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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

HETA: HEEAHFE RIS 2016YFCO501901) ; 5 [ ARIE LA 1391 F ( 31672475) ; THHEE [ AR 3L 40 E39H ( 2019-2J-908) ;
FRRHE S5 5L 11 XDA2005010405)

Y5 B #8: 2020-06-10; 7 4% AR B 8#9: 2021-03-10

* J@IEZ Corresponding author. E-mail: hkzhou@ nwipb.cas.cn

htto:. [/ www, ecologica.cn



3690 EHE I 4 4 %

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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Fig.3 Seasonal and interannual variation of forage height and coverage 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
P e FHEM B
i iy Y R R e S
Phenophase Forage Earliest date Latest date Average date Extent ..
( Julian date) ( Julian date) ( Julian date) deviation Trends
B MR 421(111) 5.2(123) 4.26( 116) 12 3.2 3.2 0.187
Reviving Eop 4.19( 110) 5.4(125) 4.25(115) 15 5.0 23 0.566
() & 4.22(112) 5.6(126) 427(117) 14 3.7 -13 0.668
TR 4.19(110) 4.26(117) 4.23(113) 7 2.1 0.7 0.642
kK E 4.19(110) 426(117) 4.24(114) 7 2.0 0.2 0.920
iy e 5.6(126) 5.20( 141) 5.14( 134) 15 49 8.7 0.009
Heading EF 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
T 7.12(193) 8.4(217) 7.18( 200) 24 6.6 -0.2 0.975
KT 5.6( 126) 5.20( 141) 5.14( 134) 15 49 8.7 0.009
TFAEL] IR 5.12(132) 5.28( 148) 5.23(143) 16 49 7.7 0.023
Blooming B 6.27( 178) 7.28(210) 7.15( 196) &Y) 7.7 14.1 0.006
(%) B 7.20( 201) 8.6(219) 7.26( 207) 18 5.6 -2.8 0.520
R 7.26( 207) 8.18(231) 8.5(218) 2 72 -19 0.744
H AR K S 5.12(132) 5.28( 148) 5.23(1143) 16 4.9 7.7 0.023
A A 8.12( 224) 8.20( 232) 8.15(227) 8 2.9 11 0.648
Mature *¥ 8.12(224) 8.24(236) 8.18(231) 12 42 -4.1 0.204
( i) 8.16(228) 9.2(245) 8.25(237) 17 4.6 5.1 0.147
R 8.22( 234) 9.4(248) 8.28( 240) 14 45 46 0.184
fivea 8.12( 224) 8.18( 231) 8.15(227) 7 25 0.2 0.912
A A 9.14( 257) 10.2(275) 9.23( 266) 18 4.5 44 0.194
Withering FF 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 11.7 0.015
TR 9.17( 260) 10.4( 277) 9.24( 267) 17 48 75 0.026
K 9.5(249) 10.2( 275) 9.19( 262) 26 6.6 11.0 0.015

hitp: H{www.ecologica.cn



3694 EHE I 4 4 %

TEAEPE TR A HI A AR L 0.2 d/10 a BYRLSS RS FT( P>0.05) 9% & 7 A R AU AT Bk R 34 LA 8.
7 d/10a W& FHMEER AR P<0.01) o

P4 BN T AR ) TFAE I AT SR AT R 3 P>0.05) |, AW FR B TR AR 24 4R ka4 P<0.05) o H
HEESE R S K, 14.1 d/10a( P<0.01) o MWHCETFAEHA T35 H IR G , RASBHECR 0 IF 168 7
Aaa, R IR R 5 H T 4.

o BN S S I P AT A R S A A O R R R B SR IR B SR KL 5.1 d/10a,
AL RIS B2 ( P>0.05) o AT B0 1) Bl 20T o 7 F S0 A S5 B 0 2 S O O, i el A 5 19 1 359 i 22y
H I,y 8 H 28 Ho

JITA O A 24 R R g, L S R AR B B R K, o 11,7 d/10a, HHER #4358 3 ( P<0.05) .
WO (ST B TE 9 H 19 H—24 H ).

