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ABSTRACT: In order to assess the effect of grazing on grasslands using floristic composition, we studied the
floristic composition and plant biomass of steppe vegetation in Hulunbeier, Inner Mongolia. The dominant species
of the grasslands were Stipa krylovii, Stipa grandis and Leymus chinensis. Floristic composition changed
according to grazing pressure, being light, heavy and moderate. Under heavy grazing conditions, the importance
value of P. acaulis, C. korshinskyi and Cleistogenes squarrosa increased in the plant community. These species
were indicators of heavily grazed stand. Plant biomass of the stands ranged within 11.6 g m™ and 63.5 g m™
and 69.5 g m~ and 166.2 g m ™ to the west and east of Lake Hulun, respectively. These values are equivalent
to ca. 450~1,000 kg of atmospheric carbon per hector, which is retained within the stand during the summer

season.
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INTRODUCTION

The grasdands in eastern Inner Mongolia are located in the
interior of Eurasian continent. Although land use in the area has his-
toricaly been nomadic, there has been a shift among the nomadic
people in the region toward permanent settlement. This shift in land
use has had a marked impact on the grassland ecosystem of the
region (Burensain 2001).

The relatively low population density in Hulunbeier has meant
that, compared to other regions in Inner Mongolia, the grassands in
Hulunbeier have been reasonably well conserved (Zhou et a. 1995).
Precipitation on the Hulunbeier grassands increases from west to
east because eastern Hulunbeier, which covered by forest steppe, is
adjacent to the Da Hinggan Ling mountain range (Liu et a. 1994).
Since floristic composition and plant biomass are markedly affected
by precipitation, we examined the effects of grazing intensity on the
grasslands in Hulunbeier from west to east in areas with different
precipitation.

We have conducted an ecological study on the Mongolian steppe
to determine how these grasdands could be utilized in a sustainable

manner (Hayashi et a. 1988). Numerous studies have been con-
ducted to date on degradation of the grassand in Xilingole, Keergin
sand-land and Hulunbeier in Inner Mongolia and Kazakhstan (Haya-
shi et al. 1988, 2006, 2008, Nakamura et al. 1988, Kawanabe et d.
1998, Wuyunna et al. 1999). In this study, we undertook a prelimi-
nary study on floristic composition and plant biomass of the grass-
land in the region. Floristic composition of the plant community
indicates the stand quality under the environments of climatic change
and human activities (Nakamura et a. 2000, Yiruhan et a. 2001).

The findings of the study could be applied to assessing the im-
pact of both environmental conditions and grazing pressure on
differences in floristic composition and plant biomass.

STUDY SITES AND METHODS

Study Sites

The study sites in Hulunbeier were located at a latitude of 48°
29'~49° 34'N and a longitude of 116° 35'~120°12'E. We se-
lected three study sites to the west of Lake Hulun side and three
sites including three study stands of Ewenke Somu to the east of
the lake (Fig. 1). At each site, samples were taken in areas consi-
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1. Saihantala Somu, 2. Dalai Somu, 3. Aocerjin pasture in Manchuria,
4. Hake pasture in Hailar, 5. Xiertala pasture in Hailar, 6. Ewenke Somu

Fig. 1. Locations of study sites in Hulunbeier, Inner Mongolia. 1.
Saihantala Somu, 2. Dalai Some, 3. Aoerjin pasture in Man-
churia, 4. Hake pasture in Hailar, 5. Xiertaa pasture in Hai-
lar, 6. Ewenke Somu.

dered to be homogenous with respect to physiognomy. Measure-
ments were carried out in an intensively grazed, lightly grazed and
moderately grazed stands, which were assessed depending on
vegetation coverage and plant height of the stands. In addition, we
aso collected data from a stand that was used for mowing to the
east of the lake.

