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Fig. 1 The spatial distribution of meteorological
stations and agro-meteorological stations

in the target area
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Table 1

Three physiological temperatures at different developmental stages of

spring maize under high-yielding conditions

A E B HEH BB TR AR T,/C T,/ C T,/ C
HH-= M S1 8.0 27.0 20.0
BRERM B ‘
= S2 11.5 30.0 24.5
B S AR A K IR TR S3 14.0 33.0 27.0
FAE-FA B S4 14.0 32.0 25.5
A A K o
L2 RS S5 10.0 30. 0 19.0

2.2.2 HEEHE
DL ERAREE B Bk AR R Ve FH R R 5
BB B bR TS H R R R
AH, = F(T), — F(D).,. 3
KW ,AH, B AFEERMERESZETH

BUR K Kk A 5 B v 3 1 Bt 4 80 b PRI (B Y 25
B, B F8 50 22 F (), F£oR5 i HE B AKMGETR
BOFCD Fns i HMEAFTR B (OFEKRELE
BRREVe TR IR A PR B .

AR 2E 58 F F GRS N R R R



e
B

i %530 &

JAHI- > 0. L% FH;

F(D),,—F(D),, < AH, < 0, RBE®RF;

V(T)\,g — F(T)., < AH, < F(T)., — F(T)., . fh e,

4

AH, < F(T).,—F(T).,,EELE,

KOHP L FCD) W F(D) o FCD) s RN s A4
BMBELEREERERE PERE EEREN
PEFEHR FRBEME. AH, >0 ER LB ER 4,

AH <0 W R A ve 3 ELAT LIRSS AH, 19 /A

HEEKZHREER.
2.2.3 ZRBMERHE
¥ 7 H AR TR BOE R nAs 35 e Bo iy R ARA
HAREE,
AH, > 0,68 % ;
DUF(D)., —F(D),,] < AH,

SF(T)., — F(T),,] < AH,

<
<

AH, = > AH,, (5
=1

H, AH >0, K8 o8 FH AL AHA<<0, KRR K
AV E . ATLIRYE AH L AW — B N 9% E
XK.

3 PR o RE RN RV AL IR S R
T B 22 SR, A5 B b R R A R AR R
R 2 (R 6)) .

O,%E?@%;

DIF(D),, —F(D ], R

(6)

AH, < D[F(D),, — F(D,, . EELE.

2.3 AEIERF
2.3.1 WERARNE

FETHRAGIC & B B K% R A1 I ] (i

B M (X0 52 RS 32 U TR 8 R A g

Box I A= 7 B B i 18 B A R Ve AR BB AS B
1961 AR LICK IR E AR L =8 K L KX 5 MEF B B

CH B - = 3L = =3 9 00 3R Y- T A 3 L T fE-7L
P FLACRERID (3 K HEF R CRE PV E
JE) I 362 MAEA L REHUH A 337 A TR ARl A
WAL T B 251 A2 7 B B LA A I S AL 25 A
MTHREIECGE 2) . ARAEAS S F SR HEA
RANF 3R BR201H 226 041X 1 JBE ¥ T M1 20004F

R2 BEERELEEMRIRAAEELHRETE

Table 2 The information of chilling damage samples at different developmental stages of spring maize
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Table 3 The information of chilling damage samples
for spring maize in different decades
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Table 4 Statistical characteristics of average heat index for modeling samples of

spring maize chilling damage
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Table 5 K-S test results of heat index for chilling damage samples of

spring maize based on different distribution functions

=i 149
EAITE R EAo Eiiﬁ:ﬂ WA i
E=3is 0. 628 0.008 0. 009
Sl o g 0.977 0.798 0. 001
Gigi 0. 633 0. 267 0. 000
(Y53 0.926 0. 990 0. 000
S2 o 0. 895 0.096 0. 000
HEF 0.981 0.185 0. 000
BRE 0. 947 0. 700 0. 001
S3 o g 0. 888 0. 440 0. 009
Eigi 0. 760 0.953 0.001
P 0.603 0.076 0. 000
S o g 0.416 0. 307 0. 000
iy 0.623 0. 204 0. 000
BRRE 0.912 0.226 0. 000
S5 g 0. 829 0. 386 0. 000
G4)3 0. 790 0.026 0. 000

AR I8 o 1) B AR S 34 95 960 B 15 X 18], f R
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EFEREREEH
Table 6 95% confidence ranges of heat index at different
developmental stages for spring maize at

different chilling damage levels

EEHE RERH hERE HERE
S1 57.1~71.1 53.1~63.8 47.8~55.7
S2 64.9~69.2 58.0~64.8 47.5~56.7
S3 70.3~75.9 60.8~68.7 53.1~61.9
S4 68.3~74.8 60.8~68. 4 55.1~63. 1
S5 66.5~72. 1 61.6~66.7 54.3~62.1

