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Abstract: Low temperature is an important limiting factor for alpine ecosystems on the Tibetan Plateau. This study
is based on data from on-site experimental warming platforms (open top chambers, OTC) at three elevations (4300
m, 4500 m, 4700 m) on the Qinghai-Tibet Plateau. The carbon and nitrogen stoichiometry characteristics of plant
communities, both above-ground and below-ground, were observed in three alpine meadow ecosystems in August
and September of 2011 and August of 2012. Experimental warming significantly increased above-ground nitrogen
content by 21.4% in September 2011 at 4500 m, and reduced above-ground carbon content by 3.9% in August
2012 at 4300 m. Experimental warming significantly increased below-ground carbon content by 5.5% in August
2011 at 4500 m, and the below-ground ratio of carbon to nitrogen by 28.0% in September 2011 at 4300 m, but re-
duced below-ground nitrogen content by 15.7% in September 2011 at 4700 m, below-ground carbon content by
34.3% in August 2012 at 4700 m, and the below-ground ratio of carbon to nitrogen by 37.9% in August 2012 at
4700 m. Experimental warming had no significant effect on the characteristics of community carbon and nitrogen
stoichiometry under other conditions. Therefore, experimental warming had inconsistent effects on the carbon and
nitrogen stoichiometry of plant communities at different elevations and during different months. Soil ammonium ni-
trogen and nitrate nitrogen content were the main factors affecting plant community carbon and nitrogen stoichi-
ometry.
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and nitrogen affects plant growth. If an increase in carbon
content is not accompanied by a change of nitrogen, the
result may be nitrogen restrictions for plants (Luo et al.,
2004). Moreover, C: N can directly affect the functions of
terrestrial ecosystems (Xiong et al., 2015). Climate warming,
which is an obvious feature of climate change, can change

1 Introduction

Nitrogen is one of the most important limiting nutrient fac-
tors in terrestrial ecosystems and plays an important role in
the carbon cycle and climate change (Nicolas and James,
2008). The carbon content of plant communities is closely
related to photosynthesis. Increases in net CO, absorption

by plants slow down the impact greenhouse gases have on
climate warming (Day et al., 2008). The carbon-nitrogen
ratio (C: N) can reflect the relationship between carbon and
nitrogen. The coupling relationship that exists between carbon

the growth rate and metabolism of plants (Fu et al., 2015a);
such changes, in turn, affect the carbon and nitrogen me-
trology of plants. Therefore, it is very important to study the
effect of climate warming on the carbon and nitrogen me-
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trology of plant communities.

Effects of climate warming on ecosystem carbon and ni-
trogen content and pools vary with ecosystem types (Dou et al.,
2010; Mau et al., 2018). The fact that climate warming ef-
fects vary may be attributable to the following reasons.
Firstly, species composition and diversity vary among eco-
systems (Li et al., 2015). Secondly, the duration of warming
can impact the effect the warming has on the growth of in-
dividual plants (Arft et al., 1999). Thirdly, ecosystems have
growing seasons of different lengths. Warming leads to
changes in plant phenology and helps to determine the
length of time plants grow. (Rustad et al., 2001). The Qing-
hai-Tibet Plateau is the world’s highest plateau and has
unique alpine ecosystems that are more sensitive to climate
change than ecosystems elsewhere. Therefore, the impact of
warming on the carbon and nitrogen stoichiometry in alpine
meadows on the Qinghai-Tibet Plateau may be different
than that occurring in other areas due to the unique commu-
nity composition and elevation.

There have been numerous studies of the effects of warming
on carbon and nitrogen in alpine meadows. For example,
Zhang found that soil microbial biomass (MBC) and soil
microbial nitrogen (MBN) showed stronger positive responses
to warming in colder environments, and that warming may
have no significant impact on soil carbon and nitrogen pools
(Zhang et al., 2015). Previous studies focused on the re-
sponse of soil carbon and nitrogen to warming in alpine
meadows, but there has been little research on the response
of plant community carbon and nitrogen to the warming of
alpine meadows (Fu et al., 2015b). In this study, the carbon
and nitrogen content of plant communities were measured in
alpine meadows around the grassland station of Damxung
county, Lhasa city, Tibet Autonomous Region. The meas-
urements took place in August and September 2011 and in
August 2012. The research results revealed the impact of
global climate change on the production processes and
functions of grassland ecosystems.

