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ABSTRACT
The rangeland in the mountain forest steppe in Mongolia has degraded for the last
decades, mainly because of overgrazing. This has challenged the government to improve
the land and gather information about the tolerance of the rangeland. Livestock production
is an important part of the economy and is based on the natural rangeland. The aim of this
research was to test the effect of cutting frequency (four, three, two and one), cutting
height (0 and 3 cm) and duration of cutting on aboveground biomass and also to test the
effect of grazing exclusion on vegetation cover at different degradation levels of Fescueforbs rangeland. Three sites were selected with different degradation levels; slightly,
moderately and heavily degraded. The cutting experiment was a randomized complete
block design with five replications. Sampling was carried out in 2006, 2007 and 2008. In
2009 all the plots were cut at the same time in August and at 0 cm height and the results
were analysed. The results showed that total biomass was influenced by cutting frequency,
cutting height and duration of cutting. The biomass decreased considerably with
increasing cutting frequency, in most cases when cutting height was 0 cm, but small
changes were noticed when the cutting height was 3 cm. The biomass decreased by 3054% when cut four times per year at 0 cm in slightly and moderately degraded sites. Years
of duration influenced biomass significantly at slightly and heavily degraded sites. The
total vegetation cover was higher in ungrazed sites compared with grazed sites within all
three degradation levels. Grasses and forbs had improved on ungrazed slightly and heavily
degraded sites. This study showed that the intensity of grazing readily influences biomass
production but also that recovery of rangeland can be slow when weather conditions are
unfavourable.
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1. INTRODUCTION
Many parts of the world are degraded due to overgrazing and severe climatic conditions
(Gunin 1999; Liang et al. 2009). Because of increasing activity of humans less land cover has
become available for grazing, which makes it ever more important to manage the land
properly (Briske & Heitschmidt 1991). This situation has challenged range managers
throughout the world to repair rangelands during the last few decades. To accomplish this,
herders and range managers must have a good understanding of the tolerance of rangelands
and plants as well as of the ecosystem structure.
About 80% of the Mongolian total land area can be considered rangeland (Damiran 2005).
Mongolian nomadic animal husbandry is based on natural rangeland and livestock production
is an important part of the economy. Today Mongolia is one of the most heavily grazed
countries in the world (Archer & Smeins 1991). From 1990 to 2011, the total number of
herding households in Mongolia doubled and livestock numbers increased by 28.7% and
reached over 36.3 million animals (National Statistical Office of Mongolia 1990, 2011).
Mongolia has no regulation on the maximum number of livestock allowed, which makes the
rangelands potentially susceptible to overgrazing and degradation (Sankey et al. 2009).
In Mongolia the ownership of land has changed in the past decades. For centuries herders
moved between places with their herds so the grazing impact was not so intense at each site.
Following 1921, when the country came under communists rule, individuals could not own
livestock but they herded state-owned animals on state-owned rangelands for a salary.
Although nomadic movements were restricted during the Socialist period, collectives allowed
seasonal movements and regulated rangeland use (Johnson et al. 2006). Grazing methods
changed after 1990 when herding collectives were dismantled and most state-owned livestock
was privatized. Rangeland remained state-owned but herders could utilize it. Following
privatization the number of herding households increased and seasonal movements of herders
decreased (Fernandez-Gimenez 1999).
The effect of grazing is traditionally viewed as negative on the primary production through a
series of direct and indirect effects on plant growth (Archer & Smeins 1991). Although many
plant species are well adapted to defoliation, domestic livestock can substantially impact their
growth and persistence in numerous ways (Archer & Smeins 1991). The aboveground parts of
plants are destroyed, but in addition plants suffer from trampling (Gunin 1999). In cases of
heavy grazing it is well known that plant composition changes and can result in vegetation
and land degradation (Chognii 1977). The influence of grazing on grass cover has a more
complicated character when combined with natural shortages of water.
Climate changes influence the health of rangelands and affect the dynamics of rangeland
vegetation (Gunin 1999). The climate has been getting warmer and slightly drier in Mongolia
(Batima et al. 2005). An estimation of water resources in 2007 indicated that water resources
had decreased during the preceding two decades (Dagvadorj et al. 2010). The total number of
rivers had decreased by 16.6%, springs by 25.4% and lakes by 31.5% (Dagvadorj et al. 2010).
Due to this, and heavy grazing, dust storms are more frequent than before and a total area of
113 million hectares in Mongolia is affected by wind and water erosion (Association of
Environmental Impact Assessment 2010).
Because of the heavy grazing and climate changes in Mongolia it is important to gather
information about the grazing tolerance of the land but also about methods that can be used to
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restore degraded land. Such data will serve as basic information needed for the assessment of
the carrying capacity of the pastures and for management decisions for a sustainable use of
the natural rangeland. In this research I seek to test a) the effect of different grazing
management intensities (cutting frequencies and cutting heights) on the aboveground biomass
of rangelands with different degradation levels following three years (2006-2008) of
utilization and to b) elucidate the influence of five years (2004-2009) of protection from
grazing on vegetation cover of different degradation levels. To approach these objectives the
research was applied on Fescue-forbs rangelands in mountain forest steppe of Mongolia.
2. MATERIALS AND METHODS
2.1

