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Temporal and spatial variation of spring corn in Liaoning Province under

climate change
CAO Yongqiang* ,FENG Xingxing, LI Linghui, LU Jie
School of Geographical Sciences, Liaoning Normal University, Dalian 116029, China

Abstract; The exploration of the characteristics of climate resources change and drought risk in each growth period of spring
maize in Liaoning Province is beneficial to provide the theoretical basis for the formulation of suitable agriculture policy and
enhance the climate adaptation of maize planting. Based on the daily meteorological data of 19 meteorological stations in
Liaoning Province and the data of maize growth period, this study analyzes the temporal and spatial variation of total growth
period (GDD) , high temperature day (HDD) and precipitation for maize of 5 decades from 1970 to 2018 by day index,
significance test, aridity index and geographic information technology, so as to explore the drought risk of spring maize in
Liaoning Province. The results show that: (1) The overall trend of GDD for spring maize is increasing, but there are
significant differences in the period of seedling, maturity and whole breeding period. High values of GDD are mainly
distributed in Chaoyang, Anshan and other regions. (2) HDD shows an obvious increasing trend in the whole growth period
for spring maize from 2000 to 2018, especially in the heading period. (3) The precipitation varies greatly in the period of
jointing, heading and maturity, especially in the central region. and its distribution changes a lot from 1990 to 1999. (4)
Aridity index of spring maize in Liaoning Province is different at different periods, the risk of drought caused by the increase

of HDD and the decrease of precipitation is higher from the polymerization analysis of drying index and GDD HDD and
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precipitation. (5) With the heat resources of spring maize in Liaoning Province increasing and the precipitation decreasing,
the risk of extreme high temperature and agricultural drought will be increased in the future. Therefore, the future work

should be focused on regional study on agricultural climate change and its impact on agriculture.

Key Words: climate change ;hydrothermal characteristics ;drought risk ;spring corn ; child-bearing period
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TEEE . Bl 70T 3L T Excel 2010 1 SPSS K {F ¥E 4T
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AP DRI T PO TR RESE RLER NRE
BEBRY, B TRETKREFT WSS B
(R 1), ELARRI il ] AR A0 B 450 4 e
A LT 163 d, RAEZEMHEP XM EA ML TR
KAEY) ZBIRGE, 45 A WA XL T8 F TR ME
B RS R SCEIUK (£ 2) .

A

B2 ITESKUHRSHE

Fig.2 Distribution map of meteorological stations in Liaoning Province
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Fig.1 Location map of Liaoning Province
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®1 ITHEEXLEHUS

Table 1 Division of growth period of spring maize in Liaoning Province

BB e Hi ] P Eiiipn] A Eop ]
Period Sowing Seedling Jointing Heading Maturation Whole breeding
Tl
ene period period period period period period

EIEHA-H)

4-11—4- -1—6-21 -21—7-2 7-21—8-1 -11—9-2 4-11—9-2
Starting and ending date ( Month-day) 30 3 6-20 6 0 8-10 8 9-20 9-20
BF WKL Number of days/d 20 51 30 21 41 163

x2 ITHEEXREMRESEITR

Table 2 Ascertainment of crop coefficients of maize in Liaoning Province

i LT SR (A TR LT mH SEARL ik
Time The western of The northern of The eastern of The southern of The ccentral of
Liaoning Province  Liaoning Province  Liaoning Province  Liaoning Province Liaoning Province