MR R, RABHACE AR R AL I Fob Bl e AT MO R W s K 2 IR iy a3, D
PRSI AR T I IR AN T AE I AR S AR K, ¥ Y BRSO R R B A Sk e K . BT s
A S B R R R
3.3 RGN SR A O KR S B
331 ARG N e FERE ) AR B i FE AR ) S

W R A AR AR A A B K ST SAT ARG B ST 287 b R A o3 ) 5 A v B R R AT I A A T L
I AR B 5 BE S A B R (R =0.69, P<0.001) ( 18] 4) , - 14y 4t 3l % 55 B2 1 5 iR e K (R = 0.24, P<
0.001) ( [ 5) , S35 AR HE X 4402 7= B A SE i B K (R = 0.42, P<0.001) ( &1 6) o T i /K X 430 200 8 2
T i ) W AR R 55 -

321 32 | Ll .
" i .

28| 28 L i

2 | 24 |

20 + 20

16 + 16 +

12 12

&r & . R =042

ik 4l " i P<0.001
-—::n 0 25 50 75 100 125 150 175 200 57 60 63 66 69 72 Ta 8 81
-:-;-rj fée . Precipitation; mm HFHR I Relative Humid/%
=)
) . Eh)

| |

28 | 28 |

2L 24|

20 + 20 +

16 + 16 +

12 | 12

8 R2=0.662 8

PR & P<0.001 4l ®

4 6 b 10 12 14 16 8 0 F 4 6 h 10 12
FHHi iR Mcan Soil Temperature/ °C 5 Air Temperature/°C

E4 SEEAHESESSKETXR

Fig.4 Relationship between height of forage 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

. . HIE . oy F B HEE 53 Bk H
Bt et P st , s SRS
. 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

128 3 AT, SIS — X R AR G AR B , AR ORI R - By e 20 5 ) -
W, =-0.651X,-0.027X,-0.388X,
KGN F BRI A P
W,=0.197Y,-0.587Y,-0.919Y,+0.283Y,
SG W F 5P AERRBUAR DC AR R , ARG R 4R s BEAE R OR, P ik 2z . SR W+,
PR AR R IR Z o FRILTT ARt AR A v R XY 340 b 0 R B P o 3 A, T34
TR R A, RO v B B R

®3 ABATEMNRAELARAXRY

Table 3 Standardized typical correlation coefficients of two groups of variables

A% Variable 1 2 3
AERRBE F W, =X, -0.651 -0.791 1.353
Growth factor w6 X, -0.027 -0.745 -0.982
R X -0.388 1.334 -0.796
SEHF W, FEK Y, 0.197 -0.722 -1.184
Meteorological factor SR Y, -0.587 1.456 0.096
B Y -0.919 0.764 -2.849
i Y, 0.283 -1.833 3.167

3.3.2 RN TN e 78 B A O A T I R

HIZ% 4 ATLUE ) W0l 5 G N 5 SO OGN, R AR AR R W) e TR AT, S AEAH ORI, R X
GORMEB R P ES . TEREBRT AT AE ] 2 AT = H S R — A H iR K 3 ( P<0.05) |, Fi =4
J YRR S 2 2 5 S S NI ( P<0.05) |, 220 A D 74 B AR 75  TFAE R B 01 2 32 10—
(¥R S ( P<0.05) o FAREAIARIY 22 2 H bl 52 ( P<0.01) o B& R AE#I %2 2 7 <kL( P<0.051)
FERT = H BIAHXRREE ( P<0.05) 20, BUYI 32 24 H A EE R ( P<0.05) | A B I(0SZ 5 = A AR A
SN ( P<0.05) o MAEEHOKF B IR FIIZ A AT — A BRI P<0.05)  JT B2 4 fi =~ BYAR X
JEE R A RREZ N ( P<0.05) Al B s2 $ AT — > A B9 R AR K #2 i ( P<0.05) o
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Table 4 Correlation Analysis of Several Herbage phenology and meteorological factors in the current month and three months ahead

TREPLIL Elymus nutans FiE -0.648"  0.613" 0.124  -0238  -0.55 0.183 0.116 0.032 -0.102
*E¥ Festuca ovinal, il e -0.555"  0.016 -0.55 -0.286  -0.414  0.174  -0.283  -0.422 -0.157
TR 0408  0.161 -0.544 0319 0442 0.14 -0.227  -0.578" 0.344
(75) % Koeleria cristata B 0215 -0.068  -0.435 0.178 0231 -0.16 -0.167  -0.560" 0.314
i -0329  -0.205 0.274 0295  -0314 -0.145  -0.075 0.182 0.691**
I -0.449 016 0.503  -0.049  -0253 031 0.287 0.610" 0.184
Hii 0003 05 0.089 0502  -0212 -0.146 0.042  —0.604" 0.215
1415 Kobresia humips FFiE -0.184 0204  -0.106  -0.725** -0.592" -0.273 0.007  -0.121 -0.474
A -0.009  -0.08 -0.287  -0.06 0127 055" 0019  -0.016 -0.211
i -0.411  0.405 038  -0.154  -0.658" 0.17 0.004  -0.088 -0.544
#f& 7K F- Overall observation B 0.228 0208  -0.664"  —0.266 0187 0 -0.301  -0.489 -0.043
ik -0.184 0204  -0.106  -0.725"  -0.592" -0.273 0.007  -0.121 -0.474
Hii -0.024  0.561" 0.156 0.549  -0.15 0.033 0.024  -0.565" 0.186

