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Drought variations of winter wheat in different growth stages and effects of
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Abstract: With the purpose of probing the drought characteristic in growth stages and its possible climate factors of winter
wheat in Huang-Huai-Hai plain (3H plain) under climate change,based on meteorology data of 5 selected meteorological
stations from 1981 to 2010, relative moist index has been calculated to investigate the temporal variability of drought
characteristic in five growth stages of winter wheat in 3H Plain in recent 30 years.The results indicated that on the temporal

variation, an increasing drought trend was detected in sowing to seeding stage in southern of 3H plain while a contrary trend
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was found in northern of 3H plain, and the same slight tendency was detected in whole growth period. The drought of growth
stages except seedling stage was reduced from north to south. The most severe drought occurred in the seeding to jointing
stage and a slight increasing drought trend was detected in north while a decreasing drought trend in south in this stage. A
drought trend was detected in heading to maturity, with higher magnitude in south than in north. Tianjin and Shijiazhuang
stations were observed to be medium drought and serious drought primarily in whole growth period, the frequency of varying
degrees of droughts in Shenxian station was equivalent while Xuzhou and Zhumadian stations were observed to be primarily
slight drought from 1981 to 2009. Continuous drought of Tianjin and Shijiazhuang station was serious while sustained drought
was not found in Zhumadian station in recent 30 years. With the temperature increasing, aridification might be enhanced in
Tianjin and Shijiazhuang stations while a contrary trend was found in Shenxian, Xuzhou and Zhumadian stations in whole
growth period of winter wheat. The trend of drought will be alleviated with the temperature decreasing in jointing to heading
stage and heading to maturity statge. Drought in sowing to seeding stage will be more obvious in Tianjin and Xuzhou stations
with the solar radiation increasing. There was a drought trend detected in Shijiazhuang and Zhumadian stations with the
relative humidity decreasing in growth stages. Besides, with the wind speed decreasing, moisture tendency will be found in
whole growth period and heading to maturity in southern of 3H Plain. The research results can provide a reference for the
simulation study on the impact of drought on yield of winter wheat and developing appropriate measures to reduce droughts

in the 3H plain.

Key Words: drought; growth stages; relative moist index; winter wheat; 3H plain

TREAMEREENKEZ—, EX NG
SNGAAF IR () 7™ 5 [n) R, o 2 Bl 2 S OG0
FIRLE RN PG Obasi'® Goit, 764525 H SR 0 F
B B R K FE SRR 2 d7 85% 1 T
BN R REMEN 50% A, TSRS T
5 | RS A R AR kA 128 T ) 398 o 5 B80T 52 1 i 3
BRI ST 50 AR 2 e RS AR R i, T
B B K i S B R O i 22 L O D /0 R AR AL R A (4
eI BE AR XA R AR E TR AR AEY K
LT B IR TR X T R AL A S R
KO R A A 32 0 TR S 2 B R A %A
HEIN A, I K A R A E AR R A
it TR S 25 A AR B9 Y 37 9 T AR R Ik 2200 J7
hm? | (5 4R 9 E 22 KA 40% L B Y
12012 kg™, AHFEWEFEAE L, KoK 40a H H S
SR R T R AP KRR B, 5
TV DO 28 7 o 1 2 I s B, AR ity 52 B 1 R 45
B9 & TP ESTS 5 NI w- Y L] | P s 7 d
JUH AR ZR IR (R K E

AN R AR T KRG 28 — KA, HE A% Fl
TR AR o 4 0 M T R ) 20%—30% , 5 k£ 77 R 1)
20%—25%"" , BRI R IR i KA FE X, &
IINAE A AR Z T (R 2 b DX R KR 0 B B 3 e K R

