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mm™" | B T AE A 150 mm L E A 100 mm B4 0.2 g - m™? - mm™' T H A AEF B AR F LEA L, EA
150 mm H 3 7K 100 mm {5 0.565~1.301 g - m™ « mm ™', EARNFHRMNGHE N KR AKX KREREWME N EF, B
DLFF AR VE A R A B
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Defensive effect of irrigation at different stage on
hot dry wind stress on winter wheat

ZHAO Hua-rong', REN San-xue', QI Yue’, TIAN Xiao-li’
(1. Chinese Academy of Meteorological Sciences, Beijing 100081, China;2. The Institute of Arid Meteorology, China Meteorological
Admunistration/ Gansu Key Laboratory of Arid Climatic Change and Reducing Disaster/Key Laboratory of Arid Climatic Change and
Disaster Reduction of CMA, Lanzhou, Gansu 730020, China; 3. China Academy of Meteorological Sciences ( Gucheng) Ecological
Environment and Agro-meteorology Test Station, Baoding, Hebei 072656, China)

Abstract; Hot dry wind is one of the meteorological factors causing the annual fluctuation of wheat yield. Pre-
disaster defense can effectively mitigate the damage caused by disasters. When the hot dry wind occurs, it will
cause irreversible physiological harm to the wheat plant and the grain filling in the kernel, and the pre-disaster irri-
gation is an effective measure to prevent the occurrence of the disaster. In order to master the key development peri-
od of irrigation water and appropriate irrigation water, during the heading stage of winter wheat, flowering and mil-
king, the irrigation of 100 mm and 150 mm were respectively tested in the waterproof canopy and natural field. The
results showed thatat the flowering stage, the incidence of hot dry air spikes and the grain weight per panicle of 100
mm and 150 mm irrigation fields were about 30% and 3% higher than that of the covered, which was 18.03% and
15.14% lower than that of the control. Regardless of the flowering stage or the heading-filling stage, the 1000-grain
weight from the irrigation treatment was significantly greater than that of the control.In the rainproof shed, the 1000
—grain weight gradually increased with increasing irrigation time, while the natural field had the largest 1000-grain
weight in the flowering stage, which was 47.664 g.The irrigation efficiency was naturally higher than that of the

rainproof shed, and the irrigation efficiency was the highest at the flowering stage, which was 4.110 g + m™ -
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mm ' The irrigation efficiency of the rain shed irrigation of 150mm was about 0.2 g + m~

>« mm™" higher than that

with 100mm, while the natural field was regulated by natural precipitation to regulate soil moisture. The irrigation

efficiency of irrigation of 150mm was 0.565~1.301 g - m™

- mm”' lower than that of 100mm.The effect of irrigation

on the dry and hot air defense effect was obvious, and the natural field was more prominent than the canopy, and

the effect was most significant in the flowering period. Therefore, the accurate climate prediction and agricultural

meteorological service of hot dry wind should be paid attention to, and it can effectively defend and mitigate the loss

of hot dry wind on the winter wheat before the disaster.

Keywords: winter wheat; hot dry wind; irrigation time; irrigation amount; irrigation efficiency; production
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TR T HARE 3 1A S iz — ., FsR R,
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e TR BN, HESROK AT /N 22 E SR
FH ) /NS e, HETBR I 2~3 d, 1 4F 14 2 00 22 W5 3
TR AT A 1 ~29C, 5 em Hb IR R 3 ~5°C
TSN AR R R 5% ~ 10%, HEE S /N SAERL
N — BT AZERE 3~5 d, R T HUAAT 3~5 d 3%
K BT HIRCR G, 14 1 00 FEE SRR A Be K 3%
HH A% 0.8 ~2.0°C , 5 em HUIRFRAR 4°C 247, BRIA) 23
SIREHEE 5% ~10% , TR EME I 1~2 ¢, &
WG A3 X TR B K /N2 7= X3 Xl e
B2 S A R IR R XU 0T AR S
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T 2017 AEAE A /N A ~ VIR B R AT A ) )
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SOG4, S5 A4 A A R - 33 Jo | b
AR A3, R A OC B R, L B ) (4
oA EIDNIITEL B2y QR R AR Rt =i A Ot | i Y=Y 3
N A A = Y 7R a0 W o =3/ Lo R WL 3
Y+ AU REME S 0~30 em )2 HEEEE A A
0.9753 g - kg™, &M 1.0196 g - kg™, £#1117.2624 ¢
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AR YR 12.0°C , AEFEK & 478.5 mm, 4E H
HEETEL 1 972.7 h, J& B2 il 7 2 KUK Bl P A X [
KN BN, 70% DL L REKEE e 25 S/ &
AR AR K AN R 20%
1.2 REE

