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Spatio-temporal distribution of maize chilling damage intensity in the Three

Provinces of Northeast China During 1961to 2013
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1 Chinese Academy of Meteorological Sciences, Beijing 100081, China
2 Nanjing University of Information Science and Technology, Nanjing 210044, China

Abstract: The classification and spatio-temporal distribution of maize chilling damage intensity in the three provinces of
Northeast China were studied using the daily meteorological data from 1961to 2013, the chilling damage data presented in
the Industry Standard: Technical Specification of Northern Spring Maize Chilling Damage Assessment ( QX/T167—2012)
as well as by empirical orthogonal function ( EOF) and rotated EOF method. The results showed that the maize chilling
damage intensity in the three provinces of Northeast China showed significant spatial difference, which could be divided in
three categories: the regional consistency type, the anti-phase distribution type between northern and southern parts, and
the anti-phase distribution type between eastern and western parts. The maize chilling damage intensity in the three
provinces of Northeast China showed a consistent fluctuating pattern and a decreasing trend from 1961 to 2013. The maize
chilling damage intensity displayed a significant regional difference, separating three sub-regions based on maize chilling
damage intensity, i.e., the sub-region with the strongest chilling damage intensity including Heilongjiang Province and the
northern part of Jilin Province (1 sub-region) , the sub-region with the intermediate chilling damage intensity including the

southern part of Jilin Province and the northern part of Liaoning Province ( Il sub-region), and the sub-region with the
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lowest chilling damage intensity in the southern part of Liaoning Province ( Il sub-region). The results presented herein will
provide the scientific reference for maize chilling damage division and help establish countermeasures for coping with the

negative effects of the maize chilling damage.

Key Words: Northeast China; maize; chilling damage; spatio-temporal characteristics
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SRBEF T 4 A R IS B
_F(D) -~ F(T)
F(T)
Arfr, I MRIRE FAERL, F(T) R8P, (AU & F K% F A H ARG (QX/T167—
2012) TR ARAEY 2 3EF 5—9 A A FHI R MOEE -1 50 T 400 = 2 T ORAGIR 4 469, 7T LU 97 16
R H AR (HE T ARE T BRI B BePE Y SRS EL AN ELA AT Hok ANl IR S5 i Y oA i
AWFFERHT SPSS REEIMTEEMARAL =4 70 AUl ORI 1% FE 5 C1 UEAT SRS o0 e PU 2, B ICARIG14  |
WS TRV 8 P IR RT3 K00 R 555 5 2 B O 28 K0 VP A B AL ( QX
T167—2012) A Anife) Hrdb 77 FOKARIR 2 F o BE AR A (36 2) AT IRRE 15 B R db =44 IR 3 1 B2 19 40
(&3,

I x 100% (3)

F1 FIZHAER=ZBEABREREF
Table 1 Three point temperature indices of maize in the three provinces of Northeast China
T KA BB BE Maize growth stages T,/C T,/C Ty/C
Hi B - =1 Seedling-Clover 8.0 27.0 20.0
=i Clover- Seven leaf 11.5 30.0 24.5
EM-3&F Seven leaf-Jointing 11.5 30.0 24.5
1 -l Jointing- Tassel 14.0 33.0 27.0
i HE-FFAE Tassel- Blossom 14.0 33.0 27.0
TFAE-FL#A Blossom- Milk 14.0 32.0 25.5
FLIA-JLEA Milk-Mature 10.0 30.0 19.0

1.3 W5k

B3t EOF 43 fifk 1 52 W B L i) B a1, 43+ i A28 ] BE B2 0 B3 S, N E T BT 26 7 A [) 3th B 43 IX ) R
TEP X — ARl REOF 40k IR & F R BEE0EAT /0 X, REOF 433k nlKE 7 22 sk 4 e 3 — %/
X3, & F AR 0 TR L 2s 18], n] LU UL e 22 2 3 1) XS AR AR A | 1A B 20 B AN ] X
W (BB R S W B A L B ARk B S R E 2R R REOF Ik v SR B R kA1 00, 1l IRk 1)
RAIE ) B S5 R T AL, S e ) A RRAE B I
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Table 2 Intensity index of chilling damage to spring maize in Northern China

5—9 A A V¥R L4 F-H{H/C

KA E R Chilling damage intensity

The average sum of 5—9 month TR % o L BRI
average temperature for many years Severe chilling damage Moderate chilling damage Mild chilling damage
T<80 AT<-1.7 -1.7<AT<-14 -1.4<AT<-1.1
80<T=<385 AT<-2.4 -2.4<AT<-1.9 -1.9<AT<-14
85<T=<90 AT<-3.1 -3.1<AT<-24 -2.4<AT<-1.7
90<T=<95 AT<-3.7 -3.7<AT<-2.9 -2.9<AT=<-2.0
95<T<100 AT<-4.1 -4.1<AT<-3.1 -3.1<AT<-2.2
100<T=<105 AT<-4.4 -4.4<AT<-33 -3.3<AT<-23
T>105 AT<-4.7 -4.7<AT<-3.5 -3.5<AT<-2.4
e,
ﬁf;ice éife/ (Z:' vield reduction rate >135 1015 5—10
x3 RERLERESR

Table 3 The classification of chilling damage intensity
IR % 50 BE A5 2R TRIRME % RS IR S TRIRE %
Chilling damage intensity grade Index Chilling damage intensity grade Index
BRI E Severe chilling damage CI=-10.99 AR E Mild chilling damage -3.92<CI=<0.11

rh AR IR Y4 % Moderate chilling damage -10.99<CI=<-3.92

TeAKHEYA & No chilling damage

CI>0.11

1.4 KK
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Fig.2 The change with the natural number sequence from EOF
decomposition method of chilling damage intensity in the three

provinces of Northeast China
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Table 4 The contribution rate of the first 10 characteristic values from EOF decomposition method and REOF decomposition method to total

variance of chilling damage in the three provinces of Northeast China

Sy J7 % 5iHik/ % Variance contribution
Decomposition method 1 2 3 4 35 6 7 I 9 10
EOF 66.21 14.11 4.84 2.46 2.15 1.66 1.29 1.14 66.21 14.11
REOF 28.59 13.93 15.77 1.11 1.68 1.09 1.32 1.78 0.82 0.75

EOF, 245 1F 3% empirical orthogonal function; REOF, Jig%% 45 I3 pE %X rotated empirical orthogonal function
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Table 5 The chilling damage occurrence time of sub-region representative stations in three provinces of Northeast China

e BRI F R A ARG ARV R A AR R E R A AR
R entative stati The occurrence time of The occurrence time of The occurrence time of
epresentative staliont 1 id chilling damage moderate chilling damage severe chilling damage
A 1965—1966 1968 . 1971 ,1974 1985, 1964, 1969, 1972, 1976, 1980—1981 ,
I Keshan 1961,1967,1984,1988 19931995 1989 ,1990,1999 1983 ,1987,1992
T 9eh% 1966 ,1968 . 19711973 1974 ,1978—
I Xinech 1979, 1986—1988 ., 1990—1993, 1976—1977.1980,1985 1969 .1972
fnechens 1995 1998 2005 2008

T 1968, 1971, 1973—1974, 1984, 1966, 1979—1982, 1985—1986,

1969 ,1972 1976 ,1992
Il Linjiang 1987—1989 1991 ,1997 1992—1993 . 1995

AWFFEFHZRAL =48 1961—2013 4E Y ZEHE , 45 6 (AL & F KRR F IR R E (QX/T167—2012)
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