Study area

The study area belongs to the forest steppe belt in the Khangai mountain region, which is
located in Ikhtamir soum, Arkhangai province of Mongolia (47°47’-47°50’N; 100°56’-100°
54’E) (Gunin 1999). The altitude of the study area ranges from 1793 to 1844 m above sea
level.
The climate in the study area is extreme continental (Badarch 1971). Average wind speed is
2.3 m/sec and maximum speed is 20 m/sec (Institute of Meteorology and Hydrology 2012).
The long-term average temperature is 0.8°C, the monthly minimum temperature is -14.8°C in
January, and the maximum temperature is 15.4°C in July (Fig. 1). During 2004-2009 the
annual temperature fluctuated; the highest temperature was in 2007 and the lowest was in
2005 (Fig 2a). Within each of these years annual temperature was usually higher than the
long-term average except in 2005.
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Fig. 1. Average air temperature (°C) by months at the Tsetserleg station in Arkhangai
province and long-term average of climate data from 1970-2010 (LTA). (Institute of
Meteorology and Hydrology 2012).
The average long-term (1970-2010) precipitation is 329.3 mm (Fig 2b) (Institute of
Meteorology and Hydrology 2012). During the study period the annual precipitation was
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always lower than the long-term average except for 2007; however, the summer precipitation
(about 190 mm) was mainly after the 20th of August when it was too late for plant growth. On
average more than 80% of the precipitation is distributed during the growing season of plants,
which is from May to August (Fig 3).

Fig. 2. a) Annual temperature (°C) and b) precipitation (mm) at the Tsetserleg station in
Arkhangai province and long-term average of climate data from 1970-2010 (LTA) (Institute
of Meteorology and Hydrology 2012). Tsetserleg station is 80 km from the study area.
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Fig. 3. Precipitation (mm) by months from 2004-2009 at the Tsetserleg station in Arkhangai
province and long-term average of climate data from 1970-2010 (Institute of Meteorology
and Hydrology 2012).
The vegetation in the study area is Fescue-forbs community, which is a common vegetation
type in mountain forest steppe (Lkhagvajav 2000). The grass Festuca lenensis used to be a
dominant species in the community and is considered as one of the main indicator species for
healthy rangeland. Coverage of Festuca lenensis was about 21.5% of total cover and 25-30%
of total biomass in earlier studies (Tserendash 1978; Lkhagvajav 2000). Studies in 2002 have
shown that more than 90% of the Festuca lenensis cover and abundance has decreased since
1986 (Lkhagvajav 2000; Lkhagvajav & Otgontuya 2008).
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2.2

Experimental design and methods

Within the study areas are three experimental sites (Table 1). Within each site a 1 ha area with
as homogeneous vegetation as possible was fenced off in 2004 and they have been ungrazed
since. At the time of fencing the three experimental sites were at three different degradation
levels of Fescue-forbs rangeland and were estimated to be slightly, moderately and heavily
degraded. In the beginning of the study grasses dominated within the slightly degraded site,
especially Agropyron cristatum and Koeleria macrantha (Table 1). Forbs dominated within
the moderately degraded site, mainly Artemisia frigida and A. commutata, and within the
heavily degraded site sedge species dominated, mainly Carex duriuscula.
Table 1. The three experimental sites with different degradation levels and different types of
Fescue-forbs communities in 2004.
Study area