Study sites were selected after a preliminary survey of areas
considered to be representative of the steppe environment in Hulun-
beier, and were located at Sahantdla Somu (Saihantala), Dalai So-
mu (Dalai), Aoerjin pasture in Manchuria (Aoerjin), Ewenke Somu
(Ewenke 1, 2, 3), Xiertala pasture (Xiertdla) in Hailar and Hake
pasture in Hailar (Hake) (Fig. 2). In Ewenke around the Mergen Ri-

(8) Saihantala Somu (b) Aoerjin pasture in Manchuria

(c) Ewenke Somu 1 pasture

(d) Xiertala in Hailar
Fig. 2. Landscape of study stands.
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ver, three stands were studied along a gradient of pressure of gra-
zing. Assessing the coverage of vegetation and floristic composition
of the stands, the stands were designated as having been subjected
to heavy, moderate and light grazing, which varied in response to
their distance from the Mergen River which was used by livestock
as a water source. Table 1 shows the characteristics of each of the
study sites including location, precipitation and mean annual tem-
perature. The stands were situated on a gently rolling plain ranging
in dtitude between 600 m and 749 m above sea level. The flora
of the stands was considered typical for the steppe environment and
was dominated by species belonging to the genus Stipa. The stands
were used for livestock grazing and the soil type at the sites con-
ssted of ksatanozem and chernozem soils. The mean annua tem-
peratures and precipitation at these sites ranged between 0.9°C and
2254 mm at Saihantala and 0.2°C and 317.0 mm in Hailar (Insti-
tute of Meteorology and Hydrology of Inner Mongolia 2006). The
monthly change in temperature and precipitation in Hailar is shown
in Fig. 3. The climatic regime of the region is favorable for plant
growth because most of the rainfal occurs in summer. The study
was conducted from 1 to 19 July 2006.

METHODS

We measured plant height and coverage for each species in five
to ten 1 m’ quadrats a intervals of 10 m along two transects set
10 m apart. After recording the species in the quadrat, we measured
the height of the highest plant and the coverage of each species.
Coverage was measured using the Penfound-Howard method modi-
fied by Numata (1987). Numata's summed dominance ratio (SDR)
was determined from the measurements of plant height, coverage
and occurrence frequency (Hayashi et a. 2006).

We obtained biomass data using direct measurements and an
estimation technique using a numerical model. The aboveground
plant biomass of the stands was determined by clipping the indi-
vidua plants at the base and then assigning their species. Litter,
including standing litter, in the stand was also collected. The above-
ground plant biomass for each species was then weighed after
drying for 24 hours in an oven a 80C. In order to estimate the
plant biomass in the stand without clipping plants, we determined
the v-value proposed by Kawada et a. (2005). The v-vdue is
derived by multiplying plant height (cm) by the coverage evaluated
using Penfound-Howard-Numata criterig; the unit of the v-value is
cm?’. In calculation, the coverage mentioned above was converted as
follows: 4: 8,800 o, 3: 6,300 o, 2: 3,800 o, 1:1,600 o, 0.2:
300 ecm” and 0.04: 50 cm” (Numata 1987). We derived an equation
to show the relationship between plant biomass and the v-value.
Using the equation we were able to estimate the plant biomass of
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Table 1. Summarized information for the studied sites in the grassiands in Inner Mongolia

Study site number No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8
Study site Saihantala Daa Aoerjin pastgre Hgke pgsture Xiert.ala pgs— Ewenke Ewenke Ewenke
Somu Somu in Manchuria  in Hailar  ture in Hailar Somu 1 Somu 2 Somu 3
Latitude 48°29'24.9" 49°14'358" 49°31'165" 49°15'15.9" 49°17'395" 49°34'34.0" 49°34'251" 49°34'118"
Longitude 116° 35'14.6" 116°55'26.6" 117°20'312" 120°12'50.6" 119°58 122" 119°55'38.1" 119°55'56.9" 119°55 43.0"
Altitude (m) 600 734 749 645 720 653 702 661.5
Slope (°) 4 0 3 13 0 6 4 3
Direction NE - NW NW - SwW SE NW
A;;‘gur':?g;em' 09 04 04 02 02 02 02 02
Annual precipitation 2254 196.6 196.6 3170 317.0 317.0 3170 317.0
(mm)
Sail type Kastanozem  Kastanozem  Kastanozem  Chernozem  Kastanozem — Kastanozem — Kastanozem — Kastanozem
Soil hardness (mm) 16.4 188 144 17.2 154 18.8 18.6 184
Soil moisture (%) 114 85 17.3 16.8 225 16.0 14.0 121
Date 02-Jul-10 03-Jul-10 05-Jul-10 09-Jul-10 13-Jul-10 17-Jul-10 19-Jul-10 20-Jul-10
Vegetation cover (%) 29.0 58.1 76.1 93.8 84.8 71.8 76.7 93.9
Source material Loess Loess Loess Loess Loess Loess Loess Loess
Dominant species Allium Stipa LYMS | inenss L. chinenss S kylovii S kyloii S krylovi
polyrhizum krylovii chinensis

*Temperature and prepicitation (2001~2005) provided by the Ingtitute of Meteorology and Hydrology of Inner Mongolia.
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Fig. 3. Monthly change in temperature and precipitation in Hailar.

the stand without destroying the stands.

