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Table 1 Water consumption, precipitation and mean temperature in growing period in Haibei alpine meadow from 2001 to 2011
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Fig. 3 Correlations of ANPP, BNPP and NPP with water consumption from 2001 to 2011



479

at the end of August from 2001 to 2011

2
500 1400
(a) ANPP (b) BNPP °
475F 1300 -
) L] —
E as0f o °* £ 1200}
& 2
0 425) o= 1100k
i LS
# 400} = 1000 |
b Iy L
B 375F 00 °®
& & ®
= 7 -
; 30 = y=-40.465x+55.521 g U y=-120.63x-61.039
3a5f R=0.503 700 @ R=0.3333
300 i ; ; ) 600 ; i ; ’
7.0 7.5 8.0 8.5 9.0 9.5 7.0 5 8.0 8.5 9.0 9.5
AR GRS C AERMFETRSC
2000
NPP
_ 1800} @ °
B
3 1600}
)
G 1400f - A > .
& oof .
& *
g 1000 1=161.15-5.5183
T g0k R=04149
6()(] L L 1 1
7.0 7.5 8.0 8.5 9.0 9.5
AW C
4 2001—2011 (a), (b), (o)
Fig. 4 Correlations of ANPP(a), BNPP(b)and NPP(c)with average air temperature
in the growing period from 2001 to 2011
5.323. s
s 2.2 NPP
b
b ( A} Y ) b
( >
631) ’ ’ ( Lol ’
3, 5 .6—7 .8
] —9 3 N
(  6b, P<C0.05). N
s .3 5
3800 550 6—7
_ 3650 F B 25 °C , ,
E 3500 F 4500 E
& 3350 &
@ 3200} {4s0 % ,
= 3050} =
= 00} {400 -8 ’ ’ ’
£ ol e B
k= - =) ’ ’
2600 4350
2450 ’
0 L L 1 1 L 1 1 1 1 1 300 ANPP . BNPP
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 14¢
5 2001—2011 8
(4) ANPP, BNPP NPP
Fig. 5 Variations of the standing crop biomass ¢ 7
b



480 35
500 10
@R o (0 FE
= o 25F °
E as0f e ® & ™ = 9ol ™ L]
E ° 2 . .
% a0 O ° f;; 851 °
B = gof [ ]
= :
i 350} L {%ﬁ: -l *
3 o e L
2 o} . 1=0.0083++387.91 = 701 7=0.0023x+5.0578
= R=0.0065 B gst R=03485
20700 2900 3100 3300 3300 3700 3900 4100 4300 69000 1100 1200 1300 1400 1500 1600 1700 1800
Rl 3B R i (gm”) R L B AE R (gCom™)
6 2001—2011 R (a) (b
Fig. 6 Correlations of total standing biomass with water consumption (a) and
average air temperature (b) from 2001 to 2011
0.958 g e m? +mm ', 2.326 g+ m ? .
mm ' 3.284gem ?emm ', ,
1.274 g » m % «» mm '(2008 )., 3.710 g 2001—2011
m *e mm ' (2008 ), 4.381 g+ m ? ¢+ mm ' , » 11
(2001 ), 0.790 g*m * « mm ' a ,
(2004 ), 1.664 g+ m? +« mm ' (2004 ), 416. 3 mm, (415. 2
2.454 g+ m * « mm (2001 ), mm) , 90 %
38%.55% 44%. 11 a . ANPP,
6 BNPP  NPP 393.07 g+ m %, 945. 26
'-é sl N gem ’,1338.33g+m *  BNPP ANPP
B AL 11 a 2. 404, ANPP. BNPP
% NPP
E St
@ b
&
2 2f BNPP/ET ,
2
£t .\0——0—0"‘\1"./.\'_.\0
==
£ ANPP/ET NPP
03007 2002 2005 2004 2005 2006 2007 2008 2009 2010 20114 9
7o2001zol . 11a 3 422.92
. ANPP/ET., BNPP/ET NPP/ET .,
gem °, ( )
—2 . —2
Fig. 7 Variations of water use efficiency 411.07 g+m °, 3 011.85 g+ m ~.
from 2001 to 2011 7.327,
5.323. s
3 b
ANPP, BNPP  NPP ,

[3—4,20—24]

0.958 g+ m % «mm ', 2.326 g *
1

3.284 g+ m %+ mm ',

C20 (8~12 kg *
[4]

[4]



481

gCem ?emm ' 0.28gCem?e+mm_

[1]

2]

[3]

[4]

[5]

L6]

7]

[8]

9]

N

0.66 gC e+ m? e« mm ', 0.47

1

b

0. 958 g

(References) :

Cui Xueming. Agricultural Meteorology[ M|, Beijing: Higher
Education Press, 2006. [ . [M].
, 2006. ]

Liu Changming, Wang Huixiao. Water Transfer Processes of
Soil-Plant-Atmosphere Continuum Interface and Water Saving
Control[ M. Beijing: Science Press, 1999. [ ,

- - [M].

