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rom agro-meteorological stations from 1981 to 2016 in
icators of water deficiency index(Kcwpi) and accumulated
(H) from the People's Republic of China meteorological industry standards for

was constructed by mathematical statistical method, and the effects of single drought. single cold damage or
drought and cold damage cross-stress on maize yield were investigated by comparative method. The results
showed that the change of Kcwpi and H was consistent with spatial distribution of water resources and climate
warming trend in the research 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, and 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 decreased, and its appearance was high before Mid-1990,
After that, the frequency declined. The occurrence of drought and cold damage cross-stress in the west was
higher than that in the east, and there were frequent drought and cold damage cross-stress in Songnen plain.
Correlation
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between H, Kcwpr and maize yield was significant(P<<0.05 &% P<<0.01)in maize seedling-milk ripening stage,
and in a certain range of temperature and water condition, H decreased and Kcwp, increased which wasn’t
favorable to maize yield increase, On the contrary, increasing temperature and decreasing water deficit were
advantageous to maize yield increase. In general, there was a trend that the degree of single drought or single
cold damage or drought and cold damage cross-stress was more severe, the yield would be lower. By
comparison of the effects of the single drought (or single cold damage) and combined occurrence of drought
and cold damage on maize yield, the results showed that when the time, days and degree of the single drought
was equivalentto drought in combined occurrence of drought and cold damage, then the§drought was
superimposed with cold damage, which the trend of its disadvantageous effect on maizfyi reasing;

trend of its disadvantageous effect on maize yield was increasing.

Key words: drought and cold damage cross-stress, water deficiency indexaccumulated temperature anomaly
>10°C, maize yield
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Table 2 ip between the accumulated temperature anomaly =10C. Kcwp and the maize yield
during maize emergence-milk ripening stage in the study area

X3 il D) Iel Y= 75 7 R’ F Fo FEAEL
ARFFEIX y =15.9%, —109.6x, +10001.9  0.718"  42.088  7.44 36
FAUCT I3 y =14.6x, —118.0x, +10522.1  0.721" 42.554 7.44 36
=LA y =13.5%x, +5286.1 0. 344" 17. 807 7.44 36
FATCT J5 76 34 y =6.8x, —92.4x, +8568.1 0.443"  13.097  7.44 36
FAICT S AL y =13.7x, —69.4x, +8412.8  0.380"  10.132  7.44 36
FAICT J 233 y =16.5x, —80.1x, +9151.0 0.463"  14.227  7.44 36
FAICT Ji P #8 y =14.8x, —103.9x, +10916.4  0.676"  34.404  7.44 36
AN / / / / 36



T y =1.6x, +4000.1 0.113° 4. 332 4.13 36
i (o / / / / 36
sk y = 4.0x, +3162.7 0.203"  8.429 7.44 36
#HX y =11.0x, —84.8x, +8957.9 0.482%  14.898  17.50 35
ZIE y = —134.9x, +11969.5 0.424"  24.324  7.50 35
B y =13.6x, +7856.5 0.424"  24.996  7.44 36

FEAR / / / / 34

£ y =8.3x;, +5901.3 0. 440" 25.150 7.50 34
& IR y = 7.9%, —55.3%x, +8067.0 0. 525" 18. 223 7. 44 36
IR y =9.9x, —174.7%x, +11929.8 0. 553" 19. 799 7.50 35
XU, y =6.5x, +8044.3 0. 220 9. 594 7.4 36
JiikE / / / / 6
A y =6.7x, +5116.8 0. 127 4.93 1 36
Fin: y =14.7%x, +7557.2 0.362"  18.143 g 34
T AR i 0.05 A1 0.01 REMAGT, /ORI 0.05 BEMEAE.
Note: * and ** passed through the test at ¢ =0.05and ¢ = 0.01significance level, separate “/ ¥ me t ailed to pass through the test at

