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Abstract: The impact of global climate change and human activities on grassland ecosystems has been increasing in recent
years. The sensitivity of alpine grassland ecosystems to global changes has attracted the attention of many scholars. Forage
height, coverage and yield are important basis for determining the growth of grasses. Grassland biomass, as an important

indicator of grassland productivity, is of great significance for studying changes in grassland vegetation, evaluating the
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growth of grassland, and providing reference for grassland management. Coverage, as one of the important parameters of
grassland community structure, can reflect the health status of grasslands. Plant phenology is an important indicator of
environmental change, and in alpine meadow ecosystems, which is more sensitive to climate change. At the same time,
precipitation and temperature, as important climatic factors, have become the focus of research on factors affecting the
growth of grasslands. Alpine meadow is one of the most sensitive alpine grassland type in response to climate change.
Studying the response of changes in plant growth characteristics of alpine meadow to the meteorological factors is important
for analyzing the effects of climate change on alpine meadow. Therefore, in order to make rational use of alpine meadow
resources and explore the impact of climate change on alpine meadow in recent years, this paper takes alpine meadow in
Gande County, Qinghai Province, as an example. We analyze the community characteristics such as above-ground biomass,
height, coverage and phenological stage of meadow vegetation based on the pasture observation data from 1994—2006, as
well as local air temperature, rainfall and other meteorological data from 1976—2006. The results showed that (1) the
alpine meadow on the Qinghai—Tibet Plateau was warming and drying with averagely annual temperature and average ground
temperature rising and annual precipitation falling. The coverage and height of forage were increasing, while the yield is
decreasing, and the forage phenology was delayed at the overall observed level. (2) Forage height, coverage, and yield
responded differently to different climatic factors. Forage height and coverage were more sensitive to changes in temperature ,
and forage yield was more sensitive to changes in moisture. The higher the average ground temperature and relative
humidity, the higher the height and yield of forage. (3) The trend of phenology is influenced by different meteorological
factors. On the whole, the phenological phase of forage is more sensitive to the temperature factor, and the higher the

temperature, the earlier the phenological phase.

Key Words: alpine meadow; community characteristics; phenological period; climatic factors; related analysis
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Fig.2 Seasonal and interannual variation of forage yield in alpine meadow from 1994 to 2006
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Table 1 Phenological change trend level and extreme date of several main forages in alpine meadow from 1994 to 2006
Wi e %Eg?id <?§g§g%ﬁd (%gglﬁd i/ wERE ey
Phenophase Forage Earliest date Latest date Average date Extent Star}dailrd (d710) P
(Julian date) (Julian date) (Julian date) deviation Trends
REI R 421(111) 5.2(123) 4.26(116) 12 3.2 3.2 0.187
Reviving E=S 4.19(110) 5.4(125) 4.25(115) 15 5.0 2.3 0.566
()5 4.22(112) 5.6(126) 4.27(117) 14 37 -13 0.668
TR 4.19(110) 4.26(117) 4.23(113) 7 2.1 0.7 0.642
MK 4.19(110) 4.26(117) 4.24(114) 7 2.0 0.2 0.920
fihvAE i B 5.6(126) 5.20(141) 5.14(134) 15 4.9 8.7 0.009
Heading EEd 5.22(142) 7.4(186) 6.14(166) 44 10.8 5.8 0.497
(&) & 7.6(187) 7.20(202) 7.12(193) 15 42 1.6 0.626
FERE B 7.12(193) 8.4(217) 7.18(200) 24 6.6 -0.2 0.975
BT 5.6(126) 5.20(141) 5.14(134) 15 4.9 8.7 0.009
T SR 5.12(132) 5.28(148) 5.23(143) 16 49 7.1 0.023
Blooming E¥ 3 6.27(178) 7.28(210) 7.15(196) k) 77 14.1 0.006
() 7.20(201) 8.6(219) 7.26(207) 18 5.6 -2.8 0.520
TR 7.26(207) 8.18(231) 8.5(218) 24 7.2 -1.9 0.744
Bk 5.12(132) 5.28(148) 5.23(143) 16 4.9 77 0.023
B B 8.12(224) 8.20(232) 8.15(227) 8 2.9 -1.1 0.648
Mature L 8.12(224) 8.24(236) 8.18(231) 12 4.2 -4.1 0.204
() H 8.16(228) 9.2(245) 8.25(237) 17 4.6 5.1 0.147
TR 8.22(234) 9.4(248) 8.28(240) 14 45 4.6 0.184
KT 8.12(224) 8.18(231) 8.15(227) 7 2.5 0.2 0.912
i B L 9.14(257) 10.2(275) 9.23(266) 18 4.5 4.4 0.194
Withering EF 9.13(256) 10.2(275) 9.21(264) 19 5.4 6.1 0.134
() 9.5(249) 10.4(277) 9.22(265) 28 7.0 117 0.015
Tl e B 9.17(260) 10.4(277) 9.24(267) 17 4.8 75 0.026
kKR 9.5(249) 10.2(275) 9.19(262) 26 6.6 11.0 0.015
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Fig.4 Relationship between height of forage and meteorological factors in alpine meadow
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Fig.6 Relationship between forage yield and meteorological factors in alpine meadow
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Table 2 Typical correlation coefficients and significance of forage growth status factors and meteorological factors

