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Screening of drought resistance traits and drought
resistance evaluation in wheat advanced lines

SONG Luxing, ZHANG Shanshan, LI Xuan, QIAO Pengfang, BI Qi, CHEN Liang, HU Yingang
(College of Agronomy, Northwest A&F University, State Key Laboratory of Crop Stress Biology in Arid Areas ,
China Institute of Water Saving Agriculture in Arid Areas, Yangling, Shaanxi 712100, China)

Abstract: During the growing seasons of 2020-2021 and 2021-2022, 43 and 20 wheat advanced lines were
respectively evaluated for 8 agronomic traits and 8 yield traits in three different environments: Drought shelter
(DS), Yangling Agricultural Station 1( YAS) and Qianxian( QX). The contribution of each trait to wheat drought
resistance was assessed by calculating the drought resistance index. Comprehensive analyses were performed using
methods such as the membership function and cluster analysis to select wheat advanced lines with high drought re-
sistance.The results indicated that under drought stress(DS) , both agronomic and yield traits of wheat were sup-
pressed to varying degrees. Based on the contribution of each trait to wheat drought resistance, several important in-
dicators for evaluating wheat drought resistance, such as biomass, yield, spikelet number, and thousand-grain
weight were selected. Through comprehensive drought resistance index (D) and cluster analysis, the tested wheat
varieties (lines) were categorized into five levels: highly drought-resistant, drought-resistant, moderately drought-
resistant, drought-sensitive, and highly drought-sensitive. In the two years of assessment, a total of 6 highly
drought-resistant wheat lines including 21-1, 21-34, 21-39, 21-18, 21-2, and 22-17 were identified.

Keywords: wheat; drought resistance index; agronomic traits; yield traits; cluster analysis
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Note: The numbers on the column represent the cumulative
precipitation during the growth stages of wheat.
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Fig.1 Accumulated precipitation during wheat growth period
in Drought shelter, Qianxian and Yangling Agricultural

Station 1 from 2020 to 2022

AERE BUR LB R ARAE i 2P IR R A
ZEE R BN 7.45% ~18.67% 4.97% ~17.71% .
5.10% ~ 18.99% ; 2021—2022 4F B #H 1 9 45 5 22 %k
TSS9 H 4.26% ~23.24% 4.95% ~23.77% 4.20% ~
18.78%, 2020—2021 43, T S piE M55 T T 25
K FET A R 3R EE ;2021—2022 4F B | T 5
HIEE N AR A T 22K BT HARKH,

FH R 2 AT, /N2 AR 3R =2 ) 1 7 e R AR A
TR ZE S 2020—2021 4R, Hi 20 2 8
RN — 3l 7 RER IR 4 28 S RBGE FRL 43 512K 7.04%
~23.17% .5.77% ~20.23% .5.20% ~21.09% ;2021 —
2022 4% B AH W A AR S 5 B 4 O R 4.19% ~
13.09% 4.99% ~12.86% .6.58% ~9.21% ., T 5fihif
IRBE FORPRL 7 5 R AR W £ 1 0 AN A SRR R
Beo SRR R R BGE AL T A BIX A, 3 4t
R/ NE M BHALA Z AR = MR A e — 2 25 57,
DR BRI SR BT R X &M= 4 T —
E BT
23 HFERNMNERBENTEKE

DASTE R T a8 2045 TH5 2020—2022 7
AEREHE BN A Ve AR A — S TS R0 T 45 MR i e
FRBIL SR8 B H OC R B, SRAR AR %
NEERRGEPUREN TR (R 3), hE3 AT
ST, A AR X /INAZ T R R e A e ) e R
WAL 5 (15.46%) EYIHEE (12.61% ) /NEEL
(9.96% ) FIT-Ki 5 (9.54% ) , 4 2R 40 ) 48] — it
+(9.15%) FE| M- THFR(8.18% ) , 7 1t PR X /)N
P RMELEA RN 1Y Bt 5Tl 68.47% , AR 2
PRIR Bt TR 31.53%,



