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Characteristics of combination of cold damage and drought during seedling
period and its effects on maize yield in Heilongjang Province
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Abstract; Based on the observation data from agro-meteorological stations from 1981 to 2016 in Heilongjiang
Province and by using of accumulated temperature anomaly = 10°C and water deficiency index (Ky,,) indicators
from the People’ s Republic of China meteorological industry standards for assessment of cold damage and drought
to maize during seedling-seventh leaf period separately, this paper stipulated that combination emergence of two
kinds of disasters, which cold damage and drought year occurred in the same year in the same station, and the tem-

poral and spatial distributions of them were analyzed. The relationship between accumulated temperature anomaly =
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10°C, K.y, , and maize yield was constructed by mathematical and statistical method, and the effects of two kinds
of disasters on maize yield were investigated by relative yield method. The results showed that accumulated tempera-
ture anomaly =10°C increased ( P<0.01) from 1981 to 2016, and the latitude change was that accumulated temper-
ature anomaly =10°C was low in the north and high in the south, and K, fluctuated, and its longitude change
was that K, was high in the west and low in the east during maize seedling-seventh leaf period in the study area,
and this two kinds of disaster occurrence was consistent with climate warming trend and resource distribution in the
research area. The sum of cold damage and drought years was from 0 to 10 in each station and the total number was
59 years in the whole study area during the research period. The frequency of cold damage and drought year de-
creased, and its appearance was frequent before mid—1990. After that, the frequency declined. The frequency of
cold damage and drought year in the west was higher than that in the east, and there were frequent cold damage and
drought years in Songnen Plain. Correlation between accumulated temperature anomaly =10°C, K.yp;, and maize
yield was significant ( P<0.05 5% P<0.01) in maize seedling-seventh leaf period, and accumulated temperature a-
nomaly =10°C had a positive impact on maize yield, and K, had a negative effect on maize yield, so the former
increased and the latter decreased, which was favorable to maize yield. On the contrary, decrease in temperature
and increase in water deficit were disadvantageous to maize yield increase. The effects of cold damage and drought
stress on maize yield were mainly negative at maize seedling-seventh leaf stage.

Keywords: accumulated temperature anomaly = 10°C; water deficiency index; cold damage; drought;

maize ; yield

SR ITAE N R E R ORI KPR X AR ok
FoloAEL TR AR AT = 2 4 [ AL, A A T R R
e 2 E 15% VL R RS EAR L e
A2 LRI A, (HR VT AT b LS,
TR AN RS M T A DU R B S A
IR F A5 0 TR A PR o R
W K R, P IR S S R T B K
WO 15% L BT AR IR VS FE S S 0 i 5
) fE T R €

SUAEARE S L5 | & 9 F XAl | A 7S 45 4 dak i
JL A R A5 57 45 B BURE EAR BT BAb S AR
TX, EHNAMIXESIR L RMESE - HShT
MR F T 40 E [ Ho B R M it 5%, I
OB R KRS B T AN W] Ak
P E AR AR BT 583 T K ER
Bt ST T M T 0 A Y R IR A A
TYLL AT T BRI E T TR AR K R Y
Fom T B R AR SR AR R R AR TR
N R A A E MR AE , AR R ORAT AT 4Ry
AT BEPEAR SR A7 e TR, 4Rk T 5K i
It 21 e R RS A T i SR AR R
iR o e oK 291 R M = v e o 7 B < N
JE X A e R M 1 B KR I, (R A 7 R
Rt —2E > MR TR TR sk
B, ERIR M ) Bk AR K IR S E K
A S R RIS T 2y AT

PG B AT R BRIR B (10°C) 2°C i, B oK
HEFEAES 1~6 d, ™ 6.29% ~23.56% & T
4°C B AR RIHESS 1~7 d, W7 R T 5, }96.82%
~28.12% , A AR Uk 38 J3E AR K | R B ) AR oK
YA Y R R R B R T £ I, B R
BT 55 0 R BRI 50004 ] Rk
AR, AR DN, KB AR R RN Z
RAESEEFIILREES TR, HE 551 %
WS AR 1d B 5B E K R T R
2.9%'7 |1 2003 FF BT A NERERF SR E
KPP R LE 1994—2014 4F ] (AR |
PN TAR RS 3 T 5 S X £ K52
WaRFSY , R IR 5T 2 e B B — UCE HEAT AT, 3R
TR ZETE — M R — B 0 X E K2 PR AL . 35
SE T i A R FE M oK AR K Y[R — B R S
HEUIGIRS & TRIRA KRS, W Fh o IR
B B R B s R BT A o B, I H
FIFREH A8 R N RIEFESL 70
PRERTF 5T B e VT A IRIR A 3 T RIR A &R
O F AR R A IR AR DL, BTk, 4
Xt d5e Ty KA AR BT R R IRTHLIX
EHT ERA KRR 35 T FHR A & A A 25 T
ARRHE  FRARIRS 3 TS IO oK™ i 152 ]
RATR P i e s A AL 7R 20 F X
Y7 B A L SRS ERIS LA, DI Rl b5 9 U
KNI RE LA S 2



