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I E AR, Rk AR B SOk B 8,
FFIIRIE FTFT 0.74°C, 13T 50 a SR EE - Tk
FHILIEF] T 0.13°C/10 a(IPCC, 2013), < f25 1k
X HIRIAEE L B NS0 A 7= 5 ARG TG sh R AR T
FERZ, P A Y s Lo B . T
SC LU, i 24 AR AR IR R A S5 SR
PEAS AL, I8 B AR B P AR R R s A L
VR, O s A A O AR KB B B AR
ZeATPEAR AR P AR B 2 AR S LA AR IR Y H AR
MGy B 5%, 2002), PB4 AT DL 0 s A
Py R X A R A S EREE S I i iy B

Kim BHH:2018-05-18; 1&iTHHH . 2018-12-13,

idi W P (Craufurd et al, 2009; Diskin et al, 2012), H
TRRI A £ B WA PEET AR DL A BB B
SR AEREAE . AR Al AT LR i ) 422 S i< e
ARTE O, & AR AR S AN T Bk A 3 R bR
SR I 2 R BUEY AR K B, A= 40
g, DN AR T [, AH OGBS 4 R AR T
R LR 2 3 AR B TR R T A /N2 R
SIFAE 2 A o 2 TR E SRR TR AE DA
o 52 B ROV D 55 i 1 A6 /N A2 il A D A A8 10
$2 17 (Hu et al, 2005; Sadras et al, 2006; Eyshi et al,
2015), Chmielewski 25(2004)% 12 & 1961—2000 4
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SESR EORESEVEY R T A AT AL SR A A T
G0, BRI ORI = S B EY AR F I R R
H S, BB Y 2 AR ko i . Ni-
cole (20 10) X & [ 20 Fh 22 4F A= VEH Al AR A 1Y)
A TR ORI ST, & BRE AT AR A o 2 3
SRR AR e B L BRAE A AR T i 2 . Oteros 55
(20158531 T PUHEA 1986—2010 4EHeH:  /NA7 S &
FEAEY DL S B A5 R 0 E 2 ek,
RIVAIENEW A 2R & WL, i S B EY A7
ASARE /N, BT IH BRI (R Ok ARAE TR
R A5 W A XS A i 1 P A DG RIS AR AR
oo TVEY A B ARG AR Ak 5, Tt Pl o i R 4%
T 00 A1) T B DULHR T T 14%~30% 1) AR AL X A F
WA A5 I (Ahmad et al, 2016; Abbas et al, 2017; Ah-
mad S, Abbas G et al, 2017; Ahmad S, Abbas Q et al,
2017), A 38 3 ) FH R 000 B kL 3R G o A
4 [ A AU DX /N2 TN E K AR A B 23 A,
PR IO RN BB PR AT, B TR A KN g e, (A A5
AR HE K (Tao et al, 2012; Tao, Zhang, Zhang et al,
2014), Zhang 5£(2014) 5% 1 rh EUK R 522 f i
if 25 AR B 5 S AR A A AL A ARl A
PR I Z (B YOG R, R B A S 0 S U K
AR, LK R (5 051 A1) it e B A 7K R A K 1B
HEE

i LTk R AR SR B A T
WE AR . VEY s AR AL b 255 VR G
GYER PR R AR EY - E 221,
KL, VE D i 58 0 T Al <5 K 3 B T B AR
b Az P LK 2 DR AR A 7R 1 2 A
R TR BE, [ ANV E Y Y i 5T 5 i
Z R ZRBIEBWIRA o A CLER T 2Bk M
AR TS S 41 T ERE L H4E R EERAED )
AR AR DL , 4387 T e A8 AL AR AR, 7T SRy ARl
A 7R AT AR A B R ISR