In studying the plant biomass of the grassand, we adopted
following procedure: 1. The floristic composition of each stand was
compared with a floristically homogeneous stand, (What classified
was the stand using the floristic composition). 2. In classified stands,
quadrat sampling and datistical analysis was undertaken. 3. The
mean weight and variance of plant biomass per unit area was

calculated with five replications (Huang et a. 2004).

The soil hardness and soil water content were measured using a
Yamanaka-type penetrometer (Fujiwara Scientific Company) and a
TDR (Time Domain Reflex) soil water meter (Fujiwara Scientific
Company) with five replications.

RESULTS

Sample Size

Sample size versus cumulative percentage of newly recorded
species in successive increases in the number of quadrats in the
Mergen River stands is shown in Fig. 4. As shown in the figure,
five quadrats were sufficient for including 95% of the species in the
stand. The results were similar to those observed a the five other
study sites.

Floristic Composition of the Stands

The floristic composition of the stands is given in Table 2 with
Numata's summed dominance ratio (SDR). The stands were domi-
nated by S. krylovii and L. chinensis. The total number of species
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ig. 4. Sample size versus cumulative percentage of newly recorded
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at the eight sites was 99 including four unidentified species. The
species recorded in al stands are shown in lines 1 to 6 in the table.
The dominant species was S krylovii and the stand included L.
chinensis, Allium tenuissimum, Carex korshinskyi, Cleistogenes squa-
rrosa, Potentilla bifurca and Sbhbaldia adpressa. The species re-
corded exclusively in Saihantala (SHT) were Allium polyrhizum,
Euphorbia humifusa and Artemisia pectinata listed in lines 12 to
14. The Sahantala site was the driest and most heavily grazed of
al the study sites. Allium bidentatum, Agropyron cristatum and
Artemisia frigida were recorded in Daa (DL) and Ewenke (EWK).
The species recorded in the stands from Dalai to Hake are listed
in lines 15 to 24 of the table, while species distributed to the east
of Ewenke are listed in lines 25 to 27 in the table. Species specific
to each stand were listed in lines 28 to 59 and species with a
random distribution a study sites are listed below line 60. The
stands in Saihantala were dominated by A. polyrhizum, with 17
other species occurring in ten 1 m” quadrats. The mean plant height
and coverage at this study site was 6.5 cm and 29%. A. bidentatum,
A. cristatum and A. frigida were not recorded, athough these
species were observed in other stands.

The stands in Dalai were dominated by S krylovii and L. chinen-
sis, with Chenopodium acuminatum having a high ranking and
Caragana microphylla being specific to the stand. The important
species of the stands in Aoerjin were L. chinensis, S. krylovii and
C. korshinskyi, al of which had high SDR values. In addition,
Bupleurum scorzonerifolium, A. anisopodium, Chenopodium arista-
tum and S grandis were observed in high frequency; the latter two
species were only recorded in the stands at Aoerjin. In the three
stands (Ewenke 1, Ewenke 2, and Ewenke 3) near the Mergen
River, the dominant species was S krylovii, with Potentilla acaulis,
Mélilotoides ruthenica and Amblynotus rupestris. The Ewenke-1
stand, which was closest to the river, was dominated by P. acaulis
and S krylovii, which formed two vertical layers in the stand. In
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the Ewenke 2 and Ewenke 3 stands, S. krylovii was dominant and
the SDR of P. acaulis was not high compared to the heavily grazed
stands. The stand Ewenke 3 was lightly grazed and S. krylovii was
dominant, with A. cristatum, Poa pratensis and L. chinensis aso
present. In the stands at Xiertdla and Hake, L. chinensis was the
dominant species. Many species characteristic of the forest steppe
were recorded. In Xiertala, 47 species, the largest number of species
recorded at any of the study sites, were recorded in six 1 m® quad-
rats. Mean vegetation height and coverage were 17.0 cm and 85%.
Pulsatilla tenuiloba, B. scorzonerifolium, P. pratensis, S. krylovii
and C. korshinskyi were high ranking species, and L. pumilum and
Veronica incana were unique to the stand.

