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Spatial-temporal distribution and variation characteristics of the
agricultural climate resources over recent 30 years in China
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Abstract: To evaluate the concurrent distribution status of various agricultural climatic resources between 1981—
2010, a Geographic Information System (GIS) technology was employed using the key meteorological factors as the repre-
sentatives, based on data from 756 surface meteorological stations between 1950s—2010 by defining three base annual
precipitation lines (200 mm, 400 mm, 800 mm) as boundaries of “arid — semi — arid — semi — humid — humid” regions
in China. Also, by comparing to climatology data between 1950s—1980, the spatial and temporal variation characteris-
tics of agricultural climatic resources were analyzed. The results showed that the optical energy in recent 30 years was de-
creased and the sunshine hours and the solar radiation resources were reduced by 458.07MJ*m? and 126 h respectively.
The heat resources displayed an opposite change, evidenced by the increased frostless season in most areas except for the
south of South China. The distribution trends of growing season precipitation rate became increased, but precipitations in
most areas were decreased. Annual accumulated temperature was increased by 1% ~2% , and arid region and semi-arid
region showed larger increased amplitude than humid region and semi-region. Growing season precipitations in arid region
were increased ( + 10.33% ) ; while other three regions became decreased with the largest decrease in semi-humid region
(=3.01%) . In conclusion, agriculture production and crop distribution should be reasonably allocated considering dis-
tributions of agriculture climatic resources in different regions, and should also be implemented with adaptive measures
according to the tendencies.

Keywords: China; Agricultural climate resources; Spatial — temporal variations; Characteristic analysis

75 B #9:2014-05-20
BEEWH : B R ERP2EVGE TR E S AEAR X MR ]2 285 250 %M 0 B2 05 (2012CB95570003 )
BB R EE1984—) , & MR, T T A R LA, EENFE AL 54 SR WHFF o E-mail: ratia _ lian@ 163 .. com,



260 T2 X AR A5

$33%

H AR T HOE R K o A S5 AR S T R R
YEYIRE LAA AL S5, 3 2o AR R AR B b #02 He
2 4 ) S A R (a0 R s R S B4 IR D
TR A SE) Fr e o W BRI 1T Rk AR
SRS ] A3 A G AR 20 A A R U A AR B R
AR AL S 28 32 3T o Gl T 9 A e VP A
SARGEIR IR 2 TR 2= F AT I 2 AR BU T R
[, Ak, B N AME 2 27 5 0 Aol s 9 R R
JFTRERIRTFEE -, B 7E SR R IR Y i 254
AR AR T Ak R R, o ATTRE &
PRI FH A B R AR R 22 4K A

SEAEFRE TR TR N R DY R X
(1), 5 [ AR Bl 28 R RD Al 9% PR 75 oK J & R
— 30X TARR ALK, F2 S B SRS IR S AR T
F 5 R ST 12 L X A A 7R AE B A K
RH WA AR E o AR R X35
A M S GV ) A8 A R AR A T B S BT, ST —
ANEAGEAEX H (1950s—1980 4F ), 3 3o % i 26 1, [X.
GBI 3 3 A AR 53 R 48 R 3R M
TEUR AR S AR ARAE , Sk 3 AN ] X8 pe A AR b
AL AT R R R Tt Al B LR 2= A

R SRR,
emi-humid regig

F 5 3 X

Wk 3 4 X
Humid region

E1 RETE-FTE-FEH-2EX
43 53 B (4F R TR 2 /mm)
Fig.1 Arid, semi-arid, semi-humid and humid

regional divisions of China

1 BRI ST )5 %

AP TG PR S A AE = FIARAEY A Kk
B EYIMRI TR, EEAFDERET I R ¥
YRR 43 WU 107 AR SR A K T SR I o B
AT I NGX 3 A T7 T U R PR SR ARt 47 B AR

