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Abstract: Analysis of the characteristic changes in water use efficiency in alpine meadows and its influencing factors plays
an important role in improving the water use efficiency of these alpine meadows. Our study used gross primary productivity
(GPP) and evapotranspiration as calculated by the latent heat flux (LE) and the latent heat of evaporation (latent heat of
evaporation, A) to evaluate the water dynamics of Potentilla fruticosa shrub meadows in Haibei, Qinghai Province between
2003 and 2010. The water use efficiency (WUE) of these shrub meadows was evaluated across eight consecutive years,

allowing for a robust evaluation of their response to meteorological factors. Our results showed the following: 1) On an
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interannual scale, the gross primary productivity, evapotranspiration, and water use efficiency increased at an annual rate of
98.55 g'm_z, 40.15 mm, and 138.70 g'(m2~mm)_l, respectively. While gross primary productivity, evapotranspiration, and
water use efficiency all reached their maximum in July and their minimum in January when evaluated on a seasonal scale.
2) The annual average temperature, relative humidity, and net radiation have the highest relative contribution to the annual
water use efficiency, and these factors can explain up to 73.50% of the variation in the annual water use efficiency values.
The following three environmental factors: photosynthetically active radiation, air temperature, and relative humidity
contribute as much as 74.14% to the values on the growth season scale. The annual average temperature and
photosynthetically active radiation rates are both relatively important contributing factors to both the annual and growing
season scales, with these values accounting for up to 43.09% and 30.79% of the total, respectively. Correlation analysis
revealed that relative humidity was the main factor affecting water use efficiency. Annual average temperature and vapor
pressure deficit also exerted some effect on the annual scale values under these conditions. The main influencing factors for
the growing season scale also included photosynthetically active radiation and net radiation. The results of this study make a
significant contribution toward clarifying the underlying regulatory mechanisms mediating the dynamic changes in water use
efficiency in shrub meadows in response to changing environmental conditions.

Keywords: Potentilla fruticosa; Qinghai-Tibet Plateau; water use efficiency; vapor pressure deficit; net radiation;
photosynthetically active radiation; annual average temperature
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Table 1 Nutrient profile of different soil layers found interacting with Potentilla fruticosa shrubs

R THEH N AR Rk A g
LT Organic matter content/  Available nitrogen/  Available phos]phorus/ Auvailable potassium/  Total nitrogen/
Soil depth/cm i -1 - i -1
(g'kg ) (mg-kg ) (mg-kg ) (mg-kg ) (g'kg )
0—-10 111.13£16.95 2726 £6.72 9.22+1.02 411.07 £48.18 498 +0.45
10—-20 93.83+11.33 14.65 +4.25 5.54+0.96 261.18 +£44.43 5.38+0.35
20-30 67.10 £ 13.83 13.41 +3.46 3.67+0.63 188.68 £ 51.43 3.13+£0.30
30 -40 54.83 £12.53 13.25+5.78 2.90+0.50 150.98 + 38.60 2.63+0.35
0-40 80.28 +21.64 13.30£5.15 6.22+2.28 279.87 £102.67 3.75+1.00
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Figure 2 Interannual variation of gross primary productivity, evapotranspiration, and water use efficiency
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Z i R _F, GPP. ET fll WUE #J & 18] v %! 48
1 (B 3). ETfEA KRB 7 H 8k 8 H ik 2 i K
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B, 6 H7 HAL 8 F 3 4N A A 28 Bl 1) 28 A0 A X 458
N1 H -7 HE8 HERIE EAHEaH, 2 5 2R
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Table 2 Characteristic values of annual changes in gross primary productivity,
evapotranspiration and water use efficiency in alpine meadows

eSSl ¥I1H FREES Tt 22 AR5 R
Category Mean Slope Standard deviation ()%
HHIZLHE 7 1 Gross primary productivity/(g-m ) 810.15 98.55 82.42 0.10
F& B Evapotranspiration/mm 326.66 40.15 17.23 0.05
KA FIFIRE Water use efficiency(m’-mm °) 756.03 138.70 118.82 0.16
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Figure 3 Seasonal changes in gross primary productivity, evapotranspiration and water use efficiency in alpine meadows
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Figure 4 Relative contribution of various meteorological
factors on the water use efficiency of alpine meadows