, 1999.]

Wang Huixiao, Liu Changming. Advances in crop water use
efficiency research[ J]. Advances in Water Science, 2000, 11
(1): 99—104. [ , .

[Jl. , 2000, 11(1); 99—104. ]

Lu Ling, Li Xin, Huang Chunlin, et a/. Analysis of the
spatio-temporal characteristics of water use efficiency of vege-
tation in west China[ J]. Journal of Glaciology and Geocryolo-
gy, 2007, 29(5) . 777—784. [ s s s

[Jl. , 2007,
29(5): 777—784.]
Li Lin, Zhu Xide, Wang Qingchun, et al. Mapping and ana-
lyses of permafrost change in the Qinghai Plateau using GIS
[J]. Journal of Glaciology and Geocryology, 2005, 27 (3):
320—328. [ , s s
[Ja. , 2005, 27(3): 320—328. ]

Chang Guogang, Li Lin, Zhu Xide, et al. Changes and influ-
encing factors of surface water resources in the source region of
the Yellow River[J]. Acta Geographica Sinica, 2007, 62(3):
312—320. [ , s ,

(1] . 2007, 62(3): 312—320. ]

Li Yuanshou, Wang Genxu, Zhao Lin, et al. Response of soil
moisture in the permafrost active layer to the change of alpine
meadow coverage on the Tibetan Plateau [J]. Journal of
Glaciology and Geocryology, 2010, 32(1): 157 —165. [

[yl . 2010, 32(1). 157

—165. ]

Chen Shengyun, Zhao Lin, Qin Dahe, et al. A preliminary
study of the relationships between alpine grassland biomass
and environmental factors in the permafrost regions of the Ti-
betan Plateau[J]. Journal of Glaciology and Geocryology.
2010, 32(2): 405—413. [ s s ,

[l , 2010, 32(2): 405—413. ]
Li Lin, Wang Zhenyu, Xu Weixin, et al. Response of growth
of typical plateau meadow on Tibetan Plateau to climate change

[J1. Journal of Glaciology and Geocryology, 2011, 33(5):

1006—1013. [ , s s

(RAE
. 2011, 33(5): 1006—1013. ]

[10] Li Yingnian, Cao Guangmin, Bao Xinkui. Analysis on water

consumption and water consumption rule of alpine meadow in
its growing period[ ] ]. Agricultural Meteorology, 1996, 17
(1): 41—43. [ s , .

(. , 1996, 17
(1): 41—43.]

[11] Qi Peitong. Gu Song, Tang Yanhong. et al. Comparison of

three methods for measurement of evapotranspiration in an al-
pine meadow[ J]. Acta Ecologica Sinica, 2008, 28(1); 202—
211, [ , s s

L1l , 2008, 28(1): 202—211.]

[12] Liu Anhua, Li Yingnian, Zhang Fawei, etal. Study on the soil

water dynamics of Kobresia humilis meadow in growing sea-
son[ J]. Journal of Arid Land Resources and Environment,
2008, 22(10): 125—130. [ s , s
[Jl.
. 2008, 22(10): 125—130. ]

[13] Liu Anhua, Li Yingnian, Xue Xiaojuan, etal. Study on evapo-

transpiration and crop coefficient of the alpine meadows in the
Haibei area[ J]. Chinese Journal of Agrometeorology, 2010,
31(1): 59—64. [ s s s .

[Jl » 2010, 31(1): 59
—64.]

[14] Hu Zhongmin, Yu Guirui, Wang Qiufeng., et al. Ecosystem

level water use efficiency: A review[]J]. Acta Ecologica Sini-
ca, 2009, 29(3): 1498 —1507. [ s , ,
. Ll . 2009,
29(3): 1498—1507. ]

[15] Li Yingnian, Zhao Xinquan, Cao Guangmin, et al. Analyses

on climates and vegetation productivity background at Haibei
Alpine Meadow Ecosystem Research Station[ ]J]. Plateau Me-
teorology, 2004, 23(4): 558 —567. [ . s

’

[I]. ., 2004, 23(4): 558—567. ]

[16] Le Yanzhou, Zuo Kecheng, Zhang Jinxia, et al. Soil type and

basic characteristics at Haibei Alpine Meadow Ecosystem Re-
search Station [ C]//Alpine Meadow Ecosystem, Vol. 1.
Lanzhou: Gansu People’s Publishing House, 1982. 19 — 33.
L . ; .
[cl// (
). : . 1982. 19—33.]

