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Abstract; Studying grassland phenology and its relation to meteorological factors is crucial for enhancing the accuracy of net
primary production and carbon sequestration estimate, and identifying appropriate grazing and harvesting times. Grasslands
of Leymus chinensis are an endemic and dominant formation in the eastern part of Eurasia. Many studies have focused on
physiological characteristics but few on phenological performances of Leymus chinensis in Inner Mongolia. Therefore, we
used phenological observation data of Leymus chinensis and corresponding meteorological data from seven stations of Inner
Mongolia during 1983 to 2002 to reveal statistical relationships between the greenup/brownoff date of Leymus chinensis and
mean air temperature/precipitation, and find out principal factors influencing greenup and brownoff dates of Leymus
chinensis at regional and local scales.

Annual mean air temperature showed a significant increase trend at all seven stations, whereas annual mean
precipitation indicated an insignificant decrease trend at most of the stations. At the same time, both greenup and brownoff
dates of Leymus chinensis represented a dominantly significant advancement, and the growing season ( period from greenup to
brownoff) was shortened at most of the stations. So, the response of Leymus chinensis growing season length to climate
change was different from that of woody plants, namely, a temperature increase may not induce a growing season

lengthening of Leymus chinensis. At regional scales, the most significantly negative correlation appeared between the Leymus
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chinensis greenup date and mean air temperature over the previous one month, namely, if the mean air temperature
increased 1°C, the greenup date advanced about 2.4 days. At local scales, Leymus chinensis greenup at stations of the
forest steppe area was influenced mainly by the mean air temperature over the previous one month ( negative correlation) ,
whereas Leymus chinensis greenup at stations of the typical steppe area was influenced primarily by the cumulative
precipitation from the last October or November to the greenup date ( negative correlation). A special case occurred at
Eerguna station located in the most northern part of the forest steppe area, there Leymus chinensis greenup was affected by
both mean air temperature over the previous one month and cumulative precipitation from the last October to the greenup
date. In terms of relationships between the Leymus chinensis brownoff date and meteorological factors, at regional scales, the
most significantly negative correlation occurred between the Leymus chinensis brownoff date and mean air temperature over
the previous one month, namely, if the mean air temperature increased 1°C, the brownoff date advanced about 3.7 days.
By contrast, the correlation between the Leymus chinensis brownoff date and precipitation was less significant. At local
scales, a negative correlation dominated between the brownoff date and the previous air temperature, whereas a positive

correlation dominated between the brownoff date and the previous precipitation.

Key Words: Leymus chinensis; greenup; brownoff; meteorological factors; Inner Mongolia grasslands

YR RS B AR B LAAE N R AR B I 45 AR W B 52 ) & A B 1] B L 5 985 R (R K SCfn +
80 ARSI E R R ARk . R AR R T AE B I AR T, BRI T, B T 3
SETRAN S B 24 b 4 B (R R A , T LR et 2 — BRI ] PN 3RS SRR B0 e, E iR I G R
FMF T AAEBR AL i B IR SR 45 B 4 B , LR A o ) T DS B b 2 75 R SR A B R S AR AE Y
il 10a DIk, BEE 2R FAWIRA I P58 TR AEFBUE TR E NS, o4
REAR YIS R0 AR K 2T e 28 A8 Ak B R SR AR (R IR B, B 8 @3RS U R M RTTE S, 525
ZERFKH 1950 ~ 1990 4F | WU — LA (5 2T L FIB M- 83T 3945 10a 4277 2 ~2.7d, Bk Z 25 (4 F 9% -1
P24 10a #ER 0.9 ~ 1. 64 HE 0k, I A K Z 4545 10a FEK 3 ~4d, 7EJb3E, R 4RI 2 35 ~ 63a UL
MGeH , AR BT TFE R 7145 10a 4877 1.2 ~3.8d™ . 7EFRERIBEH X, 1963 ~ 1996 4F, B Ffi
ABRFEYGEII T34 10a 4257 1.1 ~5.4d"7 51982 ~ 1993 4 WA BETE 4 K F7 7T 44 B #1°F-3945 10a $277 4d,
S5 HHAHER 10d, A KFEHKEREK 14d™ o SRADEELSKEE TR Z HX RN R, &
FYENG KA A ES EEEARLSY kEYREAL K E B SSERKSRESEE —E KX
UM AR F K ) S AR B AAEA SRR B B AR B R, IR A R R A i 15
WA KBH R ERSEET . BTEIRKEZ, 3 B A0 1L, B oA 8 Y 15 BT 5 — B AR ESS .
TEAUA IBFFE R, Cleland 25" 53 53 40U 1) 48 B 3. Fh 3B U 18 9 DX R SR AR Ak, 2 90720 9 2 25 A ) FF
1655 58 2 AR S i R B2 HT SRS IR, 3285 COL MR BERN N JTTRE HE 3R B AR A7 JF 76 R AR S it ], T 384 o g 7K 22 %of
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WiESSEEFRIRR, FHFRERHKSFERIER . ERTATFR IR -, A SC 3R B N 5 H B RE R
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IRAE -5 ~ 10°CZ[a], A AR b1 Vi rg 3 ; 4P FEK B 7E 35 ~ 530mm Z [8], B AR ) P 2 B AR B 1) P Jbad ek .
Sl BEFIIK 3 S5 A ISR -G R RO R BRI 42 1) 1923 (6] 23 S ARAE , AR B PG AR Uy BRAR  BR AR JR |
PRI B eV AR R AL TR RS 2R RERURUR R R R R X AR I — M RER AR E,
TR 53 A T S R R AR R, A BRI B Ji X AR i 9 — B 3 R IR B . fE R R RIX, A 50 2%
Flt, o 25 (Leymus chinensis) (5455t 3, RAFE MBS . FREREFEGRRERWYEEENHI,
HA R E 78 G TXIEIRGE AR SER A B, IRFEPRSTIZETRRR X THRED
N5 Ty 3 R R R AR PO B 2 A% g B ELX AR A AL B R B, EL A S R P AR 5 Y S B