28/ INF i el T A K Ach R Y ) A LS it 41—
B BRI A TR R IR AL B, R G 3 9 K FEAS
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HARREK AR AE K & B IR R R I 2 52 N
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SRR AT , 52 A SRBE K (K RIS X R 6 m?,
2 mx3 m) , ZEFEEI RGN R RISk E 4
ASREF X BRAL B (AT IR K ) | iR A B (R
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Table 1 Experimental design
fb g (?gﬂ(.E./mm HEIK E[ liﬁ.(m—d)
Irrigation Irrigation
Treatment
amount date
Xof R4k K
Control treatment No irrigation
i
*mf‘”] K 100 04-25
Heading water
5 R ) 150 04-25
Rainproof shed BIRIVS 100 05-03
Flowering water
150 05-03
B (1) 7K 100 05-13
Grouting ( primary )
water 150 05-13
Xof Ak B K
Control treatment No irrigation

e 1AL 3 FEARMEAK AR~ A

High humidity Adequate Heading ~ maturity
treatment irrigation Period
RIS iAok 100 04-28
Natural field Heading water 150 04-28
FFAEIK 100 05-04
Flowering water 150 05-04
HES K 100 05-14
Grouting water 150 05-14

1.3 FHRREENSKEY

2017 45 A 15 B eS8 6 & A Bttt 17—19
H AL B XRG4, H s R 348 32°C LU
b A FE X B HRRA, 18—19 H, jr it
A BB TR G R A b X e e AR AR 37°C A2,
PR T KR, AT X & /N TR R,
NIRRT AR E R, 24 HK
T 26—28 H Al 8 #3422 X 0] g ) B %
JETHRKA, ARG, BT ) 45 22 5 i
PRFRA T A, B2 BEASCLT T PR« — i =5 T
o TR 2 Hh I 4/ NAE T HRUR A R 450
F 2017 4E 5 H 16-21 HIREE I8 KE%S 4
2, H il SR AE 30°C LA, WITE 5 A 18-20
HEELT 1o BT 3O A, B s <R
33.7~35.5°C, H fe /MM 24% ~39%, H i K
Ki#E3.1~55m-s"', ZJFSH24HE6H1HX
27 T B B 1 %) 5 I A O Al R, B T ] B
BB TRETHKRST 3, e <R 33.0~
33.7°C, ZHTBEA /N IE AL F 3L ~ A (R
ML 5 H 20 H) BRI SR B B, T AU e
B ffi A /N7 A MR AR R e S o« T REAE T 43
i R FIEERF AR A8 A SRR R K PR AR Bl
T R, R F T E B RHE, 2017
EHRRHA/NE AW 6 H 8-9 H B ZAE T
LT 4~5 d( [ 2000—2016 454 WLIE 54 /)N

HWBIEY 6 H 13 H) o Z/NETFAE~RERKIN 5
A KR 15.5 mm( EZE S H 22 H 14.8 mm, 5
H3 H0.3mm,5H 30 H 0.4 mm, HAH R JCHF
K)o FLEAH W IR K RN 45 R T 8 AR K T 4K
o1, SRR N TN FH R

1.4 MEMBESA®

141 #EARZE  FEARMEHERREHREACEE
0.00000 m*) 5 H ¥4l

1.42 X3ERE RATETEANTERL BT HRE
AT E AR SRR (%) = B EES
K (%) H A R K 2 (&5 K 9% £oR)
%100,

143 FHRRABLAFR T AW, EE /N
DCRAE 1 m 1 AT/, Pk H T XG53 4
THREAS o PR A B O R T AR T P XA
(%), TR LR (%)= TR F T/
BEEIx100% .