30T o FRAECRETE IR A TR br = G FR A0 H BRI 7
TTHO) AN SR X 1 T A5 B— A B AR R X
PIFEFRIEFT 8T . H BEE S K P A R ARl BT
FEER I AT % S 5 B Bk S T 120 Wem 2
B RE . H R Z ZEX R AR KA B B
M) , 2 B AP ) AR R ) R R, B R X
G HR BT I AANE DV E A S I B8 AR, T
KA EHRR AN RS, 5K SR S 2R
a2, A B AT DL & G k3 HOGiR =
KIAREAESLNIR = IR F 5K EH G, Hr
RS Z50RT LA 3 2o O 0 422 K B, 17T A B 68 S5 7 08,
D3ty m R0 AT 4 [ F N B9 22k T2 50 2
Akt H B E RS
KA E AR AR

Qreat = 05 x K (1)
K, Qo W EBR K P B4R T5 Q, AL K B4R
55 Ky RO BH B4 32 5 2R B — AR 1 S OK P B 4 R
SRR Q, ATRMRYE HAE B, B — RIS K
PR S ) A A 2

I
0, = %’t %(w@ingosinﬁ + cosgcosdsinw,) (2)

T/2n = 485.4; 0y HM H HIEB M 1) = 1370
W e m™ KB E o 2 B HARXTEE S 5 o S i 2
56 bl HOR AR

Ky F7R I R AN R LSRR S VA R B, B
A IAE PT LA 5 H OB 2038 () T —E A O
KRG AR FFFE N LI E S H R
EREHT B0 K, 5 s ZIEAETE e8P |l A ¢
.

Ky = a;s + a232 (3)
s WHIE 3%, a), 0, WL SEUES RS
SCHR[11],

PR LA — A 5 P Z SRR IR bR, A R
A KA AT B D YRR IR - AR AR I D7 3K
AIFEAREL 22 , AR SO RIE B BRS8N B A AT I
() B2 PR 5 TR AT, 23 9i0) e EORRL il 0 I R A Dl
LR R R EAT 20 Ao Hovp, BRI AR A Bt
WP SR AR K R B A R E E AR AR, A SO
=5CHYTE SR , B R RIE R e it — A K
KB BB g A KR B S A TR AR
M ICFE IR TR — A b X A K 5 — IR 2Rk R it
— YRR Z 8] 1 A, 8 R H e AR AR T
0°CUA ERYIHORERR , H R AR AR & il i 0°C A 4)
HERFEA T, IR, LIETF IR MR R, FoARTT



55 4 1]

TR S I 30 SR A VRN 2 A (LA 21

U Bl & H WFOR TR URSS , AR {5 11 AR
Ko =5 CHURAMICHE Y R 20 5 H H ¥R A H AR
IREETT AR, A SCR A 5 H Sl P ko 2R
i R AR A T A e — A E

o K A — S XA AR 7 P K O
BRI — o TR A, Gl W AN TR R TN
WK VED I A R B A T S PRI AR SOk B
HERZE(4—11 7)) FEK AR R AR K 7 Al U fok
IR AR , %4505 T Ll A B K B R BT A
o

®1 RUSKHBRORERMEET

Table 1  Representative factors of agricultural climatic resources

BEUFIE RFPEH T i 5y
Kinds of Representative L -
resources factors Unit Tmplication
pNIENERER e MJm-2 PN e
g Direct solar radiation m Amount of solar energy
Light H B8 N PNPE(DHIEES
Sunshine hours Effect of sunshine time
To R PR I
Pk Frost-free days Effect time of heat energy
Heat =5CRUR MR R R
=5%C accumulated temperature Amount of heat accumulation
AR IR 4 2 55
4 - K TRk B Ve E
gl KRR mm Amount of water during

Water Growing season rainfall . .
growing time of plant
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Fig.2  Spatial distribution of annual direct solar radiation between 1981—2010

MK BH B a5 1281k B (K] 3),1981—2010

ARSI RS TF 19505—1980 4E A, 4 H i K

PH O 5 O & e B — DSBS FH b T 469
MJ-m~2, ZXEMEHATRX <ETRX <



262 T 5 b XAV AT

$33%

X < 2RI X, 5 - A RN RS AR Al LA
o, K BH A e S B R A A A B AR R B
JEER B A g O 3t D5 i D i e K R XA
R X8 K BH B AR S LT R AR S kD
i/ F PR A A 305 R AR S P S 3T 30 AR URES
TORPHE RS> T 800 MI-m ™2 b {HAHSG
TR 32 WA 747 e D X 1 e = AR RN Y R
B A TR B X L S i 13 1S AR
LA RER BH B2 R S e o AT LURE /9 S, 7
R i JL AL T R PR A X, XA 7 A ey W 7 B P
IR AR FY LA R 72 P Lo M A2 A i 7 14 45