17

N IUE RS R NGBS s e A

/NZE R

R A 25

*MOJa([ Qwes 9y, ‘[ uoneg reamnoudy SurSuey fuerxuer() : £ 19)[9ys 1ySnox(y: [oAQ 0 92U} 18 90ULILJJIP JUBDIJIUSIS B 9JBOIPUI SI9)1J9] 9SBIIOMO[ JUQIDJJIP ‘UWN]0d dWES 9y} u[ :oj0
°q UL 'T uonei§ [eImmolisy sul[oue X Sy A Ixuet X [°Ys 14 d°Sd "PA91 S0°0 24 P Ijiust put [ [ T \ 4 Uy N

Tl R CSYA FEH T (X0

1 i8a "W e AN S0°0 ML H [l g fe] R

0Ty 68Tl 769 99°L 8L'81 99'8 19°01 ¥0°S B/AD W EH T
0r"0€~09°ST 16'87~81"81 9 1~€T] 09°€T~LL'LY 10°8€~$8°61 80°T~€S°1 79°€T~ 10791 0$°€6~00°6L oBuey [T} SVA
®C1'8C ®81°GC ®op° q95°1¢C ®9G°LT vGLl ®IS61 ®0C'98 oSeraay ) for 4
19°6 6¢vl LL9 98'8 LL'€T 96°6 (484! S6't B/AD KT
0T0€~0T¥C 1°0€~6€"L1 86 1~TT'1 0P~ €591 LULE~ELT 80°C~9%'1 0€TT~TTH1 0S°68~0SLL osuey ||} X0 TT0T—120C
®6S°LT ®9T'HC qeey q01°1¢C qeg6°'cT qeL9°T qeL LT qLT’Es aerony H}frf
9Ty Tl €C°S 6€01 YT €T 66°S eLLT 619 P/ND WEE T
0T°9~0T'CC SPEE~LT 0T SS1~9T'1 91°8T~ LTSI SEE~SIpI 6L 1~8¢'1 8€°€T~0LT1 0078 ~00"69 ofuey || sa
q85°€T BECGT q8¢°1 LrANY4 q46S°1T q09°'1 qeL91 216'9L aerony Hifrf
Y6'v1 6681 67’8 L8TT NS %/ND) W
09°S€~00°LI PP TE~TT 91 00T~1T'1 €0°0T~€8°TI  00°EIT~L9°88 oBury [T} SVA
®69°LT ®O1°€T qeLOT B6L9T ®yT’S6 aerony HifrA
9¢'8 ILL1 £€9°9 Y9°€l L6V %/ND WEEH T
08'1€~0T1T 14726~ 1891 16 1~0b1 LTIT~9SCl  ST90I~ST'S8 oBury [T} X0 1202—020¢T
vET'LT L9 7 BOLT v6T LT ?66'96 aerony HifA
ST°01 L9°81 0T'L 88°¥1 St'L %/ND) W H 3
08°0€~00°LI 60" 1€~ 6611 167 1~8¢1 88°1T~6T' 11 107601 ~0€'8L oBury [T} sa
q97°$T ®GG'TT qe9'1 ®GL 91 q05°€6 aSerony H}ffAe
w /S8 /YIS /NS O /TIS /YT wo /M wo /T wo /Hd xopu[ USWIUOTAUG 189 X
EERR JRL B /8 Ny S -3 i SHui By A4 8¢ Hda Hlty
uoseas 3uImoIs 7z()g—0g0g Ul 191[eys 1Ysnoi(] pue ueIxueid) ‘[ uonelg [RIN}NOLISY SUI[SUBL JO SJUSWUOIAUS 991U} 9Y] UL SJIRI] OIWOUOISY [ 9[qR],