4 A v Mid-April 0.36 0.35 0.53 0.50 0.37

4 AF Last-April 0.46 0.44 0.55 0.57 0.42

5 A I Early-May 0.47 0.45 0.63 0.64 0.47

5 H ™ Mid-May 0.51 0.46 0.65 0.74 0.53

5 AF Last-May 0.55 0.48 0.71 0.82 0.50

6 H I Early-June 0.58 0.51 0.87 0.88 0.69

6 H t Mid-June 0.68 0.62 0.94 0.97 0.81

6 HF Last-June 0.80 0.81 1.02 1.06 0.94

7 A L Early-July 0.91 0.93 1.12 1.12 1.17

7 A Mid-July 1.17 1.14 1.15 1.21 1.27

7 AT Last-July 1.21 1.16 1.27 1.26 1.29

8 H I Early-August 1.02 1.08 1.21 1.20 1.20

8 H 1 Mid-August 0.97 0.98 1.16 1.09 0.96

8 H'F Last-August 0.95 0.93 1.01 0.88 0.91

9 A I Early-September 0.91 0.89 0.94 0.78 0.85

9 H ' Mid-September 0.78 0.79 0.76 0.76 0.85

222 IEEfEDR

SRR EARE K EE R —  AMGEEY R & B, [FRw i Y p - &, £ EIR
YEY, SRR ARk 23 B 52 ) Bk B9 B A KO 72 ROoR AR K iy e IR EE O 10—12°C , 36 FOIR B2 R 25—
31°CHP ) BURAFABEE0CE A AR UL (= 10°C) S PFA VR A KT P F i A AUcH , i 2 3 2 fi T
PRAE R R R R ) R EAR bR . SATITEVEY) S PR A Rt R v 3 i B AR e BE A 2 VR A K 7 A AN )
S O S AT KA B A A AR A AR SRR B B AR AR

HKEH( Growing degree days, GDD) S M EY A KN B #3885, SO 248 H RS = 10C A
AR, IR H (Heat degree days, HDD) &2 B /EYAR v e v B9 G F8 bR, SO 248 HF SR =31C 1Y
R , A SCHI I H AR i it B FOK 2T W K5 B R B SRR il T F E AR AT 3
it B R AT RE AR S B A

” O (Tave = Tbase)

GDD = 3, GDD, — GDD, = (1)
t=1 ( Tavc - Thasc ) ( Tave > Thase )
n O (Tm‘dx g Tm‘dx)

HDD = Y HDD, — HDD, ={ (2)
t=1 ( Tmax - Topt ) ( Tmax > Tnpl )

£op, 1, AR PR, 1, MAEFKRF W T RIEZ, SOh gy 100 7, AR H &R, 7, AR E

opt
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KAETE W BRI SOhEUE R 31°C
2.2.3  SfEfwim
G ) 2R IR A R AR, x, BN FEAR TR n 9SG 1, 2R o X I ], ST o, 5 1 Y
—JClEIE
x;, =a + bi; (i=1,2,...n) (3)
K, a F8 I E L, b 15 0 H R EL, 85 DL b 19 10 5 1E R & SRR 0 MR 32 R AT 1) 25 53 B
1970—2018 4F: 5 DA [FAEARPRINL 744 B £k 2 F W 444 F 3179 GDD (HDD iR /K & (122 fk a3,
224 TR
FHEEEFE L (Aridity index ) &P — > DX AR BE 10 F S48 A5 , 30 5 DU b XK 403 5 #0im S-Sk
A AR .
Aridity = 1 - P/ ET, (4)
A, Aridity R FRIEAEF N TEE, P AR TR T N AR BRI K & ET REEREAT
WIN AR AE Y ZE B 2 0, A0SR Addity /N T 0, FRIZIT B B oK B R T2, TR AS &4, kT L
FH O BRI T AR Aridity KT 0, RHHZE B TR0l a8 &4, IF B Aridity AR, T 28 8E
WA ZE T H ARV TE A KR 28 k25 1 BT I AR A /K BE R, 3 5 R FAO (BRA B & 2Rl
ZH4) WE4£ ) Penman-Monteith #7

.408A - — -
0.408A(R, G)+’yT+273u2(es e,)

ET, = 5
0 A+y(1+G,u,) (3)

KA R AEHRST M m™ d 756 AHGEE R M) m™ d ' T(C) 2 BB ;u, R 2m @b KGE (m/s) e,
MR SOK IR (kPa) se, 28 SOKTRE (kPa) ;A SRR E - B i & AR B (kPa/C) 5y IR ETHE
0,6, .G N w5, A% H VA28 00Uk S B U 4351 R 900 #1034,
F AN [R] b DX SR Y S AR AN ], AR A ) b DX AR ) R 8 K X 28 0 ET, T E1T , IS 2IVEY T 7K i
ETc, HIL, RABITIE TR EREAXS .
ET, =K, X ET, (6)
Aridity = 1 - P/ ET, (7)

