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Abstract: Drought is one of significant environmental stresses in the Tibetan Plateau region. Breeding
drought-tolerant varieties in Qingke (Tibetan hulless barley) is an effective strategy to enhance its drought
resistance. In this study, we evaluated the drought resistance of 246 Qingke germplasm resources at both the
seedling and reproductive stages. The drought resistance was classified by measuring relative electrolyte leakage
at the seedling stage, and at the reproductive stage, plant height (PH) , spike length (SL) , kernels per ear
(KN), and thousand grain weight (TGW) were measured and analyzed. A comprehensive evaluation model (D-
value) was developed to identify suitable evaluation indices for drought resistance. The results showed that
drought stress resulted in a significant decrease of 5.39% to 18.87% in the four drought-related traits at the
reproductive stage, with spike length being the most sensitive and significantly correlated with drought
resistance. The coefficients of variation of these traits ranged from 11.98% to 24.96%, highlighting substantial

variation in drought resistance among the germplasms. Specifically at the seedling and reproductive stages, 21
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and 36 were identified as highly-resistant/resistant accessions, respectively, and 84 and 71 were identified as

highly-sensitive/sensitive accessions, respectively. When combining the results from both stages, three accessions

showed highly-resistant/resistant, and 26 accessions showed highly-sensitive/sensitive. However, there was no

significant correlation between relative electrolyte leakage and the comprehensive evaluation D-value.

Collectively, this study provides valuable germplasm resources for future breeding programs and deciphering the

drought-tolerance mechanisms during critical growth periods of Qingke.

Key words: Qingke; seedling stage; reproductive stage; screening of germplasm resources; drought-

resistance comprehensive evaluation
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Fig.1 Identification and classification of drought-resistance of Qingke germplasm resources

at the seedling stage under drought stress treatment
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Fig.2 Theresult of drought-resistance at the seedling stage
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Table 1 Statistics of multiple traits of 246 Qingke germplasm resources under drought treatment conditions at the

reproductive stage

b3 S P (em) ik (em) FARERIEL THIE(g)
Treatment Parameter PH SL KN TGW
TEH T KA 136 10 90 72
cK N 64 4 21 29
I 106.96™ 8.32" 65.48" 48.24™
bR 12.82 1.54 16.34 7.65
5 FE (%) 11.98 18.49 24.96 15.87
TR IiE PN EL 128 10 125 61
T f/IME 63 4 18 25
ol 99.54™ 6.75" 57.05" 45.64™
bR 13.03 1.06 14.02 6.33
TSR E(%) 13.08 15.72 24.57 13.87
A ARk ¥fH 7.42 1.57 8.43 2.60
Comparison Rl 8.79 1.16 12.90 6.60
with the control
S5 ZE (%) 11.84 73.68 15.32 25.54
2] 13.24 21.29 10.24 6.17
PIE P<0.001 P<0.001 P<0.001 P<0.001
FHC R B 0.77 0.66 0.89 0.57

E PO FEAS TAGES 463045 TP PRRTE IE 3 FE RS T B8 45 0F T A28 50 s AR OC R B AU YRRTEIE 3 7B T FHbha 2508 T R9ARE

P FRR P<O.01 K F 225 B35 T 1)

t value: The paired sample T test was used to test significant differences of drought resistance traits between control and drought stress conditions;

Correlation coefficient: The correlation of drought resistance traits between control and drought stress conditions; ** indicates a significant

difference at P < 0.01 probability level; PH: Plant height; SL:Spike length; TGW: 1000-grain weigh; KN: Kernels per ear; The same as below
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Fig.3 Effect of drought stress on multiple traits of the Qingke germplasm resources at the reproductive stage
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Table 2 Drought-resistance coefficient of multiple traits at the reproductive stage
LR R ST Nz FB/ME ByfH Pz A (%)
DC Max. Min. Average SD cv
P R & DC™ 1.40 0.73 0.93 0.09 9.68
KB R EDC™ 1.20 0.48 0.83 0.13 15.66
TR R R 8 DCY 2.52 0.25 0.91 0.28 30.76
THREH T FRE DCTV 1.92 0.62 1.06 0.16 15.09