PEFEASEHX 2R 7 ML G R K v, BVEUR 90 L SRR TO R | EL e R kAR L S AR A B R
T BN R B JE AN S W VRS FE B AR s, P R ol 98 6 T SR S R L B R e A A 3 A3l i
TRRMRE X, A TR RO T 30 Bibkis e BB S B MG /RA TG 4 Dol TRBERIX,
HAETRERBUNT 303K 1) .

F1 YRE[EMBERMSESRYE
Table 1 Geographical coordinates and climatic conditions of phenological stations

3 s i MR E EHE SRR ETHRBEIRE &
Sitm L;tit d Lo’I't d Altitude Mean annual Mean annual Mean annual
© ude ngttude (m) temperature( °C )  precipitation( mm) aridity index k
P! precip y
IR
%ﬁ‘/j\ﬁéﬂﬁﬁﬁ 50°15'N 121°11'E 582.3 -1.97 375.9 46.81
Eergunayouqi
SRR 70 Ewenkeqi 49°09'N 119°45'E 621.4 -0.98 344.9 38.24
IR
AR 175 45°04'N 120°20'E 629.1 3.77 438.9 31.87
Bayaertuhushuo
BRI Xilinhaote 43°57'N 116°04'E 990. 8 2.97 269.9 20.81
B Xianghuanggi 42°14'N 113°50'E 1322.8 3.85 272.0 19.64
A IR
= u/]\/t*iﬁ‘)ﬁﬁﬁ’ 41°27'N 113°11'E 1424.5 4.17 325.7 22.99
Chahaeryouyihouqi
5% 7§ Wushenzhao 39°06'N 109°02'E 1312.9 6.83 315.4 18.74

k=P/(T+10),3 5 :k & de Martonne -1 EHE%EL, P NAEHIFRKE, T HEWR k=P/(T+10), where k is the de Martonne aridity index,

P is the mean annual precipitation, T is the mean annual temperature

1.2 BRI sk

Fit FR B - F I B O 4 45 0 R, 1983 ~ 2002 4R B4R B EROR T H AN H . A B0l IR s v i
T3t B P T AR — AR /NT 10000 m® , 24 3th BT b | 398 B APS AAE = B AR  t X  FE  RL BL A
AR, R RE B R B R R B ARSEBIE , 52/ VTR R BN 8 B G M P A T L
B BRI AR T ST B 22 B S 450K, 18 e B A A AR PR Y 10 BR (V) TEXEXUERE B H T F
FTREMIM . BT T IHRAE =10% KR FMAARER DM, B IR M, s . JAIT R4
=10% KR DAV E AR S RGN . MRS R BIE N B 7 3K 1983 ~ 2002 4R 3R A
FEIRAZE H KR,