2 Materials and methods
2.1 Study area

This study was conducted at the grassland station of Damxung
County, Lhasa City, Tibet Autonomous Region (90°04'E,
30°30'N), located on the southern edge of Tanglha Moun-
tain. The study area has a continental plateau monsoon cli-
mate, with stronger total radiation from the sun, lower tem-
peratures, a larger daily range of temperatures, and a smaller
annual range of temperatures than other plains. Precipitation
is mainly concentrated in June-August. The main vegetation
types are typical to alpine meadows, and the main soil types
are alpine meadow soils. According to the observation data
of Damxung county from 1963 to 2010, the average annual
temperature is 1.8°C, the hottest month is July (average 11.0°C)
and the coldest month is January (average —9.1°C). Ob-
served monthly temperature and precipitation are shown in
Table 1.

Table 1 Monthly temperature and precipitation in Damxung

County

Observation Air temperature ('C) Precipitation (mm)
month 4300m  4500m 4700 m 4300m 4500m 4700 m
2011-08 11.41 10.11 9.01 56.81 5752 58.18
2011-09 10.49 9.29 8.29 58.14 5995 61.04
2012-08 12.02 10.80 9.76  80.53 83.40 8591

2.2 Experiment design and determination of carbon
and nitrogen contents in plant communities

In 2008, three fenced plots were established at three eleva-
tions (4300 m, 4500 m, 4700 m) along the base of Nyenchen
Mountain. Four sets of paired open top chambers (OTC) and
control quadrats were randomly set within the fenced plots.
In August and September 2011 and August 2012, at each
elevation, three pairs of OTCs and control samples were
randomly selected, and the ground tissues of the plants
within an area of 0.5 mx0.5 m were clipped. Open top
chambers (bottom diameter: 1.45 m; top diameter: 1.00 m;
height: 0.40 m) were used to increase temperature. For each
plot, a 3.7-cm soil auger was used to collect soil samples
(0-20 cm). Experimental warming increased average tem-
peratures of growing season soil by 1.13, 1.34, and 1.09°C,
and air temperatures by 1.04, 1.41, and 1.01°C at the 4300
m, 4500 m and 4700 m elevations, respectively. At the same
time, the soil humidity of 0.05, 0.04, and 0.05 m*m~ was
significantly reduced (Fu et al., 2013). The visible roots
were cleaned, and the above-ground parts of the plants were
placed in an oven at 65°C for 48 hours to constant weight.
Then the plant samples were pulverized in a pulverizing
device and ground with a ball mill instrument for 30 sec-
onds. After the samples were pulverized, above-ground and
below-ground carbon and nitrogen contents were deter-
mined by an Elementar Variomax CN. Soil inorganic nitro-
gen (ammonium nitrogen and nitrate nitrogen) was deter-
mined by LACHAT Quickchem Automated lon Analyzer.

2.3 Statistical analysis

Based on the analysis of repeated measures of variance, the
effects of experimental warming in the observation months
on carbon content, nitrogen content, and the C:N of
above-ground and below-ground parts of seedlings were
investigated. Based on the independent r-test, the effects of
experimental warming on the carbon content, nitrogen con-
tent and C: N of the above-ground and belowground parts
were investigated. Variation partitioning analyses (VPA) and
regression analysis were used to investigate the causes of
changes in plant community carbon and nitrogen. All statis-
tical analyses were performed using R 3.5.2 software and
SPSS 22. All figures were generated with Sigmaplot 12.5.
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3 Results

3.1 The response of carbon and nitrogen metrology
to warming

The analysis of repeated measures of variance showed that
warming had no significant effects on above-ground carbon
and nitrogen metrology (Table 2). The independent #-test
analysis showed that warming significantly increased the
above-ground nitrogen content by 21.4% (3.57 g kg'') in
September 2011 at 4500 m, but significantly decreased the
above-ground carbon content by 3.9% (15.66 g kg') in

3.2 Relationship between carbon and nitrogen
metrology and environmental factors

Warming increased the soil NH;-N content in August 2012

at 4300 m, but decreased soil NOs-N content in September
2011 at 4500 m and August 2012 at 4300 m (Fig. 3).

Table 2 Analysis of repeated measures of variance for the
effects of experimental warming and the observation month
were taken on carbon content, nitrogen content and the ratio
of carbon to nitrogen for the above-ground parts of plant
communities.