In the stand at Hake, 44 species were recorded in six quadrats of
1 m’ and vegetation coverage was 94%. The mean vegetation height
was 25.3 cm, which was the highest at any of the study sites. The
dominant species was L. chinensis and S. centauroides, B. inermis,
Galium verum, Thalictrum squarrosum and C. pediformis were all
present with high SDR. S krylovii had a relatively low SDR value.

In the Hulunbeier grasslands, S krylovii and L. chinensis were
the dominant species with the latter species increasing in light gra-
zing stands. In stands subjected to under more severe and heavy
grazing pressure, S. krylovii and L. chinensis was gradualy replaced
by P. acaulis and A. polyrhizum.

Floristic Composition of Heavily and Lightly Grazed Stands at
the Mergen River Site

The floristic composition of the Mergen River stands exposed to
light and heavy grazing is given in Table 3. In the lightly grazed
stand, 39 species including three unidentified species were recorded
in the five 1 m® quadrats. The stand was dominated by S krylovii
and included L. chinensis, A. cristatum and P. pratensis, the height
and coverage of which were 30.3~50.4 cm and 94%, respectively.
In the heavily grazed stand, 25 species were recorded in the ten 1
m’ quadrats dominated by S krylovii. The plant height of the
dominant species and vegetation coverage were 40.2 cm and 78 %,
and coverage by P. acaulis was large. The soil hardness and soil
water contents were 18.4 mm and 12.1% in Ewenke 3 and 18.8 mm
and 16.0% in Ewenke 1, respectively. The difference between water
content a the sites was significant (Student t-test, <0.05). The mean
height of the highest S. krylovii plants was 50.4 ¢cm in the lightly
grazed stand and 40.2 cm in the heavily grazed stand. The plant
heights of L. chinensis, A. cristatum and P. pratensis in the lightly
grazed stand a Ewenke 3 were 10 cm higher than the heights of
the heavily grazed stand. The SDR of the above-mentioned species
and A. frigida and A. tenuissmum decreased in response to grazing.
Conversely, the SDRs of P. acaulis, S. adpressa, S. centauroides,
Slene repens and A. rupestris al increased with grazing intensity.
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Summed dominance ratio (SDR)

Species Saihantala Daai Aoerjin - Ewenke 1 Ewenke 2 Ewenke 3 Xiertda Hake

1 Sipa krylovii 386 100.0 819 79.4 100.0 100.0 60.3 14.8
2 Leymus chinensis 485 89.4 100.0 472 30.7 59.2 100.0 97.0
3 Allium tenuissimum 145 55.4 52.7 183 388 38.0 428 17.9
4 Carex korshinskyi 713 483 68.1 418 50.2 4.1 63.7 487
5 Cleistogenes squarrosa 8.2 25.6 55.6 413 44.6 46.3 394 24.3
6 Potentilla bifurca 30.7 136 17.0 30.6 124 410 14.1 410
7 Sbbaldia adpressa 122 39 20.6 332 375 22 125

8 Salsola callina 411 284 48.6 59

9 Chenopodium acuminatum 154 704 425 205 142
10 Caragana stenophylla 26.4 143

1 Asparagus dauricus 21.6 51

12 Allium polyrhizum 100.0

13 Euphorbia humifusa 36.7

14 Artemisia pectinata 139

15 Allium bidentatum 436 484 38.0 410 439 378 79
16 Agropyron cristatum 54 40.9 420 456 59.0 9.7 31.7
17 Artemisia frigida 46 374 36 475 49.7 409 155
18 Bupleurum scorzonerifolium 45 58.2 194 174 67.8 20.8
19 Potentilla verticillaris 4.0 421 75 77 19.6 20.7