VR ZHZE L (S &2 51 —3) M E G ) Erve (el & 37 T70T—000C



TR X A TS a2 %

18

169 80°6 86°9 60'8 176 19°8 Ly'L 67'8 B/ WEE KT
650~ €70 TP6ET6~EL'8THY  €9°€TTII ~80°SI9TT  $SES~09'9€  09°€L~09'€S  +ELS~61'6€  0SHT~O0LLI  ¥9 11~SE'8 asuey |47} SVA
B[S0 LI 29 ®90"TH6 1 09t ®66°79 a1 6y qeL1IT ®€9'6 aderony HFfdc
178 L6'TT 98°C1 667 0¢' 1T €TL 16°S 19°8 %/ND X KT
§S0~8€°0 SEEVL8~OL'SLES  TIEST6I~69°91L01  TSOS~09' I+  OTTL~00'SH  80°85~69°St  00+T~0€61  SI'TI~SES oBuey [T X0 T2°0T—120T
asy'0 ®G9'LGEL BOT SSEST qeLE9F ¥29°6S LIS ®10°CC ¥G8'6 oBerony Hffdc
06°S 80°TT v2'6 Sty 60°€T 6T'L 61t ¥8°01 %/ND X KT
0$°0~0%"0 1€°€LLY~L8OFFY 0T HOIF1~0T 68001 +8°6v~8E€'TH  0T69~0TI¥  +S°0S~81°9¢  00°€C~0S61  €I'TI~9L'L oBuey [T sa
aLyo q00°€TSS q08°9¢LT1 ®LY b q8T°¢S 29¢°9% q0L°0T ®6E6 oferony Hfc
LT 60'1C 06’8 69°¢1 61°LT 1€°6 0TS ¥8°6 P/AD V¥ H Tk
09°0~LT0 9L°€806~€8° ISTY  CTI'OPISI~T19°1T901  6€79~9T°CE  0F'T8~09'¢r  00°09~L9'T¥y  L961~ST9l  86TI~ISL oBuey [T SYA
q®Tr0 ®9¢ 199 ®OE°9GTST qas vy ©98°G9 eII6h v68°L1 ®16°6 oBroAY H}ff ok
€2°0T TSLI 65°8 €L°01 L6°L1 €5°6 LL'S 17°6 B/ WE KT
L9°0~62°0 6€'8LI8~LT' 86Ty E€L'OVIOI~Y6'87601  19°85~L0'EE  00V8~0v'€r  SL'6S~EL'Ty  90°0T~€1°91  86°01~99°L oguey [T} X0 120c—020C
BGH0) BY1°6579 q€9°0€6¢€1 ®06°9% BIH$9 ®LG 6 v LI qLT6 oBeIoAY H} fof oA
vl el AN €8°01 LI°€T €T11 YO'L €971 /N W T
19°0~62°0 1€°€659~06'L06€  TSH88ST~08'1269  IL°65~88°1€  09'18~0T'LE  TS09~TY'LE  ¥vL'6I~I6FI  SPTI~TTY osuey [T} sa
q1+°0 q01°¥S1S O1L°LE9TI qe8¢ 9% BE1'C9 ©8C° /1 qL6'91 2¢9'8 oBrIoAY H}fgf -
H (2w - 3Y)/89  (wy - 3Y)/0Id 8/MOL NS N9 NS wo /g xopuy JuswuoIAUY SN
Wk e h Tl T e LREEE A W lsk el S d4 5 Hrda Hly

uoseas MCTSOHW 220C—020¢ ut .mm.:wﬂw ﬁ*mﬁo.mﬁ— Tﬁ.m ENWNCNMO -ﬁ Comwmﬁm ﬁ.m.nﬂ:-ﬁufm{ﬂ m::mwﬁmw MO SJULWUOIIAUD 0@.:\1 MO siea) TT:W ré MAQNF

YREAZE L (WEW F2 T —3 T Y ) Eelel VB E ct0c—0c0T ¢ 2



£ RIATEE /N2 A R BGPTSR O e 5 Pt e PR 19
2.4 INEFBRENREBEESSITEN F AT R 175 EER P HNEE T FEE 9 (R

B 2020—2022 43 §E H A7 b2 AR AE — 3l A b
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Br(F4) 8550 FRM ,/NEMBITRYE D RN R
EPURAI(HR) PR A(R) P ESLREAN(MR) T
SAURAY (S) AT B U (HS) 3k 5 AL
2020—2021 4EREfE 5 @ P/ NER R, 435
1 21-1.21-34 21-39 21-18 21 -2, %F B8 S b < 3%