August 201.2 at 4300 m (Fig. 1). Ar.lalysi.s o.f repeated meas-  poaion Model Nitrogen content Carbon content ~ C/N
ures of variance showed that warming significantly reduced F P F P F P
—1
the below-ground carbon content by 15.75% (65.51 gkg )  4300m Warming(W) 096 0382 341 0.139 3.84 0.122
at 4700 m (Table 3). _ _ Month(M) 1344  0.003 4.09 0.060 18.93 0.001
. The 1ndep.endent t-test analysis showed that warming WM 078 0492 025 0758 040 0.632
significantly increased the below-ground carbon content by 2500 Wermimg(W) 047 0532 001 0948 125 0327
5.5% (23.25 g kg") in August 2011 at 4500 m, and the be- m e ' ' S -
low-ground C:N by 28.0% (8.30) in September 2011 at 4300 Month(M) ~ 40.52 0.000  4.50 0.049 6379 0.000
m. Warming significantly decreased below-ground nitrogen WM 234 0159 126 0336 7.71 0.014
content by 15.7% (1.27 g kg ') in September 2011 at 4700 m, ~ 4700m  Warming(W) 034 0593  0.02 0906 1.61 0.273
below-ground carbon content by 34.3% (146.88 g kg ') in Au- Month(M) ~ 53.72  0.000 18.31  0.001 103.77 0.000
gust 2012 at 4700 m and the belowground C:N by 37.9% WxM 517 0.036 023 0.800 629 0.023
(26.00) in August 2012 at 4700 m (Fig. 2). Note: F: f-valued; P: significance probability.
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Fig. 1 Effects of experimental warming on the carbon content, nitrogen content and the ratio of carbon to nitrogen for the
above-ground parts of plant communities in alpine meadows at elevations 4300 m, 4500 m and 4700 m in August 2011 (a, b, c),
September 2011 (d, e, f) and August 2012 (g, h, i)

Note: Values with “*” show significant differences in the carbon and nitrogen content after experimental warming at the 0.05 level.
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Fig. 2 Effects of experimental warming on the carbon content, nitrogen content and the ratio of carbon to nitrogen for the
below-ground parts of plant communities in alpine meadows at elevations 4300 m, 4500 m and 4700 m in August 2011 (a, b, c),
September 2011 (d, e, f) and August 2012 (g, h, i)

Note: Values with “*” “**” show significant differences in the carbon and nitrogen content after experimental warming at the 0.05 level and 0.01 level,
respectively.
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Fig. 3 Effects of experimental warming on soil NH4-N and NO3-N in alpine meadows at elevations 4300 m, 4500 m and
4700 m in August 2011 (a, b), September 2011 (c, d) and August 2012 (e, f)

Note: Values with “*” show significant differences in the NH;-N and NO3-N content after experimental warming at the 0.05 level .

We divided environmental factors into three categories:  temperature. Using variation partitioning (VPA), we found
available nitrogen (NH4-N, NO;-N), precipitation and air  that these three categories explained the change of carbon
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and nitrogen metrology by 34.0%, 7.1% and 3.7%, respec-
tively (Fig. 4).

Table 3 Analysis of repeated measures of variance for the
effects of experimental warming and the observation month
were taken on carbon content, nitrogen content and the ratio
of carbon to nitrogen for the belowground parts of plant
communities

Elevation Model Nitrogen content Carbon content C/N
P F P F P

4300m  Warming  7.62  0.051 1.469 0.292 4.936 0.090
Month 400 0.115 14.69 0.002 14.63 0.002

Interaction  0.06  0.814  0.08 0.923 0.02 0.981

4500m  Warming  1.10  0.354 224 0.209 6.05 0.070
Month 022  0.808 28.87 0.000 11.76 0.004

Interaction 1.99  0.199  3.16 0.097 2.57 0.137

4700 m  Warming  2.10  0.221 13.80 0.021 3.40 0.139
Month 7.00 0.017 7.34 0.016 9.56 0.008

Interaction 4.42  0.051 454 0.048 7.74 0.013

Note: F: f-valued; P: significance probability.

Regression analyses of NH;-N and NO5-N in the soil
with above-ground and below-ground carbon-nitrogen in-
dexes of plants were performed. We found that NH,-N and
NOs-N had a logarithmic relationship for all above-ground
and below-ground indicators, while NOs-N was only related

to the carbon-nitrogen indicators of the below-ground parts
and showed a logarithmic relationship. All models were
significant at the level of P = 0.1 (Fig. 5).

