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Abstract: Northeast China is one of the highest latitude areas in China, so the low temperature disaster during the maize
growing season was the main agro-meteorological disasters which affected the maize production in Northeast China. Crop
models can numerically simulate the relations between the important physiological and ecological processes of the crops and
meteorology and soil, and reproduce crop growth processes. Therefore, based on the suitability test of WOFOST model in
simulating the growth of maize in Northeast China, the paper analyzed the influence of the fluctuation of temperature on
maize yields in recent 46 years in Northeast China, results showed that there was the same trends in the fluctuation of maize
yields in Heilongjiang, Jilin and Liaoning, the fluctuation decreases with the increase in years, the largest fluctuation
occurred in Heilongjiang province, with the value ranging between —20% — 12% , and smallest fluctuation occurred in

Liaoning province, with the value ranging about —15%—8%.
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#E WOFOST fE#pissiy " - eI B RO R | KAk B @ B v /0T B3R B UBF R — B @ A RERIL=
B ERT= RIS VR T, DME & RBUN A 7= PSR BRI 13 e & AR 8
1 HFRAA*
1.1 #F5EsERt

W T R EE B EY PR SR ROR A IR OR S . BB FE AR S Fh KRB R F B
W FERL AR = B R R KRG R IR RE SRR EREFL(REREAN KELR ZEHR
ZHIAL ZFRE RN RN, RELZEVE) , RIET LG50 0 R M G Ik L R 4Rl
SLMMIE R M FE CRKE-1)O, B EJFF] 2 1981 ~ 2006 4F; S 2 %Rk m <R BRARSIR. &5
(kJ-m™*d™") JKIRHE(kPa) XUGHFIRE T & (35928 HH) @, B /8] 7 512 1961 ~ 2006 4 ; + 95k A + 398 it
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B SR TR S S MM E R M E (RRE-2)9,
1.2 BFRFAE

HEHURILHBIX 462 (1961 ~ 2006 4F) [P 3 < i 5K
BT WAL= BRI ARy i 7= B K, 4R SE PR
SIRIKSN T W= BAE N Ehr = Bk, il =
EFE R E AR E R =B MBSO, & XWT
N

I = ﬂ x 100%
S ¢

K, L N EWESRE(% ) ; Y, o FELFRR
RIK S T M= & (kg/hm®) ; Y, 2 ¢ FF- B R IK
3T R & (kg/hm?)
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LA BHHER B EHEM P NEFR 4 A 8 5
(87 %) —HELEIS A2 5(H15),
3.2 FORMFEANE R
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Fig.2 The proper sowing date of maize in Northeast China

ERERRT IR, £ 2 51l TR K EAE K FEZEY A KRS (TSUM BUER R ZFEHBHE K F2ME) o

F1 EXRRENBROETRRE
Table 1 Temperature sum at different growth stages of maize

REH B BUR(C - d) HERTRIRE(C)
Development stage Accumulated temperature Low threshold temperature for calculation
&) H 1 From sowing to emergence 103.5 8

H 1 FIF4E From emergence to anthesis 752.5 10

FFAEF] 5 From anthesis to maturity 685.5 10

H ¥ B B3\ From sowing to maturity 1438 10

®2 BEXSUENEEEUESH

Table 2 The main crop parameters of the model

2%} Parameter & X Meaning

HU{H Value

FED- 1 TR A A B

TSUM
SUMO temperature sum from sowing to emergence( C d)
W -TFETR Z R SR B
TSUM1 .
temperature sum from emergence to anthesis( C d)
S TFAE- AT 2 B R B
temperature sum from anthesis to maturity( C d)
- WEETHE )
initial total crop dry weight(kg hm~*)
I y
N R
Initial light-use efficiency(J m ™% s™")
BRAE BT FRIELEE
TBASEM Low threshold temperature for emergence( °C)
NN 3
TEFFMX PRAUE H B PR _E PRI E

Maximum effective temperature for emergence ( °C )

162 (%, Late-mature)
149 ( 1%, Medium-mature )