A ) o Y o o R JAN
T HXtE FHER st ST BmE i A
R Characteristic . F Molecular degrees  Denominator degrees P
Data set Correlation Wilk test
value of freedom of freedom

1 0.882 3.497 0.168 8.494 12.000 106.122 <0.001

2 0.443 0.243 0.758 2.035 6.000 82.000 0.070

3 0.241 0.062 0.942

3R 3 WA e HRUS — X LA AR DG AR f f A AR R A R 25 T R
W, =-0.651X,-0.027X,-0.388X,
SEH TGN,
W,=0.197Y,-0.587Y,-0.919Y,+0.283Y,
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Table 3 Standardized typical correlation coefficients of two groups of variables

A5 Variable 1 2 3
AR F W, X -0.651 -0.791 1.353
Growth factor =X, -0.027 -0.745 -0.982
TR X, -0.388 1.334 -0.796
KRHTF W, FEK Y, 0.197 -0.722 -1.184
Meteorological factor TFERRE Y, -0.587 1.456 0.096
RESEINTA -0.919 0.764 -2.849
iy, 0.283 -1.833 3.167

3.3.2 RGP e FE R ) O A I S

M2 4 iTLUE P 535 T2 AR SERT R G ARG W TR AT, S 1B AR OGRT , 2R
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LR FZA ( P<0.05) o FEECAhAEIN 32252 XY H MRS ( P<0.01) , BB FF AR 32 9 H AR (P<0.051)
P I —= > H AR RS (P<0.05) 5, I 52 29 H AR R0 (P<0.05) , A B I SZ /T = A A A B2
R (P<0.05) , MWEEIRIKF B& IR E M ZIAT— D H BSIEF M (P<0.05) , A 2 4550 =4~ H A2
JE RS A AR EE (P<0.05) |, M B2 B 5T — A H 1SR AR K SE I (P<0.05) .

ORI A T A S R AR ARG R A S S AT, RS BB S0 A A R A 1 ) A 3 A Ak, PR B
Y5 24 A R = A R T35 8 B 8T, T HE 2R S5 P RO A B 2 A5, e R
9 R E S T BT T
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Table 4 Correlation Analysis of Several Herbage phenology and meteorological factors in the current month and three months ahead

Ejge Phﬁﬁﬁie P, P, T, T RH, RH ST, ST, ST
FARBHIE Elymus nutans FFE -0.648"  0.613" 0.124  -0238  -0.55 0.183 0.116 0.032 -0.102
¥ Festuca ovinal, Jihie -0.555*  0.016 -0.55 -0.286  -0.414  0.174  -0.283  -0.422 -0.157
JRA 0408  0.161 -0.544 0.319 0442 0.14 -0.227  -0.578" 0.344
(7%) % Koeleria cristata R 0.215  -0.068 -0.435 0.178 0.231  -0.16 -0.167  -0.560* 0.314
ik -0.329  -0.205 0.274 0295  -0314 -0.145  -0.075 0.182 0.691 **
It -0.449  0.16 0503  -0.049  -0.253 031 0.287 0.610" 0.184
i 0.003 0.5 0.089 0502  -0212 -0.146 0.042  -0.604" 0.215
IR EL Kobresia humips FriE -0.184  -0.204 -0.106  -0.725** -0.592* -0.273 0.007  -0.121 -0.474
JRA -0.009  -0.08 -0.287  -0.06 0.127  0554* 0.019  -0.016 -0.211
i -0.411  0.405 0386  -0.154  -0.658* 0.17 0.004  -0.088 -0.544
HARIKFE Overall observation R 0228  0.208 -0.664*  -0.266 0.187 0 -0.301  -0.489 -0.043
JHE -0.184  -0.204 -0.106  -0.725*  -0.592* -0.273 0.007  -0.121 -0.474
i -0.024  0.561°* 0.156 0549  -0.15 0.033 0.024  -0.565" 0.186