4) A B R B IR S A (R) . 2021—
2022 AFBE,22-17 BEFE R B /N MR, o R
A TR 360 FIE A AT RV 2 RIS 6(FK5)
SRR E TPt A8 (HR ) FIHL R A (R) it il
X HR SR A AR BT R R 1 S R, ASBIE 5T 5 SR
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Table 3 Contribution rate of drought resistance coefficient of yield traits and agronomic traits to the drought resistance index of wheat
Foik 2020—2021 4FJE 5THk %/ % 2020—2022 4FFE TR/ % b LI TIRE/ % e
. Contribution rate from 2020 to 2021 Contribution rate from 2021 to 2022 . ¢ Cumulative
Trait Normalize 0 Rank
QX YAS QX YAS contribution rate
GY 16.33 19.78 16.52 17.04 15.46 15.46 1
BIO 13.89 12.87 16.06 14.00 12.61 28.07 2
SN 12.70 13.12 11.70 7.38 9.96 38.03 3
FER TWG 14.56 8.76 6.22 13.44 9.54 47.57 4
Yield HI 11.57 8.32 3.20 7.99 6.90 54.46 5
GN 4.09 5.56 11.27 9.28 6.70 61.16 6
SL 8.73 9.17 0.26 2.17 4.51 65.67 7
MSN 4.37 4.55 -2.66 6.33 2.79 68.47 8
SLL 9.37 11.24 9.15 9.15 1
SLA 7.96 10.48 8.18 17.33 2
SLW 4.81 4.83 4.28 21.61 3
V& FLA 3.33 5.40 6.04 0.35 3.35 24.96 4
Agronomic FLL 3.48 5.84 3.51 0.76 3.02 27.98 5
FLW 1.19 3.01 6.66 -1.67 2.04 30.02 6
SLS 4.30 8.29 -0.79 -3.84 1.77 31.78 7
PH 1.47 -2.67 -0.13 0.20 -0.25 31.53 8
x4 20202021 FELZEMPERE—BFRAREERM(R)RNEEESENED
Table 4 Drought resistance index, D value of wheat advanced lines in Qianxian
and Yangling Agricultural Station 1 in 2020-2021 growing season
' WE MRARIE— He2 S ' L7R=Y W RN E— e £
No. QX YAS Rank Grade No. QX YAS Rank Grade
21-1 0.62 0.68 1 HR 21-29 0.40 0.38 24 MR
21-34 0.67 0.55 2 HR 21-23 0.42 0.35 25 MR
21-39 0.67 0.55 3 HR 21-6 0.43 0.34 26 MR
21-18 0.56 0.64 4 HR 21-15 0.43 0.31 27 MR
21-2 0.61 0.58 5 HR 21-40 0.40 0.31 28 S
21-20 0.58 0.55 6 R 21-24 0.37 0.34 29 S
3 47 Jinmai 47 0.63 0.50 7 R 21-10 0.39 0.32 30 S
21-17 0.63 0.49 8 R 21-9 0.37 0.34 31 S
3 175 Zhongmai 175  0.52 0.55 9 R 21-4 0.37 0.33 32 S
21-8 0.55 0.52 10 R 21-3 0.35 0.35 33 S
21-37 0.48 0.58 11 R 21-42 0.34 0.35 34 S
21-14 0.54 0.49 12 R 21-30 0.36 0.34 35 S
21-25 0.50 0.49 13 R 21-31 0.38 0.31 36 S
21-35 0.51 0.47 14 R 21-27 0.35 0.33 37 S
21-43 0.48 0.46 15 R 21-16 0.36 0.32 38 S
21-32 0.48 0.46 16 R 21-28 0.32 0.32 39 S
21-38 0.48 0.40 17 MR 21-7 0.33 0.30 40 S
21-36 0.43 0.42 18 MR 21-21 0.34 0.27 41 S
21-26 0.43 0.41 19 MR 21-44 0.26 0.26 42 HS
21-13 0.42 0.42 20 MR 21-33 0.26 0.24 43 HS
21-5 0.43 0.40 21 MR 21-11 0.25 0.23 44 HS
21-19 0.46 0.37 22 MR 21-22 0.25 0.21 45 HS
21-41 0.40 0.39 23 MR
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Table 5 Drought resistance index, D value of wheat advanced lines in Qianxian and
Yangling Agricultural Station 1 in 2021-2022 growing season
P W E Mg A — HE# SR = WL E AN — i HE4 R/
No. QX YAS Rank Grade No. QX YAS Rank Grade
22-17 0.71 0.63 1 HR 22-4 0.43 0.39 12 MR
13 36 Zhongmai 36 0.63 0.57 2 HR 22-14 0.42 0.38 13 S
22-16 0.68 0.51 3 R 22-20 0.35 0.42 14 S
22-7 0.62 0.55 4 R 22-6 0.25 0.49 15 S
22-8 0.55 0.59 5 R 22-9 0.33 0.42 16 S
B 47 Jinmai 47 0.59 0.53 6 R 22-19 0.39 0.32 17 S
22-12 0.44 0.67 7 R 22-12 0.39 0.26 18 HS
22-5 0.54 0.54 8 R 22-21 0.28 0.34 19 HS
22-1 0.41 0.58 9 MR 22-2 0.22 0.38 20 HS
22-15 0.46 0.49 10 MR 22-18 0.32 0.27 21 HS
22-9 0.42 0.47 11 MR 22-13 0.20 0.27 22 HS
RO 2020—2022 FEEERFEEMGRRE—EMM D MFTEIEH (D) KHEXME
Table 6  Correlation between D and drought resistance index (DI) in Qianxian and
Yangling Agricultural Station 1 in the two growing seasons of 2020-2022
asyicy EiL0Y PIE 2= T R 2R FI5Z %L Correlation coefficient
Year Index Mean+SD Range CV/% D-QX D-YAS DI-QX DI-YAS
D-QX 0.52 + 0.11 0.29~0.70 22.14 1.000 0.540" * 0.450 " 0.694™ "
D-YAS 0.47 = 0.10 0.26~0.68 21.67 1.000 . * . o
2020—2021 * 0.520 0-610
DI-QX 0.93 £ 0.10 0.75~1.09 10.67 1.000 0.932* "
DI-YAS 1.00 + 0.11 0.81~1.20 10.90 1.000
D-QX 0.44 + 0.15 0.20~0.71 33.55 1.000 0.678" * 0.714* " 0.541" "
D-YAS 0.46 + 0.12 .26~0. 26. 1. o o
2021—2022 + 0 0.26~0.67 6.36 000 0.826 0.827
DI-QX 0.91 = 0.12 0.71~1.13 12.88 1.000 0.965" *
DI-YAS 0.89 + 0.11 0.67~1.11 12.73 1.000

