae and 
Rosaceae. However, species belonging to other families, 
such as Capparaceae, were rare and recorded in only one 
location. The difference in botanical composition of north vs. 
south-facing aspects was one of the distinct characteristics of 
the vegetation structure. This difference was more apparent 
on the north-facing slope of the summer pasture, where a 
higher number of botanical families was observed, compared 
with the south aspect and both aspects of the winter pasture. 
Some species, mainly from the Apiaceae and Lamiaceae, 
were present only in the north aspect of the summer 
pasture. In contrast, species belonging to Brassicaceae 
and Capparaceae were only found in winter pasture and 
more specifically on the north- and south-facing slopes, 
respectively. Grasses (Poaceae) were more abundant on the 
south- than the north-facing slopes for both grazing seasons 
(summer and winter) (Table 2).

The effect of aspect on representation of Raunkiaer’s life 
forms revealed geophytes as the most abundant in all sites, 
especially on north-facing slopes of both seasonal grazing 
pastures (summer and winter), where their contribution to 
canopy cover ranged within 70 to 80% (Table 3). These were 
followed with a lower contribution from Hemicryptophytes, 
composed mainly of grasses, in both grazing seasons and 
for both aspects. Chamaephytes were mostly represented 
by Artemisia persica and had a high contribution to the 
canopy cover of the south-facing slopes for summer pasture. 
Therophytes were recorded only on the south-facing slopes 
of both pastures and had very low contributions.

Effects of season and aspect on vegetation diversity 
indices
In both summer and winter pastures, Simpson’s diversity 
index was 34% and 29% greater on north- than south-facing 
slopes for both summer and winter pastures, respectively 

North-facing aspect South-facing aspect
Summer pasture
Artemisia persica Boiss.
Prangos pabularia Lindl.
Ferula ovina (Boiss.) Boiss.
Rosa kokanica (Regel) Regel ex Juz.
Cousinia egregia Juz.
Phlomis regelii Popov
Ziziphora clinopodioides Lam.
Eremurus regelii Vved.
Poa bulbosa L.
Carex pachystylis J. Gay

cop3
cop2
cop1
cop1
sp
sp
sp
sol
cop2
cop2

Taeniatherum crinitum (Schreb.) Nevski.
Eremurus olgae Regel.
Artemisia sp.
Amygdalus spinosissima Bunge.
Cerasus erythrocarpa Nevski.
Rosa kokanica (Regel) Regel ex Juz.

soc
cop2
sp
sp
sp
sp

Winter pasture
Artemisia persica Boiss.
Stroganowia paniculata Regel & Schmalh.
Crambe kotschyana Boiss.
Poa bulbosa L.
Carex pachystylis J. Gay.

cop3
cop1
sol
cop2
cop2

Taeniatherum crinitum (Schreb.) Nevski.
Eremurus olgae Regel.
Artemisia sp.
Capparis herbacea Willd.
Nepeta sp.
Eremurus turkestanicus Regel.
Cerasus erythrocarpa Nevski. 

cop3
cop1
sp
sp
sp
sol
sol

Note: soc, plants of high sociability; cop3, very abundant; cop2, abundant; cop1, quite abundant; sp, diffusely; sol, 
isolated; un, a single sample

Table 1: Abundance of plant species in relation to slope aspect in the summer and winter pastures
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(Table 4). In winter, similar diversity indices were recorded 
on the north aspects of both seasonal pastures and were 
significantly (F(1,12 = 4.62, p < 0.05) higher than those for the 
south-facing slopes of the summer and winter pastures.

Sorenson’s index indicated that the botanical composition 
of summer and winter pastures of the same aspect 
were similar to a degree, whereas that of north- and 
south-facing slopes were almost completely different. In 
all cases, there were no or very low similarities in terms of 
species composition between the north- and south-facing 
slopes regardless of grazing season. However, although 
there were relatively low to moderate similarity scores 
(0.40–0.66), there were some similarities between the same 
aspects (i.e. north–north and south–south comparisons) for 
summer and winter pastures (Table 5).