* FRAKER RO L 0.05 BEMERKKF:, o Foniliad 0.01 REMERKIKF; PR 7T =4 H BRI, P m$ il — A H Rk, T Fom S fT— 1 A
Y, T 7R 20 S RHFRBERT = H AOHIEE  RH 7R 24 H WOHIRTRREE ; ST 2Om S PiA~ A AP0k, ST, Zerm i — A A I3, ST #on 5 A
-2

M 5 ATRUA 3220 MR TG R BEAE 50 B 7 30145 S i P> A A sttt S B i =~ H ARk A — 52
AIAHICNE (P<0.05) , —F LRI R 50 1R 5 1] 40.0% 9728 1k, il B ey | 3k 7 TR | B /K 22 | IR 75 1)
$EHT, 3RO MBIER S AT =D H B9RKA S8 i S HTPIAS A FHT— A B9l AR P (P<0.01) |, =
IR R S AE Y 69.7% , = Al RN X 2 B A HESIE T o 35 R AOAN B I BR S2 i —1> H
AR A A, BT = A Al o X 35 RO B A TR (P<0.01) , A LRI RE IS FOA 4 38190 Y AE
e, PR T et 1 & SO B A S

®5 PEMEPSHARBIH=NANSKEFHZRSEIEFIHR

Table 5 Stepwise regression analysis of herbage phenology and meteorological factors in the current month and three months ahead

n
T REEIEE Elymus nutans i Y=-0.257P,+0.087P, +215.775 0.551 0.461 6.129 0.018
262 Festuca ovinal, BT Y=1.0635T,-0.351P;+122.742 0.500 0.400 5.005 0.031
Eiiip Y=-1.357P,-5.156T,-4.925T, +196.469 0.773 0.697 10.211 0.003
L Y=-1.667ST,+254.272 0.335 0.274 5.531 0.038
FETE Koeleria cristata B Y=-1.739T,+111.562 0.560 0.314 5.034 0.046
it Y=1.9675T+165.273 0.477 0.429 10.027 0.009
i Y=4.789ST, +154.038 0.372 0.315 6.520 0.027
A Y=-3.7758T,~5.3955T, +374.135 0.637 0.564 8.763 0.006
J& ¥ Kobresia humips Pivia Y=-3.517T+153.599 0.525 0.482 12.175 0.005
A Y=0.645RH+178.442 0.307 0.244 4.866 0.050
Witk Y=-0.999RH,+339.198 0.433 0.381 8.401 0.014
# A K F Overall observation B Y=-1.145T,+105.404 0.441 0.390 8.671 0.013
PR Y=-3.517T+153.599 0.525 0.482 12.175 0.005
it Y=-4.1118T,-6.5255T;+0.080P, +381.121 0.782 0.710 10.791 0.002

TR 8 B S, 7% T8 R IR 1 0 HMs I A 2 6 2 R A = AR 38 52 Xt LT 26381 A 52 g ]
AW AN, R H AR AR (P<0.01) , HAE AT U REIT 1E 1] 48.2% 978 E . BRI /K P T f 44
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BT AR e PR 28 [ e e e A A ) A 22 A, Aty 28030 Hhy 22 i 32 i — 1 Ml R K S e 7 o 32 i — 1> H
R =~ H LR TP H BEK S NE (P<0.01) , = LRI AR AR ARG 23] 71.09% BYZE AL, Bk 23 1R MO Ak
B R AR ARG B

4 Tig

41 PERCHRBO RS (L

AR, TG 5 S B G4 IR T ) AR M Rt o 2 I IR A O
ST AR ARG R B B SR, T A TR £ B BB
FABHIPIRA SR L W RERBRFEIE L™ . 28OS, 3035 P LS AR B 9 1 )
R RRRE A TTE A e 42 0159 K ) NDVI RHF K RHE S LM 3 HOAE 5, 5—6 J]
RIS A K, S FE S AR B AT RO 7 R BB 9 2
STRPHIARIE 045 B 0 V1A K kM B I M A - B BT MKk
U, 5 S, B0 2 R, SFSEARRTIG R0 | SO A W RO (E K L 2 228
VR FARSERN 0 R TR S EIG T FRSIREE ) SR R B
42 PRRCHRBRAE T