Degradation level

Vegetation type

Fescue-forbs

Slightly degraded
Moderately degraded
Heavily degraded

Grass-forbs
Artemisia-forbs
Sedge-forbs

The slightly and moderately degraded sites were utilized between October and May and the
heavily degraded site from May to the end of September by four types of livestock (Fig 4).
Furthermore, that site was a main path of livestock moving between grazing areas until 2000
and therefore heavily utilized. The area outside of each fence was grazed during the study.
The slope is 2.5% in the slightly and moderately degraded sites and 1% in the heavily
degraded site. The aspects are 254° and 245° in the slightly and moderately degraded sites and
315° in the heavily degraded site.
2.3

Cutting experiment

The cutting experiment included three factors (Table 2). 1) Cutting height: aboveground
biomass was cut at two different heights above ground level. At 0 cm the vegetation was cut
at surface level and the other height was 3 cm above the surface. 2) Cutting frequency:
aboveground biomass was cut at four different frequencies within the same growing season.
The cutting was applied monthly; four times (May, June, July and August), three times (June,
July and August) and two times (July and August) and once (August). 3) Duration: the
duration of the cutting treatments was different; for three years (2006-2008), two years (20072008) and one year (2008).
In total, 360 plots with different degradation levels were randomly chosen for the cutting
experiment within the three fenced areas. Within each fence a total of 120 (1x1 m) plots were
randomly chosen and plots were separated from each other by 0.5 m buffer strips. During the
first year of the study (2006) five plots were randomly chosen for each cutting frequency and
cutting height, in total 40 plots (Table 2). The duration of cutting treatments for those plots
was three years; they were cut the same way in 2006, 2007 and 2008. In 2007 and 2008 two
other sets of plots were selected following the same setup. Plots established in 2007 were cut
for two years and those established in 2008 for one year. In 2009 all 360 plots were cut once
in August at 0 cm. Each treatment was randomly assigned to five blocks, or replicates, and the
design of the experiment was fully factorial.
5
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Fig. 4. Location of experimental sites at the study area in Ikhtamir soum, Arkhangai province,
Mongolia. The heavily degraded site is to the left, moderately degraded in the middle and
slightly degraded site to the right.
The measurements were carried out during the growing season, from May to August (Table
2). Biomass was obtained from the plots on the 20th of every month and cutting was done by
hand. All plant material was air dried at room temperature for 20-25 days and then weighed.
6
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In the beginning of April each year, before the growing season, dead biomass from the
previous year was removed.
Table 2. Treatments repeated within fenced area of each experimental site. The treatments
included different cutting heights (0 and 3 cm), different cutting frequencies (4=May, June,
July and August, 3=June, July and August, 2=July and August and 1=August). Numbers
indicate number of plots for each cutting height and cutting frequency. Treatments started in
2006 and duration of treatments varied (one year=2008, two years=2007-2008 and thre
years=2006-2008). Each treatment was replicated five times. In 2009 all plots were cut at 0
cm during the peak yield period (in August).
Year

Cutting height-cutting frequency

Cutting height-cutting frequency

2006

0-4

0-3

0-2

0-1

3-4

3-3

3-2

3-1

2007

0-4

0-3

0-2

0-1

3-4

3-3

3-2

3-1

2008
2009

0-4
0-1

0-3
0-1

0-2
0-1

0-1
0-1

3-4
0-1

3-3
0-1

3-2
0-1

3-1
0-1

2.4

Vegetation cover measurements

To study the effect of resting on vegetation composition, measurements were applied inside
the fence where vegetation was ungrazed and outside the fence where grazing continued after
2004. Five plots (1x1 m) were randomly selected for measurement of vegetation cover inside
the fence and five outside the fence. The design followed the methodology of Ramenskii
(1971) which is 1 m2 sets. Each 1 m2 set is divided into 100 parts and one part equals 1%.
Vegetation cover of each individual species was measured on the 20th of July from 2004 to
2009.
2.5

Analysis

To estimate the effect on total biomass of different cutting heights and cutting frequencies
during the years 2006-2008 two-way ANOVA for block design was run on data from 2009
(Fowler et al. 2010). Each treatment was replicated five times. Each different degradation
level was analysed separately. With two-way ANOVA you get differences between cutting
frequencies and different cutting heights and this indicated whether there was interaction
between cutting frequency and height. Two-way ANOVA was also used to estimate the effect
on total biomass of duration and cutting frequencies and indicated interaction between
duration and cutting frequency by two different cutting heights separately.
In order to obtain information on the vegetation cover of ungrazed and grazed areas the mean
and standard errors of the total cover and the main plant functional groups were calculated. I
ran two-way ANOVA to test if there was a difference in total vegetation cover between years
and between ungrazed and grazed areas. All statistical analysis was performed using SAS
(Enterprise Guide 4.2) for Windows.