[ % Legend

—[H % National boundary
~~~~~~~~~~ # Y Boundary of province
s B S LY U - i M X4y R

Arid, semi-arid, -
1981—20104F 5519505 19804F { i & N 48 KM
FL 560 5 26 /(M0 » m™)

Z—o PRI X BT BH R S A B R
NEAST , AR A3 X4 R BH 4 8 A T 8 e 2
A0k — DX A FH A D/ e 20 9 D P 2
— o XG5 RAT A TR E K PR S S AR AR 9 0 1
PLB-1T AR R P R S AR S =
BB KR AR A R i L
AHREVEARK, FARRS [ — M E .. MWEHRY
AR 1A R AL DX K BH B R S, D) mT
AESRAE A BRAUBAL B2 1 R SEAT F BT 2, U B g
25 A RS R R B (5

v R e

Difference of annual direct solar radiation between 1981—2010 and 1950s—1980

B3 1981—2010 £ 5 1950s—1980 SRS F APREREH EE
Fig.3 Differences of annual direct solar radiations between 1981—2010 and 1950s—1980

2.1.2 BREeE&  HIEEELER 30 AT
233 [B) A 5 K PH L 22 % S R B0 ] (T ), MAERF (]
b aR E, H B EEC S K BH B AR A I
X, & IR TR X < LT RIX < 2P
X < JRIE X (P 4), BR T 75 9 P 50 R0 P 52l PR
o DX H R BCA /NI 3 Ak, LA b X H
HRIHK B i a4, P AR RAR AR i IX (1)
VD i Ry B S o /NI JE o O 1 s X B 7E ] R
44 ,35300 h DA Lo ATLAE R, H BRS04 1y
TR E T L AR AR EB & TR X B Tolk &
BEPRA X3 o 34 DX AR T 43 A R X 4 AR T
VEFR AN I HE R B R0 L A A AR T S5 7
YT X 3R ) T3 R 25 5 RS, BRI G HHR A AR
MR FR A , 0 AT BE S 1 s 2 [X 35 H RE 450 B

HR R Z— o H RS R BH B2 530 A L 2
[ RAE T IR EDGRE IR AEZS (B 0 A R AE . YERERE TR
XS] H SR A R 2R B ) g g o, AS — , U T i
T S AR A — B B R
2.2 RERR
2.2.1 RFEH 1981—2010 4Ea] , 3o FE V-2 6 76
BT 229 d,4 AN KIS JE R A i A =R B T
BX <« TRX <R < $@IHE X, P orm 5 5
L7 2 R AR s B (B 5) o

WAL F& (F 6),1981—2010 4R 45 T 3%
EPP TR e b — NS T EE R T 9 do
BRACEE HL DT VG AR RS AN Y TR R B
PRV LA, LA 1l DX H A AN TRIRE B (A 1 o, 4% X3
IR FE R 2 TR IX > TRIX > 2RI X > i5iE



554 1 PR ESE P E T 30 AR A B R A S AR AL RRAIE 263

Ko TCRGIAMGRC Y I B 5 A M B IR AP A i, SUDE4ERE . ORI, o R AR R 45
BP0 58 I i DXl I o B . X —A8 RS R AR KR RN R AR L A R 4, X 4
TS S 1R AR SO TR E 1961—2000 4E S EAEMIAY B 7= R AR By nl R T AU A AR A
fi e KN AR AR A5 e . FERRARRMKE  H.

5 1, 1981—2010 A T Jo A A8 K 1 S A

1% 5] Legend

— [ 4 National boundary
w22 U8 Boundary of province
B R o i B o T T 13 B NP 7 5

Arid, semi-arid, semi-humid and humid region divisionline N
198120104 519505—19804 “Ufik A% F 45 [ HUIN 2% ffi/h \ ¥ |
Difference of annual sunshine hours between 1981—2010 "
and 1950s—1980

300 / e 4
150 et
r
-,
150
- Loy
—

4 1981—2010 £ 5 1950s—1980 £ SMRAT B AT H = (E
Fig.4  Differences of annual sunshine hours between 1981—2010 and 1950s—1980