1 VEY e A iy T 2585 vk

— B, XV E Y IS 3 B A R
BURI BT AT AR AL ) R e JR s U A
T BT 4 BT E AT R B G AITAN
1.1 HENRIE N 77 7E

BT A EY Y 75 25 H I A A
B VR 3 s N1 RS 1 DA DA o W W o R B

W AR At EDULRY i o RISy ik E 2 I
PSR A AR A K R BE (A MO IR B 45 R )
AR R SR S LA 7 T . AP 4 N
W21k 778 AR S G 0 M 20 22 80 AR AR I 4y
Xof 2% DI S AR Y AT T ORI S SR, LI A
i 0 I e 2 BB 2 S 4 W VR Wy 4o A2 Ak e 34 Ry
fIE 25 5 7 BOE AL Al (Tao et al, 2012; Tao, Zhang,
Xiao et al, 2014), F3Ab, #8058 5 34 8 o HH [A] 45
il S 56 SR B 5 A TR 2 SV E I s (R 5 kMg
2(2010)  FR 4 55(2010) MK 25 Q0 14) FETT A R
FRTF X s 2h =X R 2R G K R AN A TR
[ 15 305 X, She 48 7 7 [ 9 B T e X /K ARG /N2
IR . itk e S5 (2009) FI5KHLA5E(2012) 73 5
T o 1 AN [ 4 ol 00 Ak B 6 R A 5 40 b 0 X /)
FEF WA, Wang 55 (2016) T 2012—
2014 4E A E Al K2 il gt 4T T 2 £k
i B R B e R R 20 T2 50,7090 4R LA
Ko 21 AR HT 10 4545 4 S IH AR [R) K L Aok
WFFE S AR LIS DL T B 5ok T WA AR AR AE

FET 0] 360 T 5 380 0 SO0 50 0 2 A 0 o A F 5
25— TGOk, LLBORE A T 5, (A2, FH (]S it
UoiN R R NS N W AN AN/ DA
], A& SRR EY I SR vk . eAh,
FEI PR 80 5 2 4 DX 3 R A A0 ot o A6 o 0 45
AN ) PR 28 XA 00 40 A0 P49 52 M S A7 — 2 118) PRI M, 3k
SR T BT S A RE AT SOk A A
1.2 it o thiA®

ST o B 5 1k e gk ek — B |) P A 4 4 i
1) A5 Ak A B R e R 28 AR AR DG OG R A T 40T, A
M3 2ED A B AL RE AR Tk . Gttt
W5 AT LIRS B K R E D s 22 fb
B RITRANED AR s I 5. R R
T, FH RS LI 5 i A RS A0 Ty vk A 3 SR R Vi
DL B S5 G0 T HES & o Tao 6(2012)
I FH 2 01051 23 BT 11 IR AR AH G 2R 55053 A% v [
JINFE TR X PN B 2 /N RN /N A T AR b
PP AR A F W B N )7 2 I B R AT-
DU(accumulated thermal development unit, 3 75 /it
PR AR 775K R R R RO JE I sk B 2y
PR AR IEMEVEFT TERABFSE . LiSE2014) A FHAH
TES R ¥ W 00 i | o AP R P el A &
HEAT T WRSE . — i &, St A WO M EY Y s
AL RS AEAL AEE BRAE it R S5 S R R R 2
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R AR AL, A T BIFIE A S i ER X VR W A
SO AR B 3k R ] — B 22 431k Ak X )
S 5 VR PR T 1 P A B S Y 52 i (Lobell
et al, 2005; Veron et al, 2015), Liu 25 (2018)%f /N4
YIS ORI — B 22 50 TE T 290 0 T
Tphe,cli =Siem * Tiem +Spre % Tpre T8 % T (D
T phe,man T phe — T phe,cli @)
e Ty o RN AR A F WS EF B
BB AL S e« Sy~ Seq 73 HIFIR/NE
PG IR B R KR H R B e AR 5 T,
T « Ty 3 IZ7S AR 5 NP2 | R AR
KA R H IR RS T, L, 2N A0
VEY A IR it R B 55 00 N A B I A B B
RS s T, R/ N2 Wy e AL LI 3

