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Assessment of the yield loss of winter wheat caused by dry-hot wind in

Huanghuaihai Plain based on the hazard index of dry-hot wind

ZHAO Junfang, ZHAO Yanxia, GUO Jianping”™ ,MU Jia
Chinese Academy of Meteorological Sciences, Beijing 100081, China

Abstract: Under global climate change, agricultural meteorological disasters are increasing. The affected area, frequency,
and intensity of dry-hot wind have significantly changed. Therefore, researching the impacts of dry-hot wind on crops will
have great practical significance for sustainable agriculture development and food security. In this study, the following were
used to evaluate the yield loss of winter wheat caused by dry-hot wind in Huanghuaihai Plain: (1) the daily climate
variables gathered from 68 meteorological stations in Huanghuaihai Plain from 1961 to 2010; (2) the observations ( growth

stages, yield, hot wind disasters of winter wheat, etc.) from 54 agro-meteorological experimental stations in Huanghuaihai
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Plain from 1981 to 2006; (3) recognized hazard indicators about disaster grades of dry-hot wind for winter wheat from the
meteorological industry standard which was released by China Meteorological Administration in 2007; (4) detailed
developmental stages in which dry-hot wind occurred: from tasseling to flowering, from flowering to milky maturity, and
from milky maturity to maturity. The hazard index of dry-hot wind was further calculated. The key meteorological factors
affecting the meteorological yield of winter wheat before tasseling were determined. The meteorological yields of winter wheat
during the year of dry-hot wind were separated. Next, in order to evaluate the yield loss of winter wheat caused by dry-hot
wind, the model was constructed between the hazard index of severe dry-hot wind and the effect of meteorological conditions
on meteorological yield before heading. The results showed that: (1) under severe dry-hot wind, the average hazard index
of dry-hot wind from 1981 to 2006 in Huanghuaihai Plain was the highest during the stage from tasseling to flowering
(0.17) , medium during the stage from milky maturity to maturity (0.15) , and the lowest during the stage from flowering to
milky maturity (0.14), with an average of 0.15; (2) the key meteorological factors determining the effect of meteorological
conditions on meteorological yield before tasseling were the minimum temperature during the stage from sowing to
emergence, the average temperature during the stage from jointing to booting, and the average temperature during the stage
from booting to tasseling. Among them, the minimum temperature during the stage from sowing to emergence can determine
the seeding time of wheat and the detailed growth of the seedlings. As for the stage from jointing to booting, the low
temperature in the flower primordia -tetrad formation period can prolong the spike and floret time, prevent degradation, and
improve the seed maturation rate. The high average temperature during the stage from booting to tasseling is conducive to
early heading, to extend the late filling time. Furthermore, it is favorable for pollination to occur during sunny days. (3)
After clarifying the meteorological yields of winter wheat during the year in which dry-hot wind occurred, the statistical
models describing the relationships between the hazard index of severe dry-hot wind and the effect of meteorological
conditions on meteorological yield were constructed. These models could synthetically reflect the impact of dry-hot wind on
wheat yield at different developmental stages. The assessment showed that the yield losses of winter wheat caused by severe

dry-hot wind disaster in Huanghuaihai Plain were between 21.58% and 39.96% , with an average of 27.91%.
Key Words: dry-hot wind; Huanghuaihai Plain; winter wheat; yield loss; assessment
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Table 1 Disaster grades of dry-hot wind for winter wheat in Huanghuaihai Plain

% Light T Severe
Fotg 5 4 14:00 #XF 1400 A% 1400 AHx¥ 1400 AHx¥
I B Weather HEm SR/ C RE/% Wi (m/s)  Ha@<i/c BB/ % G (m/s)
Period L Daily maximum Relative Relative Daily maximum Relative Relative
background . . . .
temperature humidity wind temperature humidity wind
at 14,00 at 14,00 at 14.00 at 14.00
TN E ALK
R o o R SO 01 5 5 ) - R 14
—Me BRI RN SRR =32 <30 =3 =35 <25 =3
JRAESR 20d A7 R
Extizpa]

1.3 &/NETIREERR

R T BT B SR 1400 ATV EE R 1400 AH X KU =B NN AZ i e E AR AR s T HUXL
BIRE LM AE T3 L5 IFFTSERI L AR SO = B R ZE AR T HUAE E R 8, R T RS E R 50
T,

T-T, 'R -R,| V-V,
E=W, W + W, (T=T,, R<R,,V=V,) (1)
0
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FEEEIR A IBUE R 0.73 .0.24 F10.03; 7 K H e SR K T ST T,(35 C) B EAREUE ; R A 1400 FHXT
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FEFGE(HK 2) , IR 2 AT LA AL B TIXEE T, 1981—2006 473 (5] #& E i45 L [X 4 /N 22 R [6) & B B B
1T RSG5 EOT- 39 7 R —IT AU B B i K, LA — AR B s b, T AE—FL T Be d /s, 43501 ok 0.17
0.15%10.14,°F# 0.15,

x2 HEBHMREZNEFRREHRAOTARNEEEY

Table 2 The hazard index of dry-hot wind of winter wheat in different developmental stage in Huanghuaihai Plain

