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Identification and comprehensive assessment of drought
resistance in 236 safflower germplasm resources

ZHANG Yun', HOU Xianfei®, SONG Xianming”, ZHAO Qian’, YU Yuehua',
LI Qiang”, JIA Donghai’, MIAO Haocui*, GU Yuanguo’
(1. College of Agriculture, Xinjiang Agricultural University, Urumqi, Xinjiang 830000, China;
2. Economic Crop Research Institute, Xinjiang Academy of Agricultural Sciences, Urumgqi, Xinjiang 830091, China;
3. College of Biological Sciences and Technology, Yili Normal University, Yili, Xinjiang 835000, China)

Abstract: This study establishes a foundation for screening drought-resistant safflower germplasm resources
and defining the identification criteria and evaluation methods for safflower drought resistance. A total of 236 saf-
flower germplasm resources were studied, and normal irrigation (CK) and drought treatment groups were set up ; no
irrigation during the whole reproductive period (T1), and one irrigation at the first flowering stage (T2). Safflower
plant height, yield per plant and oil content of seeds were measured, and drought resistance was identified,
screened and comprehensively evaluated. The results showed that the coefficients of variation among the test materi-
als ranged from 0.158 to 1.617, the coefficients of variation of drought resitance coefficient values ranged from
0.118 to 1.071, and the coefficients of variation of drought resistance index values ranged from 0.131 to 1.104. The

drought resistance of the test materials was initially categorized into three grades by the comprehensive drought re-
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sistance index ranking. The quantitative relationship analysis showed that the fitting accuracy ( R*=0.9078) was
higher in treatment 1 group, while the fitting accuracy (R>=0.6235) was lower in treatment 2 group. Gray correlation
analysis, principal component and affiliation function analysis showed that the mean variance of R* for treatment 2
group was 0.2843 higher than that of treatment 1 group. Cluster analysis based on the drought resistance comprehen-
sive evaluation values resulted in five categories: strong drought resistant, drought resistant, moderately drought re-
sistant, relatively sensitive and sensitive drought resistant materials. Strong drought resistant materials include
‘23A020°, 23A042°, ‘23B035’ , and ‘23H005’ , etc. A comprehensive evaluation mathematical model was estab-
lished by stepwise regression analysis equation, and the comprehensive drought tolerance indexes selected for treat-
ment 1 group (R*=0.196) and treatment 2 group (R*=0.195) were plant height, plant height drought tolerance in-
dex and yield drought tolerance index. This study provides a theoretical base for screening drought-resistant safflower

germplasm resources, selecting and breeding late-maturing varieties, and promoting their application in suitable regions.

Keywords: safflower; drought tolerance; drought tolerance indicator; comprehensive evaluation

21 4% ( Carthamus tinctorius L.) R R4 B —
AR RRRI Y R EE A T 2 AR AR
St LT AR R LT A A 22 A R R AT
(B, HORPRL P HAT 88 e 2 B A MR , #0053
TR £7 W%, HHALZ s & 0928w B ) o, 9%
RPN S E R RZiRe o 11197 N Ve A W o d o o B o ]
Sz, FEAE DA | s RORN e A
HhFIAE ) T R T AL A DX R 3 A P A A el
DCFIE T M, H AR R I ARTE 5.3%10° hm? 2247, o
S LT AE PR 1 BUR = 2 Y 80% LA 177 i IX R
THLAY [ T 2R T 50X, AR B K O 220
mm  IZHE X FR /D B oK fE T T AR E
PRI L AE ™ S BT B R

AR, E N AT 214 i F 5T AR T R s A
ZREVESTS BURE R AR Y
JRBR I A3 A7 | R B A A T AR
T, AT X BT R B B A b TEA RAEY)
PP S A R O vk B A8 b O e B9 T, AR
KRG Gl AR RV BT T R
9Eo HIAWEFERM A B9 Bk & s E R0 A ) 1 45
FHOCHEAR SRR ™ B 5 35 AH OGO 2R X S Mtk
WA R SR I S5 w Ak
WEHSEAEY T 1 5 — | T BOR B S A ), 32
B S JE R BCE | T B RS R (EAC
W53 M 55 07 1, BRI ) 22 48 Bn £ 8 T 1 | 48 2 AT
Y (07 R T S AR BT R PP 25 5 AT,
X ELACHT M 0 0 32 2 DAZT AR i & 30 R0 1 101 1
JETRR A AL TE bR R KR K F bR N IRER
TEAR N TEN R, 22k R 2 AR A m B T 5
AU S5 o LA T S S AR 4
TR 21 A6 B 3 Y BT 52 S8 5 VA S 98 i B 12k
WA RIE , P, AT S 1 B OE