TEDIFEH , B SRR R H ISR Hs N 1 A 1 BIFRITTERF B, 285 X B AT o A 2
HIRLIE o GEiH TR B, Xb T [l — il MO, - FR ST S5k TH 15 BRI 8] 7 51 Z (6] A7 7R 2 B 2 iDL
PRI, 2R R BN 2 8.2 KT, BRIt o Rl 5 [l — 4 R BRSO )R 7 BB A0 =2 1 PR B 22
T REI /I JU AT LATA Ay o — o B P A B A B AN MR o T, AR 030 BT AT SR B B PR A o
X HAEYMRBIG S A F O IE H B 5 PR RPN WBRAN B 2 Al 5 /9, AT 50 Hh 8 iR B0 , AR IR T 48
T B E A IR R T S
L3 ik

B, RSN AR EROK R R ELR T BN H A A R TR E LRGSR K5
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FELR T B A E A B Z A [ B2 4R R A K B 0 5 B AR R FR T H SR, F R TR C
BT BT SEH 2Tz ] Fortran95 4l SPSS13. 0 S8/ 7 X _EHITHE I, K454 0 1 20 4F
Py % et 1) P B R 25 A R 4L J Ak ik 25 7 510 (7 % 20 ANERATR ) , -5 %0 B 9 R I 25 FP 31 (7 % 20 N8 ) AT
FASEMAT , BTERFTHIITE XN FITTE I B M BB 7 MBI £ R RR A T, X 25 PSR I AL
BT EE AT A AR A B, (8 TS XU I 5 SR AR SRR R BARRHE , I B B 0IE L =2AT
ARG T AR AR BOR MY B A EEZ B SR W T MR S, 808 A
HABPR G A TR PO IR B o Hesh, o T s oy RE B s YR i) E BB A T, 804 T8
WRRRT5EEYBZ ERHERER
2 SREFHEEYRANESEL
2.1 SEFREEKE LGS

TE 1983 ~2002 4 [H] , £ 3 IR 2 B E TR %, THRIEE 9 0. 07 ~0. 11°C/a, Hor Sk
e R BORIZENG R A 35 T B0 THE W B2 B B 8 T R . LR BREEM RA RS HELUSL , B o AE K
BRI RS B BE B 22 AR K, Horb , R BV R nk A A A R M Bk B 8 3 5K P, LIS iR
BEfR,IBEN 11 Imm/a(K2) o LRFRIRMAFR K BAMBR LT L M T REERFTSFEA
MK AR B

®2 BHFHEMFRKENZEEEREBE KT (1983 ~2002 4)

Table 2 Linear trends and their significance levels of mean annual air temperature and precipitation at each station (1983 —2002)

4EHJR Mean annual temperature 4ER#/K & Mean annual precipitation

U4 5 Site

A1 Slope R? P #1% Slope R? P
IR i 9945 i Eergunayougi 0.072 0.266 0.02* -5.156 0.111 0.1517
SRR T Ewenkeqi 0.08 0.315 0.01** -1.290 0.009 0. 6904
EHE/R 517 Bayaertuhushuo 0.078 0.457 0.001 *** -11.059 0.254 0.0234*
B ARYEHE Xilinhaote 0. 106 0.494 0.0005 *** -1.300 0.010 0.6794
HE R Xianghuangqi 0.101 0.456 0.001 *** -0.108 0.000 0.958
XM IR A FLG T Chahaeryouyihouqi 0.098 0.474 0.0008 *** 1.290 0.017 0.587
1397 4 Wushenzhao 0.071 0.347 0.006 ** -0.689 0.003 0.8231

*:p<0.05, * %:p<0.01, % % *.p<0.001

2.2 FRRFHMEM LGS

MEEFERE , FHRF H PR B 1 L2 i R 2 B S 3, A 140 BE B g B e
IRAREIE SRR, R H B MG, X 2R S EFEFVRR RN Z W ZREMR XEEHERF
H s 6 5 515 40 2Z 18] B AR S 04T s , BRI 19 A1 1 1 AT, oAt of o 2 AR 7 13 R 3R AT Y
g, Hom  BUR I 98 TR G /R 5 35 TR SR AT Bk 2 8 2 17K (p <0. 05) , SFI R4FE 43 7| 32l 0. 5d
0.7d(5£3)

*3 BUFERFTHNEMEEERHERBEMEKTF (1983 ~2002 45)
Table 3 Linear trends and their significance levels of Leymus chinensis greenup at each station(1983 —2002)

iR TR T ) HAR e R »
Site Mean greenup date N Slope

R AT Eergunayouqi 124. 11 19 -0.5213 0.2194 0.043*
SRR T Ewenkeqi 120.44 18 -0.0040 0. 0000 0.982
L RE SR it 54 Bayaertuhushuo 113.3 20 -0.2722 0.0475 0.356
B ARYEHE Xilinhaote 108.05 20 0.3586 0.0750 0.243
B Xianghuanggi 108.22 18 -0.0781 0.0033 0.820
XM IR A FLG T Chahaeryouyihouqi 122.16 19 -0.7440 0.2711 0.022*
5% 7§ Wushenzhao 99 19 0.2050 0.0893 0.214