[17] Wang Qiji, Wang Wenying, Deng Zifa. The dynamics of bio-

mass and the allocation of energy in alpine Kobresia meadow
communities, Haibei region of Qinghai province [ ]J]. Acta
Phytoecologica Sinica, 1998, 22(3): 222—230. [ s

L1l . 1998, 22(3). 222 —
230. ]

[18] Li Yingnian. Analysis of the relationship between underground

biomass and meteorological factors in alpine meadow and its
turnover value[ J]. Agricultural Meteorology, 1998, 19(1):
36—38, 42. [

[Jl. , 1998, 19(1): 36—
38, 42.]

[19] Li Honggin, Li Yingnian, Zhang Fawei, et al. Water con-



482

35

sumption and influence of the meteorological factors on the
vegetation biomass accumulation in alpine meadow[ J]. Journal
of Arid Land Resources and Environment, 2013, 27 in press.
L . ) .
[J]. . 2013, 27.
-]

[20] Sun Hongren, Liu Guorong, Zhang Yingjun, et al. Water re-
quirement, water consumption, water requirement rate, water
consumption rate and water use efficiency of alfalfa[ J]. Prat-
acultural Science, 2005, 22(12); 24—30. [

0l , 2005, 22(12); 24—
30. ]

[21] Jiang Gaoming, Dong Ming. A comparative study on photosyn-
thesis and water use efficiency between clonal and non clonal
plant species along the Northeast China Transect (NECT)[]].
Acta Botanica Sinica, 2000, 42(8): 855—863. [ .

(NECT)
[J1. , 2000,
42(8): 855—863. ]

[22] Chen Shiping. Bai Yongfei, Han Xingguo. Variations in com-

position and water use efficiency of plant functional groups

based on their water ecological groups in the Xilin River basin

[J]. Acta Botanica Sinica, 2003, 45(10): 1251 —1260. [
— [yl
» 2003, 45(10): 1251—1260. ]

[23] Zhao W Z, Niu Z R, Chang X L, et al. Water consumption in
artificial desert oasis based on net primary productivity[]J].
Science China Earth Science, 2010, 53(9): 1358 —1364. [

R : . 2010, 40(10): 1431—
1438. ]

[247 Su Min, Wang Yanrong, Zhao Wenli, et al. Comparative re-
search of soil moisture utilization of four kinds of groundcover
plants under long-term drought[J]. Chinese Journal of Grass-
land, 2012, 34(2). 65—70. [ , , s

[Jl.
, 2012, 34(2): 65—70. ]

[25] Li Yingnian, Zhang Fawei, Liu Anhua, et al. Responses of
soil temperature and humidity to changes of vegetation cover-
age in alpine Kobresia tibetica meadow[ J]. Chinese Journal of
Agrometeorology, 2006, 27(4): 265—268, 272. [ s

’ ’

LI , 2006, 27(4): 265—268, 272. |

Interannual Variations of Production and Water Use Efficiency

of the Vegetation in Alpine Meadow
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Abstract: Statistical analysis on the water con-
sumption, standing biomass, net primary produc-
tion, water use efficiency and their correlations
with the vegetation in Haibei alpine meadow from
2001 to 2011 showed that the water consumption
from May to September was 416. 30 mm, the
aboveground net primary production (ANPP) was
393.07 g« m ?, the belowground net primary pro-
duction (BNPP) was 945.26 g+ m ™’
net primary production (NPP) was 1 338.33 g
m %, and the ratio of BNPP to ANPP was 2. 404,
the standing crop biomass at the end of August -
reached 3 422.92 g » m ?, of which the ANPP and
BNPP was 411.07 g* m™* and 3 011.85 g+ m™ %,
respectively, with the ratio of BNPP to ANPP of

and the total

7. 327. This demonstrates that the current vegeta-
tion had huge standing stock and great ability to
return the soil carbon. NPP had a poor correlation
with the water consumption but had a significantly
positive correlation with the air temperature aver-
aged from May to September, indicating that water
condition in the alpine meadow could meet the de-
mand for the plant growth, and the synchronous
air temperature was the principal factor to improve
the NPP. Water consumption averaged over the 11
years shows that the water use efficiency for BN-
PP, ANPP and NPP was 0. 958 g * m > mm ',
2326 gem ? mm ' and 3.284 g+ m ? mm ',
respectively, indicating that the vegetation in al-

pine meadow had a higher water use efficiency.

Key words: alpine meadow; water consumption; interannual variation; standing biomass; net primary

production; water use efficiency