20 Meélilotoides ruthenica 77 16.9 40.0 395 44.8

21 Kodleria cristata 39.9 26.9 124 404 483 22.8

2 Potentilla acaulis 119 69.9 392 46.9 299 6.8

23 Serratula centauroides 371 40.1 37.6 7.8 76.1

24 Poa pratensis 9.3 5.0 53.7 64.1 51.6

25 Slene repens 314 26.1 7.8 24.1 6.4
26 Iris tigridia 419 394 420 39.7

27 Amblynotus rupestris 316 129 75

28 Caragana microphylla 471 5.0

29 Saussurea salicifolia 225 11.0

30 Haplophyllum dauricum 94 116

31 Euphorbia esula 49 27.3

32 Ptilotrichum tenuifolium 43 214

33 Chenopodium aristatum 59.6

34 Sipa grandis 44.9

35 Festuca dahurica 22.3

36 Slene jenisseensis 16.3

37 Taraxacum dissectum 119

38 Filifolium sibiricum 11.0

39 Potentilla betonicaefolia 9.9

40 Artemisia tanacetifolia 16.8

41 Thymus serphyllum var. asiaticus 74

42 Veronica incana 435

43 Senecio kirilovii 37.2

44 Vicia cracca 28.3

45 Achnatherum sibiricum 9.7

46 Artemisia dracunculus 9.3

47 Sanguisorba officinalis 83

48 Polygala tenuifolia 79

49 Astragalus adsurgens 77

50 Adenophora coronopifolia 6.9
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Table 2. Continued.

Summed dominance ratio (SDR)

Species Saihantala Daa Aoerjin Ewenke 1 Ewenke 2 Ewenke 3  Xiertda Hake
51 Bromus inermis 715
52 Polygonum divaricatum 394
53 Vicia amoena 316
54 Sipa baicalensis 20.2
55 Polygonum convolvulus 15.9
56 Hemerocallis minor 79
57 Taraxacum mongolicum 6.3
58 Lappula ledowskii 6.1
59 Viola variegata 59
60 Scorzonera austriaca 104 239 27.3 255 371 21.6
61 Pulsatilla tenuiloba 138 24.2 721 305
62 Allium anisopodium 5.7 57.0 135 9.0
63 Artemisia scoparia 76 10.2 326 20.8
64 Oxytropis myriophylla 4.6 16.8 478
65 Heteropappus altaicus 8.0 16.3 6.3
66 Astragalus melilotoides 24.7 321 79
67 Thalictrum squarrosum 152 155 60.4
68 Convolvulus ammannii 189 317 26.8
69 Oxytropis hirta 82 18.8 6.5
70 Cymbaria dahurica 5.0 113 385
71 Galium verum 242 46.2 62.9
72 Schizonepeta multifida 8.3 389 20.3
73 Allium ramosum 434 34.6
74 Saposhnikovia divaricata 148 40.7
75 Iris lactea var. chinensis 137 320
76 Clematis hexapetala 49 83
77 Astragalus galactites 215 6.3
78 Thermopsis lanceolata 8.1 6.7
79 Potentilla tanacetifolia 77 84
80 Plantago depressa 7.8 6.7
81 Carex pediformis 79 46.2
82 Dianthus chinensis 141 178
83 Lilium pumilum 51.0 109
84 Adenophora stenanthina 20.1 94
85 Adenophora crispata 17.7 6.3
86 Chenopodium album 38
87 Iris tenuifolia 125
88 Taraxacum sp. 139 175 7.3 236
89 Astragalus sp. 73
90 Plantago sp. 35 117
91 Oxytropis sp. 73 339
92 Ixeris sp. 159
93 Juncus sp. 9.3
94 Chenopodium sp. 124
95 Slene sp. 82
96 Unidentified species 1 6.3
97 Unidentified species 2 9.0
98 Unidentified species 3 79
99 Unidentified species 4 8.1

Number of species 17 29 43 25 26 39 47 44
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Table 3. Floristic composition of the light grazed and heavy grazed stands in Mergen River (MR3 and MR1) with SDR, mean height (H:cm)
and mean cover (C)

