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Abstract: Based on the observation data from agrometeorological stations from 1981 to 2016 in Heilongjiang
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Province, the indicators of water deficiency index (Kcwp) and accumulated temperature anomaly —=10C
(H) from the People’ s Republic of China meteorological industry standards, this paper assesses the
drought and cold damage to maize during emergence — milk ripening stage separately, and stipulates the
drought and cold damage cross-stress occurs at the same station in the same year. Besides, the temporal
and spatial distribution characteristics of it are analyzed. The relational model between Kcwp» H and maize
yield is constructed by mathematical statistical method, and the effects of single drought, single cold dam-
age or drought and cold damage cross-stress on maize yield are investigated by comparative method. The
results show that the changes of Kewp and H are consistent with the spatial distribution of water resources
and climate warming trend in the study area. During the analysis period, the sum of years of drought was
242 station years, and the sum of years of cold damage was 76 station years, while the sum of years of
drought and cold damage cross-stress was 91 station years during maize emergence—milk ripening stage in
the study area. The occurrence of drought and cold damage cross-stress presents a decreasing trend, and
its appearance was high before mid-1990. After that, the frequency got to decline. The occurrence of
drought and cold damage cross-stress in the west is higher than that in the east, and there is frequent
drought and cold damage cross-stress in Songnen Plain. Correlation amid H, Kcwp and maize yield is sig-
nificant (P<C0. 05 or P<0. 01) in maize emergence—milk ripening stage. In a certain range of temperature
and water condition, H decreases and Kcyp increases, which is unfavorable for the increase of maize yield.
On the contrary, increasing temperature and decreasing water deficit is advantageous to maize yield in-
crease. In general, there exists a trend that the more severe the degree of single drought, single cold dam-
age or drought and cold damage cross-stress is, the lower the yield would be. Comparing the effects of the
single drought (single cold damage), and combined occurrence of drought and cold damage on maize yield
shows that when the time, days and degree of the single drought (cold damage) is equivalent to drought
(cold damage) in combined occurrence of drought and cold damage, then the drought is superimposed with
cold damage (drought), which means the trend of its disadvantageous effect on maize yield is increasing.
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Table 1 Situation of the stations in the research area
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and cold damage cross-stress during maize

emergence— milk ripening stage in study area
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2 MREXRERHE AR H Ko SEREFHHEXXER
Table 2 Relationship between H, Kcwp and the maize yield

during maize emergence— milk ripening stage in study area

X 48, (3l 45 EVEYE: R? F Fo FEAE /A
X y=15.921—109. 622 +10001. 9 0.718* 42.088 7,44 36
A BT J5E y=14. 621 —118. 0x, +10522. 1 0.721* 42.554 7.44 36
IR y=13. 52 +5286.1 0. 344 17. 807 7.44 36

A T J5 G y=6.8x1—92. 4x, +8568. 1 0. 443" 13.097 7.44 36
B BT S5 AL 3 y=13.7x1—69. 4z, +8412. 8 0. 380 ** 10.132 7.44 36
A T T AR y=16.5x1 —80. 1la2+9151.0 0.463* 14,227 7. 44 36
i T J5 R 7 y=14.8x1 —103. 92, +10916. 4 0. 676" 34. 404 7.44 36
Jeyr / / / / 36
B y=1.6z;+4000. 1 0.113* 4.332 4,13 36
e / / / / 36
#¥k y=4.0x;+3162.7 0. 203" 8. 429 7.44 36
X y=11.0x; —84. 8z, +8957.9 0. 482" 14. 898 7.50 35
ik y=—134. 92, +11969.5 0.424 24,324 7.50 35
o y=13.6x1+7856.5 0. 424 24,996 7.44 36
FEA T / / / / 34
£ y=8.3z1+5901.3 0. 440 ** 25.150 7.50 34
W IRV y=7.92,—55. 32, +8067.0 0.525" 18.223 7. 44 36
33 y=09.92,—174. T2, +11929. 8 0. 553" 19.799 7.50 35
e y=6.5x1+8044. 3 0. 220" 9.594 7.44 36
ik / / / / 36
2 F) y=6.7x,+5116. 8 0.127* 4.934 4.13 36
HE y=14. 721 +7557. 2 0.362% 18.143 7.50 34

T e s 2354 S 0. 05 0. 01 B FMERFAR R /7R R 0. 05 BHMEAKFIL .

Note: % and *x* passed through the tests at «=0. 05 and «=0. 01 significance levels, separately, “/” means that failed to pass

through the test at «=0. 05 significance level.
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Table 3 Summary of water condition and yield during maize emergence— milk ripening stage at

Anda Station in the typical years of drought during 2000 —2004

Eh P Kewn /Y ETD‘# T‘%E}iﬁl ﬁ'zKi«’%éi’T ﬁ%ﬁﬁ?ﬁ?%’?ﬁl‘lﬂ ST P/ (kg » hm-?)
H%/d i/ % B HH/d FH Kewn/ % 5 B

2000 65.6 100 96. 2 88 70. 4 P — LB 3590

2001 60.5 106 99.1 78 62.4 Y — k223 4282

2002 45.8 63 58.9 56 54.5 WA —FL 5923

2003 49. 4 69 63.3 69 70. 6 R 4414

2004 57.2 99 92.5 71 60. 1 B —IR T R 4861

x4 [EFR3,EH1983—1986 ELTHRBALAERREH
Table 4 Same as Table 3, but at Longjiang Station in the typical years of cold damage during 1983 — 1986
Ay H/(C-d) BREHZ/D RARS /% BKESMEAR/d R ESAGE G j i/ (kg « hm™%)