WA AR B L 47 T TR | TR T4 R ST s A L R R
LI T T L0 P O | TR BT, SRR ) (AR 2 2 BB TR, 3
AR TAE FFRI GRS Wk i, S BUHCR A K P A A 2 TS AL AR 5 ,  FT fo
THR UG MO A — BB 0 CRBARER . BOR TR 248 eI A R A, =P A Gt
LT RO B LA LR L, TG 55 AT P A, T LB WKW S

WO TR | A AR PR TR T A S A A AR T )| A 5 1K 2 i)
AR, T A 1 K RS A2 MRS, + 6 2 RRA A P, B KRB B K
S SR T A 02

Ay SRR S, JFAE RS, G0 P 4600 5 5 4 = 9 0 ek A R LAY B0 A K
RO R AFE o T2 M A B B 1 TR BT, BT = B K R 2 JT A A ST, 35 7T
S TR H B B BRI A T/ 4 % 7 EE A B %K A3 0 RT3 | PRI TFAE AT T
P K 2 SR AE N OHER 5 TR b T 59 H A A RSk A P AR SRk 53 A
IR | TR WK ki 2 S22 A IR W X122+ IR U B2 0 5 8 LA 4
W TFAEIN A, AT IR W A O B AT A

WO TS 8 0y, FCPP 3 B M T B R — A F 1 MR, R T R
KA, LA, 5 % 24 L AFKHIGL B8 1 WK TF R, TR e, W K 5
(R FRACR TS AR

FBOPOIICRIN DAL T 5 LM A BRI 7 WOIR A R 2 RREE AR B
Zavaleta %5 (95250 R LR 2V S B8 S PT AEA2 41 T WO MRRISERY THRGU R T ALHIUE H 2 KR 9
I SECR IR . AR A O R AR, FLSE 0 — 51 =/ A 007 SR B, i
5 5 B SR8

KA TR TR AR 78 B 59 B G BER E HE FRHE > IR DR ) L KA
WIS S T A S ORI P 22 57

REFEHEHL IS 250 PR E LB TR PRI 5 B I T L7 25 1 S B )
LI T CER , U135 8 O R £ 57 7 20 T 8 0245 5 — B {1186 DA - T 2 g R 1)
(ORI 3R TS RIS AR 80 FFAE A ML T30 07 52 “COR R (0506 LA T
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MR ARSI O I FERF S S A IR X s i s i i T 2B 2 I R kAT it
5 Zhig

(1) 75780 25 it e FE B ) SR AR SR AP IR BT AR R TR AR < R T A R A R R v
BEOR PR BRI K AR s IR

(2) P B i JBE 3t E 7 e X AN TR] A R A i O R P AN [ A e R 5 i JEE L8 PR A A A T
R AR 7 X 7K G DR ) S A SRR, P T AR X R vy, A e B R P R

(3) ANRBCREIR M Z AN R TGN T B, AR S A AR . WEEAOKP EF  HoRs i 90 i
JEE PR SRR U R P SR AT

52 3L HR ( References)

[ 1] EWW, G, 250K, LW, ¥, TiRer. T8 O A AR GO AR WA . A8 283E, 2013, 32(6) : 1587-1595.

[ 2] P, BHSC, BElA, 200H, JUeR, BARAE 2 SE T AR A 6 BE R BE R IR AL R BE v ZE B st st AR W A P DB,
2019, 39(5) : 127-134.

[3] fTiitde, FAAE, WRETE, Feuk. oL R i B0 SRR A TG S . Bl B2, 2013, 30(4) : 506-514.

[4] PiaoS L, Cui M D, Chen A P, Wang X H, Ciais P, Liu J, Tang Y H. Altitude and temperature dependence of change in the spring vegetation
green-up date from 1982 to 2006 in the Qinghai-Xizang plateau. Agricultural and Forest Meteorology, 2011, 151(12): 1599-1608.

[5] 2Ty s EE R TARR AT BIIE. PER:, 1973, (2): 168-189.

[ 6] IBF, KDL, Ysxt Bk mE B T 5T 458, HBRRLEHERE | 2002, 17(5) : 714-719.

[7] YangYH, FangJ Y, Ji CY, Han W X. Above-and belowground biomass allocation in Tibetan grasslands. Journal of Vegetation Science, 2009, 20
(1): 177-184.