a =0.05 significance level.
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Table 3 ry of water condition and yield during maize emergence-milk ripening stage of
Anda station in the typical years of drought
r— TR FRA#H mKESET %&ﬁﬁf%ﬁﬂ o REKESTRE R/
1 H¥%/d i Eb /% EHH/d B)7K oy 5 AR EL/ % HH I ] Kg + hm*
2000 65. 6 100 96. 2 88 70.4 Hh P - 2L R 3590
2001 60. 5 106 99.1 78 62. 4 HH - 42 4282
2002 45.8 63 58.9 56 54.5 AT AN 5923
2003 49. 4 69 63.3 69 70. 6 HH PR KT 4 4414
2004 57.2 99 92.5 71 60. 1 HEERER 4861
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Table 4 Summary of temperature condition and yield during maize emergence-milk ripening stage of

Longjiang station in the typical years of cold damage
AMGE RRE%  mKESC RKELR

I R T S
1983 -271.1 68 78.2 18
1984 -64. 7 55 59.8 16
1985 -333.6 43 56. 6 16

1986 -25b.4 54 66. 7 1
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FEERTUAU ], g e B AR VA T B A AR I SR 0 KR B K. —
RS BLHEREE-ARPTENRELSEESRERRFM/OBKISEEFRAR BRI
Table 5 Summary of temperature and water condition and yield during maize emergence-milk ripening stage of
Longjiang station in the typical years of drought and cold cross-stress
HETE S TRHE R IES: 7R/
H%/d s/ FREA%/d Kgehm?

EAy HR/C H/C-d 15 Kewor/%

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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Fig
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W, HSH—T5. MEAFELR, 256 12 34FE. 16 IHMERE S RAEFN - B35 E,
Horb g 8y B EESy, BT KNG 1989 45, ELEZuG 1982, 1984, 1989 4F, J7 IEuk 1996 4, WA /RIE
Ul 1982 &, RUMuL 1985 45, Htuh 1983 45, KbEh 20 34, #F—5imiZ 20 SRR, H
6 AT, HEARAERM G ERAERRERRER TR AF) K. F2ERENRHE.
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Table 6 Temperature and water condition of the highest yield loss of the combined occurrence of drought and cold damage year

o o o
| wo o pana BEEE g REEE TRRE L
i T 2 H % ol B # K| K& o H/Ced
Kewoi/% /d Ja /d P 4 iK iR & A&
H#/d
=L 1982 72.2 71 71 19 9 19 9 -288.9
=L 1981 41.9 42 19 56 21 -298.5
=t 1988 35.2 32 10 37 10 7 \4 -208. 8
ik 1983 35.7 37 22 67 34 2 7 -114.3
ik 1984 50. 6 53 44 43 10 6 ~154.0
HX 1989 37.2 25 25 53 10 7 -262.5
B 1981 40.0 33 8 54 17 16 3 -188.8
B 1982 68. 2 72 72 17 ‘ 6 -168. 2
B 1984 38.6 44 26 41 N 6 -250. 9
B 1986 45.6 58 48 50 17 25 6 -146. 8
B 1987 31.7 24 11 56 27 11 6 -111.1
e 1989 42.0 42 24 4 14 20 6 ~77.6
7 iE 1984 40.0 37 25 4 17 18 8 -65.0
JiiE 1996 44. 1 60 8 6 9 30 9 -58.8
MERIEE 1982 66. 1 79 6 23 6 -61.9
G/R¥E 1985 41.5 49 2 61 18 36 9 -251. 1
FU, 1982 66. 2 87 21 6 21 6 -118.5
FU, 1985 35.5 29 1 58 12 18 10 -289. 2
g% 1983 29.8 19 9 70 39 5 3 -143.6
EZipil 1985 / / \ % 53 45 9 34 7 -65. 2
IR LB H T ;Kﬁw% o B A RO R RS, ST A AR B A B R,
ASCIEH 15N L 3 F IR A R FREAy, mPUEACH 2 5 1 EEEKE. 2 FRIRRH 1
EEERE. T8 VERRAE | FEEKE, ik Pra 57 & %4150 59 fil. 7r#r&W], 59 fidh
H R o A, 24 BT REGTFERK, 10 FURRAFEOG - EHIK. ZiRiEREH,