1983 —271.1 68 78. 2 18 L 1485
1984 —64.7 55 59. 8 16 WA 2843
1985 —333.6 43 56. 6 16 FL &R 2325
1986 —255.4 54 66.7 13 LRI 2521

F—3.0C, iRk, 19841986 4F, 244 B kiR 78.2 C « d, K= RART 1986 4F. 0 M HoAth ol i i
HEC B K 2e AR H B 2280/ 51984 4Ry H 8 S FHAEME O 5 AR — . el W, 8 —1K
1o o 2 ARG o AR /0 s O™ R e 5 1985 4R R S X EOKSE R 5 AL B AR 3R B O A% TR I
HAXE T 1986 4. fe i SRR H &g 2. B H A% A IR AR L L TR AR 0T 18] 5 2 1R B ]
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Table 5 Summary of temperature and water and yield during maize emergence—milk ripening stage at

Longjiang Station in the typical years of drought and cold cross-stress during 1991 —1993

Gy HPMIRERE/C H/(C+d P Kewnr/%0 BTRHE/d TREBNL/ Y BKESTRHEHE/A 2/ (kg hm™?)

1991 14.0~27.0 —120.2 31.3 29 33.3 19 4212
1992 6.4~29.3 —227.5 46. 3 60 62.5 31 3345
1993 15.9~25.7 —106.9 30.9 22 24,2 17 4467
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Table 6 Temperature and water condition of the highest yield loss in the drought and cold cross-stress year
U iy -y JI‘E’% E‘iftii“?*ijlﬁ {E\‘E’%HLH E’ﬂ’:ééﬂfﬁ ??1*[‘@&?% %KJ«E?}JF?T#% H/CC - d)
Kewo/%  H#E/d 5 H%0/d #e/d i H%/d RH A %/d IR & A= H %/ d

B 1982 72.2 71 71 19 9 19 9 —288.9
B 1981 41.9 42 19 56 21 30 12 —298.5
B 1988 35.2 32 10 37 10 17 4 —208.8
LIk 1983 35.7 37 22 67 34 21 7 —114.3
Ak 1984 50. 6 53 44 43 10 32 6 —154.0
HHX 1989 37.2 25 25 53 14 10 7 —262.5
Ry 1981 40.0 33 8 54 17 16 3 —188.8
M 1982 68.2 72 72 17 6 14 6 —168.2
=Y 1984 38.6 44 26 41 17 24 6 —250.9
® 1986 45.6 58 48 50 17 25 6 —146.8
E = 1987 31.7 24 11 56 27 11 6 —111.1
Y= 1989 42.0 42 24 54 14 20 6 —77.6
ik 1984 40.0 37 25 42 17 18 8 —65.0
JiE 1996 44.1 60 38 46 9 30 9 —58.8
WA IR I 1982 66.1 79 76 23 6 23 6 —61.9
W R I 1985 41.5 49 22 61 18 36 9 —251.1
KUK 1982 66. 2 87 87 21 6 21 6 —118.5
XU 1985 35.5 29 16 58 12 18 10 —289.2
% % 1983 29.8 19 19 70 39 5 3 —143.6
Rl 1985 45.1 58 53 45 9 34 7 —65.2
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Table 7 Comparison of temperature and water condition and yield of consecutive three years of the drought year,

the cold damage year and the drought and cold cross-stress year during maize emergence— milk

ripening stage at representative stations in study area

L JEAL X3
#ithk 1994 4F 1995 4F 1996 4F 1988 4F 1989 4F 1990 4F
RERR + 5 TRRBERZS T5 »E TRVBELE T5
e Kewn/ % 45.0 42.0 45.0 26.9 37.2 45.7
H/(C «d) —33.3 —51.1 95.8 —248.0 —262.5 27.1
TR H%H/d 48 41 65 25 56
BRKESTRHE/ 41 36 24 25 22
IR H $/d 35 43 53
I K SR &/ d 6 9 14
TR ARG & A B %/ d 17 10
IR ST RAE BRI & A4 H 8/ d 6 7
Feit/ (kg « hm2) 5663 4218 5734 2670 1329 3597

i TH XU v
i 1989 4F 1990 4f 1991 4 1989 4f 1990 4 1991 4
KERR 5 TRRBELZSL BE T5 TR.BELZL T8
-1 Kewn/ % 45.6 33.8 17.6 59.3 43.7 39.8
H/(C - d) —45.8 —75.2 —109.7 240. 2 —115.1 —38.3
T 5 H%/d 60 31 89 54 43
BKES TR HE/ 19 9 40 53 11
% A %/d 48 53 44
I K SRR 8/ d 11 13 11
TR AEREAMCIR & A H %/ d 11 16
f K ST R AR BARR & A= B AL/ 3 6
77/ (kg « hm™?) 2922 5628 6489 4425 8035 8464
I AR Feoke s
Giita

1993 4F 1994 4 1995 4F 2010 4 2011 4F 2012 4F
RESM wE 5 FRBELA 5 TRBELS wE
¥ Kewn/ % 37.7 39.3 29. 2 52.6 33.5 36.8
H/(C -+ d —189.5 —23.3 —50.9 199.3 —62.8 —186.7
TR H%/ 42 39 66 30
BRKEST R H%/d 27 19 66 26
IR H £ /d 53 40 43 47
e K SR H &/ d 16 16 6 9
T ARG & A= B %/ d 23 13
K ESE T R AR FAR & A= A %0/ d 3 3
74/ (kg » hm™?2) 5092 7715 8990 2378 2541 1500
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