KT B R T HRRE TR
Developmental stage Hazard index of severe dry-hot wind
HhFE—IF 4 Tasseling-flowering 0.17

FFAE—FL3 Flowering-milky maturity 0.14

FLAA— R Milky maturity-maturity 0.15
FhAE—p A 1T Tasseling-maturity 0.15

2.2 JEERTRG RN B KO R N T R
Fros BT B A AT IE A 20 B, AR S A/ A s g™ s AR T R g sl it LU R X
B
Yt = 1400.9+ 177.36 ¢t +0.6001 £*-0.0956 ¢* (1981 4E, 1 = 1) (6)
K, ve it as#ado= i ke/hm® ;¢ AT,
AN BRSSP R (R RE L GE AT X 1981—2006 AF/INAZ Al S 5 W4 26 o AR TR)
BRI R ER I T/INE TR G R 13 A VA OG0T, e B A A U R S A e
YW1 =0.030+0.022 X,-0.003 X,+7.530 X, n = 50 (7)
%, YW1 S/ NIRRT R SRR i 520 (kg/ hm®) 5 X 3G Fh— M B (9 5 IR, Yo /A2 vl
FR AN (C) 5 X, IR —Z2RE P35, 76/ NE TR I B — DU 3 4% 7 30 AR AR A1 T 8 /Nl
INTEATARES R, B IRIR AL, B R AE SER(°C) s X, A R — A 0 P 38, TR e o A R T AR R e A S K S
HARESR ] LS R ) T IFAER R (C) . R = 0.82, P<0.01, T BE, X, X, Fl X, %A THHE &
Bk 0.64.0.86 F10.99, HiE R 2 /K- (P<0.01)
2.3 T HASE EIR B S I — R B RGBS AR A
AT PO BLAEGY 0T T T HRGE I TR F 78 50 S — A m R #r T U
TG
YW2 =534.132xEa—407.553%Eb1423.447xEc—47.776 (8)
o, YW2 A/ N — S B AT R G = I, kg/hm® 5 Ea il AE—IF AL BE 1Y T AL 3
T840 Eb R AL —ZL BT B T XSG B E Ee S LA —BUET B ) T XS F 84
2.4 Z/NETHIKBIEAL
PEPREHE 78 AT G I LA E B AR EE AN PG UT M 4 AR ARG R B A A T
PRAF A&/ INFE S 7 g AASADL™ B 45 3R, T 00— 3% 22 B] B AR R 22 8 SHEAR /N T 19% (3% 3) , DI L 50
TR %N B 25 i S T PR AR TR) 2 75 B B X & /NZ2 P OS2 I | SRE S Ak 71 1 AU
T, BRI X AN B PR O, R IRN IR R AR O T A0 S R A T AR I S 7
LTSI 32 0 0 T T T 7 s A el ™ 43 b, S5 R W JE R T IXUAE R 45 il RN T A
21.52%—39.80% Z[0] , P340 27.83% (% 4)

3 iS5

RS o P A 0 P R PR T 4 B AN R — A Be G i B ST R, DA
T 1981—2006 4F B ifk Tt X A /N A v 3 B2 AR A P R At 1 IR o B 5 2R, F 5
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Table 3 Comparison of measured and simulated annual yield of winter wheat caused by severe dry—hot wind in Huanghuaihai Plain

THIAAELNE R T X0 T (1

) ) S R 2 /N PEE/ (kg/hm? KR 2= 4 XHE %
S () THUE *uJF;{(kg/h@ ) T/J\,Efzgn%/(k,/hfn ) A2 48 X HIE/ %

. . Measured yield of winter Simulated yield of winter Absolute value of
Station ( Number) Year of dry-hot wind .

wheat caused by severe wheat caused by severe the relative error
dry-hot wind dry-hot wind

LR (54710) 1988 3195.00 3208.24 0.41
AR B (58002) 1997 4515.00 4528.14 0.29
LLIZR TR (54906) 2001 4781.25 4792.32 0.23
PG YT (53674) 1982 2025.00 2038.34 0.65

x4 EETAREET, HEEHRE/NERRITH

Table 4 Assessment on the yield loss of winter wheat caused by severe dry-hot wind in Huanghuaihai Plain

sS4 % MRS %
x4 x4
A A
e
. T et Bffectof o) g EWEAN
i . meteorological meteorological eI~ U rE R %
i Year of dry- .. Ea Eb Ec .. 1/ (kg/ hm?) .
Station . conditions on conditions on . (kg/ hmz) Yield loss
hot wind . . Trend yield .
meteorological meteorological : Normal yield
yield after yield before
tasseling/ tasseling/
(kg/hm?) (kg/hm?)
b Bk 1988 228.95 0.17 0.14 0.18 156.81 2809.24 4468.30 28.20
IR 5 1997 247.37 0.17 0.13 0.19 147.87 4119.77 5769.89 21.52
AR 2001 155.03 0.18 0.13 0.12 121.47 4504.75 6128.37 21.80
LLPE TN 1982 141.13 0.12 0.15 0.14 126.61 1757.26 3386.12 39.80
-3 Average 27.83