[ 8] Gill R A, Kelly R H, Parton W J, Day K A, Jackson R B, Morgan J A, Scurlock ] M O, Tieszen L L, Castle ] V, Ojima D S, Zhang X S. Using
simple environmental variables to estimate below-ground productivity in grasslands. Global Ecology and Biogeography, 2002, 11(1) : 79-86.

[9] WangZ Q, Zhang Y Z, Yang Y, Zhou W, Gang C C, Zhang Y, Li J L, An R, Wang K, Odeh I, Qi J G. Quantitative assess the driving forces on
the grassland degradation in the Qinghai-Tibet Plateau, in China. Ecological Informatics, 2016, 33. 32-44.

[10] Wang C T, Cao G M, Wang Q L, Jing Z C, Ding L. M, Long R J. Changes in plant biomass and species composition of alpine Kobresia meadows
along altitudinal gradient on the Qinghai-Tibetan Plateau. Science in China Series C: Life Sciences, 2008, 51(1) : 86-94.

[11] Wang C T, Long R J, Wang Q L, Jing Z C, Shi J J. Changes in plant diversity, biomass and soil C, in alpine meadows at different degradation
stages in the headwater region of three rivers, China. Land Degradation & Development, 2009, 20(2) ; 187-198.

[12] Lehnert L W, Meyer H, Wang Y, Miche G, Thies B, Reudenbach C, Bendix J. Retrieval of grassland plant coverage on the Tibetan Plateau based

on a multi-scale, multi-sensor and multi-method approach. Remote Sensing of Environment, 2015, 164 197-207.

[13]  Jtes, B, B2, B3, k0%, wonilk, A, Bl i), SO iR I m 28 R A R iR 16 5 R R A4 AE. Bl 24z, 2012, 21

(5): 1-11.
[14] FBEAE, B0, 5276, LN, B, BogR, BORE, Hl. 780 R A g iR b 5 HHGRAATSE. A2k, 2020, 40(3) .
964-975.

[15] Chen H, Zhu Q A, Peng C H, Wu N, Wang Y F, Fang X Q, Gao Y H, Zhu D, Yang G, Tian J Q, Kang X M, Piao S L, Ouyang H, Xiang W
H, Luo Z B, Jiang H, Song X Z, Zhang Y, Yu G R, Zhao X Q, Gong P, Yao T D, Wu J H. The impacts of climate change and human activities
on biogeochemical cycles on the Qinghai-Tibetan Plateau. Global Change Biology, 2013, 19(10) : 2940-2955.

[16] HuM Q, Mao F, Sun H, Hou Y Y. Study of normalized difference vegetation index variation and its correlation with climate factors in the three-
river-source region. International Journal of Applied Earth Observation and Geoinformation, 2011, 13(1): 24-33.

[17] SunJ, Cheng G W, Li W P, Sha Y K, Yang Y C. On the variation of NDVI with the principal climatic elements in the Tibetan Plateau. Remote
Sensing, 2013, 5(4): 1894-1911.

[18] #iEr. =ITIRIX AL SRR I RO 2R . ROk, 2013, 30(10) : 1613-1618.

[19]  FE/NF, 5848, W5a. S e i B A X R B R AT 7S . PUALAE 24T, 2007, 27(4) : 776-783.

[20] #ondy, A, 5 5 I AR A 2 e A B S U B T C R R RS #4%, 2006, 30(1) : 1-8.

[21]  XUE, 222460, TR0, ST, AIHE, dEhn, TRAEoR. S /Kons v 28 B fa) A M RS M A Rl E v A L3 5R 20 IS . RE M4, 2019,

27(6) : 1622-1632.

http ; //www.ecologica.cn



3700 JAE = 41 4

[22]
[23]
[24]
[25]
[26]
[27]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]
[51]

