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Impacts of climate change on winter wheat growing period and irrigation water

requirements in the north china plain
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2 Key Laboratory of Dryland Agriculture, Ministry of Agriculture, Betjing 100081, China

3 Key Laboratory of Agricultural Environment, Ministry of Agriculture, Beijing 100081 China

Abstract: This paper investigated impacts of climate change on irrigation water requirement for winter wheat with
consideration to growing period in the North China Plain (NCP ), benefitting to make irrigation scheduling and adaptive
strategy. Based on data from 4 typical meteorology stations including Beijing Miyun and Shijiazhuang Nangong stations in the
west and Tianjin Baodi and Xingtai Nangong stations in the east and phenology data of winter wheat during 1981 to 2010,
the objective of this study is to investigate impacts of climate change on winter wheat irrigation water requirements in growth
stages. The results showed that the dates of sowing stage and seeding stage delayed and the more variation of trend was at

high latitudes, while the others showed an advanced trend. Then the spatial variation of irrigation water requirement in the
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NCP was decreasing from south to north in the past 30 years. And in temporal distribution study, there was a marked
increase in east, but it was opposite in west area. The irrigation water requirement during the different growth stages made a
different change with time. Except for a slight rise during the seeding to jointing stage in two stations and milky to maturity,
the irrigation water requirements were reduced during the other growth periods. In the whole growth stages, the west sites
were decreased by 6.72 mm/10a and 8.3 mm/10a, respectively. However, in the east sites, there was an increasing
tendency of irrigation water requirements with 2.6 mm/10a and 7.08 mm/10a, respectively. Besides the order of annual
fluctuation was: sowing to seeding stage >milky to maturity >heading to milk stage>jointing to heading stage >seeding to
jointing stage > sowing to maturity. The influence of different meteorological elements on irrigation water requirement was
relatively various. The relationship between irrigation water requirement and effective precipitation and related humidity was
negative significant, to the contrary, the impact of wind speed, sunshine duration and mean temperature was positive. And
correlation was slightly negative between irrigation water requirement and growth period length. The consequence would be
more precise if growth period length was taken into consideration in the formula. Therefore, the main climatic factors
influencing the irrigation water requirements were different in each growth stage. The prior impact factor was related
humidity in jointing to heading stage, while the main factors were different between Beijing Miyun station and others even
during the same period of heading to milky stage due to the different districts, which were mean temperature and related
humidity, respectively. But for other growth stages, the influence of effective precipitation on irrigation water requirement
was more important than other factors. Thus the results could become more realistic, which provided theoretical basis for the

reasonable irrigation system and strategies of adapting to climate change.

Key Words: winter wheat; phenology period; climate change; irrigation water requirement
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Fig.1 The geographical location of meteorological stations in
the North China Plain
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Table 1 Basic information of the four selected stations

e i G 527 ARSI K OB R B
Latitude longitude Elevation/m Mean precipitation /mm ARy Year
s s 39°48’ 116°28’ 31.3 616.4 1981—2010
KEEFEIR 39°05’ 117004 25 553.7 1981—2010
AP QRS 38°02' 114°25' 81.0 539.2 1981—2010
TRE T E 37°22' 115°23' 27.4 457.9 1981—2010
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HoAt il R 07—l A XU S ke e, Hoy A=
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Table 2 Climatic tendency rate of each climatic variable during different growth stages of winter wheat

ST % Climatic trendency rate/10a

i A HEHM AR RRK T K H RE 8 A XV R A
Station Phenology Effective Water Sunshine Related Mean Wind speed/
precipitation/mm  requirement/mm duration/h humidity/ % temperature/ °C (m/s)

dbnr R —miul 6.29 -0.44 -60.35** -0.15 0.46 ** -0.03
FHr EF—E 2.87%* -0.77 -9.71** 0.03 -0.26 0.02
B —3 T 1.37 3.70 -30.7 0.06 0.55** -0.04

AT — R 1.15 -3.40" -6.17 0.58 0.36 -0.19*

i —zL2dn 0.95 0.38 -6.85 -2.32 0.16 0.10

FLA— Y 0.67 -0.67 -9.93" -0.68 0.02 0.00

KH HEFh—Rdy 0.99 3.59 -76.35"* 0.88 0.21 0.05
FHC R 2.09" -1.74"* -14.41** 4.10 -0.61 -0.09
T —3R 0.09 4.54 -43.29* 1.65 0.27 0.08
AT — i -0.61 0.13** -3.57 0.13 0.31 0.01

i —FL 2 -0.34 1.09 -8.04 -1.60 0.24 0.05
FLA— Y -0.16 0.20 -5.32 -2.11 0.16 0.01
ARE R —RR 1.73 -6.57 -72.29" -1.99 0.67*" -0.23**
ek HERh—L Y 1.20 -1.05 -6.49 -0.88 -0.06 -0.24"*
T —R -2.06 1.29 -53.50 -2.30 0.77** -0.23**

