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The regional diversity of changes in growing duration of spring wheat and its

correlation with climatic adaptation in Northern China

E Youhao, HUO Zhiguo” ,MA Yuping,XU Yunjiao
Chinese Academy of Meteorological Sciences ,Beijing 100081, China

Abstract; Changes in climate have had a significant impact on crop growth and development across China. However, the
responses in crop phenology and growing duration to climate change were regionally diverse, especially in northern China
where spring wheat is planted as the staple crop. This study explored the time trends and characteristics of the changes in
climate variables as well as the phenology and growing duration of spring wheat. The correlations between these variables
have also been examined to find the reasons for the regional diversity of spring wheat growth and development in response to
climate change, based on the spring wheat phenology data set and meteorology derived from 18 agricultural meteorological
observation stations and the use of correlation analysis methods. The results show that the annual average air temperatures
during February to August, which represent the thermal resource availability for the spring wheat growing season, have a
significant warming trend since 1980, with the largest increase in temperature measured as 0.78 °C/decade. However, the
initial dates of more than zero Celsius degree have not become significantly earlier. In response to these characteristics of
changes in climate, the planting and seedling dates have not become significantly earlier, showing some significant and
slight delay in some stations and slight advancement in others. The annual average temperatures and growing degree days,
from planting to maturity and grain filling stages have increased significantly, indicating that regional warming in northern
China mainly occurs during the reproductive growth stage rather than in vegetative growth stage. Due to the delay and

advancement in planting dates in some stations, the growing duration during the growing period has decreased significantly
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in 10 stations and slightly decreased in the other stations. However, the results of correlation analyses show that the
correlation coefficients between planting dates and growing durations are noticeably higher than that between the maturity
dates and growing duration, suggesting a greater influence from changes in planting date on the growing duration when
compared to maturity date. There are stronger correlations between growing duration and annual average temperature than
between growing duration and growing degree days, indicating that the relationship between the annual average temperature
and growing duration can better describe the principal process of spring wheat growth and development than the relationship
between growing degree days and growing duration. Along with global warming, the measures implemented for climate
adaptation, such as cultivar improvement, adjustment of planting dates and others, as well as the regional differences in
performance, have caused the regional diversity in the changes to spring wheat growth and development. The regional

diversity of changes in growth and development has been the result of adaptation to climate change over the past decades.

Key Words: spring wheat; growing duration; phenology; global warming; climatic adaptation
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A IR BTTE R 500 3.2 F12.3 d/10a, #F 6 JE/RE) WG HUR KT AR RS 6 Aok IR R SR BN R B PR T T
BTy 2 AR T AV AHE 5 Al (04 Pl 2 25 4R ARG i 0.05 A1 0.01 {5 B2 PGS, e AUl (9 4R 15
IR 13.0 d/10a, /R 1.4 d/10a, BEHR JEREIAEHA 5 AU AR BEPEEIR (% 2) .

F1 RKESKAWEER

Table 1 The general information of agro-meteorological observation stations

W% 2/ (°) g/ (°) W /m A K gy =X
Stations Longitude Latitude Altitude Data periods Irrigation/rainfed
Foy i 2% 88.0833 47.7333 736.9 1992—2012 THEE
PN 81.1333 43.1500 1854.6 1992—2012 HEE
&HE 89.5667 44.0167 794.2 1992—2012 HEWE
IR 86.1333 41.7500 932.7 1992—2012 THE g
% 93.5167 42.8167 737.9 1992—2012 HEE
Ha 94.6833 40.1500 1139.6 1981—2009 HEE
5 4R 98.4833 39.7667 1478.2 1981—2012 HEE
LS 100.433 38.9333 1483.7 1981—2012 TH I
R 102.667 37.9167 1531.9 1981—2012 HEE
ET 104.617 35.5833 1897.5 1986—2012 W
EIER 105.900 36.9833 1345.2 1989—2012 W7
T 105.183 37.5333 1226.8 1981—2012 THEE
KT 106.250 38.2500 1117.9 1981—2012 THE
N 106.550 38.9000 1099.9 1981—2012 HEE
0] 107.417 40.7500 1040.8 1992—2012 THE
A 111.450 41.1000 1597.5 1992—2012 B
F&IRA 94.9000 36.4167 2809.2 1980—2012 THE
AU 96.4167 36.4333 2791.4 1980—2010 HEE
R2 BNEEKSFEHSERERKEZFTYPTL
Table 2 Variability of the average temperature and phenology during spring wheat growing period
KSR o pomrer RO N
Average Tem > 0CHIH Average Tem PR 1 R, &R R E=RH

Wi K 8 . P Initial date K 8 . P Average Temp * 7 i o 7 Growing

Stations during growing of 0C d.ur.mg grain during growing Growing Planting date Maturity date duration
season /(d/10a) filling stage period degree days /(d/10a) /(d/10a) /(d/10a)
/(°C/10a) /(°C/10a) /(°C/108) /(°C/10a)

o] #gh 2% 0.17 -1.4 0.22 0.98* -21.3 6.9" -2.2 -9.1**
1PN 0.45** -2.0 1.68*" 0.77 3.8 0.2 -14.8*" -15.1%*
A 0.11 -0.1 0.03 0.33 27.6 -1.7 -2.2 -0.5