FE W2 Notes see Table 2
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SR BT B S 1 2B, T P R 546 BE (K i) 5 5 A e R e A BN A, i R Y 8
MR R E A B, R IR N SR B G F S (B 2 R M R U R A% . M £ R B B 8] 7 51 5
0y Z 18] LR PE TR AT B , BUR oy 905 T  EE AR e B B b e 0 2 o 3 SR 4R i 3, (LB K 3]
B3 KK 5 T SRR S M B B AN IR /R A R G R R AT A B, Hod , SRR SEE (p <0. 05) FIEER I (p <
0.01) R AR B T BFHIKF, P E4HRAT 0.4d A1 1.8d(5R4) .

R4 JBUFEEFRPOLMEEREBEZMERI (1983 ~2002 4)
Table 4 Linear trends and their significance levels of Leymus chinensis brownoff at each station(1983 —2002)

iR T EA FeAR R

Site Mean brownoff date N Slope B P
IR i 9945 i Eergunayougi 260.95 19 0.3882 0.1862 0. 065
SRR T Ewenkeqi 269.91 18 -0.4274 0.2750 0.026*
L RE SR it 54 Bayaertuhushuo 256.95 20 0.2353 0.0315 0.454
BRI Xilinhaote 277.58 19 0.0971 0.0020 0.855
HE R Xianghuangqi 254.28 19 -1.7553 0.5196 0.0007 **
XM IR A FLG T Chahaeryouyihouqi 265.79 14 -0.5601 0.2409 0.075
5% 7§ Wushenzhao 230.42 19 0.4920 0.1448 0.108

FE W2 Notes see Table 2

BHIRE , RABURE AT BRI BUR S 8 3 ol A KR FTT R BB R A9 1)) 2R
RS, Horh  AUBUR T A TEIA B B FE R AR EE (p <0.01) s KR 4 M A MAERFTTREEMEE
e, Ho SRR B B AR MO BE (p <0.001) o 305 RIHIRRH - \Jbe™ g Y B 4 W B B A
AR ZET I S 3 TR B B X L, R O A K F T R BB E R IR B TAESR, iE
SRk FZMABERNRRR . T HMNFERRERE E#E—2 0 KA 75 ¥ FR H A0 R
BRI R R o
3 FERBPSSKETFEREINXER
3.1 RIRESHT

X7 AU B AR FR T N2 P50 B0E 5 IR AR K B 2 R S SR AT B R AT B (R
5), FFRH HHSURE AR REBEIRE @il T p <0.001 HBEWAR, -5 MHKESIRHHELR

RS FERBFAHMSSEMREKERZFIIZEMEXRY

Table 5 Correlation coefficients between spatiotemporal series of Leymus chinensis greenup dates and air temperatures/precipitations

SRR MR AR5 £/ SEL HHR AR
Temperature indexes Correlation coefficient Precipitation indexes Correlation coefficient

Ty -0.553*** Py -0.209
T, -0.547 *** Py 0.020
Ty -0.523*** Py 0.085
Ty -0.593 *** Py -0.202
T,s -0.635"** P -0.254**
Ty -0.695 """ Py -0.161
Ty -0.610"*" Py 0.169
Ty -0.590 *** Py 0.188
Ty -0.534*** Po 0.166

1T HHT—4E 10 11 A RLEE W T HAT— R BRI T 0 1 H BRH IR T,s — T R PR E 1T 2 4
A BT 1ANH BT 20d 5T 15d. 57 10d IR P,y — P 5 T,y — To FIBYBUK BERREKE; **p<0.01, ***p<0.001 T, and T, denote the
mean air temperature from the last October and November to the mean greenup date, respectively; T3 denotes the mean air temperature from the mean
brownoff date of the last year to the mean greenup date of the current year; T4 denotes the mean air temperature from January to the mean greenup date; 75
— T denote the mean air temperatures over two months, one month, 20 days, 15 days and 10 days before the mean greenup date, respectively; P, — P

denote cumulative precipitations during the same period of time with T,y —=Tp; * * : p<0.013 = * % p<0.001
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BOGRAR, (VTR FH RPN A RRFK R RHEE R EGE

y=-2.4376x+121.24

BT p<0.01 MBFEKT. ERSREN, EXBR 5 140 : . R;:gig(s)?