1021 ( %4, Late-mature) ,
943 ( H1#4 , Medium-mature)

969 ( H# , Late-mature) ,
880 ( H#l , Medium-mature)

7.74 ( %, Late-mature )
10. 6 ( 1%, Medium-mature )

0.5( 0°CHY)
0.5(40°C i)

10( B%, Late-mature ) ,
8 ( H1 &, Medium-mature )
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3.4 B
3.4.1 X s SRS

BEHUET 6] 75124 1996 ~ 2005 4,

BERAA FRFBEERKRX RRER, WS HAEXS 5], BA TSl =& , L% E 10 4 3k 5
RFATIUE (B 3) o HASBRIRIIA XAEHL 3 A uh 2 A /R EE R T 5 BB H R BRI E KW
F7=X, H IR X GEE 4 A0, 43 B AR O R M FLE A 10 T8 KRR 3 ANl el , A B BB IS
HRAAE,

MBI HEARTE , ARIL =4 10 35 S A HUE A S (8 B A A — 30, 10 Al SR iR 22 BV G TH1E L
R BERIRZ2/NT 5% W ki 55% ,IRZEFE 5% ~10% [ (5 39% ,IRZETE 10% ~15% W) &5 6% , P HIIR % 2
5.38% , X AMEAEALRL VR HYE B Z P, Ui B TR 3R IS AR Y RS AR AT M S B AR L =48 ORI A=,

F3 ENRIEHRARIRE
Table 3 The tested stations and error of simulation

Wi 20)3 ZHE 5 BE (m) WREH (%) FHRE (%)
Stations Latitude Longitude Altitude Range of errors Average error
5 R Haerbin 45°45' 126°46' 142.3 -4.35~10.82 5.17
##] Boli 45°45' 130°33’ 217.2 -5.31~7.17 3.67
% Wuchang 44°54' 127°09’ 194.6 -5.30~6.82 3.52
R 17 Meihekou 44°32' 125°38’ 339.9 -9.10 ~14.58 7.58
K I Changling 44°15’ 123°58’ 189.3 -12.83 ~8.05 7.60
#E45) Huadian 42°59' 126°45' 263.3 -4.88 ~6.21 4.21
;# 4k Tonghua 41°40’ 125045’ 372.5 -5.81~6.09 4.32
B R Xinmin 41°59’ 122°48' 30.7 -12.25~8.11 7.26
BLP3)E Wafangdian 39044’ 121°45' 29.3 -5.47 ~4.45 3.55
A& Benxi 41°18’ 124°17' 204.9 -9.83~9.86 7.02

3.4.2 X _EPFERIRAG R

B FA SCHFSE 2 IR B S B AR L EOR =B sh B 00 , B s % I 5 X 358 4 IR YL B i 240 6 oK A 7=
M2 B M AER HITIIE 5K, MANX=AAERESERS X, — B DSk ERE KRR~ 41
R ERHZIX ER=BIE BN FERRZ —, B A SURIER B R G 0% 4R £ A KR K FEMidE
TE LN KB AT T HAiE . FER SR FORHE R &R LG T 1981 4, M AR JtH X M 20 140 80 4R/ 2
A bR KA KIS F R E , B AR X 35 BRAE 0y R0 8 i T R OR M R . (B [R) L IX
FIAFREMRRE R ETRZ . HRERVIEZWNCRRESIT, BRILAE HHRE ML TE =E X
ERAESRIRA F B3 5.6 F T A, A SCH] FE TR R0 ) XA AL 43 51 % 3% 26 & 3k 04T T AR LR
(F4~%6),

F4 BERTILHBNHREFPHRBER
Table 4 The tested results of the low temperature years at the Qinggang station in Heilongjiang Province

FHRRTH KRBT

FH O BEERGehe?)  BEOERGeY)  SWERGent) ) BBE(%)
Years Simulated yields under Simulated yields under Observed yields coefficient Simulated error
average temperature actual temperature
1983 4313 4228 4578 -2.0 -7.6
1987 4380 4161 4324 -5.0 -3.8
1991 8250 7482 8141 -9.3 -8.1
1992 5625 5300 5762 -5.7 -8.0
1994 5630 5508 5870 -2.2 -6.2
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Fig.3 The tested results at points of the whole area
A L= E Observed yields; — F4lly= & Simulated yields