VPD, WHRIKIKEZ; Ta, EREE; Ws, Wid; R, H1E
Gt: PAR, A HAGES: RH, MIXEEE: R, BKE,

VPD, ns vapor pressure deficit; Ta, air temperature; Ws, wind speed; R, ,
net radiation; PAR, photosynthetically active radiation; RH, relative
humidity; R, precipitation.

B R E MK (P<0.01) (3 3). EKFRE LM
KM RN 9 566 A 808 S5 > AR T > 155
U > AR > RE > FEKE > WAKIRE 2, B
AR AR BAAL, A R T 3508 B B 3 K (P <
0.01) (3§ 4)»

%3 BESAKSHRAURSSKETZEANLR

Table 3 The relationship between water use efficiency and various meteorological factors in alpine meadows

MR &2 H TR MXHEE KE RS teA RN vokm  BRUKIURZE RGAIRCE
Correlation Air Relative  Wind Net Photosynthetically Pr EFI it?{i N Vapor pressure Water use
coefficient temperature humidity speed radiation  active radiation ceipriatio deficit efficiency
/=3 - - - - ax ax -
= Ul 1.00 0.49 —0.12 0.75 0.46 0.29 0.76 0.55
Air temperature
\ =] k% ok kK sk *k *k
*EXTM‘E . - 1.00 —0.55 0.28 —-0.17 0.49 0.31 0.30
Relative humidity
Rk B B - PP ax PO
Wind speed 1.00 0.01 0.24 0.20 0.04 0.21
AT - - - 1.00 0.86" 0.04” 0.72" 0.18"
Net radiation
JeE A R S " » o
Photosynthetically - - - - 1.00 —-0.23 0.53 —0.02
active radiation
CaRVE=R ok ok
Fek i - - - - - 1.00 0.22 0.27
Precipitation
U, -
HAVKIUR 2 - - - - - 1.00 035
Vapor pressure deficit
4 2%
7J<ﬁﬂ)ﬂxﬁl$ _ _ _ _ _ _ _ 1.00

Water use efficiency

SRR RIS RN T L MZER R ZHP <0.05), **RaKAIFMMEEIGR T2 0Z7RRREEHP <0.01).

* and ** indicate significant difference between water use efficiency and specific meteorological factors at the 0.05 and 0.01 levels, respectively.
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Table 4 The relationship between water use efficiency and meteorological factors
as a function of the growing season of alpine meadows
R ZREL TAMRE O HRHREE KGR SRS OtE A RGES e HIMKIREZE KRR
Correlation Air Relative ~ Wind Net Photosynthetically Prec¢i ; tiion Vapor pressure Water use
coefficient temperature humidity speed radiation active radiation P deficit efficiency
73 /= yE BF * *k Hx * Hx ok *x
- TR 1.00 0.06 —0.09 0.22 0.12 —0.02 0.08 0.39
Air temperature
S sk sk * sk ok *ok
mﬂﬂk&. . - 1.00 —0.61 —0.54 —0.74 0.50 —0.38 0.48
Relative humidity
Nj\% * *k *x *x *x
- - . -0.2 41 —-0.1 31 —0.
Wind speed 1.00 0.28 0 0.19 0.3 0.38
) - - - 1.00 0.94" -0.43" 027" -0.43"
Net radiation
e AR - - o
Photosynthetically - - - - 1.00 —0.51 0.28 —-0.51
active radiation
ek it - - - - - 1.00 -0.08" 026"
Precipitation
# VB TS
RIS _ _ . _ . L0 0,03
Vapor pressure deficit
~ 7ly 3%
TRy I 2R _ . - - - - - 1.00

Water use efficiency
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