DC: Drought-resistance coefficient; DC™, DC®", DC*N and DC™V indicate the drought-resistance coefficient of plant height, spike length,

kernels per ear and thousand kernel weight, respectively; The same as below
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Fig. 4 Frequency distribution of drought-resistance coefficients of multiple traits at the reproductive stage
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Table 3 Correlation analysis of drought-resistance coefficient of multiple traits at the reproductive stage

Bzt RS LSS BB REC TRESURREL TRER
Index DC™ DCS- DCXY DCTV DIR
bt - 25 D™ 1

KPR R EDC 0.022 1

BRI R R EDC -0.045 0.191%* 1

TR EG AR DCY 0.025 0.190%* -0.234 1

T 5554 2 DIR -0.222%* ~0.402%* ~0.642%* -0.137* 1

IR AR FIFIR P<0.05 F1P<0.01 7K [ A

* and ** indicate a significant correlation at P<0.05 and P<0.01 probability levels, respectively; DIR: Drought injury rate
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Table 4 Eigenvector and contribution rate of principal
components of drought-resistance coefficient of

multiple traits

_ FR
Ei=tuan .
Principal component
Index
PC1 PC2

Frmbi s A% pc™ -0.48 0.76
FERKILRERF DCS 0.86 0.35
ARR TR R B DCY 0.99 -0.12
TR EHLREFRE DCTV 0.29 0.63
HFE{H Eigen value 2.02 1.11
TiHk# (%) Contribution rate 50.47 27.72
25k % (% ) Cumulative contribution ratio  50.47 78.19
H T Weight 0.65 0.35
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Fig. 5 Fuzzy clustering analysis of drought-resistance of Qingke germplasm resources based
on D values at the reproductive stage
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Table 5 Correlation analysis between drought-resistance
coefficient of multiple traits and comprehensive

evaluation D-value

N AHIC R AL )

WRARK ) P
Correlation

DC . P-value
coefficient

FRmbi s &% pc™ -0.245 0.014

KRR E DCS 0.899 0

AR T R 4 DCY 0.297 0.003

TR EPLREFRZH DCTV 0.576 0
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Table 6 Grey relational degree between drought-resistance
coefficient of multiple traits and comprehensive
evaluation D-value
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Correlational )

DC Ranking

degree
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THREHT R R E DCT 0.785 2

FRREAT R R 4 DCY 0.767 3

B H R 5 DC™ 0.741 4
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Fig. 6 Correlation analysis between relative electrolyte
leakage at the seedling stage and comprehensive evaluation
D-value at the reproductive stage
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Fig. S1 Comparative analysis of drought-resistance grade of Qingke germplasm resources at seedling and

reproductive stage of lines
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Table S1 246 Qingke number and germplasm names

Al S R 44 Al Tl 42 g S Tl 42 Al R 44
Variety Name of Variety Name of Variety Name of Variety Name of
number germplasms number germplasms number germplasms number germplasms
C1 F91-97-3 C63 1 84-26-174 C125 A 148 5 C187 Hik 161

C2 GY027 Co4 7R 401 C126 A 3115 C188 Gy 2

C3 JX 902960 ZDM9851 C65 ZRIG 87-14 C127 A 320 5 C189 BH 1Y

c4 fi] 127 ZDM9650 C66 742 0006 Cl128 1G120542 C190 ERETVIBS
cs H 6278 C67 i 852270 C129 HKEHER C191 = RIE R
c6 KHL 98-71415 C68 BHER C130 Hk 5310 C192 IR 22