Discussion

Tajikistan is considered to be one of the most vulnerable 
countries to climate change (Fay and Patel 2008). The 
predictions show an increase in mean annual temperature 
by 0.2–0.4 °C by 2030 and large variations in rainfall in 
terms of intensity and geographical distribution. Summers 
are expected to be wetter, whereas winters are expected 
to be drier, which could lead to more floods and recurrent 
drought. This will reduce the rangeland productivity and 
will eventually lower carrying capacity. It was also reported 
that climate over Asian montane rangelands is changing 
faster than the global average, posing serious threats to 
the future of the region’s livestock-based economies and 
cultures (Kohli et al. 2021). The current study investigated 
the effects of aspect on the vegetation characteristics of two 
seasonal mountainous pastures (summer and winter). The 
plant cover, plant density, species diversity and biomass 
production were higher for north- than south-facing slopes.

The results of this study revealed less plant cover, 
lower plant density and far lower biomass production 
were recorded during both spring and autumn for south- 
compared with north-facing slopes. The south-facing 
slopes received more sunlight, and these conditions 
were not conducive to vegetation growth, but instead 
favoured drought-resistant vegetation, as suggested by 
Auslander et al. (2003). In comparison, north-facing slopes 
retained moisture and were cold and humid, accordingly 
supporting moisture loving plants (Gutiérrez-Jurado et 
al. 2013). It was suggested that there are various climatic 
and soil characteristics, which individually or collectively 
act to increase plant responses in north- compared with 
south-facing slopes (Griffiths et al. 2009; Lozano-García 

Plant family 
Summer pasture Winter pasture

North aspect South aspect North aspect South aspect
Apiaceae 20 0 0 0
Asphodelaceae 10 17 0 33
Asteraceae 20 17 20 17
Brassicaceae 0 0 40 0
Capparaceae 0 0 0 17
Caryophyllaceae 10 0 20 0
Lamiaceae 20 0 0 0
Poaceae 10 16 20 17
Rosaceae 10 50 0 16

Table 2: Contribution (%) of plant families in flora of north- and south-facing slopes in the 
summer and winter rangelands of mountainous slopes of Tajikistan

Plant life form
Summer pasture Winter pasture

North aspect South aspect North aspect South aspect
Chamaephyte 10 50 0 17
Geophyte 70 17 80 50
Hemicryptophyte 20 17 20 17
Therophyte 0 16 0 16

Table 3: Plant life forms and their relative contributions (%) in flora of north- and south-facing 
slopes in the summer and winter rangelands of mountainous slopes of Tajikistan

Spring Autumn
 Summer

 pasture
Winter 
pasture

Summer 
pasture

Winter 
pasture

North 0.83 (0.28) 0.65 (0.52) 0.77 (0.66) 0.78 (0.51)
South 0.62 (0.41) 0.48 (0.39) 0.64 (0.47) 0.59 (0.42)

Table 4: Mean (± standard error) for Simpson’s index of diversity of 
north- and south-facing slopes of the Kurama Ranges in Tajikistan

SP_N SP_S WP_N WP_S
SP_N 1 0.125 0.40 0
SP_S 1 0 0.667
WP_N 1 0
WP_S 1

Table 5: Similarity between north- and south-facing slopes of the 
Kurama Ranges in Tajikistan, measured by the Sørensen index SP, 
summer pasture; WP, winter pasture; N, north aspect; S, south aspect
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et al. 2016). For instance, on mountainous rangelands, 
soil moisture availability has been suggested to be the 
primary limiting resource in shaping species composition 
and growth (Badano et al. 2005). In addition, soil moisture 
content is remarkably lower on south- than on north-facing 
slopes in the northern hemisphere, resulting from 
south-facing slopes receiving as much as six times more 
solar radiation than north-facing slopes (Gong et al. 2008).