M4~ K6 FUE ), BARARIL=4 A 20 4 80 FERRIREA K A SR IR K 3 450y, (H B AK
TEEHEARE , Bsh R B AUE, UL RS BARIR 4y #R REAR 4 XA BT SR, T ELASE PR 25 /N, it — 2
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(BAMEFE 10 U R)  XARIE=41 46a (1961 ~2006 4F) 7= & B 3h1F St AT TR AT, 45 2R LI 4
(BB 7 5 A 10 Do P ERRELE) o

ML P 4 7= B s IE DR E , AR ALRIEIL E AR LT =48 K™ B RS @ S A — 2, BFEE 0
3 = B S A BN S PR RBS BRI R TLAE , BEEETE -20% ~ 12% Z [6); 7= B sh i/
WL T, WSITERITE - 15% ~8% Z i, =4 X [R5 % A B JLIK ELBEK R 3 4F 6y 7 Jil 2 1969 4R (1972
1976 4R, X — SR IEFAF G ZMIX G 52 B 284 RS BMRIR S FHED

x5 HERAREBFHHRBRER
Table 5 The tested results of the low temperature years in Jilin Province

FHURTH ST

) A BN (k) BUPR (/) SR (/n?) D) e (gp)
Years Stations Simulated yields underSimulated yields under ~ Observed yields i‘::;g;::;:: Simulated error
average temperature  actual temperature
1981 4k Dunhua 4412 4235 4058 -4.0 +4.4
1985 H(4t Dunhua 4385 4018 4405 -8.4 -8.8
1986 #i# Yushu 4874 4618 4936 -5.3 -6.4
1987 3% Baicheng 5331 5032 5464 -5.6 -7.9
1992 #F2% Shulan 6924 6695 7141 -3.3 -6.2
1994 #45) Huadian 9801 8870 9987 -9.5 -11.2
®6 TTHREEMHBBRER
Table 6 The tested results of the low temperature years in Liaoning Province
P T LhRIRT W WS E (%)
g fail B R (g/hn®)  BRGg/hn®) SR Gty DO PE P s (%)
Years Stations Simulated yields under Simulated yields under Observed yields coefficient Simulated error
average temperature actual temperature
1981 Ul A Xiuyan 3897 3768 3960 -3.3 -4.8
1994 E# Fuxin 5804 5735 5514 -1.2 +4.0
2001 5 FH Chaoyang 3208 3099 3257 -3.4 -4.9
2002 %@t Jianping 5492 5094 4549 -7.2 +12.0
2003 5 FH Chaoyang 4449 4256 4002 -4.3 +6.3
2005 B [ Changtu 5910 5854 5458 -1.0 +7.2
2006 AR Benxi 5091 4987 5216 -2.0 -4.4
15 — — BT Heilongjiang —a— #EhK Jilin - = = jI5% Liaoning

W AR

AN A ey
NAATN AV

TIEY e

Fluctuated coefficient (%)

5 | | | | | | | | | |
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006
Ay Year

B4 7Rt X ph I BE AR A 5 | F 7 S Sl A

Fig.4 Simulation of yields fluctuation caused by the temperature in Northeast China
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) R FEARIHIX TR RSO BN RRI  BEE F 03, BEL ER LT =4
FERB S RBCA BN S UL AR, BEE R RRURASIR , 3 E AR =4 & A RIR S T KRR 5 i AR
FHREIR/D 520 1408 80 ARARLART, A Az 9 ELBK BOIRIR ¥ 3 4F 1y 70 51 2 1969 4F (1972 4E71 1976 45X —45 R
IESFAFEIZ X I 5 b A 3 B RIR VS 5 AR 0, — P e TR BAE AR L = TR IX. (93 L 1 , AT
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