4 Discussion

4.1 Characteristics of carbon and nitrogen metrology
during different months

This research found that the effects of warming on the char-
acteristics of carbon and nitrogen metrology were different
in the three observation months. This was consistent with
previous findings (Fu et al., 2019b; Zong and Shi, 2019).
This may be attributable to the following reasons. Firstly,
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Fig. 4 Variation partitioning analyses (VPA) of the carbon
content, nitrogen content and the ratio of carbon to nitrogen
of plant communities in alpine meadows.
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Fig. 5 Regression analyses of the carbon content, nitrogen content and the ratio of carbon to nitrogen of plant communities

with NHZ—N and NO3-N in the soil
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the temperature on the Tibetan Plateau is lower than that in
other areas at the same latitude, thus the growing season of
plant communities is relatively short. In this study area, July
and August are the most active period for plant growth;
the withering period begins gradually in September (Shen et
al., 2016). The physiology of plants are different between
different month (Fu et al., 2019a). Compared with July and
August, chlorophyll content, the activity of enzymes, and
physiological functions all decrease, and this may in turn
affect plant photosynthesis for carbon fixation and root ab-
sorption of nitrogen. Moreover, the available nitrogen con-
tent (NHI—N and NO;-N) of plants varied in the observation
months (Fig. 3). The available nitrogen content can explain
the 34% change of plant carbon and nitrogen (Fig. 4). Sec-
ondly, the temperature and precipitation conditions varied in
the three observation months (Table 1), and these variations
caused differences in soil temperature and soil humidity
conditions. This in turn affected the absorption of soil inor-
ganic nitrogen by root systems and the fixation of carbon by
photosynthesis of vegetation redistribution (Kuchenbuch et
al., 1986; Bouda and Saiers, 2017).

4.2 Carbon and nitrogen metrology characteristics
at different elevation

This research found that the effects of warming on the
characteristics of carbon and nitrogen metrology were dif-
ferent at the three elevations examined. This was consistent
with previous findings (Zhang et al., 2015; Chang et al.,
2016; Ma and Chang, 2019). This may be attributable to the
following reasons. Firstly, there are differences between the
three elevations in both mean annual and growing-season
environmental humidity and temperature (Table 1, Fu et al.,
2011). Soil temperature changes with elevation, and soil
temperature affects the decomposition of litter in the soil,
affecting in turn the carbon and nitrogen content of plant

communities by influencing the supply of effective nutrients.

Atmospheric temperature and humidity also affect evapo-
transpiration. Lower temperatures close the pores and affect
the photosynthesis of plants, thus affecting the carbon
content of plant communities (Pan et al., 2009). Secondly,
soil organic matter and soil microbial community composi-
tion change with elevation. The available nitrogen and
phosphorous in soils are dependent on soil microbes (Yu et
al., 2019b), and this leads to differences in plant carbon and
nitrogen contents at different elevations (Fig. 3). Thirdly, the
species composition and diversity of plant communities
varies at different elevations, and this may in turn lead to
different carbon and nitrogen contents (Yu et al., 2019a).

4.3 The different effects on the characteristics of
carbon and nitrogen metrology between
above-ground and below-ground

This research found that the effects of warming on above-

ground and below-ground carbon and nitrogen content
changes were not synchronized. This may be attributable to
the following reason. First, above-ground plant carbon and
nitrogen were closely related to ammonium and nitrate ni-
trogen, while the below-ground plant carbon and nitrogen
content had nothing to do with nitrate nitrogen content (Fig. 5).
Fast-acting nitrogen is the main influencing factor (Fig. 4)
and may cause asynchronous changes (Frechilla et al., 2001).
Second, illumination intensity was an important factor. Un-
der conditions with higher radiation, plants distribute more
carbon to the above-ground parts (stem, leaf) in order to
obtain more light energy to promote plant growth and more
carbon synthesis. This provides the plants with more abun-
dant carbon to supply roots to absorb minerals in the soil
(Edwards et al., 2004). By contrast, under conditions with
lower radiation, most biomasses distribute more carbon to
the stem, resulting in less carbon in the roots (Edwards et al.,
2004). 75% of the nitrogen in plants is concentrated in the
chloroplast and this is a key factor in the metabolism of
photosynthesis (Takashima et al., 2010), so the intensity of
photosynthesis also affects the distribution of nitrogen.

5 Conclusions

Overall, the effects of warming on the above-ground and
below-ground carbon and nitrogen metrology of plant
communities were inconsistent, and the responses to warm-
ing were not synchronized. Different observation months
and different elevations changed the effect of warming on
the carbon-nitrogen metrology of the communities. Envi-
ronmental factors (temperature, precipitation and soil nitro-
gen) dominated by soil available nitrogen (NHI-N and
NO;3-N) were the main factors that affected the car-
bon-nitrogen metrology of plant communities in response to
warming.