2020—2021 4F B2, Hz B FAg e -AE— 3l D (B
AR SRR 22.14% F1 21.67% , Bt 3850 DI 1Y
AR S R BTN 10.67% F110.90% 5 2021—2022 4F
B A v R AE— 3k D AR S5 R BU R
33.55%F1 26.36% , DI {175 5 Z 50530 R 12.88% Fil
12.73% (3% 6) ,D {HIAE R R 405 T DI, Sk 73#r
D {ELFN DI ARG &30, WA BE WY D i35 8 2%
A M SE R B4 910 0.540 1 0.678 5 DI [a] 78 i &
FHOG, AR BE AR OC R 453012 0.932 F10.965, 4
FOA WL BRI B A VE — Sl P b X /N 22 AR R L
RPN S R —2,

3 W ®
3.1 INEHEMISIRNEE

INZ SRR BT R R AE — R SR L
I e R A Ok, fF 2020—2022 4R
PIASINE AR Z W 3 AN REE T, bR N 5 (8
58 R 2R BURLEL A i FORRL R AR S
FBEI, VB S a6 i o 35 B, AR
FER I, PSP H RIS Z [ 2 Mtk B =
EHIRA K2, X5 Koocheki 451" #5315 H 1
TR IREE R 5 R L= i AE NI R A MR A