BT —F R 1.41 -3.82 -5.08 0.11 0.42 -0.36**

R —FL U 1.58 -3.90 -9.37 -0.18 0.54 %" -0.27**

HA— A -0.83 0.34 0.61 -4.04 0.56 -0.16**

WaE RERh—RU 1.50 8.58 -29.75 -0.57 0.46* 0.06
ME  WER—Em -1.73" 1.02 2.64 -4.14 0.83 0.05
I —T 0.44 7.85% -34.38 -0.50 0.52* 0.08

AT — R 1.32 -1.03" -2.40 0.46 0.23 -0.04

R —FL Uy 2.61 -0.37 -1.33 0.66 0.34 -0.02
FLA— A -0.88 0.86 4.98 -2.91 0.19 0.03
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AR — B, BT B B R BRI, R 0.03—0.06 ;5 111
R B R B /N, 0.01—0.02, 6 N EF Y
FAATE s 0 B0 R B AR IR Oy« 3819 30 > Sl R0 > 5 A 40 =
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H % 4 o] LUA Y i 26 B 0l 0 b o 23 = ol FR
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W R AR E S A F 4R e o 3 A
T a=0.01 /9 B EPER K,
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Table 3 Change in day of year for winter wheat
A= F 1 H 4L Day of year/d
B - A 1] 2 B A )
Phenology I Hyf RS Climaie A Byt AR Climatic
Station Mean Coefficient trendency Station Mean Coefficient trendency rate
rate/10a”" /10a”"
&I Sowing = 275 0.03 6.12% REFHL 273 0.02 3.05**
T Seeding 284 0.03 6.84*" 281 0.02 4.00**
KA Jointing 112 0.05 -3.87"" 108 0.03 -0.78
Y] Heading 132 0.03 -2.70"* 128 0.03 -3.56*"
FLEJY Milky 153 0.03 -0.71 148 0.03 -2.17*"
S Maturity 168 0.02 -2.07"* 165 0.01 -0.58
&R Sowing R DRI, 277 0.02 0.86 e E 286 0.02 1.48
H 3 Seeding 285 0.02 1.71 294 0.02 1.72
KT Jointing 99 0.04 -2.36"" 95 0.06 -1.73
1Y) Heading 120 0.03 -2.56"" 117 0.04 -3.00""
ALY Milky 140 0.02 -1.23 141 0.02 -0.40
ALY Maturity 160 0.01 0.51 157 0.02 -1.68*"
* F7n (P<0.05) , # * F%(P<0.01)
R4 ARG SZNEETHKEERTW
Table 4 Variability of growth period length of meteorological stations
. HEBF WK Growth period length/d
Station oRME R/ME HfH ¥ IES
Max Min Mean Climatic trendency rate/10a™"
eI Rk 271 243 257 -8.19*"
KEEF I 268 248 258 -3.63**
Vap IS 254 234 247 -0.35
T & rE 249 224 236 -3.16*

# Fe78 (P<0.05) , = * F8(P<0.01)

2.3 SRR A /N TR T 7K A Y R )
231 K/NEREMT KL

XF 1981—2010 4F- b 5% 25 2 3l 1 A1 58 1 28 3
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KA DA i) 1 T % e B T Al A A0 3] i 2 A
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6 15, MAEBRIESIRE , Fa Rl a5 A AR B 3l R4
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Fig.2 Water demand intensity in different growth stages for
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Table 5 Change of irrigation water requirement during different growth stages of winter wheat

HEWE S 7K & Trrigation water requirement Iq/mm

#i TEES i 1] 2%
LAl we s ommmr PR g e mmem R
Phenology ’ - Tendency ; oo Tendency
Station Mean Coefficient Station Mean Coefficient O
rate/10a rate/10a
P — Rl %= 398 0.12 -6.72 PNEEcE 368 0.12 2.60
FAh— 13 0.53 -3.65 17 0.44 -3.83"
B —R T 204 0.13 2.33 163 0.13 4.45
T —Hhi 104 0.21 -4.55 87 0.27 0.75
i —L 2 64 0.24 -0.57 85 0.17 1.43
A B—i 24 0.43 -1.34 28 0.39 0.36
A — Vay RS0 325 0.17 -8.30 WEmE 350 0.14 7.08
A —H 9 0.91 -2.25 10 0.61 275"
I —T 128 0.23 3.34 123 0.20 7.40
T —Hh 77 0.24 -5.24 81 0.19 -2.35
i —L 2 90 0.25 -5.48 117 0.23 -2.98
FE—d 31 0.37 1.17 29 0.40 1.74