3 ER59M

3.0 ARHEAULTHEIREFWVE KA H GDD I A

AT AR BRI A KA A E B BB GDD T R TR 34 3, MR, 1970—2018 4
L4 FOK 2B GDD B 44.23C-d/10a IR 1Y, AR RAE(RBRAE JOKE K L (GDD) 7E B0 1A
LLR A BT LE B 22 5, FL KT 0.05 Ky s 22T AR )41 ARk E 4 7 100 0T A J 4 7 10
TLIRREAEAE B 225, AL, 4 A BRI A Tk GDID 5 B A, {4 RSO H I S A 5 , 2
HRIEIEMAZL, Fid,2010—2018 4E[H]F 1K GDD 15454 F By B K@ 34 W] R T IAL B BE, H 2ok
BATFAA I AHRAT A KA ER | R JE4E K GDD BRI i, 2000—2018 4EE % F Kk GDD
BRT 1970—1979 4E ( P<0.05) ,1970—1979 4E 2% E & GDD B B AT 1990—2018 4F ,2000—2009 4F
GDD {22 = T H A4 PR (P<0.05) ,2000—2018 4F 4 7 M 4 £k GDD B KT 1970—1989 4F (P<
0.05) , FWIFE ok 7 A KA R PR LRSS

ILF A H K 19702018 AE R FAEAFRA 7 8 GDD 2[RI 4 5 W1l 3 FFr, I 49 4F i FH K k4
F11 GDD SEFRIE 1317.23—1980.53°C-d ZIF05 GDD 2841 1l W1l 46 P 0 R B X Bt 4
GDID) 75 15 1 FE 5 32 43 2 749 WG 35, A (49 B B2 4346 4T 7 46 A MUK, 15 R0 %4
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ZRACHL X 5 KA B AR T 45 R — 3, [FRT S5 AR AU £k F e 4 A v AR L7 ik
B 23 () A3 ARG SR AR R R0 f I 3 W] LLE Y, 1970—1979 4F GDD 25 {5 A K, 1980—1999 4F 78 b 4 4 [X.
GDD HE M ., 2000—2018 4F1L 7744 GDD SR AN , v B X FE 2 1 9] BH 3 1Ly S 1 S b DX A v ) 0 32 B2 it
DRI T B 1 % 7 10 45 Ml X7 1 R T oA i X, g 0.5—1°C, HoAth s [X S B84 1% 42 o 0—0.5°C M S IR X
FZL R BUAETE IR T ) SR Rl X Y %) X343 A R i 1T BE A7 MU B PERE R BR -, GDD R
S A A L R P AR 3G A b IX ) 22 i i 10 T R K e T W HGE NG A T A X
KKRE R,

*£3 19702018 FENERFITEEEXRFTEAETH GDD FHERSEMEE

Table 3 Average value of GDD and climate tendency rate in different growth stages of spring corn in Liaoning Province from 1970 to 2018

i sk %ﬂ/ﬁﬁ Hi ﬂ;ﬁ .t ﬁﬁ %Ha%?;ﬁ bk?fhﬂ;ﬁ 2HH _
Vear Index Sowing Seedling Elongation Heading Maturation Whole breeding
period period period period period period
1970—1979 GDD/(°C-d) 39.88 387.79 385.24 295.37 422.07* 1530.36 *
SR %/ (°C-d/10a) -25.79 -5.75 -1.09 16.64 -35.37 -51.37
1980—1989 GDD/(°C-d) 40.14 409.87 383.92 302.66 433.87* 1570.45*
B M5 a1 %/ (C- d/10a) 4.22 -16.18 0.25 14.54 3.17 6.01
1990—1999 GDD/ (C-d) 49.25 408.86 392.86 309.74 457.03* 1617.74
AR 2/ (C-d/10a) 37.15 50.23 52.23 34.61 -10.12 164.10
2000—2009 GDD/(C+d) 47.08 453.13" 407.88 305.74 469.77* 1683.60
SR 2/ (C- d/10a) -1.84 -79.2 -46.41 1.11 -84.19 -134.76
2010—2018 GDD/(C-d) 51.90 443.92* 414.82 319.52 462.54* 1692.69 *
SR 2/ (C- d/10a) 81.72 49.05 48.92 61.79 15.25 256.74
1970—2018 GDD/(C-d) 45.52 420.24 396.58 306.34 448.78 1617.46
S A A] %/ (°C+ d/10a) 36.17 15.14 5.85 5.85 11.25 44.23