ARG, ZER, FJR 2%, KA. T S SE R K R ARE. K AR RFHE R, 2009, 29(3) : 206-210, 224-224.
R 2. T 500 B o S e M AP i P A A R R A BRI 9. 2344, 2020, 49(4) ¢ 533-533.
BT, T, sRAeR. 75 50 X 25 € R0 3 ZR WA I 28 28 A R HOh U AR e . L3431, 2019, 37(5) & 639-648.
OIS, WRATE, XSG, MR, BDEAR. TR SRR R A0 M I B O S AR AR R R . REL 2R, 2016, 25(1) ¢ 13-21.
BOCT, WAREE, ERAR. R I SR A A Y e A A, FOIRLE ) 2019, 36(4) : 1032-1043.
Zhao W L, Qi J G, Sun G J, Li F M. Spatial patterns of top soil carbon sensitivity to climate variables in northern Chinese grasslands. Acta
Agriculturae Scandinavica, Section B-Soil & Plant Science, 2012, 62(8) . 720-731.
AR 1 H P DA AR B R R 7 RE R M 0BT, 4, 2018, (3) : 39-42.
B, 1978—2007 4F H A< iR “ﬁ&/km/“‘ﬂc#*ﬁéﬁf B, 2016, 25(4) : 23-26, 31-31.
weEEr, Eondr, kA, B, EBERL. T 20 4R RS FURIL AR ARHICR A IR URRE. AR50, 2014, 34(7) : 1781-1793.
T, PET. HUREIE 50 AFR IR MLARERIR. FilE 4, 2018, (4): 32-37.
RVGTE, ZEpk, Bk, BRA:, VOER. H R R AR R K I AR A SO S R TS, AR 2003, 23(4) @ 452-459.
TEIRVY, AR A A s SE A K A3 R IR S TR EORIR R i 0 R RSB, 2016, 25(8) : 1259-1263.
TERAUAG . B AR Xt = FE B 0] A 7 RS i ma [ D] JEsT: b EAROL AR B, 2017.
TS, RIEM, Mk, 20, AL, AR, Z-#. 2000-2015 457 7S B B ) — A A 4R Ao R K B AR ma . AR S AR
2018, 29(1) . 75-83.
FEAR, ZREE, FFR, HER, @, FUTH. 5B R R SR R K S S FAE M R AT, RRRR, 2012, 31(4) :
1053-1058.
Klein J A, Harte J, Zhao X Q. Experimental warming causes large and rapid species loss, dampened by simulated grazing, on the Tibetan Plateau.
Ecology Letters, 2004, 7(12): 1170-1179.
IR, SKRIENE, 2R, TR R, B, B TR UL R BRI L. T IXHESE, 2009, 26(2) : 267-276.
Wang Z, Luo T X, Li R C, Tang Y H, Du M Y. Causes for the unimodal pattern of biomass and productivity in alpine grasslands along a large
altitudinal gradient in semi-arid regions. Journal of Vegetation Science, 2013, 24(1): 189-201.
Wu ]S, Zhang X Z, Shen Z X, Shi P L, Yu C Q, Chen B X. Effects of livestock exclusion and climate change on aboveground biomass
accumulation in alpine pastures across the Northern Tibetan Plateau. Chinese Science Bulletin, 2014, 59(32) . 4332-4340.
Shen Z X, Li Y L, Fu G. Response of soil respiration to short-term experimental warming and precipitation pulses over the growing season in an
alpine meadow on the Northern Tibet. Applied Soil Ecology, 2015, 90; 35-40.
BN, KA. AR X T e I TR ) (L SR B B RROJEVT R MU R, 2017, (2 b)) 126-128, 294-294.
ke s, FROMR, EIURH, FANE. 5 I FE R R I T ST . SRR SR, 2019, 34(2) : 337-344.
Shen M G, Tang Y H, Chen J, Zhu X L, Zheng Y H. Influences of temperature and precipitation before the growing season on spring phenology in
grasslands of the central and eastern Qinghai-Tibetan Plateau. Agricultural and Forest Meteorology, 2011, 151(12) . 1711-1722.
Shen M G. Spring phenology was not consistently related to winter warming on the Tibetan Plateau. Proceedings of the National Academy of Sciences
of the United States of America, 2011, 108(19) ; E91-E92.
Fukai S. Phenology in rainfed lowland rice. Field Crops Research, 1999, 64(1/2) . 51-56.
Piao S L, Fang J Y, Zhou L M, Ciais P, Zhu B. Variations in satellite-derived phenology in China’s temperate vegetation. Global Change Biology
2006, 12(4) ; 672-685.
Zavaleta E S, Thomas B D, Chiariello N R, Asner G P, Shaw M R, Field C B. Plants reverse warming effect on ecosystem water balance.
Proceedings of the National Academy of Sciences of the United States of America, 2003, 100(17) : 9892-9893.
BR300, NI R FE R SRR I CR. ESAEIR, 2009, 29(10) : 5280-5290.
HOY, R0, EW AR S SR MR A ) Y B SR . AR SR, 2020, 40(8) ; 2784-2792.
AW, AAAE, WY, BRAE, kA M. g B RS R Y Y e BB S R . AR A, 2016, 36(23) : 7689-7701.

http ; //www.ecologica.cn