5513

FEMHEEAE  FRIE TR FOR BRI T 5 T TR AR A B X7 k) 52 il 257

1 FORRRIE S 9T ik
1.1 #HRRER

FIF 5% Xk v ] e 26 5 FE X (47.80°—44.90° N,
123.18°—131.12° E) , &b F A 0 Ji A A O Ji A
SV, — ERAEY R X, EE R E R EAE
PHHE oK KA KRG, SR8 = 2 B R BTk 2=
DA, DU 2 43 B Ay 3 80 1) R A [R] 2, L b 34O
AR, X R R A A T A B AL, &
KEW(5—6 H ) FHREAFEKARK, 55 H B
I K RAGES I AR F A5, oK ~
EI A T R B, A K R B R Rz B R
M %X 5—6 HFEISIEN 16.6 °C ~18.6 °C 7K
H 110.6~158.9 mm, H FRHECK 448.6~537.0 h,
1.2 #ERKIE

32 B RAM G WG RE B ], 2 BRI T4

15 T RAM G M B FEATIFIE 15 3535950 53 A
FERIEITAR FOK 77 XN, B ORAF i 1] BB A A
1.0x10°hm* LA I, f AR MV A8 FORAE P2 S bk
B, T BRI AR AT S WA K 4355 43 A AL RN R
TE T HFZE B L, TR B> T B0 4 50 B A1
Y BN AN TR] X35 oK B 5 ) AR B AF 2 3 o
) 1 BT ISR, I 5 DX R0 43S A BT I
=T, IR AT 404y 4 4~ X8k, Bk
WL 1, FrH%ORMUIE 15 3 1981—2016 4E % H F
PSR B KGR B oK T I 0 a0k B
BIITA G RERGER, 15 3 KRR A
PAIRCE: 8 = o - B D UR g i A RN T R
ZR AN RGN HLAL ) > 1 BRI, KRR
ORI S VR P I R A T OO vk i — 3K
P TIN5 o 1% A A AIF 5 4 ) A PR R — B,
P ) /57 38 55 1 R TR — 350, HLRFE 7 AR

x1 HARGSER

Table 1  Situation of the station in the research area
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Station Latitude Longitude Mature period of variety Region
B Fuyu 47.80 124.48 1 Medium mature variety
JEIT. Longjiang 47.33 123.18 124 Medium mature variety PN T T P
Z23k Tailai 46.40 123.42 i34 Late mature variety Western of Songnen Plain
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FH X Qinggang 46.68 126.10 i34 Late mature variety Northern of Songnen Plain
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TH Wuchang 44.90 127.15 2% Late mature variety Southern of Songnen Plain
e 3777 Zhaoyuan 45.50 125.08 2% Late mature variety
[ Bayan 46.08 127.35 Wi\ Late mature variety PO B 4 350
77 1E Fangzheng 45.83 128.80 12 Medium mature variety Eastern of Songnen Plain
AR Jiamusi 46.82 130.28 1 Medium mature variety T
W Jixian 46.72 131.12 A Medium mature variety Sarjj;iz:iin
ZF] Boli 45.75 130.58 i34 Late mature variety
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Fig.2 Wavelet (a) and variance (b) of accumulated temperature anomaly =10°C during maize

seedling to seventh leaf period in the study area from 1981 to 2016
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Table 2 Cold damage and drought years during maize seedling

to seventh leaf period in the study area

REREFE a
Numbers of cold

damage and

w4

Station

drought year

A RSN
Cold damage and
drought years

JEYT. Longjiang

1994 1997 2016
EH# Fuyu 1982 19861991 1992 . 1994
W48 Hailun 1992 1993
5K Tailai 10 1982\1295162\‘1 29(?;‘ \\12908195 \\12909126\1993‘
H X Qinggang 5 1985 .1986.,1991 ,1992 2009
WA 9 o8 1089 1991 1009
[ Bayan 3 1982 1984 1986
AR Jiamusi 0 /
4E¥ Jixian 1 1986
/K7 Harbin 4 1982 .1986,2003 ,2005
ZEJR Zhaoyuan 4 1984 1998 2009 2012
WK Shuangcheng 6 19821984 1985 1986 2001 2004
J71E Fangzheng 0 /
#hF]| Boli 1 1996
FLH Wuchang 1 2003