* FRA AR PRTE P=0.05 FAFFE R 25 ;GDD . EKE H Growing degree days

3.2 ARMERIITAEEARLSFHEIRE H HDD B 25 F#AE 5051

I TAANFRAERBR R RS E BB HDD P39 KA 2 03 4, SRk E |, 1970—2018 4§
L THRBEEAKREF M HDD LL4.77 C-d/10a BHR L FF7E 2010—2018 AL HOR O I, HAS R4 PR
] F oK R H (HDD) 7E A R4 & B BE Y A IR 3] il 25 22 K7, & W HDD 78 R R4ER PR AR A B RA
25 AT B EWIKFEAEE 0.05, & LFE K HDD 7631 3 09 2 (A B K T HAb A= F B B, 78
2000—2009 4ER BTN 3 HUCh I, R, SN AE B B BOE I 49 4R £k HDD 35K 9] 3 247
R AR T 10, AEA AR HDD A3 e B o 3y s BERE i 7, 2000—2009 4F, 1L T4 T R R A M %
2000,2001 42007 4 ,2009 S35 H B TR T, nl 6 53R THR FRKIsb A %,

L TAHEK 1970—2018 A RUER PR & F B = E A H HDD 25 [H 434 an &l 4 s, 35 49 45k, HDD
PEANTRAEAR PR (3 AR AR R B W | A6 25 ) 1 B AR SR IR AT IS SR Ay 34 1 P b b X B8 K I 285 e 2 ) A2 Ak
- F PG X AR R Y A, L o R T P b X v R B0 T I R AR L X
1970—1999 4E[H] HDD 4K 345 2000 4F J5 09 34 K #a #4415 ; 2000—2018 4F HDD $ K fa 38 i@ 7}, Hrp
2010—2018 4E[] HDD 525 1= T HoA B B 5 w9 181X 35 27 o) BH AN 41 75 1 X 4 v, ] fiE 5 Rk > 28 % K
R D AR A 5 R AEIL TP b X, 2B 8 L —Ai7 | 5 b XA TR e R A O B OR R,
AT BH A rvCs (43 PG b DX 1 X A5 A B B 48, 80 ARARR AR 2 78 1 A A A8 R R 8 5 i) 2245, sl BH b X
TR S P B 1 T B B s R A ARG 3R A 5 55 70 I 1) e B R —BhE . HDD 38 K AR
FORAH WG 1380, B B RS 2R R R, VA B K 4y 5 R HROE i, v T T 04 XU R R
50 RMAR LT 49 4Rk HDD SEEUEK S A ) B SR EEH GDD s ok ik —3k,
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0 50km
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GDD/(°C-d)
[11317.23—1483.10
[[11483.11—1648.91

[ 1648.92—1814.72
[ 1814.73—1980.53

El3 1970—2018 RRIFREEREEFHEKEH(GDD) ZES
Fig.3 Growing degree days (GDD) spatial distribution of growing day of spring maize in 1970—2018 from different eras

3.3 AR TH H E KT WK RS FRE 4T

LT A AFAEABR R B A E T B B K i P34 S S R 0L 3R 5. 1970—2018 4RI A &
FREBTWIFEKELL 4.93 mm/10 a (R TR ARFRAR K, D sh ki ; HI I 25 2 WA A 8] B K7, %
BB K AR R AR AS ) A 7 0 25 5 3 M /KO- R 38 31 005, i, 2000—2009 41 F& /K it B i AIK oA
ARAR, 8/ B B 2 AR SRR R LY, 3R FOR & F W B K B AE 2010—2018 AF A8 Ak 2R 45 Ky BH Gt ; AN )
TR B I BOK T 49 43 TR A B IR K K 32 2 R BUAE R A OUTRN A 300, 1M 5 ROKAEHT 1 il A
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DA K RS 04 KK R A AN TR R P AR, B A Dl A =l i o X 0 2 e B A R IR A A
M