%) Legend

—[H ¥ National boundary
~%; %! Boundary of province

T R B 4 9 2

Arid, ser rid, semi-humid and humid region division line ~ ~
1981201045 “{ fik &5 F =0°C Ji i 0 I H</d
Annual frost-free daysin 19812010
AR I
o
21 g
L .
‘
-

BS5 19812010 £FSRET =0CEBHREE S
Fig.5 Spatial distribution of annual frost-free days between 1981—2010



264 T 5 b XAV AT

:33%

[ %1 Legend

— |§ % National boundary
~44 Jt Boundary of province
e SR T L - X 5k

Arid, semi-arid, semi-humid and humid region division line
1981-—20104F 51950519804 =0°C JE i ] 7 fiti/d

Difference of annual frost-free days between 1981—2010 and 1950s—1980

N T

Bl 6 1981—2010 ££5 1950s—1980 £ >0 C R BHEE
Fig.6 Differences of annual frost — free days between 1981—2010 and 1950s—1980

2.2.2 =5CRE KRESAET =5CHRURM A H
G305 JCRR W A 1 23 18] 3 A K BO ] (&1 ) [\
R FRAEFR E IR TR A R bR . 2 AR RS
SO, 42 [ 1) = 5CRBURAE 1981—2010 4 MK &
T E—AESIEIT 2.15% (K 7). 4 X878
FBIEBE RN 2T RIX > TRIX > R X > {2
X, 5 Toa AR A i 1) KN A a3 — 3 BR

4 % Legend
—— [# ¢ National boundary
w24t Boundary of province
s T L o B V-V U M DX A3 A 2

Arid, semi-arid, semi-humid and humid region division line

1981—20104F 51950s—19804 =5°C B &AL %/%
Change rate of annual =5C accumulated temperature
en 1981—2010 and 1950s—1980

B IX (B IR AE 2.5% LA F) LAk, 3& [ 59 K384
X ) = 5C ARG IEAE 1% ~ 2% 2 [A], HA g
RT3 b T AR A6 AN N 5ty X, 38 IR TE 1.5%
B 29% Z 18] ; 7 955 b, DX R 5 4 DX HG R 80N 7R 1%
B 1.5%Z 0 X259 5 5 2 B Hh XA g V4
X 6F 4 R 1 (14 ) 7 B Ay ) 018 = 21 fy T 5 225 38 4
Fa

7 19812010 £ 5 1950s—1980 £ =5CRBEU X =B
Fig.7 The changing rates of annual =5 accumulated temperature between 1981—2010 and 1950s—1980



554 1

TR S I 30 SR A VRN 2 A (LA 26

2.3 KHFEIR

AR R 2 ] A S E 5 - R -
SRR — 1R AR o BB TR A T
ARSI E o R L2 BLRE J7 K FAE DT, R

14 5 Legend

— [ ¢ National boundary
~ 44 5t Boundary of province
R T R - X 2 AR

KFFGH A (E 8) . AR TR TR IR s = 1 X
WA TR R S N S PEER, AR AR K R N B 2 300
mm ; 1717 7K G V50 8 A DX el 4 Y R i b X R
B U TR DI, AR AR R R KGR 1000 mm L b

Arid, semi-arid, semi-humid and humid region division line =¥

1981—2010%F 1 & 4 1< 7 i /K fit/mm
Precipitation in growing season of 1981—2010

B 8 1981—2010 £ EEKFMRKZE S

Fig.8 Spatial distribution of precipitation in growing season between 1981—2010

A K ZE KA R A R L F , 1981—2010
SAESFIE T 1950s—1980 AT, 4 [ i 1%
IKASAE AR FE I AN+ 1.71% ), {H 2 AR 1k
Mz, H E 4 K53 AR T 5 HL X A K