7
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3. RESULTS
3.1

Effect of cutting on biomass

Overall the ANOVA analyses showed that cutting height and cutting frequency had a
significant effect on biomass in both slightly and moderately degraded sites, regardless of
duration of cutting (Table 3). In the heavily degraded site cutting frequency and cutting height
were not significant, except for cutting height for two and three years of cutting (Table 3).
Furthermore, treatment duration had different effects depending on cutting height (Table 4).
Table 3. Results of two-way ANOVA for aboveground biomass in plots harvested in 2009 in
slightly degraded (SD), moderately degraded (MD) and heavily degraded (HD) sites.
CF=different cutting frequencies, CH=cutting height, Duration=duration of treatments. Bold
figures indicate significant differences (P<0.05).
Treatment

Source

DF

Slightly
degraded

Replicate
CF
CH
CF*CH

4
3
1
3

Moderately
degraded

Replicate
CF
CH
CF*CH

4
3
1
3

One year
F
Pr > F
2.99
0.0359
4.23
0.0138
13.06 0.0012
3.23
0.0375
1.72
0.1743
3.33
0.0337
13.39 0.001
1.42
0.2574

Heavily
degraded

Replicate
CF
CH
CF*CH

4
3
1
3

0.32
2.5
2.19
0.34

0.8615
0.0798
0.1502
0.7953

Duration
Two years
F
Pr > F
1.14
0.3575
9.28
0.0002
35.57
<.0001
2.08
0.1257

Three years
F
Pr > F
0.25
0.9102
3.97
0.0178
43.46 <.0001
2.33
0.0961

1.24
6.24
30.7
2.24

0.3149
0.0022
<.0001
0.1053

1.38
5.41
7.06
1.83

0.2661
0.0046
0.0129
0.1647

3.92
2.09
12.38
1.16

0.0119
0.1248
0.0015
0.3411

4.13
2.62
30.23
0.71

0.0093
0.0706
<.0001
0.5555

Table 4. Results of two-way ANOVA for aboveground biomass in plots harvested in 2009 in
slightly degraded (SD), moderately degraded (MD) and heavily degraded (HD) sites. YD=
year duration, CF=different cutting frequencies. Bold figures indicate significant differences
(P<0.05).
Cutting height
Treatment

Slightly
degraded

Moderately
degraded

Heavily
degraded

Source
Replicate
YD
CF
YD*CF
Replicate
YD
CF
YF*CF
Replicate
YD
CF
YD*CF

DF
4
2
3
6
4
2
3
6
4
2
3
6

3 cm
F
2.92
1.84
2.07
0.94
1.7
0.15
1.84
0.29
3.69
0.79
3.92
1.24

0 cm
Pr > F
0.0314
0.171
0.1176
0.4739
0.166
0.8577
0.1538
0.9369
0.0113
0.4581
0.0146
0.3064

8

F
1.17
12.76
20.34
1.25
1.46
0.4
13.28
1.18
2.24
6.38
2.63
0.21

Pr > F
0.3367
<.0001
<.0001
0.2985
0.2319
0.6707
<.0001
0.3324
0.0802
0.0037
0.062
0.971
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Within the slightly degraded site the cutting frequency had no significant effect (P<0.1176) on
biomass when the cutting height was 3 cm (Table 4; Fig. 5). The biomass decreased
considerably with increased cutting frequency when the cutting height was 0 cm. During the
first year the biomass decreased by 34% when cut four times compared to one cutting. During
the second and third years the biomass decreased by 53-54% when the vegetation was cut four
times compared with a single cutting at 0 cm (Fig. 5). Interaction between cutting frequency
and cutting height was significant (P<0.0375) at year one but not significant (P>0.05) for
years two and three (Table 3). Duration of treatments significantly affected biomass when the
cutting height was 0 cm (Table 4). For example, the biomass was 594.2 kg/ha when cut four
times for one year but 377 kg/ha when cut four times for three years (Fig. 5). Interaction
between year duration and cutting frequency (YD*CF) was not significant (P>0.05)
regardless of cutting (Table 4).
Within the moderately degraded site the biomass decreased slightly when cutting height was 3
cm and frequency increased; however there was no significant difference for cutting
frequency (P<0.1538) (Table 4; Fig. 5). On the other hand, cutting frequency had a highly
significant (P<.0001) effect when the cutting height was 0 cm. The effect of duration in years
of treatments was not significant (Table 4). When cut at 0 cm the biomass was 30% less
during the first year when cut four times compared with a single cutting (Fig. 5). After two
and three years of cutting the biomass was 37% and 50% less, respectively, when cut four
times compared with a single cutting (Fig. 5). The interaction between cutting frequency and
cutting height was not significant (P>0.05) in all different year durations at the moderately
degraded site (Table 3).
Within the heavily degraded site cutting height had a significant effect on biomass when
treatments had been repeated for two and three years (Table 3). In general, the biomass was
less in plots that were cut at 0 cm (Fig. 5). Cutting frequency only significantly (P<0.0146)
affected the biomass when cutting height was 3 cm, and the duration of treatments was
significant for 0 cm (Table 4).
3.2