Zhang %5 (2014)38 33 7155 [ 32 K FE FpE X
WARAEFCE R AERKM AmAaKINmetE
1) /K FE i ATDU, MR 1981 4E /KRG 4525 5 B By
ATDU F-25 45 1981—2009 4 /K 5 ) B AR W AH 33 T
PIAE R K R f R 0T s |, ARAS el i A2 e
Wil T KA A B AR A AR KR A B SO £ 4l
R A S AR R T B 45 R 2 [A) 1Y) 22 (Bl
S Bl R R S e T B KR AR B AR S R
Mo %5 (2016) 1] L3 Jr ik %t o 4 @ i i /N 22 R
TR AEF AT T . TEYAS LR T B BOL A
T RAMY AT LU 2 1155 ATDU A5 31, i n] DLaE i it
A K H (Growing degree days, GDD)75 2 (Grig-
orieva et al, 2010, Hu et al, 2015), HuZ£(2017)# 3
Gao 55 (1992) I 5 75 1% AR B T /K i 42 F 1 GDD
Z% (0,585 5T GDD 2 HZ TR F K ES %
B, A AR A XA WL S
T AT 7K RS0 i ) 52 i

T3 B 07 kSR AR W W A A 5 v g e
) —Fh 5 07 %, AT HRAE R o AR5 R | Y
I AR BRI TR S S AR S AR
WEART T E . AL TR, G sl
JI e B T Ay TR B A6 T AR (HAT LA 2, W

SR R AN ST 51 TE R s e P R AE T 2

DM EIRWE o [, SR AMEERCR B 2% , TE T
AR S 52 N VR W i A8 Ak ka3 0 T A AR
KImBRME
1.3 BRI L

YEDIPLEAAY SRR XHEMI AR (R E DL

7 i I R e R RO PR I 7 RE R A T A R A B A
R —Fp AU P (24, 1997), B0l LITE
LA WFIFEORHE Al X 2 R 55 1 T AED)
Az A DU T AL, TR0 A 1 RS , AR Ak Al % I
BRI . L 20 HHE20 60 AR, for 22 98 [ 45
Bk & 2T W X E YR A T R WESE , I TF &
T SO B — LRV E R 2 ) S K
RISV 25 [t G VR B R R4 T T IR R A . Zead L
AR R JE BB R R T o TR AR 2
et 4 A5 52 e VR IR AY , 51 i R A I 1Y
APSIM BLFYFNSE [ (1) DSSAT FE I AE

Wang %% (2013). He %% (2015) F1 Xiao, Tao %%
(2016)F F APSIM #7153 il X 4o d 61 Ji 2+ fmg Jir
EUN s VAN 7K P C i) LS R i = 1
5% . Wang X 5(2017)%+ ] F ORCHIDEE-crop #%
YAk T AR AR A RS R T KRR AR B A
S0, Liu L %2012, 2013)F JT] RiceGrow 1 115
BT 2 PRI, X X G2 ok A R T
T BB AR A Bt PR R [ — KO

VEYIRTI LB AR 5, SR AR KR R
JEHLER TRy, AT DA S RN [  E FVE A )
A AN AT, O AR = i v (5 B & . (H
VEIRE R S5 5 2, R B R B EY B K & F it
T MR DA R A B it S P A s A B L TR
BETUA M AV AL BEAT —E XERE . [RIET , VR 7 A A
B B B R R T DK 1 AR
A o A ARAE BRI RO AR et S S VR A
TR FH AR AN T G 1) () A, 75 L — T
1.4 BREFRE

WEEOUT , HEHRE % Gt oMk DL SR
RURSTADTE S5 B ST ol S F I R X F XS
(B8 A 25 57 A A — 2 i 25, T S S 12 )
A DA o 28 SRS B B 1 A I 2 4 R 3 PRl ot
€, M B G- S W DX S RUPBE AR e A Ak i
TERELAE, — BT, R i kR BRI T
— AL A B 45 % (Normalized Difference Vegetation In-
dex, NDVI) £ B UV E D e 01 09 77 i . NDVIT
BAL N