HIRIEIC+10.33%) ;2 F T 5 (- 1.38%) 121
(=3.01% ) LA B IR IX (= 1.34% )34 52 &K 2>
R, HLIX 8 P9 A [ 1y B B 7K A8 AL i Al oA —
H(E 9) . MK EZR o0 E A%, B8 T 52 3%
AR Z AN b —E R E 5 T A RRE |
S IEHE RS P 2 A 56, B FTXT R K A8 b i JL A
PEGI AT AR 22 43 B ¢ W 36 [ B K AR A PR 22 4k
FEEARRIAH E Mo ELER— SO S 2, S BRAR
b5 SR 1 PG 3 T 52 DX IR K 1 I, % 2 R 3 T
LKA F 2B

FEVGIL T 5 X, 5 55 VY e 08 A 4 7K 385 o Ay B
i, B K38 2R GK 209% LA L, T 7R B 8 43 H R AL
T PN S PR sS4 B KU B L K Rk
10% LA b5 62T 5 DX 37K 0 B Il 52 PG 34 AR 1)
B TR AN 7 LA R = VLY M X 1 A K S8, N 52
HHEB RN ZR B AR K g o Al b, 5L R
-5 Ml X R K S R G2 RN PG B T S BUIR , fE i R

A, B R IX S R A O A 7 Ao T A LR K
D3/ DX IR, U B4R R A BT 5 D4 AR A TR A
F de A AR it A PRI 32 DX ) T K B 45, [ s
0 J 4 7 T A R AR T AR BOR B
3 DX X R IE R fE

AR 3 DX A R R K U Hh [ 30 40k
Rk /b e 22 31X 5 2R I i DX 9 A K 2 B D 3
IEHSN AR I8N B A ST k7 14 KK
PA AN TRIRE BE Al ), KA I/ N oAy 8 25 B LLAR (TR
A TR PG ) A s AR e R I A R A ARk
KRR, TR RS IR T % X ) K SR
AV, BR T RIS IK RE, B4 A m] A
KA LASE, S ST AR AR, AR K B I ) A SR AT
ATIHE 45 A 258 5 2R K B ) B RS PR T o
KXY I R REIC 2, R XA AR 2
KRR BB B, SN VY L AR AR A K8
T P 5 X 47 A il 2 B X 86 3 X DL
DX 2 94 gt DX 5 O el A 4 A 5 T
RN T M DX AR B A 7R AR A e R AN T )
ML RIF A FE KA B, 2 4 BRI 45 BT K
SE A DRAZ DX SIA b~ 5 TR L) S B



266 T 5 b XAV AT

:33%

[ | Legend

— |8 5t National boundary
~ 44 5 Boundary of province
e R R -V I I X S

Arid, semi-arid, semi-humid and humid region division line

B9 1981—2010 £ 5 1950s—1980 S ERKFHATUZE S
Fig.9 Changing rates of growing season precipitation between 1981—2010 and 1950s—1980

3 i Sihe

1) FRIE G RE 7 I 2 Bk D %, i 30 4573
KPH RS R 2 233.36 MJ*m ™2, b E—1"S
B2 AR S /D 458.07 MY - m™2; SF 3 H BRI Rl
1 534 h, bt E—SAES BRI 126 he ARbHLIX
G HEGE RIS I 2, HLAE 3R EDRR A L 1 K IX
Z— X — TRz b X R B VE Y 1 A R A
S, CRE R IR e £ 1 Oy R B R AR B T LT
AE SR AR 3 DX 3 B Tl e Jr A B g Xk, o' B 9%
T AR U D X6 122 DX IS A Ml A= 7= A5 25 R R g s i T
XL XN T4 WP AR B3 K SRS RAEY )
R K ARANED U™ 23 52 A 32 1l XX A 7™ i
RGBT . e b, Tl s b R 4544 , 2
AR PR AR SR G, 5 78 1% X 8 A O e W U R A Ak
2[R A R 9 RN B R AU 2 X AR s i A )
A8

2) BERAEARET 5T, IR E A I SRR
W o JORG IR AE 45 B b X AT /N b, HE A b X
RGP A pg b X /N . T 30 AR
3t D) 7 7 g R 2 A e DX B A R . AFRGR %
VRAY A B, b M DX A 9% U 0 18 ek e AR 4
BB BRAE . 1R 7 b X X R AR S A A R
4] o7 A B S TR A0 7 A g A i ek B A A