(1) EETHRREE T, 1981—2006 471 8] B 7 164 Hb X A& /N AR TR 2% B B ) T $URUAE 3 8 B0 241
FFE—TF AL B i K, FLAA— LA BE R v TR —ZLA BE /N, 405000 0.17 ,0.15 F110.14,°F-34 0.15,

(2) 3B T A/NER G I T 5 ma & /N2 BRI 4 f 0 SR IR R - A6 A — i 9 )
BRI T — R 1] %) - 35 SR AN A A — il R0 (] ) -2 R, & B T A S R B 51K 0.64
0.86 F10.99 , ¥4k I # i 7K,

(3) B AT L TP E—ZL A FLA—CAORR) & E I B T IO F R B, M T R T UKL
ST T ARG AR RS A/ N — A 3 NI BRI R i GRS S R B A Al T AR &
JINFE S RO i ) 25 5 | AT 3 22 ) A AR T 2 2 4 XIS /N T 1%, 1t B 8 A 8 1A 7 2 00 1
WERBZE A b S W HURAEAS R & T B BOW A& /NZE 7= B 52 ), SCRB ST H P4k 7 8 T OXUfE 5 T, BRI b
X A/NE g . S BPEAL 45 SR 2 1 . 1981—2006 4F 5 T 1 b [X 4 /N 08 77 47 21.52%—39.80%
Z 1] 27.83%

TR P E LT /N A6 FESK IR B0 9 F v R, SN P AR KD TR R hn A
LR ORI A B BT R AR AR SR T SR AT AR fE /N ZE TR E DY |, %36 b R B B
ISINBIFERR , 76T X G s R A HEAEA . A T XE EFR S R v, R 8 ARG A AR
[l A4, 46X {E 22 S A, 0 T T BR AN [7] e 2 1 s i el 285 SR 00 R 5 38, SR FH T 45 ) AR G BRI 36, 38 4
SRR T Zead A M ARG 50 UE (1 T AT 25 5, FRVS SE AR L, %R SRR A U b I e A —F A F
fE—FLA FLA— I T I B T BRGSO R st AR A R X A NFE S B B R KRR K S
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s, TR PR A A LG K FARBRILA IR AL, AT DXL, 764 5 BB BT LB IR, — 8ok
Y, TR g v R AR Y | PR TSR KR 3 SR, R AR IR B0 3 R AN, — e AN FX,
(B RAEAL HE A SO ™ 5 SRR G B AL GAT BT A A (AR, B ) L 80 ARARLIR AT —2e k58 3, 1R
HGTHARIFINE T3 —Fh AR E o BT 2 R i, iR I A e B R+ 5, 5+
B FEF P A —E X, 2T H R BT 5E B9 5= 2 M B A T AL AN B E 1, B v LR B A
B IEAE DX PR Y | A T2 255 i/ N T AERE SR G A et AR 2 R K 52, 4R
oK, BRI KRR i PRl B PR B AT ST AR | DRI AR SRR e R4 b b S5 A7 218 22 IRE R AT
FHI T — e EA

BRI 5 SR IT 50 AP B Uk b DX A /N A T X I AR R B R D s 3 (L ey AR T3] I 39
AR IR G R Ky KGR A VEBCZ 5 i 22 57 , DRI ATSORAT DX X R BEPE ) IR EA AR . A
WP A SRR TG, BTl DA/ N B A RO, i 2 B e AR, A P AR B35
PR, SR v a5 A0/ N A~ BRI T BB, T DA A= W it A b B A 18 it A~ 1 it o Tk b+
TR /N £ 7 ) SR R 55 SR 55 A T 2 IO AR PN AN B 1 it/ N A B T RURE

(AR , B m PG S5 R A ERf 55 70 18 2R TOFE b BIrlc e TR (0 2 L S v 1k .
EF [ 25 i AL SR s X AAEY) | F SR ANA b/ NS S L 1.2 53 75 =X AT 00 el S )
TR AR AR R R 7 3 IR ZER A, A 3k 28 A B BEALAKFIRARAE . e, iy T
DN B3 ) L b 3R SRR IEE LI ~J ISR S A0 25 22 b S D VR A 30 3 B I B | i 70 25
TEBURE T LA IRTY AT 32 LD R A5 2 A Al G B R LIS A B, g L T
P i U S B AR R KE (4 I ) SE AL SRAR A | X At i B 45 R RN s P A R 2R
A BEEE T PRI AT | T ] BORE AT 58 38 AR T BEY A BT 5, 5 2 20 AR AT 58 1Y
AHHENE
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