NDVI=(B,. -B_)/(B, +B.,) (3)

K B, B, SRR LT AN B LT B
SHE

Fang % (2005) #] }§ NOAA/AVHRR f) MVC
NDVI Zds $2 B T A2 db-F i 1982—2000 454 /N
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(R BRSO, 25 R IWNZOT B N T
MR B B iy iE M . Cong 5£(2013) 3 T
GIMMS3g NDVIELHG I B 408 1 5 R i BB
o ER AR RAE YR T 40T, RS T R it 5 3
HIBFFE45 5, Wang S %5(2017)3: T NOAA/AVHRR
) GIMMS3g NDVI £tk Flesc it iy 3R 75 1014 U
PRI T AL 5 1982—2013 4EA/NEZ IR T 1, 16
TER WP B, RINA B RS L . Liu Z %6 (2017)
X E2r T KL F GIMMS3g NDVI 1 SPOT-VGT
NDVIE#iE 4 FiR T HHHE U7 75 P BEs B i ] &g
B BF5E 2 LT SPOT-VGT NDVI 4 1)3% 5 1]
PLHZE A HE T GIMMS3g NDVI U il 12 B 4k
FHSNE Ty, MR T

T8 J S U 7 VR SR T A LA i DAl A
G580 AR, T LA S50 I B XSV 4 1
AU AR DL o H 38 JE% 2 38 7 v 6] b T VE P 1)
XM A, FRIEAS B 2 IV E A B AR M 5
MAEY T XA TF, BN 2 /N Az 5 R A A
YA F I R PR AR rh e AR I I R 2R AR
Y o)

2 | SR A o g Wi 105 T

ANFE ORI A 2 v T AR A 2 B A
Yy P, ASCHIBFTE EE AR R 7 /N L FORADK
M= R BRI Y As e o s, WAL R
FLTHEYIA A FE
2.1 NEYIRBINEL 5iE R

AN E SRR B 2 — R T,
TR, 77 e (v AR AR M 2R B 2 B2 2%, 2011)
ARG PN ] (4 22 57, xR/ N A PR 22097y
BNEME/NE T/ N = IX G A/ N T2 XK
BRI L, KIS 4
INZE o NGB T B AR SR AR AT LR R A AR
B TFAEH] Y R A I DL R R A K ) G
JU/H v B0 2 A RS AE A0 A B A Y G RE A0/
TFAEI] 22 BT 4 A 7 300 R o 301/ 1 300 22
PINEAEFTHBIER Do 1EXKEIUE b, AL I
X NPT 22, R VAL X . e L
A/ N A W AR A < R0/ L R
SR ITAEH LA B s T, B SR AR RIS 4
BIAER, AT AR R . AL RN Y
AL A T B2 AR AR BRI, U T bR 17/

FHEREFHEE, 8T /NEEEM, T HREN
2 pe g T PR HE A A PR e, e 2 P EUE R AE KN
45 46, A Bl A K 9E K (Tao et al, 2013; Li et al,
2016; Tao et al, 2017), PUALHBIX 2/ N2 W AR AL s
TERFFE 25 R 22 K, X il B 2 5 R AR fb A
Ko TERFPAFERZ RGO, IR TS BRI
PN R TR S AR | ek
H W45 58 (Xiao et al, 2008) ; 7ESARAL B8 S VEH) i il
AL FEAVERR , &/ N RERN I | A A 4R
1.2d/10 a,1.3 d/10 a, JFAEH A EE T 3.1 d/10 a
F13.7 d/10 a, 24 B WIRE F7 4 K30 3 46 4 4.3
d/10 2.5.0 d/10 a, £ A KW AE4 0.7 d/10 a, 38
TEAE YRR 57 2 B, Bl e AR AR 0 T /s
FHE B WA 3 S I R RN R
o — B R FAGH T AU INEZ AR IR
il (He et al, 2015).