SOl MRAR TR (BRIEAE) I, RBRRLFMEAE (3T
P& DEAR ARG, R 7 AT, SR R AR A A B A B S AR A T S AR
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N TRDAE N 2, BSARR A2 T )R 6o o B L e o A B TR AR G A B BE s 25 9l P R AR I 6 R AR AF 1
B 5% 6 ML, BRIV TREAMRIERERE. S T8 (BREAE) BERAEREA,
F T PERBRRRES S REFN BRI — K EF AR N EIEEGIL 50%L b, 4080 i HiR
IKREEAFRTIL, 5 X5 1989 4F 6 A 09 H-7 H 30 HH I 4 MEIRET B, & BARR RS (8] 737 14d.
9d. 7dv 7d, 8 4 03 H-8 A 27 HHITFF, FTREFLIE 1 HZA, TSP BRI, it
P G R AERFIER BN IR A F 5T 2 B SR A, H RS FRIE R H 15-262. 5°C +d,
iR H 3 53d, SKELLT I AA 256d, HAT REKEERMFFAEM 22 ;1989 45 1988 FIKihA



FHHLL, AHEEE. SR P EL RS8R DA ZEECD; 1989 425 1990 T F2AHLL, 1990 442
TRHEHEK, (A5 7 18 H-8 H 09 H NI ETR, H6 H 12 H-7 4 21 HRAKHTLE, 8
H 10 H-8 H 31 HFr2e+5 22d, WA°F3Y Kowpi 79 57. 3%, 1989 45 H 30 H-8 H 02 HARHI 5,
8 H 03 H-8 H 27 HEFL:TF 25d, HAIESFIA7K 75 88508 58. 2%, AI WL FE T RARS B L.
SEKRE, F Kb 1989 IR, JCHI T R RFEEm G, EARIRISEE O iE A S s a4
Ja TR T2 ARIEAR A A R B 4 2 A AR o, ARSI I E,  IX AT e A S 1989
FEER 1988 A5, 1990 A E KR TR R B RE 2z —.

W Eardr, BRFG N TREAMREAEESRE. B—RAENBEIER M, KEVHEZ, Hxt
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s, BIME5R—F58 (BRIEAE) tEn, S64kFHTE EURIEAF M E. B #

Table 7 Comparison of temperature and water condition and yield of consecutive three year o
damage year and the drought and cold cross-stress year during maize emergence-milk ripeni
in the research area

by T HX

gy 1994 1995 1996 ‘ Aog 989 1990
KR TR OFR AEES TR s Vs TR
15 Kewpi/% 45.0 42.0 45.0 2 37.2 45. 7
H/‘C+d -33.3 -51.1 95.8 -248.0 -262.5 27.1
TREHE%/d 48 41 65 25 56
RAIGESET 5 H4/d 41 36 4 25 22
KB H%/d 43 53

HKIESGIR H 4/d 6 9 14

T B AERGIR AR A H 4/ d 10
IR T BRI A H U d 6 7

FE R/ Kg + hm? / 5663 4 5734 2670 1329 3597
3 . A AR

A 1 1990 1991 1989 1990 1991
K E I TR TR AEES hE THE TR AEES TR
T35 Kewon/% 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
FEHA%/d 60 31 89 54 43
wKEL TR O/ 19 9 40 53 11
IR H%/d 48 53 44

BKESKIR H 4/d 11 13 11
TR RE LA HE/d 11 16
KT R IGR R A F 5y d 3 6

FEE/ Kg + hm? 2922 5628 6489 4425 8035 8464
3 a5 e B/

G 1993 1994 1995 2010 2011 2012
R E R W T5 TEWEES TR TR AEES AT

10




S5 Kewpr/% 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
TREHE%/d 42 39 66 30

RGBS F H4/d 27 19 66 26

R H%/d 53 40 43 47

A SARIR H $/d 16 16 6 9

T B AERaGIR R A H 4/ d 23 13

KL FAERERIR K H U/ d 3 3

FE R/ Kg + hm? 5092 7715 8990 2378 2541 1500
34 i

(1) 1981-2016 #F[a], HFFTIX TR H LAY Kewor ZAHERHRIE T HETTIX K
H X RAR R B AT B s Rk, I BN T S WE 7T DX A B B 1 22 R PG L
(2) AT, ST IX TR R - FLA S S R AR T 333 uhidE, Ho