Light grazed stand (MR3) Heavy grazed stand (MR1)
Species
SDR H c* SDR H C

Stipa krylovii 100.0 504 3.80 794 40.2 1.40
Leymus chinensis 59.2 322 0.52 472 16.0 0.07
Agropyron cristatum 59.0 340 0.36 420 96 0.09
Poa pratensis 537 303 0.04 5.0 200 0.04
Artemisia frigida 49.7 14.0 0.81 36 30 0.04
Potentilla acaulis 46.9 36 128 69.9 39 3.60
Cleistogenes squarrosa 46.3 149 0.36 413 71 0.23
Melilotoides ruthenica 448 134 0.30 40.0 6.2 0.17
Carex korshinskyi 4.1 140 0.17 418 9.7 0.06
Allium bidentatum 439 154 0.04 380 103 0.04
Iris tigridia 420 126 0.04 419 10.0 0.04
Potentilla bifurca 410 9.8 0.14 30.6 55 0.04
Koeleria cristata 404 9.8 0.07 26.9 5.7 0.04
Allium tenuissimum 380 209 0.04 183 148 0.04
Scorzonera austriaca 255 133 0.04

Galium verum 242 10.0 0.04

Pulsatila tenuiloba 24.2 10.0 0.04

Shbhaldia adpressa 222 50 0.04 332 3.7 0.06
Bupleurum scorzonerifolium 174 148 0.04

Artemisia tanacetifolia 16.8 105 0.20

Oxytropis myriophylla 16.8 125 0.04

Heteropappus altaicus 16.3 105 0.04 8.0 75 0.04
Ixeris sp. 159 9.0 0.04

Artemisia scoparia 10.2 26.0 0.04

Juncus sp. 9.3 19.0 0.04

Schizonepeta multifida 8.3 100 0.20

Slene sp. 8.2 110 0.04

Serratula centauroides 78 8.0 0.04 40.1 71 0.10
Slene repens 7.8 8.0 0.04 314 59 0.12
Plantago depressa 78 8.0 0.04

Potentilla verticillaris 77 75 0.04 75 45 0.04
Potentilla tanacetifolia 77 7.0 0.04

Amblynotus rupestris 75 6.0 0.04 316 5.6 0.16
Thymus serphyllum var. asiaticus 74 50 0.04

Taraxacum sp. 7.3 40 0.04 139 11 0.04
Astragalus sp. 73 40 0.04

Oxytropis hirta 188 43 0.07
Oxytropis sp. 73 35 0.04
Chenopodium album 38 5.0 0.04
Plantago sp. 35 15 0.04
Unidentified species 1 9.0 17.0 0.04

Unidentified species 3 8.1 10.0 0.04

Unidentified species 2 79 9.0 0.04

Number of species 39 25

*Mean cover is evaluated as 4:>75%, 3:74~50%, 2:49~25%, 1:24~5%, 0.2:4~1%, 0.04:<0.9%
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The relative SDR of C. squarrosa, C. korshinskyi, and Allium bi-
dentatum also increased by grazing.

Relationship between Species Rank and SDR

As described above, particular species combinations were ob-
served in particular environmental conditions. Among the species
examined, a relationship was observed between rank (r) and SDR
in a stand. For example, the relationships between rank and SDR
in the Manchuria stand is shown in Fig. 5. The relationship can be
approximated using the following equation:

SDR =90.5 exp(-0.06 r) @
r: species rank in SDR.

The relationship was observed also in other study sites. The
coefficient and exponent for each study site are given in Table 4.
The exponents were —0.13 in Saihantdla and —0.12 in Dda and
-0.06 in Aoerjin, Xiertala and Hake. The equation for each Site was
derived from five randomly selected quadrats. The intensively
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g. 5. Relationship between species rank and summed dominance
ratio (SDR) for each stand.
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grazed stands were composed of a small number of species and the
exponents are small. In the heavily grazed aress, the stands to the
west of Lake Hulun had smaller exponents compared to sites in the
eadt, implying that the stands to the west were grazed more in-
tensively than the stands to the east. These empirical findings were
corroborated in the field.

The Shannon-Weaver's index is also provided in the same table,
and similar values were obtained in both the lightly and heavily
grazed stands. The Shannon-Weaver's index was not sensitive to
the degree of grazing pressure.