WHKA(CK) , T AL TR , 4k AR HE K &b 2
(T1) FIAEIE K — AL B (T2) , Hat =AM b3 F]
FHERE TR T 236 43 21 46 Fh 5 0% TR AU AR 055 L B Rk
FEaE FPRLE IR AT S S, il 3 Ay
B SR JE pRAIOE B €0 S I 5 T 1 M 45 B K P R
T AR D FE R AT LR A AT, i bR
TR SRR IE X U A B AT R 2, DI AL 4T
TERIBTRRE DT, B AL AN [R)£1 A6 A 52 b o 95 R
Y g ik B SRR AL AT SR B A B AR A B R 3
P TR0 JE A TF R 2T A BT 2 5 Bk 35 RN T S AL
S5 T 5 B FL Al

1 ARSIk

1.1 ks

ARG 236 Dy LT AEFP BTG R4 R F SR 2%
TRERI KL, 22 24 2R alifb ik B AR 3RS, PR
FET B G o2 5% U5 e S i oy P b, AR 2
RO BB 2 G E I T B At FE A T 4
AT B O B 2 B 2 T IR £R A i e 3 AT
i e i R SNSRI S N e
(ELFE BRI 93 4, HR 16 103, Il g 23 14y, V195
16 43, INAR 9 03, 759 7 Oy b 2 0y, T H 2y, &
BO10 s B G| AR 58 £, AR ENRE 27 1y, S5 ]
1Ly B BERTIE S {7, BT & VT 3 4, IO A 4 1y,
T2 oy B2 4 DA 2 4 3RS Ay, S5 T
B 10y MR FR D POk R
1.2 Rmeigit

T 2022—2023 478 B i AR ML Bl 2 e e T IR 2%
AT T A B (43°57'N,87°29'E) . ik
b JE TR B S, AR SR 7.3°C, 24 R
F 0C B 4 370.4°C, &4 KT 10C BN
4 063.1°C ,4F [ 7K & 180 ~ 220 mm, 4F H M i %k



%5 3 3]

2771.8 h, LAWY 174 d, & S L AR R A A K
J5 e (A RV SIS PB: S 7 STE DB LD 2 W R )
JHALFH 2 2 WFRRZHAE 0~60 em 1 )2 K
H0 94 9.70 14.20 16.16 g - em ™ (% 1),

TR Hb AR A AT =R A b - 3 R
+, RIENE Ty A 5], BRI 1.2x10% kg -
hm 2 A HLAE & 450 kg - hm 2(NH, ) ,HPO, FI/E AL,
TR A W AL E 0 1.24
1.76 .8.23 14.58 g - em ™, pH fH°M 6.34, RHUH I
FH ()45 2, B AL IX 210, i 8 3 03], T, T2
BANEE 1 4, AT IR K T2, T 2 iha Ab 2 2
4, F WK — IR (WA E K &R 375 m’ -
hm™) ; CK ¥R, B8 K (A FHIEK 4 K,
KT 1500 m® - hm ™), HAALEL 3 RE R,
/NI 2 m, T8 3 m, /DX RN 6 m*, (k)
B HERD 4 47 4715 20 em, 17K 2 m, A RAEFIECH
40 Bk, PREE 20 em, HBARR FHA 38 R 0% MRS 55
MR WG BE 2R 80% o RN T HE (TR BEK 1
375 m’ - hm™?) | FfAGEAE , AT SRIEAE /N X AR BE
FER I K = SR,

1 TELETHERFKE (g-om™)
Table 1  Field water holding capacity under drought stress

TEHE TEPaAs 1 d TR 24

Soil depth Drought stress Drought stress er‘z%;(zﬂ
/cm treatment group 1 treatment group 2
0~20 7.83 12.31 17.71
20~40 10.66 14.52 16.68
40~60 10.37 12.74 15.16
60~ 80 9.95 17.23 15.07
S Mean 9.70 14.20 16.16
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R2 TEBLE 1 A(T)FAXRA(CK) T
BRI M FERVNEEREHEERST
Table 2  Difference analysis of the mean values of the tested
safflower germplasm under drought stress treatment

group 1 (T1) and control group (CK)

Wi BR1E/em HRE L g FERLE I/ %
IJ\ Plant height Yield per plant 0il content
tem
CK Tl CK Tl CK T1
F-HE Mean  66.20  63.10 28.00 17.30  26.30 26.60
AESFRECV/% 19.20 20.10  51.80 161.70  15.80 17.20
FrifEiR SE 0.74 3.35 0.37
l 4.20 4.20 1.47
P 0.037 " 0.029 * 0.044
I EREL r
Correlation 0.562 0.005 0.008
coefficient

T = FRTE P<0.05 K25 0%, T,
Note; * indicates the significant difference at the P<0.05 level.