B EFR R AR, L KT G
(S3~SH) g S £, A F Al (S1~S2) fir
TR S b N 2 G R BN 60T FE R Ok A

RT BETFRERHNFAL=ZHEERBETMRRETERIER
Table 7 Chilling damage indicators for spring maize at
different developmental stages based on heat index
A H BB ERH R E BERE T H
S1 [0, 55.5] (55.5, 64.0] (64.0, 71.0] (71.0, 100]
S2 [0, 56.5] (56.5, 65.0] (65.0, 69.0] (69.0, 100]
S3 [0, 62.0] (62.0, 68.5] (68.5, 76.0] (76.0, 100]
S4 [0, 63.0] (63.0, 68.5] (68.5, 75.0] (75.0, 100]
S5 [0, 62.0] (62.0, 66.5] (66.5, 72.0] (72.0, 100]
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Table 8 Validation of chilling damage indicators for spring maize in Northeast China
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25 s i 7 5% /0
ERRE ke REEwE GRAR REEwE  GRAR  Rrwm T/
S1 2 2 1 1 2 0 60.0
S2 1 1 3 3 3 3 100. 0
S3 1 1 1 1 1 1 100. 0
S4 3 2 1 1 1 1 80.0
S5 2 1 1 0 2 2 60.0
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Fig. 2 Daily heat index difference for spring maize with chilling or chilling-free

damages at three typical stations in Northeast China
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Table 9 Day ratios with chilling or chilling-free damages for spring maize at different

developmental stages of three typical stations in Northeast China(unit: %)

3 W HH M B 2007 4 1969 4
H % B g Gy BRRE s iy
S1 8d 25.0 25.0 12.5 12.5 0.0 87.5
S2 37d 2.7 0.0 8.1 8.1 13.5 35.1
S S3 21d 14.3 0.0 19.0 23.8 14.3 9.5
S4 29 d 6.9 6.9 3.4 10.3 27.6 27.6
S5 28 d 3.6 3.6 7.1 0.0 7.1 32.1
S1 9d 0.0 11.1 22.2 22.2 22.2 33.3
S2 38 d 5.3 7.9 10.5 7.9 5.3 42.1
A S3 24 d 8.3 8.3 4.2 4.2 0.0 8.3
S4 26 d 0.0 0.0 0.0 7.7 0.0 3.8
S5 29 d 0.0 3.4 0.0 6.9 0.0 13.8
S1 8d 0.0 0.0 0.0 25.0 0.0 50.0
S2 39 d 7.7 7.7 2.6 7.7 2.6 35.9
T S3 25 d 24.0 4.0 4.0 8.0 4.0 4.0
S4 28 d 0.0 0.0 0.0 0.0 0.0 0.0
S5 26 d 0.0 0.0 0.0 3.8 0.0 3.8
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Fig. 3 Accumulated heat index difference for spring maize with chilling or

chilling-free damages at three typical stations in Northeast China
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Abstract

Chilling damage is one of the most destructive disasters for spring maize in Northeast China (Hei-
longjiang Province, Jilin Province, and Liaoning Province). Proper indicators of spring maize chilling dam-
age are important for understanding the spatio-temporal distribution characteristics of disaster, dynamic
monitoring, early warning, and conducting risk assessment. Therefore, it is of great scientific significance
for the safe production and reasonable spatial planting of spring maize in China. Daily time series of air
temperature during the past 55 years (1961 —2015) at 82 meteorological stations, phenology at different
developmental stages of spring maize from 1981 to 2013 at 61 agro-meteorological stations, and historical
chilling damage records during the past 55 years (1961 —2015) are jointly used to establish chilling damage
indicators of spring maize at different developmental stages. The heat index with significant biological basis
is selected as a factor, and its average at different developmental stages of spring maize is calculated based
on three physiological temperatures. And then, 15 heat index sets of spring maize chilling damage samples
collected from historical disaster records are built in the context of the combinations of five developmental
stages of spring maize (seedling to clover, clover to jointing, jointing to blossom, blossom to milk, milk to
physiological maturity) and three chilling damage levels (light, moderate, and severe). Kolmogorov-
Smirnov (K-S) test method is used in checking the best distribution fitting functions of the heat index sets,
and 15 normal distribution functions are established by comparing three fitting functions, including normal
distribution, exponent distribution, and evenly distribution. Each critical threshold of spring maize chilling
damage levels at different developmental stages is determined by using the upper limit of 95% confidence
interval. The rationality of the spring maize chilling damage indicator is validated by using 25 independent
samples. Results show that the verification based on the spring maize chilling damage level indicators is de-
tected to be basically consistent with historical records, with 80% assessment being thoroughly consistent
and all the errors of validation samples being within one level. Meanwhile, consistent rates of chilling dam-

age indicators for three chilling damage levels are all above 75%.

Key words: heat index; chilling damage indicator; spring maize; different developmental stages