144 2 AR /DX GESIER 1 m® /)
FHREMRFEAS AT T TR 35 A 0 T B 1 R
L TRE S R ERE

1.4.5 FARZE WK = (REHFRE—XF iR
KRR ) /AP K &, FPRIEEIRALR ¢ - m™° K
B B mm,

1.4.6 AR i IS AT G0 I Y R
FE ARXTR R UG S SRR ORI 7 AR
I b TR G R ) 0

1.5 #iE4ahiE

FIIH Excel 2010 F1 SPSS 18.0 % {47 4 b
PO,

2 ZERE5T

2.1 AFEBHEAINZNERBEMFRREEL

£ RFMm

N 3 HE Y B AR SR K G Ak
K NFE KA 6 H 2-3 HIsB s, B K
FH A9 S A B R 3 e iR 2 e R 2= 6 H 11 H
[Fi] a0 DX A [ 7K B ) JE il 22 10— 35, By W A A
6 HS5H,HRKHEEG6 H 9 H {HHRKHERH
PIEE B SRR R, s A3 B A4 SR 4
MR+ 388 A, A Bk 8] T 5, &/
2 MR Z B 5200 5 o Ak B b o itk
Ao [R50 XA [ HE 7K s [E] 7K & 100,150 mm
) R B 25 R K, RIIA /N ORI AL T 5
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£ 2 2017 Eiade (B ) KNETRREERSREMH

Table 2 Meteorological conditions for the hot dry wind occurrence on winter wheat in Hebei ( Gucheng Station) in 2017

T e TFAEW] ~ ) e il BE 14 : 00 A HHET_‘/J\*H 14+ 09%7‘ EIEET—J:
S B Flowering period ~ maturity =300 =320 BaRTIES Xg%rg 14 00 Xk li(h%'n ]J;Ll?‘i'
Hot dry period maximum fo T 14: 00 MY 14100 wind ; Y

wind temperature/ C relative nlrll:::zn speed majirr:;;lm ma\)::rr:;lm
weather - p gy g s B mEe B mEC MYy S eed apeed
periods Average value Range Date Temperature Date Temperature /% /% /(mes)/(m-s")
05-16 30.5 35 28 3.7 3.7 3.7
05-17 30.3 49 42 2.5 3.2 3.8
05-16— 05-18 33.8 05-18 33.8 45 39 2.6 3.0 3.1
323 30.1~35.5
05-21 05-19 35.5 05-19 35.5 36 24 3.9 4.0 5.5
05-20 33.7 05-20 33.7 30 30 1.5 2.8 4.5
05-21 30.1 56 49 2.9 3.1 5.5
05-24 33.0 05-24 33.0 27 14 4.0 3.9 6.2
05-25 29.2 46 31 4.6 6.0 6.5
05-26 28.5 39 38 0.2 1.7 2.9
05-27 31.7 50 42 1.6 2.3 53
0(5);_2317 28.5 28.5~33.2 05-28 33.2 05-28 33.2 48 39 3.7 5.0 6.3
05-29 27.2 46 35 5.5 7.2 9.0
05-30 26.7 55 47 2.4 2.1 4.6
05-31 33.7 05-31 33.7 34 32 5.7 5.4 5.8
06-01 31.2 37 34 2.2 2.8 9.7
®3 FEIMEEKNZNEFTARNELEE AR EHIZIMG
Table 3  Effects of different time irrigation on the dry hot wind spike incidence ,maturity
and relative humidity of the soil of winter wheat
hr 15 R RE /9 - 2
A Relative iﬁgflig}t;tofjixjjﬁ[iizg harvest ]\}jfjfri ?#me%kﬂiﬁ/%
Treatment 0250 om 02100 om (m=d) Dry hot wind spike incidence
o Ak
Conﬂ;l tf;jf;em 37.9 47.7 06-02 81.34
EILEEYIN 36.9 51.1 06-05 64.67
155 TR Heading water 44.6 54.3 06-05 59.63
Rainproof shed FFAE7k 43.0 55.2 06-05 50.57
Flowering water 43.9 58.0 06-05 47.55
WA K 47.1 53.9 06-05 59.04
Grouting water 50.2 58.2 06-05 56.83
o HE A 3
COHTI‘{)’l tftailient 38.1 49.6 06_03 69.91
AL
High hl’l?ni(‘]ity treatment 105.7 107.4 06-11 1.55
9K Stk 46.2 55.2 06-09 26.83
Natural field Heading water 52.2 56.2 06-09 21.14
FFAE7K 57.0 68.4 06-09 7.37
Flowering water 59.6 68.4 06—-09 3.27
WK 49.8 63.3 06-09 9.77
Grouting water 51.4 63.7 06-09 7.74