B b SRR R RE R R RO EERE. S
WA, AR A R A OB AR, e RE T S0

i, SNSRI AR BRI R A RRNE 2w S
WR—EHT . BRI ESER AN e 4 2 0 2 4 6 & 0 D

SEHSIR Mean air temperature (C)

KRB, Ut B B B[] 4 3 B 25 Wi S F R 7 1
MR R T R AR EEREAR (B 1), B 8RB SR i— A PR 2 o) A A
VR BAE N, R E R — A RET S 1°C, FH FAM
ig%a H %ﬁ EFi@T;%ﬁﬁ 2.4d, Fig. 1 Correlation and regression analyses between spatiotemporal
3.2 A REST

Sy HIxHEAN S R R ER T B[] 5 H0E A Y
SR K R B ) BB AT A DG A T R A (R 6, KR 7) , RIS s EERF N ERIL IR
A—BREFEEIRE BB 5RIEPR AR R MRS, 7T LK 7 Nk s sk 3 25,

F6 HBUFERFTAHESSEMBEFTZEEEXRZE(1983 ~2002 4)
Table 6 Correlation coefficients between time series of the Leymus chinensis greenup date and air temperature at each station (1983 —2002)

series of the Leymus chinensis greenup date and mean air temperature

over the previous one month

R H ISR AR R 5K

jﬁ}ﬁ Correlation coefficient between greenup date and air temperature

e Ty Ty Ty T Ty T Ty Ty Ty
R 94T Eergunayouqi 0.104 0.204 0.137 -0.403 -0.507* -0.528* -0.409 -0.447 -0.287
ZRIR 5L Ewenkeqi 0.079 0.033 0.012 -0.340 -0.623*" -0.633** -0.607" -0.566"  -0.325
AR i BH AR Bayaertuhushuo 0.040 0.142 0.105 -0.324 -0.321 -0.446* -0.337 -0.254 -0.112
B4 Xilinhaote 0.240 0.204 0.368 0.196 -0.006 -0.243 -0.231 -0.309 -0.188
FEFE Xianghuanggi 0.292 0.156  -0.101 -0.195 -0.308 -0.356 -0.245  -0.088 -0.101
ﬁﬁiﬁfiﬁi 0.215 0.339  -0.430 -0.382 -0.469 -0.337 -0.224  -0.207 -0.233
1% 74 Wushenzhao -0.105 0.188 0.019 -0.262 -0.286  -0.272 -0.156  -0.038 -0.062

FUEMNFES Notes see Table 5, # : p<0.05, * = : p<0.01

*7 HUFERSHHSEKERBERFTZEEXRE(1983 ~2002 4F)
Table 7 Correlation coefficients between time series of the Leymus chinensis greenup date and precipitation at each station (1983 —2002)

BT H W5 K B AR R AL

jﬁ}ﬁ Correlation coefficient between greenup date and precipitation

e Py Pp Pg Py Py P Py Pg Py
BIR M 994 7% Eergunayougi -0.548* -0.244 -0.374 0.071 -0.192 -0.133  -0.085  -0.058 0.39%4
PRI 751 Ewenkeqi 0.268 -0.013 0.483 0.039 0.018  -0.254 0.100 0.081 -0.129
EHE /R i 5T Bayaertuhushuo -0.293 -0.262  -0.100 0.412 0.155  -0.007 0.294 0.329 -0.150
BRI Xilinhaote 0.038 -0.169  -0.067 -0.232 -0.122 0.117  -0.007 0.130 -0.264
BEFTIE Xianghuangqgi -0.409 -0.654** -0.397 -0.449 -0.398 -0.366 -0.248 -0.244 -0.083
W5 /R A B /51 Chahaeryouyihougi -0.572*  -0.432  -0.323 -0.035 -0.369 0.087 0.036 0.007 -0.104
158 Wushenzhao -0.509* -0.719** 0.011 -0.335 -0.088 -0.236 -0.129 0.071 0.209