The same below.

®3 TEiMBLE 2 AMMEBH(CK)T

BRI RZNERBIRFHEERSH
Table 3  Difference analysis of mean values of tested
safflower germplasm under drought stress treatment

group 2 (T2) and control group ( CK)

9H Hﬁ%‘/gm %He;tﬁ/g ﬂﬁﬁim%/%
Ltem Plant height Yield per plant Oil content
CK T2 CK T2 CK i)
F-E Mean  66.20  69.20  28.00 25.00 26.30 26.70
AARRECV/% 1920 2040 51.80 49.70  15.80 17.20
FrifER SE 0.53 3.39 0.18
t 6.35 1.78 0.77
P 0.036* 0.037* 0.043"
AHRREL -
Correlation 0.772 0.007 0.161

coefficient
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Table 4  Distribution of the drought resistance coefficient of the tested safflower germplasm in different intervals

03<DC<0.6 0.6<DC<0.9 09<DC<12 12<DC<1.5 1.5<DC<1.8 1.8<DC<2.1 2.1<DC

Time Frequency Time Frequency Time Frequency Time Frequency Time Frequency Time Frequency Time Frequency

G132 (Y

Treatment Parameter

PR
Plant 0 0.00 2 0.09 181 0.77 26 0.11 0 0.00 0 0.00 0 0.00
height
BEE/ Ao
Tl Yield per 38 0.16 67 0.28 61 0.26 28 0.12 18 0.08 6 0.03 18 0.08
plant
FrRer
R 4 0.02 54 0.23 138 0.58 30 0.13 7 0.03 2 0.01 2 0.01
Oil content
/3
Plant 0 0.00 29 0.12 173 0.73 4 0.19 0 0.00 0 0.00 0 0.01
height
Ly s
T2 Yield per 34 0.14 60 0.25 60 0.25 36 0.15 18 0.08 14 0.06 20 0.01
plant
FPRLE
TR 4 0.02 55 0.23 137 0.58 30 0.13 7 0.03 1 0.00 2 0.01

Oil content

&5 HRAEMBEERNEREFRRER (D) EFRXER ST

Table 5 Distribution of drought resistance index of the tested safflower germplasm in different intervals

03<DI<0.6 0.6<DI<0.9 09<DI<12 12<DI<15 1.5<DI<138 1.8<Di<2.1 2.1<DI

Time Frequency Time Frequency Time Frequency Time Frequency Time Frequency Time Frequency Time Frequency

AhRE - fEbR

Treatment Parameter

Phim
Plant 5 0.02 68 0.29 139 059 24 0.10 0 0.00 0 0.00 0 0.00
height
PR

Tl Yield per 34 0.14 61 0.26 55 023 36 0.15 17 0.07 21 0.09 19 0.08
plant
KPR
HR 3 0.01 51 022 137 058 30 0.13 7 0.03 1 0.00 2 0.01
Oil content
7S]
Plant 194  0.82 42 0.18 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
height
PR

T2 Yield per 213 090 25 0.11 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
plant
KPR
R 3 0.01 55 0.23 139 059 30 0.13 7 0.03 1 0.00 2 0.01

Oil content

0.116~0.229, T2 AbF F LI bR S FIBARk "5 D 0.9078, T2 AP 25 S 1M (SD) 5 YDRI [d]
{EYEHE /904 0.124~0.242 F10.122~0.241, T1 Fl Z&VEPeE RELR? M 0.6235, T1 A H YL AP S VEM
T2 KB LLACKFRL SR L R i D A8k H(SD) I RP% T2 Ab P4 /550.2843, X R, 7E R
RN, 73090 0.103~0.152 F10.059~0.117, 4 [FTFPHasi T, Al e 850 o R 20 0 i b 568
ACFE R 8RR 001 D AAERFN T1 A FERRE >T2 22 580k, DT 0 1 4+ 52 40 B v 4% 100300
Ab PR AR P 5> T2 A0 FRAR =5 >T1 A FE AR ™ 5 >T2 EAR BT R E TR AV

b FEFFRE S IR ST AL BEAFARL 5% 2.5 HBNEERHKE XKD
A — 2 03 B P 2 T SR AR BET A4 E 48 AR MG (6) M (8) T PILLA[A] + 5 Ak B )

T R A EMAE (SD) Stk B REE AR RS IEME (SD) TR0k
(YDRI)BGER KR KM (E 2),T1 AEFRAPLRLE 0.421~0.689 F1 0.374 ~ 1.444  FF5%F 2% 5E 4845 5 41
G ME (SD) 5 YDRI M £t v RE Ry BLEAWH SD HIEAT K ECHE M (£ 6.7) .
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Fig.2 Relationship between comprehensive drought resistance SD and each plant yield under different drought treatments