FE T AU . AN A (R T L N O T AR i R
ARG I LR A FIE]

3) JE 30 AF A K R K R A AT AR T 30 4R
SMEAT IR E A KRR E 43R B, (A
SRR K S A mar A s, T2
HiLIX [ K 43 2R 109 L) 33 %5 2% F1 G 3 T 5
PR AR R AR, R R & WOl A 7 A R Aol &
JR B RN BCAE IR AN R SR B, AR RS 1, LA
Wy B3R AL K £ 3K N 4 MV AL S AR S
IR 252 M b DX AN i X1 A
KRR Rl B3 AR ETE 1% ~3% 2
(] o JH ) 3 3 1 R Ml A% O X R KU 2 B oy
YOI E R X R . R ARk K
FIEE B, LA FIAEZE AL, B2 KGR R SR S 1 e
JEPRUE Xl DX AAE YRR AR 7= Rl & J iy 32 %2
Wiz,

4) NI SRR G b a5, RET
R T R S6 REGE R 5 R, R |
X PR IATEE G . ZEAR AR S5 48 |, BEARIE S
GRS AT &2 R, 75T R HLIX, K5
TR BB, X 2 X A 2R N Al & T AT 35 FR
W IVE R FE SRR 50T, A s T 5 XK B¢
TSI A R AR AN B BTG 5 762 T 5 R0 2 18 i
b DX, AR BRI I I A K B PR D, S B
DX T e, 1 3R A 3 X, DB KR,
S it FH S AR Tl FHOMR D) £k A 1 9 S e it 2 R AP %
LK AT R, $2 T2 X s POl nT R st &k R
A BEETE



55 4 1) R AR P ENE 30 AR ML AU BT IR I A S AR AR 267

2 % X #k: FEERI AT ] P VDI, 2008, 28(3) :554-561 .

] R R R R E B 2 ity ) EER R 58RI S0 R AARATAT
[P R FRE A, 2011:36.41 AITBAISE GRS HELY]. I, 2011, 60(6) £ 855 866,

& = . PN .y H - . . . ”

(2] Zeilbdn, B4 B o [ 50 45 IR R Mk B 25 Akt [14] MW, BRE, A1 K M oK S S A8 s 7

UM BB % 2004.23(2) 238244 AR I A RONE S T WF 5T 3 e [ U] b BRAL 27 34 Ji€ , 2008, 23
BNISIPaN ) ) : - .
e e e S N o N 9):915-923.
3] BEAE, BET b T SCHEVEIR LM 301 - B2 Hi Rk, 1986 (9):9159 . o
68-69. (LA [15]  Ao6H], At 151 30 35 0 TR R I s e R L]
' VK 1-,2012,34(3) :609-617.
[4] Tmka M, Eitzinger J, Semerddova D, et al. Expected changes in a- I £,2012,34(3) :609-617
- L . [16] #REREALEE T 40 4 b A AE R 2 (1] A
groclimatic conditions in Central Europe[]] . Climate change, 2011,
108(1 - 2) 261289 %224 ,2004,15(3) :306-312.
e . o [17) (EEE, 38 %, fRbhak, % 0T 50 4R e M R AR LA

[5] Williams V. Agroclimatic resource analysis—an example using an in- e P
dex derived and applied for Canada[J]. Agricultural meteorology, t‘h‘ﬂ 3] h%%}&72905’63(6):942_956. )

1984.28(1) 3147 (18] i &, PKiE, BN . HEZRICIE 50 4F T 52K | Joh 4Bk
’ ) ) 5 A A I [ ALY 1Y) .75.82

[6] Shen S P, Yin H, Cannon K, et al. Temporal and Spatial Changes of Lf;‘%;ﬂﬁﬂ’] AN iﬁ}ﬂ%}&’2®3’.5‘.8( " )"75 82 ]
the Agroclimate in Alberta, Canada, from 1901 to 200277 . Journal of [19] TIPCC. Climate Change 2001: The Scientific Basis[ M] . Cambridge,
Avnlied Meteorol 2005, 44(7) : 1090-1105 UK: The Press Syndicate of Cambridge University,2001 .

pplied Meteorology, s : - .