MALARBESE A, BT XA o | BRI BRI
AV PR it () 22 57, X ek R AR L R O A
[l 7 AR A AR, 40% 10935 5.4
JINZE FNAC /N AR A A (S B AT, 60% 114 i
JEAETE AR I B A, 30% 3 5 4tk T A
FRAE R i g 0, AR L - v RO )1 4
S M X4 A 4 R o i 3 (Tao et al, 2012;
Tao, Zhang, Zhang et al, 2014), &/NE I /NEH
KERNFE, Hit B efREnaRRKES.
1980—2009 4F , &/NA fl - Y 4Rl 12.4 d/10 a,
AU i RN TR AR B IR AR K g, R
Bl K I K 6.0 d/10 a, 2L B W46 4 11.3 /10 a
(Xiao et al, 2015), AHXTTFA/NEE, /N A= AR
A B B BN, 7E 1980—2009 4F , b 7 Hb X
[ /N T A RN B A B T, A 5 AR K TIE
BREAE KM 2 AT B % 8 (Xiao, Tao et al,
2016), F/INAZ AR AR BE SE A J & /N7 3K 1 I X
B SR AR A SN R R BN S L F B B
SRR ERRAATE R R 2 5
2.2 ERYMEBINE R 558 R

FRTEAR AR B SOR ToKFER N, J
FMAEY 2 AE AR AL PEIL DL R P R X T
A, A T (R 2) . AR TR AN ] Y 22
St E R OR R R R B R TR E ok,
Hop oK B2 A AR AL PE LB X5 T A d LN
FURG L X N B S B ORIRRN X, Hor, A i
XE TR L2, X0 FEREE Tk, &
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Tab.1 Characteristics of change and driving factors of wheat phenology in China
S3AiIX YAk IR Zh AT SCHk
4 EHEF 19812009 4F , 40%33 1 F /4 /N2 HD HIMD B B3 3SR T S8UE B WIHLNT, WGP I VGP 455 , iy Tao et al, 2012;
INZEIAC T, 30%3 45 WGP Fll VGP .35 4758 , 60% 3 s RGP FiZE (L AE K RGP, H K FE4 i AE K VGP Tao, Zhang, Xiao
ANE TR S 1SN etal, 2014
HEIX 1980—2009 4F , £&/NA: HD #271 12.4 d/10 a, MD #2548 HE S350E 7 W48k Xiao et al, 2015
KHULF HD, VGP 45 , RGP ZE: 6 d/10 a, WGP 4
4 11.3d/10a
1981—20104F, F/4 /N2 V-3 SD FIEMD iR , V-3 SR S 80H/4 /N2 VGP WGP 4 i , RGP 4K ;  Liu et al, 2018
AD FIMD #2717, VGP 5 WGP 4% , RGP 4L K mn PP ARk T B8 N A AR A W45 L AR — 5
L 20012009 4%, & /N#E EMD FIMD #fE3R , HD #2115,  ShFPREEANAR , SRS E Sy 2 B0 K 1 FIFEIAAE, 2013
HiIX. WGP 5 VGP 475 ,RGP ZE K
1980—2009 4, ## /N2 AD I MD 43 5l 20T 1.8 d/10 SR S 8UE 7 AT, AR K B Bedi i, WA DB Al Xiao, Tao et al,
a.1.7 d/10 a, VGP FI WGP 43 45 55 2.1 d/10 a F11 1.9 HERFEFIIN—E FLRE EHEN 1 SARABIE (1) 5200 2016
d/10 a, RGP #E: 0.2 d/10 a
Pgdbf 1981—2005 4, & /NZZ SD .ELD \AD . MD 43 5il#E3R St , Bk 2808 & 8405 Xiao et al, 2008
THRIX  0.3~0.4 d/a.0~0.2 d/a.0.3 d/a.0.2~0.4 d/a, WGP % %
0.6~1.3 d/a
1981—2009 4F-, & /% SD.EMD #fiR , AD MD & AR S B8UE F IR BF S A E /N T Heetal, 2015
i ; WGP, VGP 5% , RGP 4t K AR XA B I 52
44k 1981—2009 4F- , 4 /N7 EMD #fi3R , AD FIMD $E5if,  SUAERE g 1 2, iR SEF AL 28 Tao etal, 2017
X WGPHi%i, AD % MD #E AR R AT —E R
1982-2000 4F- , 4-/NZ EMD I HAD ¥4, HAD £ A28 Wz 2 = 25 m 7 Fang et al, 2005
I & A, EMD—HAD 47 8
1980-20094F ,2/N37 SD £ ELD .SD # AD .SD £ MD < i T 53 SD £ ELD.SD % AD .SD & MD %i %, Wang etal, 2013
g, HAbAE B B B AE sl S PG — B3 it% 50 SD £ ELD 4/, Sl AR bkt 453 s ma R —
1981—2009 4, 4/ Z SD EMD #£iR , AD \MD $& “SRASRZ AL fliA: T A1k, P28 16 53 AD £ MD I Tao etal, 2013
i, AD %2 MD #EK: , WGP % [DE18S
1981—20054F, 2&/N#2 WGP \VGP 4 kil , RGP 4K S 7R B2 47 i WGP, VGP, #E K RGP, i F B L ALK Lietal, 2016
WGP 1 VGP, RGP 7 2§l i i K
1982—2013 4F- , & /N2 78% 11 X B GUD #2117 , -3 S b Wi As b = (0 30K/ I ZEASREZ I, Wang S et al, 2017
$2171.8d/10a YR E B R
7F : SD W% R, EMD O Hi 1101, DD il 41, GUD SR 5 1, ELD #1901, HD Dy 3Asil , AD Sy 7461, MD b ], HAD itk