FUEMNFES Notes see Table 5, # : p<0.05, * = ; p<0.01

(1) IR H I F BRI R A 3 R0 46 BB AR HIR B A SRR ve AR L /R PR WA . 7EIX A
MR, FERF RN R RS RAE RN AEEER, TS5 MHK B EBE, RATRREFEE
B R RFIVER R, TREK B RR o F27R F 3 Z 30— A IR R R R R A SR A
T, PR, IR R P R, R IR . X5 X BRI SR AL
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(2) FFIRTH H I B ZREK B0 A0 R 26 BE R AR BRI B MG R G 3 5 I A B T RN 3 W
Ho fEXLEH T, F R E B R S5 ORM AR B, TSR —4 10 A=k 11 A KR HE SRR
MK BAEAEE BE N TARRR , RABK B FE IR E MR G MEE R, RN A SRS . ERT—4 10

~11 A, SR E R TEEUE, K EEUASHE IR RER, EIRERRR TEE G TS
B A 43, BRI T 5 B 8] () R AR R /K B RBA (R Bz tth. S B = B3R 75 B T R AR AR 1 1 3380K 43, 12 [ R /K 2
£, FRIRF I TR M 0K iR T R R H R R, R W

(3) FFR T H HIZBIFE K B AR 3 R 2 m s SR B U BUR T G TR . 722, F R F N
F S5HAT 1A R 2 S H BEIR KR —4 10 A GELERE K BREKBEGFEE BERRMHEXXR,
BSE SRS, REMOKERE  RE PR R, R E I,

WA, FEG RIS, IR T H S SRR K & A AH SR B IR
3.3 FEBREHESRELEFRRMSRZF RHATEERE

W LRI ERR T H I SRR IR AHIEIE R 3 R 2T R R 550 0T & MM g R R 25 A i R 7T R
PR, 7E AR E R X (036 5 40 S U5 TR A B AR i AR, X R BRI A R B E NS R T REER—
ANA SR, o FEBUR A TE, R E /T 1A BRI —4E 10 A 0 2R 50 B K EX E
FR T AR L [R5 EE 2 T E B B I X A sS ANER A R A RS E VB IE M S W B X R EIR EF
AR BEZWMMSILHEFREIN—4 10 AR 11 AGRREHNBRBREKE, RASGHRERE 5N (HXRE
%)

R 2 R T RS AR VE 0 SAEE AT B, T LA P52 o X SR AR AL B AR 40 S P AR
—ERRRE . FE NS R R AR AR TR, Mk B %, SRR, A% LU BIR I, 2 2R T 1O
IKG A REE AR B R AT , B A 2SR A = I GEE o 32 b S A 3R R o AR, 3 R R A ) R e
BRBMMEA . MENZHERN S TR, KRS, BB, FRRE I NRAERM S
FAE R BB TR 5 V8 FIRER, (A5 m R 5 50K 30, BRI IE , Bk 428 [ I8 K B 058 o IR il D 4F
FEREHNERSHEF, AR TR (WSHE) , X R R R,

2 HER L, K A YR R R E E TERRIRN F Y R0 i B, TR & LA
—EK A FFREET N R BN EFTYERAE BERR O Hh A EBEFEE RN RSN
TRER , ENRE A KIEK SRR, FEE R E T R — ALK e, e TR W ER
X, B — 4Rk A BIREHF T IR 53 55 T B/ Y5 5 M i e A 2R 30 ok , 58 28 By e 224 A ROk
HHHESFKEE T

MR A A & B XSRS 38 I T TR, AR K AE N 58 iy B AR P RN PG 3 b X A 2E 2, By TR
Z RN B R LE AR, AR R R Z I8 = A A R A AR SR 5, BN RIE N . X PP AR ARG ] REE
TR AR A AR T R, T3 45 A A 78 P9 5% oy B SR AR S0 R P 0t X (0 SR BRI B A A S k. R
HEP PR, S TKF B KSR RE S MBI AR S A S A T RS SR, HEE K>
B F7E N 58 1y B S b DX S S (b B AR A, SR B AR B (Bt 2 I S SR A AR 57 o X P AR AR AT RBSE 1 1%
W5 LRI K, BV TGH YRR T X 7K 43 i 28 T8 S 8RR, T 7R 3 ) 3 B 7 0 IR 1 28 T B8 R
J&G TEN TR AR X b | P 3 S 5 X 2 [ (R B PRI 4, e R U R R A 2 SR8
F, AT RESE B TAEFRBE A MR Y rp A K 2R B, oA T AR PR RS R PR 22 B B
4 FEERPSSKEFEREINXR
4.1 XBRESMT