# 78 (P<0.05)

2.3.2  Z/NEREMT KRR EEE R
IREE IR R TS K 5 S AR AR e B AR AR
A W A DX dak 22 5 AR SCHIH Pearson #H 5K 43 BT 5 43
P s K M IR LR Z B R (K
6) , KL Z [BAFAEA —E ARG 2, T HL 1. 3%
PR, 4 Dol i Z [ — SR E R B HAr
TE—E M2 5, AR R SRR K & 1 AH ¢
K FAARIR], He A A R R K R R K = AR Ak
AR, EHES SERTKEMITHE, SERT
IKERRE AR 4, HEBET K & R A 3K & A
XHERE R AR, HAM R R AR L (¢=0.01), 5
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EREA HES S EBRTE KRN RS RE, B
JEASME AR AR T TR R T K S e B 25 AR BTG
FERIAE AL AR A ZE Y U o i KR
HGub A= B I B[R] 8 R 5 7K A A T BOAH DG OC
M G 2Rl AR €5 B 5 il A7 I 35 97 A0 G

SE MR B, I I B K A, T
L 0 KR OB, o T AL X
HOWETT £ T 6—9 J1, A/ A A IR, TT L
R4/ 0 B

T T IRABIIE 4 S5 1 0 75 7K 75 11
R A% SR P I A 01U 19 55 7 1 4 B
THEB AR S E R RER 2 MMCR, Hh,
R K RUAR 63 725 A B 0 0 2 1
X LA TR S T 4 A A 2 [ 7
RO ZAE S T 0.8 LA . £ 5 FE 2SI
TS 43 M 0 I T SRR b, FCA 2 7 W B
Yo RHCH S 0.9 L,

A BT K B i E R S
ST 4R R0 B 2 B 0 A X
FE R — LN, AL 55 A A A 9 B, 455
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Table 6 Partial correlation coefficient between I, and climatic variables during different growth stages of winter wheat
TE W5 7K B Trrigation water requirement I,
I B AR H R A P H R B R EEUKE
Station Phenology Effective Sunshine Related Mean Wind Growth period

precipitation duration humidity temperature speed length
% s FEFh— R -0.83"" 0.65"* -0.81** 0.25 0.52"" -0.05
R Ah— I -0.97** 0.77** -0.64"" 0.27 0.11 -0.23
T — 3 -0.78** 0.64"* -0.82%* 0.34 0.50"** 0.01
PAT— AR -0.81"** 0.74** -0.91"" 0.47** 0.71*" -0.18
s —FL 2 -0.79** 0.59 ** -0.75** 0.83** 0.41* 0.02
FLA— I -0.96 ** 0.48 ** -0.76 " 0.49 ** 0.42* -0.07
KEFEHL FEFh— i -0.40* 0.84** 0.46"* 0.76 ** 0.89** 0.06
R Fh— -0.85*" 0.86** 0.15"* 0.58 0.49 -0.17
T —T -0.70** 0.46"* -0.54"" 0.24 0.52** 0.03
PAT—h AR -0.83** 0.76 ** -0.93** 0.57** 0.75" -0.04
fpE—zL2dl -0.51** 0.61** -0.80"" 0.72** 0.49 " -0.26
FLA— LAY -0.95** 0.59 % -0.67 " 0.58" 0.43* -0.14
A FITETER o Fh— i -0.90** 0.65** -0.76** 0.31 0.50* -0.22

R Fh— i 9 -0.97"* 0.86"" -0.87"" 0.44* 0.55"" -0.40*
R —3CT I -0.95** 0.54** -0.85"" 0.50** 0.35 -0.28
PAT—HhAEI -0.85** 0.78** -0.88"" 0.36" 0.56 " -0.11

i —FL A -0.85"" 0.84"* -0.93** 0.57** 0.75** -0.44"
FLA— A -0.94** 0.52** -0.76** 0.68"" 0.24 0.25
e & Fh— i -0.77"* 0.61"* 0.39" 0.38" 0.45* -0.24
FEFh— ) -0.93** 0.74"* 0.02 0.53*" 0.47 " -0.27

i —H -0.83** 0.54™* 0.18 0.47** 0.27 -0.38"
T — i) -0.79** 0.60"* 0.30 0.21 0.29 -0.12
fiE—zL Ul -0.73** 0.85"* 0.28 0.64** 0.71** -0.06
FLA— LAY -0.96 " 0.84"* 0.27 0.69** 0.41" 0.02
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HE 85 2 R XU B IG5 BUPE 9 75 K 2 /N
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TEIE S 7K A8 0 B AR S, 2R 0 i X 58 32 i 4 i
e, VU F M X B /N B A& N A AT Y B

THE IR 5 7Ktk B ) (1) A S5O [, 3 P — i 3T —Hh
F e —L 2 B v R K R A R I R O [ R
(R A B4 T Ve — T R 2L 28— i 22 ) D) 5% R
S SR EF M S, P R (U
vl A 58 2R k) A D B Ay ol e b
6. 72mm/10a F1 8.3mm/ 10a; 1M 43 350 b o5 ( K HE 5= HE
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