£4 19702018 EENMERFITEEERRREEH(HDD) FHER SR EE
Table 4 Average value of heat degree days (HDD) and climate tendency rate in different growth stages of spring corn in Liaoning Province

from 1970 to 2018

P sk %ﬁlﬁﬂ ﬁ'ﬁ%ﬁ Tfﬂ?ﬁﬂ ?M@?ﬂ Eﬁi%é&liﬁ H _
Year Index Sowing Seedling Jointing Heading Maturation Whole breeding
period period period period period period
1970—1979 HDD/ (°C-d) 0.03 3.71 5.71 3.05 2.14 14.67
SN %/ (C-d/10a) -0.10 -0.85 -2.30 1.19 -3.29 -5.08
1980—1989 HDD/(°C-d) 0.05 3.79 4.88 6.70 2.34 17.77
BB %/ (°C-d/10a) -0.12 -0.6 -3.97 5.96 -0.77 -4.86
1990—1999 HDD/ (°C-d) 0.02 4.17 7.18 7.50 3.28 22.14
AR 2/ (°C+ d/10a) -0.04 1.7 20.91 1.77 1.99 38.31
2000—2009 HDD/ (°C-d) 0.04 9.00 10.02 6.41 3.81 29.29
SR %/ (°C-d/10a) 0.06 -21.49 -21.82 0.34 7.77 -35.14
2010—2018 HDD/ (°C-d) 0.19 5.76 9.69 11.76 4.08 31.49
S AR5/ (°C+d/10a) 0.58 1 17.06 38.72 3.97 70.33
1970—2018 HDD/ (°C-d) 0.06 5.28 7.45 6.99 3.11 22.89
SRR 2/ (C-d/10a) 0.03 0.76 1.33 2.05 0.60 4.77

£5 19702018 FRNERFITEEERTAEFTHRKEFHERSEMREZE

Table 5 Average value of precipitation and climate tendency rate in different growth stages of spring corn in Liaoning Province from 1970

to 2018

iy fohi R iz 10l B Eirip g A SH M
Vear e Sowing seeqhng Jointing Heaqing Matusation Whole b'reeding

period period period period period period

1970—1979 [ 7K/ mm 18.18 106.60 146.83 158.97 134.57 565.15

AT 2/ ( mm/ 10a) 15.94 -11.19 23.22 -13.02 -52.86 -37.90

1980—1989 [ 7K 2/ mm 27.91 104.93 149.59 131.65 165.71 579.79

AR ) 2/ ( mm/ 10a) 14.82 7.89 38.31 -50.63 63.36 73.75

1990—1999 [ 7K 2/ mm 23.20 115.08 157.76 157.85 140.11 594.00

S A 2/ (mm/10a) -10.06 -41.86 -42.01 48.3 0.12 -45.52

2000—2009 [k 2/ mm 32.38 110.22 131.59 128.51 106.84 509.54

S A %/ (mm/10a) 42.32 60.81 59.71 -79.68 48.75 131.91

2010—2018 [ 7K/ mm 28.30 123.57 120.20 163.15 147.17 582.39

AR ) 2/ ( mm/ 10a) -39.1 2.01 -99.98 -132.64 -39.75 -309.46

1970—2018 [k R/ mm 25.95 111.85 141.62 147.72 138.71 565.84

B 7] 2/ (mm/10a) 2.75 3.85 -6.68 -1.46 -3.39 -4.93

T TE K FK 1970—2018 FEA AR 2T ROKES M MUE S5 fiR, 349 48 I T7EFEERE
B IARFEK LA R ARARBRIAN AR SR, 25 (8] b 5 7R g — PG b e Dk 32, JHL v o s e XA 8 /K AR AR A8 T 1 3
FARFBAEA AL /NS | F2 FE 2 487.56—628.35 mm K 5 19 55 ] o A AR AL B K, 3 T4 TR K & 7E
346.75—909.94 mm , {5 {H X 3225375 18 G4 FPFAR S5 AR T b DX AR DX = 52 4 A A 7 N P 25 P L L IX
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