JPEIR ) 0.34"* -4.5% 1.24%* 1.46" 141.8* -0.1 -0.6 -2.1
W% 0.23 0.4 1.02* 0.17 1.0 -3.6 39" -0.3
R 0.56** -2.7 1.24** 0.68 48.5 -2.6 -4.9" -2.3
BN 0.41*" -0.2 0.65*" 1.09 ** 66.2*" 47" -1.6 -6.3**
i3 0.59 ** -0.2 1.03** 0.80 ** 55.6** 0.7 -3.5* —4.2%
R 0.78 ** -1.2 0.89 %" 0.89 " 54.9** 14" -3.5% -4.9**
FEVY 0.84** -1.3 0.70** 0.89 " 71.6** 1.5 -2.5 -4.0%"
RN 0.42%* 0.2 0.73** 0.77** 58.2** 2.3 -0.8 -2.8"
LR 0.48** 0.5 0.70 ** 0.18 47.7% -3.2%* -1.7*" 1.2
KT 0.66** -0.3 0.88** 0.89 " 98.5** -0.1 -0.2 -0.2
F& 0.54** -0.4 0.56 ** 0.18 226" -2.3" -2.7** -0.4
(i) 041" -1.3 0.36 0.26 -16.9 1.4 -2.6** -4.0*
®_JI 0.45** -1.2 0.58 0.88 " 75.1°" 50" 2.2 -2.9

F&IRA 0.60*" -1.3 0.7 0.47** 46.5*" -0.5 -3.2%* -2.7*%

AL 0.55** -0.9 1.66* 1.45*" 35.3" 13.0* -7.7*" -20.7"**

# x JIEAT 0.01 MR, « i 0.05 WHVERE , - Fn ST EAE L, + R R SRR

SR R st s /NS SR B 7 T ) (B IR A L P AE 6 AR A TR A Rl 40 8 AR
18 A WL s JC I AR A A5 SRR T B 1 )l B AT A S 25 A R R A | LA 4% il U AR R B R S i, e, I
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R P IR A R AR R AL S 8 il A R S AR AT, B 0.01 {5 BE W VARG 56, R MR BB A HE AT ) 3R
435 H 14.8.3.5.3.5.1.7.2.7 2.6 3.2 Fl 7.7 d/10a, W& HEFIZUE B B HERTAS (L S it 0.05 15 B W MRS . BT ZR45 7
Al AR TSR RN B (R 2) .

AT AN NFEF B HECH AT, KL AR A B WK, 245 F 0 161.9 d(n=21) ,M#REE, £
AESEHI R 102.8 d(n=32) , BF AL R BIR , (U o LAE T IR AR R B3 PR 28 M 3015 B4 22 4 A0 o)
FH 1.2 d/10a, HAR AU E B R IR g As e s Horh BTl 2R W5 TSR ok mgk L PG R ARt 7 0 45 0 AR
{82 255 0.01 {F R BB MER S  RAERLA 4 7 R 5054 9.1,15.1.6.3.4.2.4.9 4.0 A1 20.7 d/10a, [F:0> IIfi
TS IRASE 3 5 Je AR A i L 0.05 {7 B 0 & MR 56 , 2R PR R A i 48 Ja 0t i) 2243391y 2.8 1 4.0 #1 2.7 d/10a, #F & JE/R
BT AR E WA RN B E (F2) .,

22 HNFEEKFERREL

b BN R R R AR 7 2 H R ) (o) ok e & A= 78 8 H AR (HRIR LAt ) . Bk, 2 A% 8 ANdbr
INFEAERZE, R 1980—2012 4 2—8 A A K ZEMAE TR ZE A H M R, 16 18 AN AL T E WM s rf | R R AR
BT ZE B G RIG R 3 AU KBRS EAR R ET R (F 2), B R SRS 14 Al AR F RS IR E IR
B LTS P<0.01) I 1A KBRS IRE MR E LIHEH(P<0.05) . SR 5 E LA 2 PRI 15 7] 3R 5 KR 0.84
°C/10a, /MR 0.41 °C/10a, FHALIT F/INE A K ZRIH 43 5 H 1980 4R LI AL FASBR Y BT

1980—2012 4 H PS>0 CH H AL G H 0T R W AU R 55 09 >0 CHI H 3RINAL B PEER ATk 4 (P<0.01) , %1
H A b th R R PRSI 15] 3 4.5 d/10a, FITEDZE R 5% 14 S E it 0 °C w0 B 2N IR AT A (b e Rl Fn e
B3 A >0 CHIH RICAHER AR fbta s (AR L3N 02 (3R 2) . W BARICHR 43l s A T AR MR (9 SR B oy {HL 2
BEMRIEALE
2.3 FH/NEAT G ERNA SRR