TE 2 Palm I 02 Borks oAb 4 4E, T IR,

Note: The experimental observations and measured data are the average values of treatment in the table, the same below.

] — VKA I], TEISJE: 100 mm KRR R 150 FoxtT U & A R BT W5 VE T O A 4% Ak
mm K BT TR LA REESTA  HVEKE 100 mm fHEUK FFAEK HER KT AL
SR, I HMEROK ST ALK SR (R 2) b RARIH 64.67% .50.57% .59.04% , Lt Xf HE 4k
F K 5 22 (E 3, oT LU 1 HARRE K I #h  BRFRAIK 16.67% .30.77% .22.30% ; /K i 150mm i
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FEAK L FFAE 7K | HE S K T 3 XUBE & A R B
59.63% .47.55% .56.83% , HL X} BB AL PRFEAR 21.71% |
33.79% .24.51% ., H SR K H 45 AL B K 5 100 mm
TR | FFAE K | HE IR K T I KU R AR R 4 00
26.83% .7.37% .9.77% , Lt %} M8 4b B AR 43.08% .
62.54% .60.14% ; HEIK & 150 mm FFEK JFAEK
oK T B K A 0 0 21.14% 3. 27%
7.74% , Fb X FRAL FRIEAR 48.77% 66.64% 62.17% |,
PRI, A ~ 8 5 B A 1 RO S 3 1Y B A
A Ui R TN E NS B2y N 2 N = S S VA S T
SR R RT3 FRTAM 79 24 38 96 F 46 303 7K L A R |
TSRV IATE R R3O 12 4 35, E SR ) BT 7K Ll e A0
AAXF A, KK I HE (FE/K & 100 mm) &0F T, 4k
SRR K E (HEKFEH 100 mm B 1E] 150 mm)
REAS AT AU e A 38 (B0 1 HR XA 35 7 A 8

IO7 BB e RN 2, ELBETE K I TE]HE 5 2800 R
2.2 A[EIRTHARE K &N E FERL E R R0

TR 1 e o IAE T M T E T LR
VERTRGES S 0 B4 77 1% 04 T30 200 R U1 245 6 SR ol

R4 AEIREEAN & NETFHRREEA ER T

Table 4 The effects of different irrigation time on the grain weight of hot dry spikes of winter wheat

