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Abstract

Aims Water use efficiency (WUE) is an important parameter to understand the coupling between the water, and
carbon cycles of terrestrial ecosystems. Previous studies on the grassland ecosystem WUE on the Qinghai-Xizang
Plateau mainly based on annual precipitation (AP). However, vegetation water use mainly occurs in growing sea-
son. Therefore, we aimed to explore the differences of ecosystem WUE between alpine meadow and alpine steppe,
and the relationships between ecosystem WUE and environmental factors from 2000 to 2010, using annual pre-
cipitation use efficiency (PUE,), growing season precipitation use efficiency (PUEg), growing season water use
efficiency (WUEy) based on AP, growing season precipitation (GSP) and growing season evapotranspiration
(ETgs ) respectively.

Methods  Combining satellite-derived above-ground net primary productivity (ANPP), satellite-derived
evapotranspiration and meteorological data from 2000 to 2010, we calculated PUE, (ANPP / AP), PUEg (ANPP /
GSP) and WUEg (ANPP / ETgs) to find the differences of PUE,, PUEy and WUE between alpine meadow and
alpine steppe. Moreover, we explored the relationships between PUE,, PUEy or WUEgs and precipitation (or
evapotranspiration) or air temperature.

Important findings We found that (1) the PUE, and PUEg of alpine meadow were higher than that of alpine
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steppe, but there were no significant difference between WUE of the two grassland types, indicating that there
may be similar intrinsic water use efficiencies of the two grassland types. (2) The inter-annual variation of PUE,
and PUEgs were similar while WUEg showed a larger fluctuation, implying that ET-based WUEg was more sensi-
tive than precipitation-based PUE, and PUEg, therefore WUEg; is a better indicator of ecosystem water use effi-
ciency than PUE, or PUEg. (3) The PUE,, PUEy and WUEy were negatively correlated with AP, GSP and ETg
respectively, reflecting a consistency of the three water use efficiency measurements. In the alpine steppe, only
WUEgs was observed positively correlated with air temperature among the three measurements, but in the alpine
meadow, no significant relationships between water use efficiency and air temperature was detected, suggesting
that the WUE; of alpine steppe was more sensitive to air temperature than that of alpine meadow.

Key words alpine meadow, alpine steppe, evapotranspiration, growing season precipitation, precipitation use
efficiency
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(Hu et al., 2008; #H [4%, 2009; Niu et al., 2011).
I DR RURE B, BT I 05 adi >R P B 7 R FH R
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BlL AGERAE R0 B (T 1:1007 i R A ) (F RS2 e i R A0 P 2 42 B3 2%, 2001)
Fig. 1 Distribution of the sampling meteorological stations based on the Vegetation Atlas of China (1:1 000 000) (Editorial Board of

Vegetation Map of China, Chinese of Academy of Sciences, 2001).
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Fig. 2 The inter-annual variations (A, B, C) and differences (D, E, F) of annual precipitation use efficiency (PUE,), growing season
precipitation use efficiency (PUEg) and growing season water use efficiency (WUEg) between alpine meadow and alpine steppe

during 2000-2010 (mean * SE).
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S (E2F). B IPUE,. PUEGMIWUE g 551 T Ftads, [
22 KNFAMEERKIMSEHXFE BEAP. GSPHIET 114 N i B2 (EI3A, 3B, 3C). P
B K RSO N, mPE A TE MR WUE S E T MR RAL T-PUE S AP &L

B3 2000-20004 5 J€ 5 ) 15 12 96 5 J5E0 46 A A R) ) 2% (PUE,), K 78 R K AR T A 56 (PUE ge) R 78 /K 40 T A
(WUEg) 5 Ff/K i ZEHER A TN KGR . A, PUESERKEAP) LR B, PUESERKF[F/KE(GSP)K R, C, WUE
BRI (ETE MK R . D, PUESF T TL(MAT) MK R« E, PUE S EKFUR(GST) KR . F, WUE S GSTIIE
Fo AM, FIERAY; AS, W TERJ .

Fig. 3 The relationships between annual precipitation use efficiency (PUE,), growing season precipitation use efficiency (PUEg)
and growing season water use efficiency (WUEg), and precipitation, evapotranspiration and air temperature. A, The relationship be-
tween PUE, and annual precipitation (AP). B, The relationship between PUE and growing season precipitation (GSP). C, The rela-
tionship between WUEg and growing season evapotranspiration (ETg). D, The relationship between PUE,and mean annual tempera-
ture (MAT). E, The relationship between PUEy and mean growing season temperature (GST). F, The relationship between WUEg and
mean GST. AM, alpine meadow; AS, alpine steppe.

doi: 10.17521/cjpe.2015.0062



656 FE4: A&Z4R Chinese Journal of Plant Ecology 2015, 39 (7): 649-660

K, WAL TPUE S GSPIIRH (KI3A, 3B, 3C).
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Fig. 4 The relationships between growing season evapotran-
spiration (ETgs) and annual precipitation (AP) (A) and growing
season precipitation (GSP) (B). The diagonal line is 1:1 line.
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