The biomass production is consistent with those of 
Louhaichi et al. (2013) for a similar mountainous rangeland 
in Tajikistan, where significantly higher biomass production 
was found for north- compared with south-oriented slopes 
at two different sites. Our values were also close to those 
found by Gintzburger et al. (2003) in Tajikistan under similar 
environmental conditions, for which the average productivity 
of pastures did not exceed 400 kg DM ha−1. The authors 
ascribed the limited economic use of these pastures to 
the poor vegetation cover and limited seasonal grazing. 
The results from this study on the effects of aspect on 
vegetation characteristics are similar to other findings by 
Griffiths et al. (2009), Lozano-García et al. (2016) and Bale 
et al. (1998), who also found greater vegetation production 
on north- compared with south-facing slopes.

In terms of species richness, the influence of aspect 
was evident on plant diversity, life forms and families 
of both pastures mainly for geophytes and Poaceae 
(grasses). These significant effects can be explained by 
the differences in moisture and temperature (Neuner et 
al. 1999; Gong et al. 2008; Farzam and Ejtehadi 2017) 
that enhance or limit the emergence and establishment of 
new seedlings and consequently affect plant density. This 
is also likely the reason for the abundance of geophyte 
species in the northern-facing aspect and greater presence 
of Poaceae on south-facing slopes. Additionally, the 
abundance of more drought-tolerant species including the 
chamaephyte Artemisia persica and other forbs on the 
southern aspect, confirms their tolerance to the higher 
temperature, greater light intensity and lower moisture 
availability, compared with the north-facing slopes (Small 
and McCarthy 2002). These findings are in support of the 
understanding that species on north-facing slopes are less 
drought tolerant (Bennie et al. 2006).

Several authors found a strong influence of seasonal 
grazing on vegetation (Shen et al. 2011; Wu et al. 2014; 
Porensky et al. 2018). However, this was not the case in 
the current study, because plant responses to grazing 
in the winter pasture were comparable to the summer 
pasture although the north-facing slopes had higher plant 
cover, plant density and biomass production. This is mainly 
because the stoking rate decreases during autumn grazing 
seasons because most of the flocks go back to the summer 
pastures. To this effect, the existing ecological gradients 
in soil moisture, near-surface air and soil temperature 
between north- and south-facing slopes, already highlighted 
in this study, will be increased by climate change and will be 
a critical driver for the response of species distributions.

The question frequently asked by rangeland managers 
is whether vegetation cover attributes vary in relation to 
the topographical heterogeneity, including the aspect, of 
mountainous rangelands when submitted to similar animal 
stocking densities. Findings from this study contribute toward 

designing sustainable restoration practices for mountain 
rangelands. It is expected that vegetation will recover quicker 
when environmental conditions are optimum, generating 
abundant biomass production that would allow the grazing 
season to be extended.

Conclusion

In the mountainous rangelands of Tajikistan, the 
north-facing slopes showed higher vegetation growth 
characteristics compared with the south-facing slopes. Our 
results demonstrated that aspect had obvious effects on 
species richness, plant density and biomass production.

Although the selected study sites were relatively 
comparable, additional studies considering additional 
biophysical factors, such as soil properties and grazing 
pressure, are desirable for a better understanding of the 
effect of aspect on the spatial and temporal heterogeneity 
and distribution of moisture and nutrients resources 
and consequently the response of vegetation attributes, 
including species diversity and plant growth forms.

Despite these limitations, findings from this study 
are still important in contributing toward designing 
site-specific restoration options of mountain rangelands. 
For south-facing slopes, because of low resource 
availability and poor quality of soil properties, we suggest 
the implementation of short-duration rotational grazing 
systems with low stocking rates on these slopes to minimise 
overgrazing. On the other hand, because the north-facing 
slopes have greater resource availability, the expectation 
is that vegetation will respond quicker in terms of species 
composition and biomass production, compared with the 
south-facing slopes, which would allow for animals to spend 
relatively longer grazing periods.

Finally, overlooking the effect of aspect when considering 
mountainous rangelands restoration could result in 
unsuccessful results. Given their complexity, land managers 
should carefully assess the site-specific conditions prior to 
identifying restoration targets so that selected interventions 
address the underlying root cause of low success (Monaco 
et al. 2012).
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