c7 kHI5 C69 PURE R C131 WDMO00420 C193 PN

c8 Bt 125 C70 kT ZDMT558 C132 Hk 3455 C194 ZDMO0618 J1J%
C9 Bt 165 C71 E3 5 C133 7K 0240 C195 =150 &
C10 Bt17%5 Cc72 9 Cl134 By C196 ZDM09670 H 7k 88137-1
Cll SE1S C73 R 25 C135 Hk 1421 C197 i 84066
Ci12 2018-238 C74 RE 45 C136 7k 4080 C198 X% 35
Ci13 M 1052-4 C75 RE 65 C137 Hk 5365 C199 X% 55
Cl4 71 0888 C76 RE 85 C138 4= 2997 €200 X765
Ci5 M 1146 Cc77 tE45 C139 i 831234 €201 ZDM1078 KK
C16 Hr 86-166 — 4% C78 Es 5 C140 ZYM1900 202 ZYM02203
C17 HE2%5 C79 BH 15 Cl141 KIEHR C203 ZYM03220
Ci8 WH1S C80 H25 Cl142 ZYM2048 C204 WDMO00202
Cl19 CHEEEHEREHE) csl Has Cl143 AN | C205 ZDM6006 4%
C20 ST (B C82 HS 5 Cl44 ZDM9850 C206 71580014
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C43 T 690 C105 b3z Cl167 R 15 C229 ZDM7575 KU
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Table S2 Classification of drought resistance of 246 Qingke germplasm resources at seedling stage

bt s Hi's

Types Number Code

WARPL T HR 4 C33. C102. CI17. C193

HEPIE R 17 C32. C34. C40. C52. C61. CI25. Cl41. Cl47. Cl148. C179. C199. C204. C212.
C214. C217. C218. €243

FENE M 137 Cl. 2. C3. C4. C5. C6. C7. C8. C9. CI0. Cl1. Cl4. ClI5. C17. CI8. C20. C21.
C22. C23. C24. C25. C26. C27. C28. C30. C31. C35. C38. C39. C41. C42. C43.
C44. C45. C46. C47. C49. C51. C54. C55. C56. C57. C58. C59. C60. C63. C64.
€65+ C66+ C67+ C68. C69. C70. C72. C73. C74. C75. C76. C77. C78. C79. C81.
C82. C83. C84. C85. C88. C89. C91. C92. C93. C94. C97. C98. C99. C103.
C104. C106. C107. C109. Cl112. Cl14. Cl115. Cl16. C118. C119. ClI21. CI22.
C123. ClI24. C126. CI31. Cl34. CI37. CI39. CI40. Cl42. Cl43. Cl44. Cl45.
C155. Cl156. Cl163. Cl64. Cl65. C166. Cl67. Cl168. C169. C170. Cl74. C176.
C177. C178. CI183. C184. CI88. CI89. C190. C191. C192. Cl194. C200. C205.
C206. C208. C209. C210. C215. C216. C219. C220. C234, C237. C240. C241

R S 79 CI12. CI3. C16. C19. C29. C36. C37. C48. C53. C62. C71. C80. C86. C87. C90.

C95. C96. C100. C101. C105. C108. C110. C111. C113. C120. C127. CI128. C129.
C132. C133. C135. CI136. C138. Cl46. C149. CI50. C151. C152, C153. Cl154.
C157. C158. C159. C160. Cl161. Cl162. C171. C173. C175. C180. C181. C182.
C185. C186. C187. C197. C198. C201. C202. C203. C207. C211. C213. C221.
C222. C223. C227. C228. C229. C230. C231. C235. C236. C238. C239. C242.

C244. C245. C246

WEH s HS 9 C130. C172. C195. C196. C224. C225. C226. C232. (233




BZR 3 246 By EBRF R BIR SR BISL RPN IR B R BE. D E. TUME PV RH4
Table S3 246 Qingke germplasm resources’s subordinate function value, D-value, predict value and ranking