XoF 7 AN AR SR BN, H IR 25 7 A B0 5 SR AR K B 2 TP S BUE HEAT AR SR T BR (R
8) , FEEM H I 5B FAEE R M RAHRIKE R (p <0.001) , Horp, AR 8 5 AR 1 S H 12
MNAFHRIRAHR R B E T 5 HASBERR WX R KB BOFHSESR , B FHR
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IR, SRR . R BEXS 3 T EA IR N AOML R T BB R B W D5 T, — Rt TR TR, R R R
ZERE N L & R IR , T BB RK 2 5 R T BRI BR A, X AT LA 3 B ot s R T AR A AL
RFENE™ ; R A MTFRAE KB EERHE S OBR SR TS A A FiH 8
I PR O e 1) B AT 3 2 , AT S B R  B4R AT o A, A R B H 5 3 MK B3 i 2 18] AR 56
KAEWEL T BEERR, FAXREAS N THS R RE . LERIES 87, 3 5 #A H H2]
KET— A BRI 1°C, Bk B IP8RAET 3. 7d(8 2) o ATIL, SRR Rk ZE R R 5 H A s R
BRFXEFFEERT HPREIEER,

®8 FERMBHMSSEMEKENZFIIZEMEXRY

Table 8 Correlation coefficients between spatiotemporal series of Leymus chinensis brownoff dates and air temperatures/ precipitations

KIS PSS ¢ £/ ST HRREL
Temperature indexes Correlation coefficient Precipitation indexes Correlation coefficient
Ty -0.343*** Py 0.086
Ty, -0.343*** Py 0.118
Ty -0.403 *** Py 0.058
Ty -0.403 *** Py 0.107
Tys —0.569 *** P 0.261**
Ty -0.903 *** Py -0.221**
Ty -0.929 *** Py -0.272***

Ty =Ty 2334 6 ~7 AT ~8 A8 ~9 A7 ~9 H IR R W E B IR AT 2 > H SIRA BT 1 A 8Py -
Py R Ty — Ty MAXHN R ZERE KR Ty — T); denote the mean air temperature during June to July, July to August, August to September, July
to September, the mean greenup date to the mean brownoff date, over two months before the mean brownoff date, over one month before the mean brownoff

date, respectively; Py, — Py; denote cumulative precipitations during the same period of time with Ty —=T}; 3 % % : p<0.01; % % % : p <0.001

42 WRRESH 20 y=-3.724x +314.93
GYBIRT R E RN AR P UBR RS sk o0
HACIRL R 7K R B 6] P B 0 AT B DL AT B, 2 2> 280 O e

260

BEAHIR B S SEZE LA RAER (5 ) XS o
X385 RBE B o T 45 SR AR TR, (3 B AR % HE B AE BRI 7 0l .

T BRI BRI R A BIGIE, 7 5iR H ool oy
EEAEHIR .8 ~9 H AT ~9 A AR T g venan e ()
RPEK(p <0.01) ; FEEA H I 5IRM BE EAH

S I R AL SR N TR T R S 2 8 L 4 B2 SEEEAH SRR — A BR8] A
}E’ﬂ]'—ﬁﬁﬁ H %ﬂﬁ'ﬁﬂﬁ/l\ﬂ i’{]{ﬂ(p <0. 01) ﬁﬁ%gﬂiﬁ E:aéz}*ﬁCorrelation and regression analyses between spatiotemporal
IR (p <0.05) AR R B K (K I) o serics of the Leymus chinensis brownoff date and mean air temperature

FEEER RMSEKEZELAEMIX A E(S D over the previous one month
) , B3 ARG H BUAE SR IR 5 B M R A R
57 ~9 Ay BRFEKE (p <0.05) EAHIRT 2 A (p <0.05) F1 1 A~ H REFEKE (p <0.01) FAHR
RPEK; FEEMPR 6 5K E R B E AU RERITEWBUR SN A IE, B 5RFHEEMNN R
K EFERRT 1 N H BB KEMHEXREE K (p <0.05) (£ 10),

25 PR HE T MO R RIS R, BUR A RN 2 B T S B ERG R B  K AR T A DG
ELBAFIR . PO HL SR BN, H S AT SR 2 B IE AR, MBUR tr 0 A £ F 5 H R SRR K &
SEREAMX, HERAERHE PR, B, 5REFHAHL, &3R5 KRB 7 ZE K5k
RFEEE RNz 2R EMAHE N, RUNHEZIEE MR EE RS £,

5 #ig
A SCH N S BT B0 R B 3461983 ~ 2002 4F (1) SE B Y B BRI R R BUE , ZE T A F 3K

H)¥ Day of year
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F9 BUFEEHRBHESSERBEFTZEEEXRE(1983 ~2002 4)
Table 9 Correlation coefficients between time series of the Leymus chinensis brownoff date and air temperature at each station(1983 —2002)