Fo6 T1ABEKARMRENERERS x7 T2 REBH/RAIEMRENERERS
S8 DENREXEE ZEDENREXEKE
Table 6  Gray correlation of the measured indicators and Table 7  Gray correlation of each indicators and
comprehensive D values of the tested comprehensive D values of the tested
safflower germplasm in T1 safflower germplasm in T2
KERTEAR I pE (A7 KSR bR KR BE Bk
Correlation indicator Correlation degree  Ranking Correlation indicator Correlation degree  Ranking
FPRLE M Oil content 0.974 1 M bR s 5
BARR P R AR Drought resistance index 0.966 1
Drought resistance index 0.963 2 of plant height( DI)
of yield per plant( DI) iRy IR SIS
Bk Plant height 0.960 3 Drought resistance index 0.953 2
MR R A of yield per plant( DI)
Drought resistance coefficient 0.952 4 USSR
of yield per plant(DC) Drought resistance coefficient 0.951 3
KSR AR of plant height( DC)
Drought resistance coefficient 0.945 5 bR E LR R
of plant height( DC) Drought resistance coefficient 0.939 4
e TR E = of yield per plant( DC)
Drought resistance coefficient 0.924 6 FRRLE 2 Oil content 0.936 5
of oil content( DC) PRI AR R R
g A =g Drought resistance coefficient 0.865 6
Drought resistance index 0.923 7 of oil content(DC)
of oil content( DI) PR & MR YT R IR 5L
BAREF= A Yield per plant 0.915 8 Drought resistance index 0.864 7
MR b LS R of oil content( DI)
Drought resistance index 0.901 9 Bk Plant height 0.857 8

of plant height( DI) PR Yield per plant 0.700 9
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Fig.3 Linear coefficient of determination between D
value of different measurement indexes and drought

resistance index of single plant yield
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Table 8 Principal component analysis of the measured

indicators in drought stress treatment group 1
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Table 9  Principal component analysis of the measured

indicators in drought stress treatment group 2

PR FES) Principal component PEIR FE ST Principal component
Trait PCl PC2 PC3 PC4 Trait PC1 pPC2 PC3 PC4
FR Plant height 0.173 0721 -0253 0.145 FRET Plant height 0055 078 0218 -0.071
¥ ErlAR Oil content 0799 -0.028  0.087 0.006 FPARLEI Oil content 0798 -0082 0045  0.109
Hkkrei Yield per plant 0110 0819 -0302 0.097 FARFEHE Yield per plant 0111 069 0226 -0.178
PR R AL RERIEE
Drought resistance coefficient -0.109 0643 -0.122 -0.266 Drought resistance coefficient -0.007 059%  0.328 0.033
of plant height(DC) of plant height(DC)
PRIEH R PRIESH IR
Drought resistance index 0.008 -0.090 -0.154 0.942 Drought resistance index -0.013 0.180 0.013 0.968
of plant height(DI) of plant height(DI)
AR R AL BARR TR REL
Drought resistance coefficient -0.049 0307 0.806 0.148 Drought resistance coefficient -0.105 -0345 0.780 -0.105
of yield per plant(DC) of yield per plant(DC)
R DT RR AL BRI REL
Drought resistance coefficient -0.116 0318 0.798  0.079 Drought resistance coefficient -0.157 -0312 0.783 0.144
of yield per plant(DC) of yield per plant(DC)
FPRLEr ST AR FPRLE MG R
Drought resistance index of 0.960 -0.043 0.067 -0.033 Drought resistance index 0962 -0.073 0071 -0.020
oil content(DI') of oil content(DI)
FPRLE AT R R EL FPRLE AT R AL
Drought resistance coefficient 0.961 -0.029 0.065 -0.030 Drought resistance coefficient 0962 -0.067 0.070 -0.021
of oil content(DC) of oil content(DC)
FEE{E Eigenvalue 2553 1811 149 1.019 FEE Eigenvalue 2539 1727 1441 1018
Tk Contribution rate/% 28.369 20.117 16.624 11.324 TiHk# Contribution rate/% 28209 19.190 16.009 11314
BT it
Cumulative contribution/% 28369 48486 65111 76435 Cumulative contribution/% BAY 4739 63408 T2
AN Index weight 0371 0263 0217 0.148 ALEE Index weight 0378 0257 0214 0151
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Note: I, II, III, IV, and V represent strong drought resistant materials, drought resistant materials, moderately drought re-
sistant materials, relatively sensitive materials, and sensitive materials, respectively. The same below.
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Fig.4 Comprehensive drought tolerance rating value (SD) clusters in T1
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Fig.5 Comprehensive drought tolerance rating value (SD) clusters in T2
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