References

Arft AM, Walker M D, Gurevitch J, et al. 1999. Responses of tundra plants
to experimental warming: Meta-analysis of the international tundra ex-
periment. Ecological Monographs, 69(4): 491-511.

Bouda M, Saiers J E. 2017. Dynamic effects of root system architecture
improve root water uptake in 1D process-based soil-root hydrodynam-
ics. Advances in Water Resources, 110: 319-334.

Chang C H, Gou X L, Wu F Z, et al. 2016. Effects of simulated warming
on soil DOC and DON concentrations in the alpine forest of western
Sichuan based on altitudinal gradient experiment. The Journal of Ap-
plied Ecology, 27(3): 663—671. (in Chinese)

Day T A, Ruhland C T, Xiong F S. 2008. Warming increases above-ground
plant biomass and C stocks in vascular-plant-dominated Antarctic tun-
dra. Global Change Biology, 14(8): 1827-1843.

Dou J, Liu J, Wang Y, et al. 2010. Experimental soil-warming effects on
carbon processes of typical meadow Calamagrostis angustifolia wetland
ecosystem in the Sanjiang Plain, northeast China. Acta Agriculturae
Scandinavica Section B-Soil and Plant Science, 60(4): 361-368.

Edwards E J, Benham D G, Marland L A, et al. 2004. Root production is
determined by radiation flux in a temperate grassland community.
Global Change Biology, 10(2): 209-227.

Frechilla S, Lasa B, Ibarretxe L, et al. 2001. Pea responses to saline stress
is affected by the source of nitrogen nutrition (ammonium or nitrate).



ZHANG Haorui, et al.: Response of Plant Community Carbon and Nitrogen Stoichiometry to Experimental Warming on the Qinghai-Tibet Plateau 321

Plant Growth Regulation, 35(2): 171-179.

Fu G, Shen Z X, Sun W, et al. 2015a. A meta-analysis of the effects of
experimental warming on plant physiology and growth on the Tibetan
Plateau. Journal of Plant Growth Regulation, 34(1): 57-65.

Fu G, Sun W, Li S W, et al. 2015b. Response of community above-ground
parts carbon and nitrogen content to experimental warming in an alpine
meadow at three elevations in the Northern Tibet. Ecology & Environ-
mental Science, 24(7): 1093—-1097.

Fu G, Zhang H R, Sun W. 2019a. Response of plant production to grow-
ing/non-growing season asymmetric warming in an alpine meadow of
the Northern Tibetan Plateau. Science of the Total Environment, 650:
2666-2673.

Fu G Zhang H R, Li S W, et al. 2019b. A meta-analysis of the effects of
warming and elevated CO, on soil microbes. Journal of Resources and
Ecology, 10(1): 69-77.

Fu G, Zhang X Z, Yu C Q, et al. 2014. Response of soil respiration to graz-
ing in an alpine meadow at three elevations in Tibet. Scientific World
Journal, (2): 265142. DOL: 10.1155/2014/265142.

Fu G, Zhang Y J, Zhang X Z, et al. 2013. Response of ecosystem respira-
tion to experimental warming and clipping in Tibetan alpine meadow at
three elevations. Biogeosciences Discuss, 10(8): 13015-13047.

Fu G, Zhou Y T, Shen Z X, et al. 2011. Relationships between above-
ground biomass and climate factors on alpine meadow in Northern Ti-
bet. Chinese Journal of Grassland, 33(4): 31-36. (in Chinese)

Kuchenbuch R, Claassen N, Jungk A. 1986. Potassium availability in rela-
tion to soil-moisture. 1. Effect of soil-moisture on potassium diffusion,

root-growth and potassium uptake of onion plants. Plant and Soil, 95(2):

221-231.

LiY, Yan Z Y, Guo D, et al. 2015. Effects of fencing and grazing on vege-
tation and soil physical and chemical properties in an alpine meadow in
the Qinghai Lake Basin. Acta Prataculturae Science, 24(10): 33-39. (in
Chinese)

Luo Y, Su B, Currie W S, et al. 2004. Progressive nitrogen limitation of
ecosystem responses to rising atmospheric carbon dioxide. Bioscience,
54(8): 731-739.