* FURMRRBOE T 0.05 BEMAGIKFE , o FoRiig 0.01 BEMERKKF: PR itii = A Bk, P 3R i— 0 A K T 3R fii— A
HACIR T 278 2 1 lks RESFSRRET = H BARXHREE  RH 355 24 H BARRREIE: STROR RATPIA A B FE0IE , ST FR#RT— D H B0 F B3l ST #7324 A
)24 i

M2 5l LAR L B e Hr e, e B2 R 1 30145 B A P ARG b A 3 T = H iR KA — 2
AR OCHE( P<0.05) , 35 L [m]fif e F 53R 75 40 40.0% 1751k , MR BR &, 3R T DR IR , Bk £ 3R 75 018
PERT. 5 A TRIYIER 5 AT = A BRI SGA0 i SR P A AT —~ A BSR4 ek ( P<0.01) , =
L[ e RSP R AR R 69.7% , =R G X S AR A HESIAE T o A R B BR 2 i — > A
(¥ I S M A i = 8 st R X FA SR B AR T R ( P<0.01) |, TR SR A R A AN A 38. 1% 1178
b, IR I AL fE it T A A B R BT -

x5 HEYWRBELHARBIH=ANANSKEFHRSEIEFSH

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

e LS [l =15

Forage Phenophase Regression equation R AdjR? F P
TEREPEHRA Elymus nutans FHAE Y=-0.257P;+0.087P, +215.775 0.551 0.461 6.129 0.018
3% Festuca ovinal, B Y=1.063ST,-0.351P,+122.742 0.500 0.400 5.005 0.031
i Y=-1.357P,~5.156T,-4.925T, +196.469 0.773 0.697 10.211 0.003
e Y=-1.667ST, +254.272 0.335 0.274 5.531 0.038
FAEE Koeleria cristata R Y=-1.739T,+111.562 0.560 0.314 5.034 0.046
Eilike Y=1.9675T+165.273 0.477 0.429 10.027 0.009
T Y=4.789ST, +154.038 0.372 0.315 6.520 0.027
Mt Y=-3.7758T, -5.3958T, +374.135 0.637 0.564 8.763 0.006
SR Kobresia humips T Y=-3.517T+153.599 0.525 0.482 12.175 0.005
B Y=0.645RH+178.442 0.307 0.244 4.866 0.050
Mt Y=-0.999RH,+339.198 0.433 0.381 8.401 0.014
HARIKSF- Overall observation B Y=-1.145T,+105.404 0.441 0.390 8.671 0.013
A Y=-3.517T+153.599 0.525 0.482 12.175 0.005
H Y=-4.1118T, -6.5255T;+0.080P, +381.121 0.782 0.710 10.791 0.002

T X 6% 8 R, 76 25 8 TG R X I e S R £ 5 S MR S T =1 B8 AH X B e JHE O AR 30 114 52 g ]
VAZWEAT, 82 4 A SRS ( P<0.01) , HAGR AT LARERETT AE10] 48.2% 784k B AAULIN 7K - 9 45
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B i I 2 4R A B

4 itig

4.1 EEL R K i
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SEHTAR A IE , 25 2 2 ) IR ST th 32 A K 2 1 e K X T2 S T T M - 2 i 0 B ) G, A i 1
[, 2 JEU 03 TR S B S B, B AR XS U, St b R Y L (R K R ol 4 i
W R ARSI 0 T R ol T MK SR T FRBEIRE Y R A A K2 BB
42 EFELRE A F YL
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AN BIRR 7K 3o 2 Sk BT AR 0T BRI | 33 VT R S Py T i 2 ) A 25 SR K A0 R P8 3 i 2 B8 7K 4 A A
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RS BIFE FE U, BR T IRLRE T s R I S T AT K R S e E PR LR A . (A
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51 A B 4 Y ST
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