8

198119821985 ,1986 ,1991 |
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2.4 =10CHIREF K., SEXKBEFHXR
KA R J7 530 1 = 10°C BUREEF Ky,
BRI R G5 R LR 4, F2 i [m] 9 7 2
y R ERIBFE xR =10C BRI v, F K57 6k
fe8, MR 4 0L A5 IX = 10°C BUR R Ky
55 OB R DG S DX 0 A R AE AN [ X3k
AN[EL o S AR 25 5, A O I8 35 s 2 3 (P<0.05 5%
P<0.01) By IX I Ll | R e 0F 58 X Ah, Hiax 34504
TIARCE 5, s Ar KR R AR R TR R EY =

VLAV T s - D538 B2 | 7K G 2% AP A X 3 ‘T 5
e, FRAr DX Ik B A 1 b R 5 R B AR G i
TR GCT BV S £ Kl A DG R AT, R
ik 0.508, K 4 PAHOC K &R —TJ7 I RAE H E K
~ L = 10°C BUREEF (K oy, 2 Tl X5 A [A] X
BWEA AR, 5 —J7 T, & 4 0] & =
10°C FRURLIET-X FKER A IR M K T
RN, B2 = 10°C BUREE - FRE Ky,
RO, KB Bl a3

®3 HRREXRHE -~ EHBRENTFRREMEFAREL %

Table 3 Decadal variation of frequency of combined cold damage and drought during maize seedling to seventh leaf period in the study area

i 3 Jeir. i 3 "k X ik Y= FEA
Period Longjiang Fuyu Hailun Tailai Qinggang Anda Bayan Jiamusi
1981-1990 11.1 5.6 0.0 11.1 5.6 19.4 8.3 0.0
1991-2000 8.3 8.3 5.6 5.6 5.6 5.6 0.0 0.0
2001-2010 0.0 0.0 0.0 0.0 2.8 0.0 0.0 0.0
2011-2016 2.8 0.0 0.0 11.1 0.0 0.0 0.0 0.0
o it IR R Xk i Al G
Period Jixian Harbin Zhaoyuan  Shuangcheng  Fangzheng Boli Wuchang
1981-1990 2.8 5.6 2.8 11.1 0.0 0.0 0.0
1991-2000 0.0 0.0 2.8 0.0 0.0 2.8 0.0
2001-2010 0.0 5.6 2.8 5.6 0.0 0.0 2.8
2011-2016 0.0 0.0 2.8 0.0 0.0 0.0 0.0

T4 HRREXRHE~EMHHA=10CTHRBETF (x,) KO SEIEE (,) SERBEFHHEXEXR

Table 4 Relationship between the accumulated temperature anomaly =10°C (x,), K.yp,(x,) and the maize yield

during maize seedling to seventh leaf period in the study area

b3 ) 7 72 - . v FeAH
Region ( station) Regression equation Number of samples

W55 X The whole study area y = 25.3x; — 67.8x, + 8744.2 0.399 " * 10.942 7.44 36
FABBCFJ5 Songnen Plain y = 22.0x, - 69.9x, + 9042.1 0.423** 12.105 7.44 36
“ZVTFJH Sanjiang Plain / / / / 36
FABCF- I PEHE Western of Songnen Plain y = - 43.4x, + 6777.2 0.146 * 5.814 4.13 36
AT JEAEHS Northern of Songnen Plain / / / / 36
FAMCF JF 753 Eastern of Songnen Plain y = 18.7x, — 45.2x, + 7968.9 0.220°* 4.657 4.13 36
FABCF IR R Southern of Songnen Plain y == 67.7x, + 9958.7 0.208 " * 8.906 7.44 36
JETT. Longjiang / / / / 36
B Fuyu / / / / 36
& Hailun / / / / 36
K Tailai / / / / 36
H M Qinggang / / / / 35
%3k Anda y = 6.2, = 75.00, +9720.9 0.508* * 16.491 7.44 35
B Bayan y = 19.3x, + 7958.3 0.145* 5.788 4.13 36
HEAHT Jiamusi / / / / 34
£t Jixian / / / / 34
M5 /R1E Harbin / / / / 36
KR Zhaoyuan y == 75.7x, + 10263.2 0.300* * 14.166 7.44 35
WU Shuangcheng y = 10.8x, + 8044.0 0.224%* 9.828 7.44 36
75 1E Fangzheng y == 50.0x, + 6342.6 0.167* 6.821 4.13 36
P Boli / / / / 36
H Wuchang / / / / 34

o e o 435S 0.05 F10.01 8RS, /" FR AR 0.05 3K 0.01 BEHERL,

Note: * and * * have passing through the test at @ = 0.05 and @ = 0.01 significance level, respectively. “/” indicates not significant at the test levels.
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Fig.7 Increase (decrease) percentage of maize yield in cold
damage and drought years during maize seedling to seventh

leaf stage in the study area
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Fig.8 The change of temperature and Ky, in the typical years of maize yield reduction during maize

seedling to seven leaves stage in Tailai station
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