Hoh H IS5 R AR R R B
¥l § Site Correlation coefficient between brownoff date and air temperature
Tbl Tb2 Tb3 TIA TbS Tb6 Tlﬂ

R 94T Eergunayouqi 0.282 0.567 * 0.586 ** 0.607 ** 0.108 0.634** 0.554
ZRIR 5L Ewenkeqi -0.453 -0.331 -0.282 -0.426 -0.651** -0.129 -0.160
Bk /R 5 AR Bayaertuhushuo 0.171 -0.057 -0.034 0.009 -0.142 -0.284 -0.283
B4 Xilinhaote 0.033 -0.284 -0.419 -0.277 -0.575** -0.318 0.058
FEFE Xianghuanggi -0.341 -0.485* -0.821**  -0.715** -0.352 -0.592** -0.759**
XM /R4 FE T Chahaeryouyihougi -0.518 -0.582* -0.588" -0.669 ** -0.646" -0.627" -0.423
5% 7§ Wushenzhao 0.346 0.144 0.158 0.241 0.551* 0.164 0.078

FUENF 8 Notes see Table 8, # : p<0.05, * = : p<0.01

F10 JINFEHEMBHERKEREFSZEREXRE(1983 ~2002 4)
Table 10 Correlation coefficients between time series of the Leymus chinensis brownoff date and precipitation at each station(1983 ~2002)

o FW S WAL R

¥l § Site Correlation coefficient between brownoff date and precipitation

Py Py, Py Py Pys P Py
R AT Eergunayouqi 0.104 0.204 0.137 -0.403 -0.528* -0.287 -0.507*
SRR T Ewenkeqi 0.177 0.415 0.317 0.489* 0.380 0.322 0.269
B /R i B Bayaertuhushuo 0.329 0.255 0.070 0.257 0.354 0.315 -0.164
B4 Xilinhaote 0.188 0.275 0.489* 0.306 0.339 0.499 * -0.176
FB I Xianghuangqi -0.224 0.286 0.718** 0.208 0.389 0.515* 0.832**
XM /R4 FE T Chahaeryouyihougi -0.080 -0.114 -0.179 -0.103 -0.088 -0.091 -0.113
1% 74 Wushenzhao -0.098 0.018 0.284 0.106 0.328 -0.100 -0.130

FIEILF 8 Notes see Table 8, * ; p<0.05, % = : p<0.01

iR AFRK B YRR SRR b, AT T R K B R AR PR AR AR R BRI s A
HR AR, BT e

(1) FEBFFERIHAE Y, BT 3 B AR 3 SR 2 8 2 TH R B 3, 6 ol B AR K B 2 i B 3
HEEWRE RS, MM, A 4 DR FEEAERFTREFENES, A 3 M RN EREAERET
BERKEH . dIal B, 5 AERKFT K E B HA R R S-S5 AR A B AR, R AT =
A—iE FEHARKFW LK, AR A5 A R MK A SRR A K

(2) FEXBRE b, FRR T H IR 2 28 22 2R IR A 2= 22 i, 58 /i — 1 H ¥R
WA RO B3, R BT 1C IR T HILRAT 2. 4d, Euh R b N FR T H IR
ERREHETHEE VIR AZS 1225 78R USRI A AR DX o i SR v AN B R ZR kB3 AR, 3
R E SR R — 1 BIR (U SE) MR 5 76 ARAR XS T 52 ) L2 B IX ol ) A4 v /R A R
JE BRSNS A, R R YR M BB R —4F 10 Ak 11 A 6 2LR 78 RBFEOKE (1K) BN ;
TERRMORE SR X S U ER BOBUR y 94 T, G 7 0 P W 520 7 i — 1 H SR AR —4F 10 A iy B 75 393 RAFEK
BAFLFEPN . Bz ZFRE RS HHUK RIS RO FEEF RN ESERE R,

(3) TEXBRE b, FFE B 25 2l 222 BRI RN = 2w, 58— A Y
IR AR KR IR B, RETHR 1°C, EAHZARAT 3. 7d. 7E3 QRE L, 5B B SRR
SRS AT 3, 3 SR OR Y BUAE SRR eI A R BRI R R A R I R R A A S
AR 7K B AR PRI 3h AIEARSE O 3 , 1838 TEAR R H BU7E SRR POl B pk i Fe AR B . 7EBUK oy 40 A A
BHH, FEEMANRR SR KRR BEMRIMER, SHEH AR, R IX 3 5 il
il LB R A% A it — 5T
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