A /INE TSR TR0 T B e (T S O e R A L AR PR . /N2 TSR RS (RS 2 2 30 d. 18 AN M
B4 T 00 [B) S 3 SR AR RA S T R I BT 2 A IRTRIRIER AR 4 NS OR B TR, MR SR LAY 14 oS R S R
LT (P<0.01) i B IR M ) %25 1.66 C/10a(HARBE) (£ 2)

F/INAZE DK o 31 LA ] P B SR AN SRR e B/ D AE R R BRI R B R, X 18 Nl /N2 Bl 2
B TSR AT R AT B AR BUE RGPS IEIAE 6 Nl AE F NPT AR RO BE A, A 12
Al A F APPSR AR S I B S b R PR OR ) R KR R B VY RO KT AR AR AR AR HE S 10 3
A FH AP B SR S S T 0.01 15 B WA A I, Bl Ze A0 sk ) 1 9 FH s S GR IT 0.05 15 B MRS (2 2)

18 ATk | A 3 TR A SRR E Y B AR, 2 4R 10 1050.2 °C - d(n=27) W5 vl i, 2440 1687.1 C - d
(n=21) BFESIHRY], FFR b Az B I A PR I & R i, I PRl TSR oA a2 78 L TRl T K TR
M IRAEE 9 Al il B 3 TR 3 (P<0.01) % RN RIRNEACHE 3 36 0 8 3 FH R # (P<0.05) . BE# A1 & W% FIEUE
AR B, HAR AR SRR T BE 55 A T 100 ) P Y TR A 78 Ak DR B0 R T, 1A BT A 2 R0 3 3y ) A SRR R 2 TS 8 R/ 1
A 3BT Fus D 0 SRR & IR T A D R 2010—2012 AR I SREARAT %,

2.4 H/NEERE AT

BN AR B W H R RE R A B Y REFPIA A2 RR AT K SR R R VR B A SRS RN AL L 57
B IR AR WA SR A S AT R R IR W, B ARSI S, — A, H PSR AT 0 CHI H 2T E B/
FREFIAN E RS IR, RS>0 CH B MR G E G K TR RARSE 3 B F i 5>0 CHIH
FEAEAR 0 2R 1 25 1 TEAH DG OG R (P<0.01,P<0.05) LBl iR R 5 >0 C 1 H WA WM M (3R 3) . BB R 22 F /)
27 SR REFEA | KA AR AR T R SR AN ) SR AR A TR R R A I IR K 2 e A R B 4
X R T A e 0 S KR | (ST T A TSP 280 S TR ARG i 1A 23 ) el i A 52 e (R A DG A B e B, IR R R T A R AR R
VEARTE 5 A0k ) A 5 RO R 2 SRR AR R 35 A DG G R (P<0.01) BT 28 (25 & B SR IRARFIST 2 46 5 3l it 55
TS [P X SORAFAE B35 SAHDE I R (P<0.05) , Ua B 10 A3k Y LA 52 38 T T8 0 0 I i B A8 Ak i g i), E S <R T+ v
SHURIIIERT, R R ) A BOE P R KT IR S 8 Sl 4 T 3 ) 38 AR S B AR S AN 3, AT
A A S PR — 5 T8 R T — S S SR )P 2 SRR W35 T80, D0 — T 1A 30 2y 194 39 0 SR AN 2 5 W) i BB AR 1y 2
K&, Jioh, — M=, R s s, B SRR AR SC A BT B, rf TURIST 2 2 Al 1) A 5 % o B 7 6
B IEA KRR (P<0.01)  BUHZs IR FE/R ) WE %8 08 kT BRIFIRS R AR 8 /il fr) GBI 5 6 i 0 7 A 100 38 AE AR G
KF(P<0.05) , Uk AR FHHA 5L 00 BC2VHA AE R 4 R 36l M HHR ) S A A R 4563 4R, 7 6 VU VTR 5Kl R0 36 5 A4k
PCAHA S RE AT 9 A DG AN S R I AT 2 3k ) R R A R S R A DG TR M D A B M GG R (P
0.01) . AT F 5 R UIAR S MR (2 28 A0 D R 2 B0, — T P T 3 sl 46 300 R AL AR (b i BE R /N 3 —F T g S
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YARR A IR FEBEIAIL S AL A G, TR Y- st ) S B BRGSO R B
TS, U U A b 00 R B A DR MR 2 8 2 A8 A, S SO 0 R st ) S B S 3 BT S S 2R

FERI A AL I A 0] (EUR: , S [0l R AR S R B A B R AR, AR I S R A AR TS
JECERASIAR S E AT s, A5 A B A AR ORI TSGR S AR IR BN IEARSCOC &R BRI AISE 7Y 2 Ao R A5
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Table 3 The correlation coefficients between average temperature and phenology during spring wheat growing period
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Fig.1 The relationship between growing duration with average temperature and growing degree days during growing period
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