D7 T — R AR T /NS BRI I ; 2 s/
R T HAOKRE Sy, FE RS o A R AT AU
SR it 0 A VR TR 8 T A A R R A
g HH R g K BRCR B, el sg Ak FH /NS 38 B B
A T HEEN BB, WHMNRL I RIE
i 208 1) A XU o R S 2 P U 3R Y AR Ak, 5 0 IR
AL, BEBEAS 5~15 cm HIRAK 5°C, #1120~ 50 em
e IR FEAR 19C ~3°C, 14 = 00 AH X VG B 54 h0 3% ~
5% ,AEAR ] = W PRI ] 4R %5 1~2 h AT 1~4 h, Ak
(RGN RSB AT 9 AN - N T A N - /S
TR AGTREE T 3R A 2 BHL 4% /N 22 F o
AR, R O AT AR R AN EE T
o TR E /N, FPRDIE AL, 3 4 R T AN R
IK BRI 4 /N2 $RBERE T 52, M Rh &
H B AR AR K R 50 T 30X A 38 AR,
FU/N, (H A KK 32 B KR IR T 1 ek
O3, 45 b BRI B XA (%) RO A5 O R 8 L
B WA AR B/ )N

. PR AR
T R TR Pt
Qb HE/K H/mm Normal grain Grain weight per spike . s sl o
. . . . Yield reduction of hot
Treatment Irrigation amount weight per spike of hot dry wind . .
/(g F) /(g - T dry spike compared with
g "t normal panicle/%
5] BE A ]
| TR Ak 1.481b 0.981e ~33.76ab
Control treatment No irrigation
- 100 1.796a 1.010e —-43.76a
f ]h/k 150 1.915a 1.073d -43.97a
Heading water
2(H D-value 0.119 0.063
5
. 100 1.880a 1.354b -27.98b
Rainproof shed FFAE K
. 150 2.036a 1.546a -24.07b
Flowering water
2{H D-value 0.156 0.192
3k 100 1.754ab 1.219¢ -30.50b
A 150 1.890a 1.256¢ ~33.54ab
Milking water e
%14 D-value 0.136 0.037
5] BR A SV
FRRALIE T(/EE7K 1.984b 1.457e —26.56a
Control treatment No irrigation
fe MAL 3 PR HEK
High humidity Adequate irrigation 2.39%a 2.127ab 11.34b
SOk 100 2.410a 1.946¢d -19.25ab
it 150 2.500a 2.089abe ~16.44ab
EE/ SN Heading water
B ZA{l D-value 0.090 0.143
Natural field
100 2.309a 2.112ab -8.53b
. ﬂ:mﬂ( 150 2.479a 2.196a -11.42b
Flowering water
Z{H D-value 0.170 0.084
Tk 100 2.369a 1.999bcd -15.62ab
.{ 7 / 150 2.405a 1.849d -23.12a
Milking water
2{H D-value 0.036 -0.150

AN R FROR 25 7k 3K (P<0.05)

Note; Different letters mean significant difference at P<0.05 level.
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ENGE: F G s S TR RS RSy e R i
RO A MK ST K S TFAE K, FFAE K b BR
Mg/ N TR IR AL B 2 B R A A E 2R K B AR
WA B/ B R B SRR IR X A 3 A4~
FEKEFI] . 7K 100 mm 5 150 mm Ul 7= % 22 7 5
/N ABTEIK 150 mm A IE 5 R RN T 0 XU ARk B 34
HEHEZK 100 mm K, HA HZAKH 150 mm #E 3K
T KA H A XKL F L 100 mm 38 7K A 34X
G a0 NS I N APS B W GO [ I E R ) € A
SRR LT BT R ISR A2 v iR R SR e B
“HTE RIVEEE AR o S
R H T

1 Rl B R E SRR BRSO [R]
FEIK B IRTHE /K 100,150 mm Ko %o R Ab 3 X fed Ak
R FE Y LITF ALK B de R, HLBR B SR K HE S OK 150
mm [ 100 mm /DA, HoABHE K 150 mm e K
100 mm (1)1 R EERER B, Fh 3 7K B[] B o
IKEEXT A/ NAZ AL B0y | T SR S 32 5 A P R Y
Me] P 22 5, DA BJ R R [ 9 R 7 48 /N 28 AN [) A 3
HHAS [RIREE 7K 1 R XU ey o 2 {1 S et AN ()
TRALFEXF XU AN [