BRI ES, 1990 ST LA # LR, 25 W] R
BT 280 2 P2 RS, AR CT R PSR UK X .
(3) WEFCHIIE], H A Kewp: -5 5K B A7 A Ik 25 BI0RR S 25 19)
SEMRE . K AN, H R Kowo TR, TR S
& KO IEE S 10 TR I AT L, IR REAR, K B IO KK AF
(4) HETF . AGRAF B RAEME SRR TR BRI R Ty &6 kAT 5 E
A RS R RN T FAR LN, W5 GUR A FF 2 G R A TR B 2 0 E S
HERETGRAF I E, B, HRESES % iR A FA AN, RRAFSTREAKE
Rt 2N EE . £k L, &) P B AR A 5 R AR I SR A oK
AL SN

4 v w

ag INEH, ME2, iR

ARETHENRIEFES S R EAKTREER) (PESRE, 2015, (IEhEE
EM Kewpis H FARRFR TR, RIRAE, WAER
WIS T EARAE M FZ R T, WA J bR R 3 0, R 9 E PR R
WEST . P Kewor ﬁ?éﬂ‘ TR EFHRNBCERBON A, S5&EfafE (2017) « &R (2017
LAt 557 R4k IR —3, %f 1982, 2000, 2001, 2003. 2016 FL54
PAK W983. 1987, 1989, 1992 F&ELLE LA KR ¥ FAEHIRBONHER . T35k, M
Kewor LA VU 5 2K (1 25 () A A RRAIE , IR HERAERIE T B L IX K BRI A Atk L, AR BR i
TR P R S A rE S T 2 R, SEAEM AR RNIZX EA “TELE” 2 E
(BRSLZ RPN & o [N, H REERINES, R S5 AR B A AT TEA SR I Fa R
7853 PRIAR IR EE T BAT PRI A A PPN SR AR B B 1) “ W ESBAR” 1EF. WL, Kewors H A2
T BRI A T M S SRR TT T A T SER AR R,  FAEFRREY) 5 3 B0 SRR 3 S ol
AR GRS S A EACR R .
ik de s — e BRI ML (EITGELE, 2016, BEE, 2019) , AHIH Koo M H 5E
KELF=EE, G T A — Xk A — I AR E— R — R S E R A B R, I8 Kewor AT H
PSSR 7 s 3 = &8s, FEE AR T 2. RIERS F PR FHE & KT
KB, a8 T8, [REAEEARETEX A EIEM, e, 7EERREE—
AP RAFAET R, MEAEREARKERETE. fURNENE RS, SAHAHET5 R KSR
FERAER KRR I, H 5K AR, W RAERRILE, MAESKS RS, MER N

KCWDI‘ H /E,T
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R FRA = A R R 2, XS5 EMANES (20000 FWF 74—,

TR H - FL AT R AR A R O R — R . AR AE LR TR B BN 4R,
PiFh o R — RAENE & RAEERARE FREAR. BB EAE. HIRE R BAE . RRsLh)
AN RS, Hm AR, RITsE 19929 K 22T 5 H IS (B AN A 71991, 19934, H LT
WAT-FLAGY, ZRE WA TRKDIEFI, BT R0 K S BRI RN B, X ] R
2 3 B KR B 980 (R R 22—, BRI R AEAN ) A KB BB A R R I, R R R A
RAHE, HILmLH BN R S, 58RI ARG BRI 5 vlt— B IR R K E & R AR
TEVIIRZ , BRI & o e BHUR MG SRS, R AU RS B RIS, 7 XA
BEURSRHTUCHCRFAE, R X3 5 A AR b = 5% 9 i DA X K1) B e 55 gl RS A AL DA, IR ZBAEYD
PRI, DA AR IR S, MR E AR A, M WA RIAES Jg TAE TR
NI
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