Plant Biomasses in the Stands

The relationship between v-value (v: x 100 cm’) and plant bio-
mass (w: @) in Aoerjin in Manchuria is shown in Fig. 6. The plant
biomass in the stands was estimated using the equation showing the
relationship between the v-value and plant biomass (Kawada et al.
2005, Hayashi et al. 2006). For example, the relationship between
plant biomass (w) and v value in Aoerjin can be approximated as:

w=003 v*® (R =068) @
— 100
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g *
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o > * *

% 1 ":'0
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Fig. 6. Relationship between v-value of the species and plant weight.

Table 4. Coefficient and exponent of the equation SDR = a* exp (b+ r), species richness (5 m?) and Shannon-Weaver's index (H')

Species richness (5 m?) Coefficient (a) Exponent (b) R H:

Saihantala 15 91.0 -0.13 0.90 1.24

West Dala 24 936 -012 0.98 155
Aoerjin 43 89.4 -0.06 0.99 207
Ewenke 1 21 84.0 -0.09 0.82 1.04

Ewenke 2 24 86.1 -0.10 0.89 0.80

Eat  Ewenke 3 39 766 -0.07 0.94 094
Xiertala 47 99.6 -0.06 0.96 240

Hake 43 765 -0.06 0.98 235

* These equations and species richnesses are calculated by randomly-selected five quadrats.
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Once we obtained the coefficient and exponent, we are able to
estimate the plant biomass in the stand without the need for
destructive sampling in the stand; instead, al that was required was
measurements of plant height and coverage. This enabled us to save
time and labor measuring plant biomass, which is an important
component of field surveys. Using equation (2), the measured and
estimated plant biomass from the study sites could be calculated
and shown in Table 5. The amount of plant litter and dung in the
quadrat are aso shown in the Table. The plant biomass values in
stands to the west of Lake Hulun were 11.6 g m2 in Saihantaa,
28.0 g m? in Dalai and 635 g m 2 in Aoerjin. In the stands to
the east of the lake, biomass values were 69.5 g m 2 in Ewenke-1,
1112 g m 2 in Ewenke 2 and 120.1 g m 2 in Ewenke 3. In Xiertda
and Hake, values of 136.6 g m™ and 166.2 g m > were recorded.
The difference between measured and estimated values ranged bet-
ween 1% and 29%. Increased grazing pressure decreased plant bio-
mass within the stand and standard deviation decreased. Plant litter
was 172 g m ™ in Xiertda, which was the largest of al of the study
sites. Amount of livestock dung varied between stands, and was
independent of grazing intensity.

To obtain the stand biomass as a whole, we used the relationship
between the plant biomass (W) and V (cm’) value, which is a
product of vegetation coverage and plant height in the stand. The
V value is separate from the v-value, which is a product of plant
height and coverage of plant population for each species. Using the
V-value, we were able to estimate stand biomass without measuring
the weight of each species in the stand.

As shown in Fig. 7, this relationship could be approximated
using the following equation:

W=01V+1038 R=091 ®)
where W (g): plant biomass of a stand, V (cm®): product of the
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Fig. 7. Relationship between the product of height and coverage

(V: cm’) and plant biomass (W: g m™? for each stand.

highest plant height and vegetation coverage.

Using equation (3), we were able to collect considerable amounts
of data in the field, because time for measuring labor of biomass
is saved. The plant biomass values estimated using equation (3)
were 29.1 g m™ in Saihantala, 59.6 g m™ in Dalai, 87.5 g m~ in
Aoerjin, 247.6. g m 2 in Hake, 1545 g m™ in Xiertala, 76.2 g m™
in Ewenke 1, 85.6 g m in Ewenke 2 and 138.0 g m ™ in Ewenke 3.

DISCUSSION AND CONCLUSION

We described the floristic composition and biomass of stands in
heavily and lightly grazed stands of grassland in Hulunbeier, Inner
Mongolia. Even under the same stocking rates, stand quality was
observed to vary between stands under different physical conditions
such as precipitation and soil. Stand condition is thus determined
by a combination of both physical and anthropological factors
(Nakamura et al. 2000, Hilbig and Opp 2005). In this study, we

Table 5. The measured and estimated plant biomasses in the stands with standard deviation (S.D.)