Z AR 250 mm, AL KD B R E A
JE 150 mm,, (HA/NZE 4 B RN SC B30 1) 75 7K 2
435K 350—500 mm F1 200—250 mm 72545, K &
ik 300 mm 2247, BEAK B 22 AR R BB fE 4 /NE2
IEH 400—550 mm MUFFK I, FEA/INZ 3T il
R AT A (4—5 7)), RIBIRE K A5 7K
R 1/5—1/4, K57 Bedt ik 200 mm 245107,
SRIMT , AT 1) B U U 1 D R X6 4 /N2 11 5 T 142 31
(AR 5T K22 o0 B TR) B0 b X3 ) F 5 L
b HARZ IR FEAE TSRS T 257 E 5 i =
WUZ 0 i ) AR A R R T SRR A A 5T
N2, PRI, AR SCRAR BE | /K S5 5 50080 o Ll
T FE ARG 0 B 48 B 5 T BT T SR AL /N TR
AH BB T R AR AGRE IF BT T R E S
FEAEER A M, IR X & NE A By
BIFRMRE R S U E SR =,
AR BI04 o o BV T R X AN
TR TR ASE 0L A0 AF 5T DA B /N 3 A 7R i R R L B
WA

1 HRFTGE

L1 BERREHR
ARSI SR A G ] 1 o AR R 3 X

http ; //www.ecologica.cn



10 4 (73 5'e

A« BRI LAY 3 R A/ NS PR T I BB T SRR SRR BB R

2767

PEH] T s v o i 3 2 A0l X B A 1981—2009 4F
SERE T W RORY 5 A LR Gl fUVE R 43 A Rt
G0l ST AN 1 s, Horp ) KRB it 1L 2R
> B VR TRR A ) B 3R A Y DX LR Sl o 5 R e
IRAT L LA JRK D 0 X BRI o 35 By
TR B Bl 7K 7K B8 Hb, — R 52 b — 3 X gl AR 3
KRN 5 5 R Ay B i J5E R B 2 5 1 K 5 M

TR MR R, 1) 5l AT 30a 38 H RROK R
(mm) CFE (C) L R (°C) L from Ui
(°C)  HIE L (h)  KUGE (m/s ) A 240 8 32
(%) SF R, th b B R R B = ik 55
(http;//cde. ecma. gov. cn/) Pk, 2) &0k 25 1981—
2009 AEIZAEI A/ N A B BORDRIR T 204 AR
B,

42°N o 200
L |

40° -

38° >

36° |

340

320 -
® g
© HLW

305’-\\—/{/‘3
Il 1 1

>»Z

......

112° 114° 116°

1 BEEBTRSKUEANTE

Fig.1 The location of meteorological stations in Huang-Huai-Hai (3H) plain
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Table 1 The Meteorological drought classification of relative

moist index
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Table 2 The variability of relative moist index in growth stages of winter wheat in 3H plain

2EFH R — A1) A —HC P — AR E— A
Whole growth Sowing to Seeding to Jointing to Heading to
Vs, period seeding stage jointing stage heading stage maturity statge
Stations AR L% ARk R ARk % ARk % ARk %
T T s SR g R gy %
M Slope M Slope M Slope M Slope M Slope
ean (/10a) ean (/10a) ean (/10a) ean (/10a) ean (/10a)
PNE -0.77 0.01 -0.15 0.79 -0.84 -0.01 -0.74 -0.05 -0.72 -0.01
HEIE -0.75 0.01 -0.61 0.19 -0.77 -0.00 -0.81 0.03 -0.67 -0.00
FEH -0.72 -0.01 -0.43 -0.34 -0.77 -0.01 -0.79 0.08 -0.61 -0.02
M -0.50 -0.01 -0.14 -0.83" -0.44 0.05 -0.65 0.02 -0.47 -0.04
SEEY -0.32 -0.01 0.31 -1.28" -0.29 0.02 -0.37 0.13 -0.33 -0.04
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Fig.2 The variability of different drought frequency in five growth stages of winter wheat in 3H Plain
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Table 3 The distribution of the continuous drought in growth stages of winter wheat in 3H plain