WE I S5

P ERIE NS R EE R —, R
REEH D WUNZ LR, A, PR R
BOGE LA S B B = 77 0K FE /N2 P S 2 T
THAAPE— 2 1Y JR BRPE . 0 5248 B0RT DA bt 52
M, B— BN 2 R RIEFE bR AR5
WA T 3 AIEE T B/ NZEZ SR IE &
A PR NERECR TR B R AL
XTHUFHR B TR R, TTRRE 2 5N 15.46% |
12.61% ,9.96% 1 9.54% , 4 w24 B 58N,
TR T /N I BRSO R R A
PR S BT P 46 A 2 8] B AE A A i 2
MR, EMRAEE @ = B RIS
kR BB A 0 kT 38 AN /NFE S A R B R4
AT E , IR LL ™ & S SE Ak i e 48 50T F RV
M/ AP RE , 3X S5 A SR o R R
PEXT /N2 e AR BT 5 A A K o ik R 1 45 SR — B
BEAR AR /N EOR TR PR R S PR
R B FIEM LR RANLE IS 5 E &5
TR -2, VIFET 5 WaE T TR mT AR N
iy /N BT B R AR
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3.2 INEMBRUSEETEN

PLRMLZEA TEME D 1E /N Bt R A 1Y
IR, HAL SRR a6 2 MR E B, XF
INFE BB R AT A T AE R B PR NG
D {ERYAER M K255 AR [ /N 22 B R B
5 D AHIEATAI M AT, KR A A — A 56
PE X GA SO B A g AN E—uh Wi D {H 541
ISR WA S B R A AR AL, e, AR
ST bt B A < % 22 47 TR0 HL R 0 R A — ik
2020—2021 4FEREA K Y D {43934 0.63 F10.50,
2021—2022 4R K2 D {4390 0.59 1 0.53,D
ERIORER 77 £ N DS BE R A AN o e
R E

TR Wi A RS VRN A D 0
PUERAEEL DI B9 06 13 A /NEE SRt T He bk
WeE BEREM A 175 HERE 3, )R TH R AL
Fl(R) . AWFFE P RE S AP R 32 1757 78 45 /)
FaAh(R) PHEZ S 9, B th F W HE T
FEARUSA(R) , S50 AL5 18—, AWML RN, XF
W RR 22 47 8 AR B BT PR 45 5 4 il HEAE
S5 7 R 6,8 THLRALG AN (R) . sk
TEFESIRNM E 7 A4/ AP () 1 19 N EY) 2%
PR, IFIETF D EMA TR R B E 47 8
TomPr RN | 5 AW IE BT 5 5 a5 A
—3, fER— AT R PR A T BE AR A
—EIRZE, BRSO PR S R R
e R T R 3 DAIE G A R T )
119 3 /N BH BT R SEA T PE M, AR 3 R ]
TR RHERR AR R R T N R
BE VTN 45 R A i vl 5, AR F AR
ZAE 3 DRI EREE B Xkl N2 S AR P Rk
HATERE TR, 45 R R W] A SRR EE A T 5 a0 R 45
I AR B — 2, U B SR 5 P R A
SEIRMERA TR R

4 %5 B

D) BANAERZFE=FRE T, /N @R Z
R EVERA P PRI —E 2 57, PR 4L
BRI A — vl A 25 R 9 728 S 2R B Bl 43 )
K 4.26% ~23.24% 4.95% ~ 23.77% Fl 4.20% ~
18.99% , 7= & P IR 19 42 S5 0 [l 43 90 4 4.19% ~
23.17% 4.99% ~20.23% 1 5.20% ~21.09% , #% 1k
AR 7E 5 R B0 B AL T 6 B X ], 2% I A0/ 22 4
BHALAR RN = PR — i 22 5, DR IE BRI
(R 25 RA R B e

2) AR Z =R AT, P R N T
FYELE G PN BT oTmk AN 68.47% , ik AR
FIFTTERRN 31.53% ; AL W R NVERER
TR E Al AR Rl N P R AR bR, R AR
B /N S At L 4R TR AT VR A R B B L
BN SR O

3) AP R LG TFE D IR K 0 5
AT /AN PR S RE L 2020—2021 4FJE 43 ik
R AL e S AN R R AN E SRR,
AR 21-1 21-34 21-39 21-18 1 21-2;2021—
2022 4B 20 MM R R E 1 PR
MR 22-17,

2 % X k.
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