Resting impact on rangeland vegetation cover

Total vegetation cover was similar (52-55%) within fenced areas in each experimental site
during the first year (2004) of the study (Fig. 6). However, dominant plant functional groups
were different. Grasses were dominant within the slightly degraded site, forbs within the
moderately degraded site and sedge within the heavily degraded site. In 2009 the pattern of
dominant species groups was similar to 2004 (Fig. 6). However, in general total vegetation
cover and the cover of plant functional groups were lower than in the beginning of the study.
A comparison of ungrazed and grazed sites showed that the total vegetation cover and the
cover of plant functional groups was in all cases lower in the grazed areas (Fig. 7). The
exception was in the moderately degraded site where the cover of grasses was higher within
the grazed area, forbs where higher within the grazed area in the heavily degraded site, and
the cover of sedges was higher in grazed areas at all degradation levels (Fig. 7). The cover of
grasses was much lower within the grazed site at the heavily degraded site.
Examination of the variation of total vegetation cover among years within both the ungrazed
and grazed sites showed fluctuation among years. (Fig. 8) The total vegetation cover was
significantly different (P<0.0001) among years at all degradation levels (Table 5). The total
vegetation cover was 18-22% higher in the ungrazed site of the slightly degraded site, 8-10%
9
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in the ungrazed site of the moderately degraded site, and 39-58% in the ungrazed site in the
heavily degraded area in 2005 to 2006 (Fig. 8). In most years the total vegetation cover was
higher (P<0.05) at ungrazed sites than grazed ones (Table 5). The cover was lower at all sites
in 2007 through 2009 (Fig. 8).

Fig. 5. Weight (kg/ha) of aboveground biomass in 2009 within slightly degraded (SD),
moderately degraded (MD) and heavily degraded (HD) sites. The treatments included
different cutting heights (0 and 3 cm), different cutting frequencies (1=August, 2=July and
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August, 3=June, July and August, and 4=May, June, July and August,) and different duration
of treatments (one year=2008, two years=2007-2008 and three years=2006-2008).
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Fig. 6. Total vegetation cover and cover of grasses, forbs and sedges (%) of Fescue-forb
rangeland in 2004 in slightly degraded (SD), moderately degraded (MD) and heavily
degraded (HD) sites.
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Fig. 7. Total vegetation cover and cover of grasses, forbs and sedges (%) of Fescue-forbs
rangeland in 2009 in ungrazed area and grazed areas of slightly degraded (SD), moderately
degraded (MD) and heavily degraded (HD) sites.
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Fig. 8. Total vegetation cover by year within ungrazed and grazed areas of slightly degraded
(SD), moderately degraded (MD) and heavily degraded (HD) sites.

Table 5. Results of two-way ANOVA for resting impact on vegetation cover changes of
different degradation levels of Fescue-forbs rangeland. Bold figures indicate significant
differences (P<0.05).
Treatment