B, RGP HASTA KA, VGP I E R E K, WGP & .

KPEF T I TP AERE AT | v A AR A A
FEAEI I S A T A LA B8 R K A h
KMt T MEEFTFNE(R2). RAtHXEE
KPMET G % A0 145 H AR b A5 B 5 it 45 2=
S WA A A R . 41.5% 0936 5 ok
W10 2 HE AT 10.0 d/10 a, 18 17% K3 55 0] i 3 4
IR S TE 41.5% )3 15 S HR T, 7 13.2% 15k
SR ZHEIR 3] 10.5 d/10 a;43.4% 3 S A
WEEWER . AEFE MBI, 43.4% Mk s R AR
W46 J, 56.6% 13 i A ;AR BE A 1 I TE 22.6% 1
i SR, 77 4% Ik SRE G ;42 B AE 33.9% 11
il E FE K (L et al, 2014), A5t X X Jak 1] £
) i 75 Ak I AS S A AHL R AR 8 B R B
1981—2007 4F, ARt tth X HE AP BE AT, BAUHIHER |
SR H W DIk (] 40 28 AL AR B8 K (Liu Z et

al, 2013), PHILH X FRA BT IAMAE K 2055
TR AR, R SRR AR T AR AR
% X} KA B AN 0 (Bu et al, 2015). 424t
S J R OK W IO A e R B R R A
5 1o 7E1980—20104F , Aedb P 5 Fok A8k
FRHERECH IR | B e K 4, AR g e
A A4 B W1 IE K (Wang et al, 2016; Xiao, Qi et
al, 2016), /N [A]AS A% PR X 5 oK AR 7 30 0 52 i o
], FoRA W5 T2 2 U COE R H 5
K H RS E] A R H AR S M P IR A D
ZA(LiuY Jetal, 2017).

AFH ISR B E 2R G R DL AR
b A PR T 9 22 T M BT 45 b IX ORI AR AR
AP, FERAE R AR R Gl kb, VL ZRAE
FIVPE A 144 KRB i) 8 25 4R AT, 58.9% il s K
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Tab.2 Characteristics of change and driving factors of maize phenology in China

MK Yiisrie ik

LissiSEs

SCHR

T IX.