2.3 AERTH#EA ZNE TR ER RN

AR ~ HE S AT S AN ] K I Th] ) Tz B ) L
Bl (ES5) ,BEIA AR 2 A5 X R KL
PR T AR Ak TR i 2 ) 4R, UK 150 mm
100 mm $52E . LIEK 100 mm A6, B RN

2.4
22
(0]
220
&
oo 1.8
e
BEa
E12
5
1.0
0.8

X ELR YN IFAEK I (EE)K
CK Heading Flowering Grouting
water water (primary) water

#E 7K &b ¥ Irrigation treatment
—e— [ M #l Rainproof shed 100 mm
—-=—-[}j 1 #] Rainproof shed 150 mm
—— [ 4 K H Natural field 100 mm
——e-—— {4 4R K [ Natural field 150 mm
1 ANEEEEKITENETFHRRERRERN M0
Fig.1 Effects of different irrigation time on the

grain weight of hot dry spikes of winter wheat

RS FEREIEAKIENETFHE EKLENR0

Table 5 Effects of different irrigation time on the thousand seed weight and irrigation efficiency of winter wheat

BEK S H FEK R (o » m 2 - -1
AbFE Treatment (Ff.ﬁ?;/mm N THRH/ g ' (Fﬁ7kxﬁ$('g m™ - mm )
Irrigation amount Thousand seed weight Irrigation efficiency
o 1R A i
. XL R@ k 32.900d N
Control treatment No irrigation
Sk 100 33.022d 1.219be
i 150 37.530b 1.198be
Heading water X
X {8 D-value 4.508 -0.021
. i 100 34.685¢ 1.740ab
Rainproof shed FFAEK
. 150 37.746b 1.988a
Flowering water |
Z{l D-value 3.061 0.248
A (9 k 100 38.671a 1.072¢
o e (47 150 39.167a 1.247be
Milking ( primary) water
ZA{f D-value 0.496 0.175
i HE 1 N
. KPR ARK 34.991e -
Control treatment No irrigation
mEiEAb L
| AL EREA 47.532a -
High humidity treatment Adequate irrigation
ok 100 41.196d 2.886h
s Heﬂi;: o 150 43.797c 2.321c
¢ We
. 2 fH D-value 2.601 -0.565
Natural field
X 100 46.415b 4.110a
ﬂ‘.?E/J( 150 47.664a 2.809h
Flowering water
Z{d D-value 1.249 -1.301
S (9 K 100 45.713b 2.942b
| BER(A)) 150 46.174b 2.180¢
Milking ( primary) water
2{H D-value 0.461 -0.762
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FhAEIK | FF B 7K RN HE R OK TR0 8 4 S B 5 0,122
1.785 ¢ F15.771 g5 H AR K A AEIK | FFAEAK FIE S
IR EE 3 4R 0 6.205  11.424 ¢ F110.722 g; A
SR 5 B WA 42 e S R I S o 1 AR K H T A 10
K 150 mm TR0 5 57, 4 47.664 ¢, 5 = iR Ab
) TFRiEE 47.532 g AHIT,

B R T 1 SR R T i A I AR B R 0
AN S 1A K O T80 2 1 5 Wi 50 R A ] Bl
TS [V 7K 2t Tz o 357 e VR K Bsf ) 3B = 38 K, FF
T A 43 4 K 1,663 ,0.216 &, BE 30 A48
TRAEHA 7 K 3.986 ,1.421 g, fHASKRKH T3
ReETK#D 25 I8 5T 52 i), Tz 0 A8 £k A7 R A AN (]
BRI ARV SR ) BTN [m] K S LA 4B K
TREH K RPN i o)

B35 R AT AR K 7K 150 mm #JH 100 mm
TREE R SRR AR 0 | SR A0 S K B R A
HIK 4.508 .3.061.,0.496 g; H A K H 435l & 2.601
1.249 .0.461 g, MR I 5 i dih Rl ~ 25 ) 40
TH K AE T AC I8 HE B A8 T AR B Sy b 3
2.4 AEIRHHAREK X HEK R ZR A B2
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