Source

Slightly degraded

Moderately degraded

Heavily degraded

DF

F Value

Pr > F

Year

5

33.2

<.0001

Resting impact

1

27.6

<.0001

Year* Resting impact

4

4.9

0.0023

Year

5

30.3

<.0001

Resting impact

1

6.7

Year* Resting impact

4

2.3

0.0132
0.0695

Year

5

16.7

<.0001

Resting impact

1

35.6

<.0001

Year* Resting impact

4

13.4

<.0001

4. DISCUSSION
It is well known that intensity of grazing matters when it comes to health and sustainability of
rangelands (Liang et al. 2009). The total vegetation cover and cover of plant groups during the
first year of this study gave an indication of the vegetation changes that can be observed in
Fescue-forbs rangeland following different grazing intensities (Fig. 6). However, it has to be
kept in mind that the three sites varied to some extent in characteristics; for example, the
heavily degraded site was about 500 m from the Khanui River, the moderately degraded site
4.5 km, and the slightly degraded site 6.5 km from it.
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In a study in the northern Flint Region of Kansas three palatable forbs species from ungrazed,
low, moderate and high grazed areas were studied by Hickman and Hartnett (2002). The
results showed that when the grazing intensity increased, the total shoot biomass and
percentage of reproductive stems of Ruellia humilis decreased. At the same time, stem height
was reduced and total shoot biomass of Aster ericiodes significantly decreased due to
increased grazing intensity.
In a study in north-eastern Inner Mongolia grazing intensity negatively affected plant growth
and dominant plant species changed from the original when moving from the reference area to
a heavily grazed area (Liang et al. 2009). The aboveground biomass also decreased with
increased degradation. Other results from the Mongolian steppe zone also showed that grass
cover, palatable species and aboveground biomass were lower in a heavily grazed area
compared with a lightly grazed area (Yoshihara et al. 2009).
The percentage of annual aboveground biomass utilized by herbivores varies greatly, but
estimates generally range between 20% and 50% (Briske & Heitschmidt 1991). Although
much higher levels of utilization can occur, in excess of 90%, they are generally restricted to
specific regions or year.
The results of this study showed reduction of aboveground biomass due to different cutting
frequencies and cutting height (Fig. 5). Cutting more than twice and lower (0 cm) cutting
height highly affected the aboveground biomass in slightly and moderately degraded Fescueforbs rangeland. Within the heavily degraded site the sod forming grass Carex duriuscula was
dominant. This species is tolerant of grazing and usually grows in heavily grazed areas and it
is also a palatable species for livestock (Yunatov 1954).
When cut four times the cutting period started in May and ended in August, with one cutting
per month, but started the following month as cutting frequency became lower (Table 2). It is
well known that plants are more sensitive to grazing in spring and more resistant in summer.
Studies in Mongolia have shown that as cutting frequency increased the total biomass
decreased during the first year in meadow rangeland (Baatar 2008). The present study showed
similar results; with increased cutting frequency the total biomass decreased in all three
experimental sites when vegetation was cut at 0 cm (Fig. 5). Similar result were obtained in
Mongolian meadow rangeland; the cutting frequency was twice a year at 0 cm, where the
yield decreased by 25-44% on the second year but no biomass reduction was detected when
cut at 3 cm (Baatar 2008). In this study the year duration treatment was significantly different
in terms of 0 cm cutting at the slightly and heavily degraded sites, but no difference between
years was found in the moderately degraded site in the Fescue-forbs rangeland (Table 4).
Resting is a well-known method to restore rangeland health. The predominant plant groups or
plant traits which appear under different grazing intensities, for example, seem to depend
strongly on a combination of climate and the evolutionary history of herbivores (Díaz et al.
2002). Different plant traits can predominate in areas with the same annual precipitation and
livestock density, depending on whether or not grazing has been a strong selective pressure
over evolutionary time. Heavy grazing is associated with a high abundance of annual species
in many regions (Díaz et al. 2002). The association of palatable species with less palatable
species may also influence the frequency and intensity of plant defoliation (Briske 1991).
Groups of plant species which respond to the abiotic and biotic environment in similar ways
can be defined as response plant functional types. Widely used response plant functional type
classifications are the distinction between “increaser” and “decreaser” based on their response
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to grazing (Díaz et al. 2002). Grazing impact is the factor that changes the species abundance
on the steppe rangeland in Mongolia the most according to a study by Chognii (1977). The
cover and biomass of dominant species decreased but cover and biomass of grazing tolerance
species increased when heavily grazed. The vegetation type of the site changed following
heavy grazing (Chognii 1977). In my study the grazing tolerant species Carex duriuscula was
dominant within the heavily degraded site, Artemisia frigida within the moderately degraded
site, and within the slightly degraded site grasses were dominant (Fig. 6).
In most cases in the present study total vegetation cover was higher in the ungrazed than in
the grazed areas (Fig. 7). Total vegetation cover was the highest in the ungrazed sites after
one and two years of resting at all three degradation levels (Fig. 8). The lowest vegetation
cover was in 2007 in both ungrazed and grazed sites (Fig. 8), which could be related to
drought during June and July that year and a high annual air temperature (Fig. 1; 2). We
believed that accumulation of litter at the study sites negatively affected grass tiller and plant
growth in the ungrazed site. Therefore we removed the litter by hand from the ungrazed site in
April 2007 to 2009. In 2009 the cover of grasses and forbs was higher in the ungrazed area
compared to the grazed area at the slightly degraded site, the forbs cover was higher in the
moderately degraded site, and cover of grasses was higher in the heavily degraded site (Fig.
7). Similarly, a study in the forest steppe zone in Mongolia showed that total plant cover was
higher within a fenced area (Fujita et al. 2009).
5. CONCLUSIONS
The total aboveground biomass was influenced by cutting frequency and cutting height and
duration of cutting. In general, biomass decreased with increased frequency and duration and
lower cutting height. However, there is another important factor that strongly influences the
biomass production of a rangeland and that is the timing of grazing. It is clear that grazing
intensity is important when it comes to utilization and sustainability issues. This study showed
that rangeland production or livestock forage are easily disturbed due to utilization but
rangeland recovery is slow given the dry condition of Mongolian rangelands. Therefore, I
would recommend that Mongolian herders and range managers adjust their grazing intensity
in conformity with the rangeland health and weather conditions.

