HREYFI 2026,46(3) :413—423
Journal of Triticeae Crops doi: 10.7606/.issn.1009-1041.2026.03.14

4 H R B ] 2026-01-13
[ & 4 R b HE - hteps: //link. enki. net/urlid/61. 1359. S. 20260112, 1640. 006

T CWDI B F b £ /2 T BE A 5 B

AR A A E R T OUR L AR B EXT K e

(1. P ESG R RBE R SRR G HA R 7330005 2. T ES SR 220 T RAEH5E 0T R S5 mp s, ol 2210 730020

H OE.TIAYRTEARANEEARKNIZRLALZRE . EHRMNL FEHES Sk D EAHF
HEEEAGRRRIFEFEE, AT 19952023 FXARALBEZ D ARKEARLAZ KBS DELF
AL EREANBERDFFEFREFAADELEFTHANARGEARE (PO M EREET) ZMEHK S
5 35 (CWDD , 5F & A & )2 5 #7 . Spearman #8 % % # . Mann-kendall (M-K) # | 5 75 %, 5 # T & D &£ K
SAEERAATFIHE, SRAW,1995—2023 FABHANEEFTMET, 25 F P, B BREMH T Ao
FRB T R AR S FTEHEAKLSS Tmm, BT FRESMN AEBREHTAINEZ L LT HRE M
F R — AR EFIRES L S6Y AR RIS —Z ot A EFIE A 5500 A2 F R = R 2. 7%~
9.4%, 1995—2023 7 ®H CWDI F Rk 2 F A ERNS AL EZ 2L TS FF, 08— 5L # M CWDI
Bk 85% . A 9.5% ca ! FEMREF EA(P<C0.01).2014—2015 FRAERT;EBEH T CWDI 244
AT, ER LI R REREE 14N a AT AN 52.0% - a ! IR FTHEAS(P<0.05) .4
A—=Zvt 2 CWDIL 4 81% A2 LR T LERE K5 AKBRAANEEARER, ABEZT WA T R X
Koyt , EEADNEERAENEMNAESTHELRBR RS AL BABRERLIHOATAEAR LD T
FattEm i moa REANEEFARLFT RESE,

KEW AR TR TEHEDNEL RSB/ E T FHE: T FHE

FE 4 #ES:S512.1;S311 SCERARIRAD : A XEHS:1009-1041(2026)03-0413-11

Analysis of Drought Characteristics of Spring Wheat in
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Abstract: Drought is the primary agrometeorological disaster affecting spring wheat growth in the
Hexi Corridor. Accurately identifying its drought characteristics is crucial for field management and
disaster prevention and mitigation in local spring wheat cultivation. Based on the daily meteorological
data from Wuwei Meteorological Station and the growth stage, soil relative humidity(R,) and yield
data of spring wheat from the Agrometeorological Experiment Station during 1995—2023, the effec-
tive precipitation(P.), crop water requirement(ET,), and crop water deficit index(CWDI) during the
growth periods of spring wheat were calculated, and regression analysis, Spearman correlation analy-
sis, and Mann-Kendall(M-K) detection were employed to reveal the water supply-demand dynamics
and drought characteristics of spring wheat. The results showed that the ET, during the growth peri-

od of spring wheat in the Hexi Corridor significantly exceeded P, during 1995—2023. Under non-irri-
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gation conditions, severe water imbalance occurred, with the peak water deficit reached 58. 7 mm dur-
ing jointing-heading stage. Drought frequency analysis showed frequent drought occurrences across all
growth stages without irrigation, particularly during the jointing-heading stage, where the frequency
of severe drought reached 86%. Under irrigation, only the sowing-three leal stage exhibited a severe
drought frequency of 55%, but the actual yield reduction rate was only 2. 7% —9.4%. The interannu-
al fluctuations of CWDI were significant between 1995 and 2023, under non-irrigation conditions, con-
tinuous drought persisted throughout the growth periods, with CWDI reaching 85% during the head-
ing-grain filling stage. The CWDI showed an extremely significant upward trend at 9. 5% a ' (P
<{0.01), with an abrupt change occurring in 2014 — 2015. Under irrigation, the CWDI showed a
monomodal pattern, with an overall increase rate slowing down to 1.4% a !, however significantly
downward trend at 52.0% a ' (P <C0. 05) during three leaf-jointing stage. Although CWDI reached
81% during sowing-three leaf stage, winter irrigation ensured soil moisture, which basically met crop
requirements. Climate change intensified water stress on spring wheat. Adopting precision irrigation
technologies such as drip irrigation during the critical water requirement stages of spring wheat can ef-
fectively mitigate the adverse impacts of climate change induced spring droughts and late spring early
summer droughts on crops. This approach ensures normal growth and development of spring wheat
and stabilized yields.