Plant biomass (g m ) Litter Dung
Measured ()  Estimated (b) SD. @-0)/ (3 (@m? @m?
Saihantala 123 116 25 0.05 38 87
West Ddai 392 280 70 0.29 178 2956
Aoerjin 65.9 635 118 0.04 314 2656
Ewenke 1 97.4 695 149 0.29 16.4 92
Ewenke 2 1122 1112 279 0.01 331 164
East Ewenke 3 154.7 1201 159 022 100.4 41
Xiertdla 1628 1366 249 0.16 1721 24

Hake 226.5 166.2

65.9 0.27 64.0 56
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used the floristic composition, which is thought an integrated indi-
cator of physica and biologica factors as criteria for assessing
grazing intensity. However, these criteria vary depending on clima-
tic conditions. For example, vegetation coverage is sparse in dryer
areas such as areas without grazing in the vicinity of the Gobi
desert (Sasaki et a. 2005). Therefore, the above-mentioned criteria
can only be applied to stands subjected to the same climatic con-
ditions. In addition, use of these criteria requires that we compare
stands subjected to grazing with grazing-free stands.

The steppes in the Hulunbeier region vary from forested and
meadow steppe to dry steppe from east to west according to preci-
pitation. The amount of precipitation also affects species domi-
nance, which changes from L. chinensis and S grandis in the forest
steppe/meadow steppe to S krylovii in the dry steppe (Liu et a.
1994). It is necessary, therefore, to establish conserved sites to
protect the natural steppe vegetation from grazing in each area. By
protecting the natural vegetation from grazing, we will be able to
evauate whether grazing and whether sustainable use of the
grasslands has been implemented.

In Saihantala, dominant species of the stand has been atered by
grazing from S. krylovii, which is a dominant in Hulunbeier grass-
lands, to Allium polyrhizum. By comparing the floristic composition
of stands to a protected stand, we are able to predict that the
dominant species, L. chinensis, will be replaced by S krylovii in the
Mergen River stands under lightly grazed condition. However, in
Xilingole, Inner Mongolia, S. krylovii has increased due to grazing
in the grasslands (Nakamura et al. 1998, 2000, Wuyunna et dl.
2004). This means that reaction of floristic composition to grazing
intensity varies according to physical environmental conditions.

In these stands, grazing was observed to affect the growth-form
spectrum in the stand (Nakamura et a. 2000). P. acaulis, which is
classified as a prostrate-type species in the growth-form classifi-
cation of plants, increased in heavily grazed stands. C. squarrosa
and C. korshinskyi also increased in response to increased grazing
pressure on the Hulunbeier steppe.

The situation on the grasslands was not only influenced by
grazing intensity and precipitation, but also by cultivation on the
steppes. For example, B. inermis, a species characteristic of arable
land, occurred in stands which formed by soil deposits transported
by wind from croplands elsewhere (Kawada and Nakamura 2003);
the stand in Hake, in which B. inermis was observed, was surrounded
by croplands.

Plant biomass is produced by the plant community, which is
determined by physica and anthropological environmental condi-
tions (Chi et a. 1986). In Hulunbeier, to the east of Lake Hulun,
the biomass of plant masses measured 111.2 g m™ in Ewenke 2
and 166.2 g m 2 in Hake, which is equivalent to 1~2 t ha " obtained
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in Xilingole, Inner Mongolia (Xiao et a. 1996, Okamoto et 4.
2000, Yiruhan et . 2001). Liu et al. (1994) reported that the plant
biomass in the Hulunbeier grasslands measured 156.8 g m 2 in S
krylovii - C. squarrosa stands 266.3 g m in the S krylovii - L.
chinensis stands, which corroborated the findings of our study. Taken
together, these findings indicate that the grassland ecosystems hold
ca. 450~1,000 kg of atmospheric carbon per hector in summer. In
addition, the steppe ecosystem is characterized as having a large
amount of plant litter (Li et a. 2008). In Xiertala, the amount of
plant litter measured 172 g m 2, which is greater than that of living
plants in the stand. This value is equivaent to 580 kg per hector
of atmospheric carbon sequestrated from the atmosphere in the
summer period. A portion of the plant litter is expected to be
retained as soil organic matter after respiration by soil organisms.
If grassland desertification occurs in the steppe region, the seques-
trating mechanism of the grassland ecosystems will be lost.
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