14

UNU Land Restoration Training Programme

ACKNOWLEDGEMENTS
I would like to express my gratitude to Programme Director Hafdís Hanna Ægisdóttir and
Deputy Director Berglind Orradóttir for giving me the opportunity to participate in the UNULRT programme. I would like to thank Prof. Dorligsuren Dulamsuren, Executive Director of
the Mongolian Society for Range Management, and Prof. Andreas Luescher scientific expert
for the Green Gold Pasture Ecosystem Management Programme of the Swiss Agency for
Development Co-operation in Mongolia; I am grateful for their support and advice.
I am deeply grateful to my supervisor Ásrún Elmarsdóttir from the Icelandic Institute of
Natural History for her helpful advice and support.
I would like to thank my father Lkhagvajav Namdag, scientific expert for the Green Gold
Pasture Ecosystem Management Programme, research assistant Sarantuya Lkhagvajav and
other assistants; I am grateful for their help.
I am very grateful to all lecturers and researchers from the Agricultural University of Iceland,
Soil Conservation Service of Iceland and other Research Institutes who have given me
important theories, practical experiences and helpful guidance. I would like to thank Office
Manager Þorbjörg Valdís Kristjánsdóttir, Programme Assistants Rannveig Ólafsdóttir and
Muhamed Azfar and the 2012 UNU-LRT fellows for their friendly environment and kind
help.

15

UNU Land Restoration Training Programme

REFERENCES
Archer, S., and F. E. Smeins. 1991. Ecosystem-level processes. Pages 109-139 in R. K.
Heitschmidt and J. W. Stuth, editors. Grazing management: An ecological perspective,
Timber Press, Hong Kong.
Asner, G. P., A. J. Elmore, L. P. Olander, R. E. Martin, and A. T. Harris. 2004. Grazing
systems, ecosystem responses, and global change. Annual Review of Environment and
Resources 29:261-299.
Association of Environmental Impact Assessment. 2010. Manner of consideration and
environmental impact of assessment. Association of Environmental Impact Assessment,
http://www:ds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2011/07/11/000
356161_20110711031359/Rendered/PDF/628030WP00MONG00Box0361494B0PUBLIC0.p
df (in Mongolian).
Badarch, N. 1971. Mongolian climate. Mongolian Academy of Sciences Publishing house,
Ulaanbaatar.
Batima, P., L. Natsagdorj, P. Gombluudev, and B. Erdenetsetseg. 2005. Observed climate
change in Mongolia. AIACC (Assessments of Impacts and Adaptions to Climate Change)
Working Paper 12:1-26.
Baatar, B. 2008. Effects of cutting height and frequency on yield in a Mongolian rangeland.
Pages 1-16 in H. H. Ægisdóttir and S. Dalmannsdóttir, editors. Land Restoration Training
Programme (LRT) in Iceland 2008: Report from LRT fellows, 2008.
Briske, D., and R. Heitschmidt. 1991. An ecological perspective. Pages 11-26 in R. K.
Heitschmidt and J. W. Stuth, editors. Grazing management: An ecological perspective,
Timber Press, Hong Kong.
Briske, D. 1991. Developmental morphology and physiology of grasses. Pages 85-108 in R.
K. Heitschmidt and J. W. Stuth, editors. Grazing management: An ecological perspective,
Timber Press, Hong Kong.
Chognii, O. 1977. Change in the community role of some plant species due to grazing in
Stipa-forb steppe. Proceedings of the Mongolian Academy of Science 3:17-21.
Dagvadorj, D., J. Dorjpurev, and B. Namkhainyam. 2010. Mitigation booklet on climate
change.
Mongolian
Ministry
of
Nature,
Environment
and
Tourism,
http://www.scribd.com/doc/73741284/Mitigation-Booklet-on-Climate-Change-2010
(in
Mongolian).
Damiran, D. 2005. Palatability of Mongolian rangeland plants. Eastern Oregon Agricultural
Research Center and Oregon State University Union, OR, USA.
Díaz, S., D. Briske, S. Mcintyre, A. Grice, and K. Hodgkinson. 2002. Range management and
plant functional types. Pages 81-100 in A. C. Grice and K. C. Hodgkinson, editors. Global
rangelands: Progress and prospects. CABI Publishing, Wallingford, UK.