(7] Z= B N, Tl LA T o [ el AR [20] Jones P D, Moberg A. Hemispheric and large — scale surface air tem-
VAL T A H X Al 2V W 2 A A 1] I 2 perature variations: An extensive revision and an update to 2001[7J].
.‘—\4}& 2010.21(10) :2605-2614 Journal of Climate, 2003,16:206-223.

R LS ) : - .

(8] ke Xl T AR LA T AL TR [21] Zhao Z C, Xu Y. Detect ion and project ion of temperature change in

VeI AR [ 7] A A5 4 . 2010,30( 14) : 3817-3827 East Asia f or the 20th an d 21st centuries[ J]. Review of World Re-
PRAL RS s ) : - .

(0] Ubksh WD B i, 4 O A A B b A U e sourees (USA), 2008,9:223234. N
WA I P RV S (S (1] e 2 AR B S SRS S0 AR AL
S22 2011,22(2) £ 442452 KX K GBI (1) : £ R 5 [T]. 0K 1, 2004,26(5) :

A o . 587-594.
[10] S4E. Al IRV A M . L0 SR B 87 o
2010 [23] JuPEd, &R, MGk, 4 ESIR S R K 25 ARk 3y
: 0T R R .506-

(1] M ER B e IR R T A W A DL BRKS BRFESEIR 2011 13(4) :526-533.

AU 0 TG B2 R 2005,28(3) :297-301 [24) AR FEHPTH AR SR A ATR LT T A b AL F
i PR , s :297-301.

[12) SO BT, T545h 5. 1961—2000 4t [ KB 1<, FE 1992, 1001): 18-

(E#&F 258 )

(11] SAMEE, £ 35 BFPF  ARdUT R AN E 5B F B Bl < gional Environmental Change, 2014,14:7-16.

B Z AR E A Hr [ T] . P EAROE R 4 ,2013,34(3) :317-323. [16] Sanchez B, Rasmussen A, Porter J R. Temperatures and the growth

[12] R M AR REEY K547 J1—4 MK —S A5 0% 3l / and development of maize and rice: a review| J]. Global Change Bi-

ALK RGBT [ D] A5« o E R 27 e o BB 2% 5 B IR AT 5% ology, 2014,20:408-417.
Jir ,2009. (17] V2. FORAEIERIM] . ALst: b E A A, 2010.
[13] WK, i 20, MBS, 45 3T 43 4R R B Ip T AR AL X 4 [18] Schoper J B, Lambert R J, Vasilas B L. Pollen variability, pollen
YEY ™ 55 i) B RU A 98 (U] B FH AR5 244, 2007, 18 (4) : shedding, and combining ability for tassel heat tolerance in maize
532-537. [J]. Crop Science, 1987,27:27-37.

[14] Farl HJ, Liu W, Bowley S R, et al. Effects of abiotic stress on res- [19] ARSJE, 2550, BUER T, 25 b H oK S ol B s K =y
piratory carbon loss of two maize ( Zea mays L.) inbred lines and ACEFAE SB[ T] . A S 244 ,2011,20(6) : 1031-1036.
their hybrid during silking and grain — filling[ J]. Crop Science, [20] Cheng Y B, Zhang Q Y, Lyapustin A I, et al. Impacts of light use
2012,52:1795-1802. efficiency and fPAR parameterization on gross primary production

[15] Xiong W, Holman I P, You L Z, et al. Impacts of observed growing modeling[ J]. Agricultural and Forest Meteorology, 2014 ,187-197.

— season warming trends since 1980 on crop yield in China[ J]. Re-