RHE AFRE ER M IF )5
a:f fiwth period i 2L, 2004—2008 ziziggijggj rfi 54, 2004—2008
fﬁ;t:iﬁing tage FEE . 1991—1995 455, 2005—2009 ﬁi;ggg:;gg;
<L 1o iing s RI05 2008 L 96 2000205
jﬁj;n_;i%fiﬁdmg tage Eiigggiﬁg . 1981—1986 15 1995—2000
L 19931997

Heading to maturity statge
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Table 4 The annual variation of climate factor in five growth stages of winter wheat in 3H plain

2EFEW FEFh— 1] A — 3 P — AR fiE— Y]
N Whole growth Sowing to Seeding to Jointing to Heading to
Sl:i‘:‘n period Seeding stage jointing stage heading stage maturity statge

e AR HfH LR HfH AR B AR HE s

Mean Slope Mean Slope Mean Slope Mean Slope Mean Slope
5536 E Mean temperature/ °C
PN 8.0 0.02 18.4 0.04 4.0 0.01 16.4 -0.07 21.4 -0.06 "
ARE 9.2 0.06 " 18.1 0.01 5.3 0.06 "~ 15.8 -0.05"" 21.4 -0.02
FH 8.3 0.03* 15.8 -0.06 4.3 0.03 14.3 -0.03 19.7 -0.04
M 9.8 0.04"* 17.8 0.06 6.0 0.04 "~ 13.0 -0.07 20.1 -0.06 "
JEE G 9.7 0.03* 16.9 -0.05 6.4 0.02 12.1 -0.04 18.8 -0.05""
K BH4E S Solar radiation/(MJ - m™2 « d71)
R 3463 -12.7" 120 0.16 2138 -10.9"" 387 -6.30"" 819 435"
ARE 3279 -6.34 100 1.06 " 1914 -11.1"" 414 -1.53 851 519"
FH 3148 -6.98"" 127 275" 1787 -10.1"" 431 -0.74 804 1.11
M 3156 -10.4"" 110 0.06 1633 -14.8"" 554 3.11 859 1.22
BEH)E 2766 -12.5"* 118 0.15 1484 -16.2"" 394 0.30 769 3.22
AAXFIRSE Relative humidit/ %
K 57.0 0.08 66.4 0.24 57.1 0.13 50.9 -0.12 57.4 -0.20
AR 56.2 -0.22" 65.2 -0.42 56.2 -0.24 51.1 -0.04 57.0 -0.21
FH 66.6 0.03 73.4 -0.43" 66.0 0.04 63.4 0.19 69.3 -0.02
M 65.3 0.07 69.7 0.06 66.4 0.11 60.7 -0.01 63.8 0.02
IF )5 69.9 -0.19 70.7 -0.28 70.0 -0.13 70.6 -0.43"" 69.7 -0.26
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2EFH FEF— 1] H B — 3R ) PP — A HAE— U
b Whole growth Sowing to Seeding to Jointing to Heading to
bift](;n period Seeding stage jointing stage heading stage maturity statge
HfH ARl HfH ARl ¥fH AR ¥fH ARl HfH ARl A
Mean Slope Mean Slope Mean Slope Mean Slope Mean Slope
M Wind speed/ (m/s)
K 2.41 0.01 1.97 -0.00 2.33 0.01 3.03 0.01 2.61 0.05
AR 1.75 -0.02*" 1.31 -0.02*" 1.67 -0.02"" 2.22 -0.03"" 1.96 -0.02*"
L 2.90 -0.02"" 2.51 -0.03*" 2.82 -0.02*" 3.41 -0.04"" 3.06 -0.04"
R 2.26 -0.02*" 1.95 -0.03* 2.09 -0.02*" 2.64 -0.02" 2.66 -0.02*"
B 2.34 -0.03* 2.09 -0.05"" 2.33 -0.03** 2.48 -0.01 2.39 -0.03**
K Precipitation/mm
Kt 136.1 0.31 14.58 1.20 50.70 -0.32 19.81 -0.74 50.99 0.17
HRIE 136.3 0.48 5.66 0.29 58.58 -0.36 14.99 0.14 57.05 0.42
0 143.2 -0.42 9.31 -0.23 55.99 -0.50 15.93 0.56 61.99 -0.24
RN 256.5 -1.28 11.98 -0.90 118.0 -0.18 33.72 0.29 92.79 -0.49
I ok 305.5 -1.59 17.99 -1.52*° 145.3 -1.00 40.53 0.95 101.6 -0.02
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8 55 30 B P AR SRR A /N2 i PR R R T2
R, AR/ N S T, RS 0 B AR X
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17, AE A G (L, B0 i 88 B iy U A X 9 1) 38 /)
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Table 5 The correlation coefficient of relative moist index with climate factors in growth stages of winter wheat in 3H Plain