16

UNU Land Restoration Training Programme

Fernandez-Gimenez, M. E. 1999. Reconsidering the role of absentee herd owners: A view
from Mongolia. Human Ecology 27:1-27.
Fowler, J., L. Cohen, and P. Jarvis. 2010. Practical statistics for field biology. John Wiley &
Sons, Chichester, West Sussex, UK.
Fujita, N., N. Amartuvshin, Y. Yamada, K. Matsui, S. Sakai, and N. Yamamura. 2009.
Positive and negative effects of livestock grazing on plant diversity of Mongolian nomadic
pasturelands along a slope with soil moisture gradient. Grassland Science 55:126-134.
Gunin, P. D. 1999. Vegetation dynamics of Mongolia. Kluwer Academic Publishers,
Dordrecht, Netherlands.
Hickman, K. R., and D. C. Hartnett. 2002. Effects of grazing intensity on growth,
reproduction, and abundance of three palatable forbs in Kansas tallgrass prairie. Plant
Ecology 159:23-33.
Institute of Meteorology and Hydrology. 2012.
Johnson, D. A., D. P. Sheehy, D. Miller, and D. Damiran. 2006. Mongolian rangelands in
transition. Secheresse 17:133.
Liang, Y., G. Han, H. Zhou, M. Zhao, H. A. Snyman, D. Shan, and K. M. Havstad. 2009.
Grazing intensity on vegetation dynamics of a typical steppe in Northeast Inner Mongolia.
Rangeland Ecology & Management 62:328-336.
Lkhagvajav, N. 2000. The scientific basis of suitable utilization and possibility to enhance
productivity of pastureland in Khangai Mountain Zone. PhD Dissertation. Department of
Agronomy, Mongolian State University of Agriculture, Ulaanbaatar.
Lkhagvajav, N., and L. Otgontuya. 2008. About Festuca lenensis. Plant Protection Ecology
Journal 1:17-19.
National Statistical Office. 1990. Livestock. National Statistical Office of Mongolia,
http//www.nso.mn (in Mongolian).
National Statistical Office. 2011. Monthly bulletin of statistics. National Statistical Office of
Mongolia, http//www.nso.mn (in Mongolian).
Ramenskii, L. G. 1971. Problems and methods of studying vegetation: Selected works.
Nauka, Leningrad.
Sankey, T. T., J. B. Sankey, K. T. Weber, and C. Montagne. 2009. Geospatial assessment of
grazing regime shifts and sociopolitical changes in a Mongolian rangeland. Rangeland
Ecology & Management 62:522-530.
SAS. 2009. Administering SAS Enterprise Guide 4.2. SAS Institute Inc., Cary, NC, USA.
Tserendash, S. 1978. Biomass dynamic of Fescue-Stipa-forbs steppe. Institute of Botany
Publications 4:35-43.

17

UNU Land Restoration Training Programme

Yoshihara, Y., B. Chimeddorj, and B. Buuveibaatar. 2009. Heavy grazing constraints on
foraging behavior of Mongolian livestock. Grassland Science 55:29-35.
Yunatov, A. A. 1954. Forage plants of pasture and meadow of the MPR. Mongolian Academy
of Science, Ulaanbaatar.

18