Keywords: Crop water deficit index; Spring wheat in the Hexi Corridor; Water requirements and sup-

plies; Drought frequency; Drought characteristics
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Table 1 Drought classification of spring
wheat based on CWDI and R,
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Drought Type CWDI/ % R/ %
grade
0 J 5 No drought CWDI<50 R =60

1 125 Slight drought 50<<CWDI<65 50<R . m<<60

2 H1 52 Moderate drought 65<XCWDI<<80 40<<R ., <50
3 H 5 Severe drought 80<<CWDI<<95 30<CR <40

4 H:EL Extra severe drought CWDI>95 R m<30
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Table 2 Consistency between drought classifications based on R, and historical

drought events with synchronous CWDI calculation results

gy FEMBOLID R PGS DGR mamm  pnamss  OPEER g
Your  Dfougnime Do deenee prosghdegree - Deeen! | eorel - Drought degree by o5
. sm by CWDI(irrigated) CWDI(non-irrigated)
1995 5.8/6.28 2/1 3/0 A 2 3 A
1996 6.28/7.8/7.23 1/2/1 1/0/0 XA / / /
1997 5.8/5.28/6.18/7.8 1/1/1/1 3/2/0/0 X /A/A/A 2 3 A
1998 3.11—7.30 / / / 2 2 N
1999 3.11—7.30 / / / 3 3 N
2000 7.8 1 0 A 3 3 N
2001 6.28 2 0 X 2 3 A
2002 5.8 1 1 N / / /
2003 5.8/5.28/6.8 1/1/1 1/0/0 J/A/A / / /
2004 5.18/6.8 1/1 0/0 A/A / / /
2005 6.8 2 0 X 2 2 J
2006 3.11—7.30 / / / 2 3 A
2007 5.18/6.8 1/1 1/1 NN, / / /
2008 6.18/7.8/7.11 2/2/2 0/1/2 X /NN / / /
2009 6.18 1 0 A / / /
2010  5.28/6.18/6.28 2/2/1 1/0/0 A/ X /A / / /
2011 5.28/6.18 1/2 1/1 /A / / /
2012 5.28 1 0 A / / /
2013 5.28/6.18/7.16 1/1/1 0/1/2 A/N /A 3 3 J
2015 5.18/6. 28 2/1 0/1 X /N / / /
2016 6.8 2 0 X / / /
2018 3.11—7. 30 / / / 3 3 N
2023 3.11—7. 30 / / / 3 2 A

FEEREIE P/ AR X 230 3R 58 4 — B M 22 — D GBI A 22 — A2 DL E .

In the consistency assessment, ~/» /A, and X indicate full agreement, one-level discrepancy, and discrepancy exceeding one level,

respectively.
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0. 01 significance level. The same in figure 4.
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Fig. 3 Inter-annual variation of CWDI(a) during the entire
growth period of spring wheat from 1995 to 2023, Mann-Kendall
(M-K) mutation test under non-irrigated(b) and irrigated
(¢) conditions
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Fig. 4 Inter-annual variation of CWDI(a) at different growth stages of spring wheat during 1995—2023 and M-K
mutation test results of sowing— three leaf stage(b), three leafing— jointing stage(c), jointing— heading stage(d),

heading— grain filling stage(e), grain— filling-maturity stage(f)
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