LAHEM R — o —3 BT —hhiEsy s —
Whole growth Sowing to Seeding to Jointing to Heading to
VA period Seeding stage jointing stage heading stage maturity statge
Station N — N N N
e T o e e
Slope - efficient Slope - efficient Slope efficient Slope - efficient Slope coefficient
SEHHRE Mean temperature/ °C
Kt -0.03 -0.19 0.06 0.05 -0.00 -0.01 -0.05 -0.23 0.00 0.00
AR -0.03 -0.17 -0.09 -0.21 -0.03 -0.21 -0.07 -0.34 -0.09 -0.29
FH 0.01 0.05 0.00 0.01 0.04 0.27 0.02 0.10 -0.07 -0.30
M 0.06 0.15 0.01 0.01 0.10 0.26 -0.06 -0.37**  -0.19 -0.44""
JE G 0.02 0.04 -0.09 -0.08 -0.04 -0.11 -0.12 -0.41**  -0.12 -0.25
K BA%RHTHE Solar radiation/ (MJ m™2 d™")
R 0.00 0.30 -0.03 -0.39" 0.00 0.10 -0.00 -0.22 -0.00 -0.24
AKE 0.00 0.33 -0.01 -0.15 0.00 0.18 0.00 0.10 -0.00 -0.50**
FH 0.00 0.15 -0.01 -0.33 0.00 0.05 -0.00 -0.25 -0.00 -0.25
M 0.00 0.03 -0.02 -0.37" -0.00 -0.36" 0.00 0.13 -0.00 -0.30
JEE G 0.00 0.13 -0.01 -0.21 0.00 0.15 0.00 0.04 -0.00 -0.12
AR Relative humidit/ %
R 0.01 0.23 0.14 0.56** 0.00 0.23 0.03 0.64"* 0.02 0.60"*
HRIE 0.02 0.70** 0.04 0.41** 0.02 0.75** 0.02 0.61"* 0.02 0.73**
FH 0.01 0.36" 0.07 0.59** 0.01 0.47** 0.02 0.55** 0.02 0.52%*
M 0.05 0.73** 0.13 0.59** 0.06 0.75"* 0.03 0.73"* 0.05 0.75"*
JEE G 0.03 0.65** 0.22 0.72** 0.03 0.56"" 0.03 0.45** 0.05 0.71%*
KGH Wind speed/ (m/s)
R -0.09 -0.33 0.08 0.02 -0.05 -0.21 -0.27 -0.37" -0.12 -0.23
AKE -0.25 -0.46**  -0.94 -0.30 -0.18 -0.35 -0.22 -0.42" -0.47 -0.55""
FH -0.06 -0.13 0.02 0.01 0.00 0.00 -0.14 -0.27 -0.11 -0.20
M -0.01 -0.01 0.88 0.29 0.06 0.05 -0.12 -0.12 -0.29 -0.17
JE G -0.05 -0.08 2.18 0.47** 0.06 0.09 -0.01 -0.01 -0.16 -0.15

3 ERSiHR

(1) BT A /N2 bR AN E R T B B
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