Ma M, Chang R. 2019. Temperature drive the altitudinal change in soil

carbon and nitrogen of montane forests: Implication for global warming.

Catena, 182: 104-126.
Mau R L, Dijkstra P, Schwartz E, et al. 2018. Warming induced changes in

soil carbon and nitrogen influence priming responses in four ecosys-
tems. Applied Soil Ecology, 124: 110-116.

Nicolas G, James N G. 2008. An earth-system perspective of the global
nitrogen cycle. Nature, 451(7176): 293-296.

Pan H L, Li M H, Cai X H, et al. 2009. Responses of growth and ecophsi-
ology of plants to altitude. Ecology and Environmental Sciences, 18(2):
722-730.

Rustad L E, Campbell J L, Marion G M, et al. 2001. A meta-analysis of the
response of soil respiration, net nitrogen mineralization, and above-ground
plant growth to experimental ecosystem warming. Oecologia, 126(4):
543-562.

Shen Z X, Zhou N, Fu G, et al. 2016. Comparison of community carbon
and nitrogen contents under fencing and grazing in an alpine meadow at
three elevations in the Northern Tibet. Ecology and Environmental Sci-
ences, 25(3): 372-376.

Takashima T, Hikosaka K, Hirose T. 2010. Photosynthesis or persistence:
Nitrogen allocation in leaves of evergreen and deciduous Quercus spe-
cies. Plant Cell Environment, 27(8): 1047-1054.

Xiong K, Jin M L, Yu T, et al. 2015. Stoichiometric characteristics of CNP
in typical steppe plant at different grazing gradients. Journal of Green
Science and Technology, (7): 4-7. (in Chinese)

Yu C Q, Han F S, Fu G. 2019a. Effects of 7 years experimental warming on
soil bacterial and fungal community structure in the Northern Tibet al-
pine meadow at three elevations. Science of the Total Environment, 655:
814-822.

Yu C Q, Shen Z X, Zhang X Z, et al. 2014. Response of soil C and N, dis-
solved organic C and N, and inorganic N to short-term experimental warm-
ing in an alpine meadow on the Tibetan Plateau. Scientific World Journal.
DOI: 10.1155/2014/152576.

Yu C Q, Wang J W, Shen Z X, et al. 2019b. Effects of experimental warm-
ing and increased precipitation on soil respiration in an alpine meadow
in the Northern Tibetan Plateau. Science of the Total Environment, 647:
1490-1497.

Zhang X Z, Shen Z X, Fu G, et al. 2015. A meta-analysis of the effects of
experimental warming on soil carbon and nitrogen dynamics on the Ti-
betan Plateau. Applied Soil Ecology, 87: 32-38.

Zong N, Shi P L. 2019. Effects of simulated warming on soil nitrogen
supply potential in an alpine meadow on the Tibetan Plateau. Acta Eco-
logica Sinica, 39(12): 4356-4365. (in Chinese)

BB 757 e B o S A B P R B - B 5 )

kEAE D, FEE 4 A

1 P EREABEH IR SRIRPTNT, ARG AN SR S0, FER R BUES RGP, JEAT 1001015

2. VU IR IR BOBLEBE , AR TS EREE ST, HiBE 8500002;
3. hEBEEBER:, ERT 100049

H B KREBEAYFERIRAZAANETEZRHAT. AFEETHRZREAER (4300 m. 4500 m. 4700 m) L&)

HRUER RH-F 4 (FTAKXIEEA, open top chambers, OTC), MM T 2011 4 8-9 AA 2012 4 8 At G RE 6 A X Z sehBE%
M b Aadb T AR R B AE, R A IR R E T 21.4% #2011 49 A 4500 m 9B ERAE, BERIKLT 3.9%
92012 5 8 A 4300 m e9AF %3 L AT, mxt A U T 9B 50T B FAFAER R EFoa; ABUIR B E 30 T 5.5% 492011
8 A 4500 m 49 BEE M T AR AE, REIEAT 28.0%%49 2011 £ 9 F] 4300 m 9B T AR AL, REMAKT 15.7% 692011 F 9
A 4700 m W BEEHT R4%, BEMIKT 34.3% 92012 4 8 A 4700 m ¥9BE X0 T 348, BEIKT 37.9% 442012 4 8 A 4700
m F BRI T R RUL, st AL TR R Rt R EARZHrn. B, ELEE KR ARG E R A e B 5
R EFOH L, LREESASHMEALCERY MHYBEEATEFHNIZRT,
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