1981—2009 4F-, Pt  Z<-b Vi pg A9 % Tk SD 3%
P, 58.9%3l 5 HD $2 5 ; ZRJL AL b X F ok MD
I B HEIR 5411 %3 15 oK WGP I 3 HE K
1981—2007 4F, 1>k SD 427, MD #EiR 4~21 d, RGP
FER: , WGP #E4K: 2~38 d

ARALHLIX

1990—2012 4, & 5 K VGP 7 43.4%3k 15 46 04, 18
56.6%3k i FE K s RGP 7E 22.6%3 x5 4655, 77. 4% 15
FER: ; WGP 7E 33.9%3f 15, 3 5 4E K

1980—20104F , & T K1 VGP .RGP Fl WGP 4E K-
1981—2010 4, B £ >k SD £ ELD fl1 ELD £ AD 1£
LB R G A RGP I WGP 7E 92.6%3 £ &
JEK A

1981—20084F , & £k MD #ER , VGP 448 ,RGP ZE K

[EE|#:S
AL HIX

1981—2009 4, & T 2K SD #£38 , EMD .ELD . TAD .
AD FIIMD #£ i, VGP 4§75 0.9 d/10 a, RGP ZE K 1.7
d/10 a, WGP #EK- 0.4 d/10 a

SR T R R BUOK 2 80% 3 #5, HD A MD #2/7 , WGP i
i, i b AR A DU e A58 5 90% 3 25 HD AT MD #iiR
WGP K ; Btz A, HER 5 10,7] LU AE WGP
SRR 53 VGP . RGP Fll WGP 4545, R 25 4k ) 5
HVGP RGP FIl WGP ZE K, 1% T B RGP 45 ki, VGP
FER HAR

Bk A AN A P AT R 25 A R S B X A
B

SRS RR AR K WGP, St R B I ZE K T WGP
S 5 WGP SR G, K 1 W] TEAH G ;
AR5 4 ok WGP, il AR (B I AE K T K VGP
RGP HIWGP

SRR BT AD A MD £ 5T, RGP 4578 , i Fh A8 £kl
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Tab.3 Characteristics of change and driving factors of rice phenology in China
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Research progress on the response and adaptation of crop phenology
to climate change in China
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Abstract: Climate change with warming as the main characteristic has important influence on crop phenology.
Rising temperature usually leads to faster crop growth and shortened growth period that causes loss of crop
yield, which is not conducive to agricultural development. Meanwhile, crop phenological changes can reflect
climate change directly or indirectly, which has important significance for detecting climate change. Research on
crop phenology is crucial for preventing agricultural meteorological disasters, the progress of agricultural
production management, and the safety of agricultural production. With the continuous increase of global surface
temperature, research on crop phenology has attracted increasingly more attention of scientists. Based on the key
research methods of crop phenology, this article summarizes the studies on the change of crop growth period and
the main driving factors of change of major crops, including wheat, corn, rice, cotton, and soybean, in recent
decades in China. The following conclusions are drawn: 1) Statistical analysis methods have been most widely
used and several other methods were combined with statistical analysis methods in application. Model
simulation method has also been widely used in phenological research, and such method is easy to operate.
Remote sensing inversion has a high requirement on the characteristics of the growth period, and the focus is
generally on green-up period of spring crops. 2) Overall, the whole growth period of wheat is mainly shortened,
and the main trend of whole growth period of maize and rice is prolonged. 3) The driving factors of main crop
phenological change is climate change and agricultural management. Climate change is the dominant driving
factor, which decides crop phenological change, and adjusting agricultural management measures can partly
offset the negative impact of climate change on crop growth period. The study of response and adaptation of crop
phenology to climate change can provide an important theoretical basis for agricultural production to adapt to
climate change.
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