based of drought-resistance evaluation at reproductive stage

g LA RiRE CIV Rlm Rl MF D {f T ey
Variety number CIL, Cl, UX1) U(x2) D-value PV Rank
C192 2.13 2.15 0.94 1.00 0.96 0.96 1
C22 2.21 1.75 1.00 0.55 0.84 0.84 2
C170 2.09 1.86 0.91 0.67 0.83 0.83 3
C230 1.97 1.78 0.83 0.58 0.74 0.74 4
C194 1.86 1.82 0.75 0.62 0.70 0.70 5
C231 1.76 1.87 0.68 0.69 0.68 0.68 6
C33 2.05 1.54 0.89 0.30 0.68 0.68 7
C243 1.73 1.88 0.66 0.69 0.67 0.67 8
C153 1.99 1.59 0.84 0.36 0.67 0.67 9
C12 1.94 1.60 0.81 0.37 0.65 0.66 10
C129 1.82 1.74 0.72 0.54 0.65 0.66 11
C49 1.96 1.58 0.82 0.34 0.65 0.65 12
C229 1.82 1.72 0.72 0.51 0.64 0.64 13
C87 2.00 1.52 0.85 0.28 0.64 0.64 14
C152 1.79 1.74 0.70 0.53 0.64 0.64 15
C17 1.96 1.52 0.82 0.28 0.63 0.63 16
C27 1.87 1.59 0.76 0.36 0.62 0.62 17
C18 1.83 1.61 0.73 0.38 0.61 0.61 18
Cl154 1.77 1.67 0.69 0.45 0.60 0.60 19
Cl146 1.65 1.80 0.60 0.60 0.60 0.60 20
C35 1.69 1.74 0.63 0.53 0.60 0.60 21
C148 1.75 1.67 0.67 0.45 0.59 0.59 22
C188 1.75 1.67 0.67 0.45 0.59 0.59 23
C224 1.71 1.70 0.64 0.48 0.59 0.59 24
C246 1.79 1.58 0.70 0.35 0.58 0.58 25
C43 1.77 1.61 0.68 0.38 0.58 0.58 26
C123 1.74 1.62 0.66 0.40 0.57 0.57 27
C21 1.77 1.59 0.68 0.36 0.57 0.57 28

C86 1.75 1.60 0.67 0.37 0.57 0.57 29



Cl162

C82

Cl168

C221

C84

C85

C235

Cl44

Cl

C19

C183

C32

C225

C91

C20

C199

C213

C191

C216

C220

C157

C40

C37

C244

Cl125

C34

C104

C25

C222

C234

C45

C52

C245

C198

1.70

1.79

1.62

1.60

1.79

1.74

1.69

1.77

1.61

1.75

1.68

1.24

1.69

1.63

1.60

1.65

1.74

1.66

1.66

1.46

1.76

1.66

1.61

1.42

0.64

0.70

0.58

0.57

0.70

0.71

0.67

0.63

0.69

0.76

0.79

0.74

0.57

0.67

0.62

0.31

0.54

0.63

0.59

0.56

0.60

0.66

0.61

0.53

0.56

0.74

0.73

0.61

0.47

0.68

0.61

0.57

0.54

0.43

0.44

0.52

0.54

0.30

0.28

0.35

0.41

0.30

0.17

0.19

0.48

0.28

0.37

0.94

0.49

0.33

0.39

0.43

0.35

0.24

0.33

0.48

0.41

0.09

0.32

0.57

0.19

0.37

0.41

0.61

0.57

0.56

0.56

0.56

0.56

0.56

0.56

0.55

0.55

0.55

0.55

0.54

0.54

0.54

0.53

0.53

0.52

0.52

0.52

0.52

0.51

0.51

0.51

0.51

0.51

0.51

0.51

0.51

0.50

0.51

0.50

0.50

0.50

0.50

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63



C31

C42

C88

C29

C241

C147

C28

Co66

Cl1

C94

C177

C71

C185

C99

C134

C226

C175

Cs8

C8

Cl6

C124

C240

C55

C215

C219

C126

C80

C24

C26

C197

C121

C193

C23

C189

1.70

1.62

1.76

1.69

1.65

1.69

1.60

1.65

1.47

1.62

1.68

1.64

1.43

1.76

1.40

1.42

1.62

1.41

1.41

1.48

1.56

1.41

1.47

1.46

1.46

1.58

1.42

1.62

0.64

0.58

0.54

0.68

0.63

0.60

0.63

0.56

0.60

0.47

0.37

0.58

0.62

0.59

0.42

0.53

0.39

0.56

0.52

0.62

0.49

0.44

0.68

0.42

0.44

0.51

0.50

0.58

0.43

0.43

0.40

0.49

0.52

0.41

0.23

0.32

0.39

0.15

0.22

0.27

0.21

0.33

0.26

0.48

0.67

0.28

0.20

0.25

0.56

0.34

0.59

0.28

0.35

0.17

0.39

0.47

0.06

0.34

0.18

0.46

0.46

0.52

0.35

0.30

0.50

0.49

0.49

0.49

0.49

0.49

0.48

0.48

0.48

0.48

0.48

0.48

0.47

0.47

0.47

0.47

0.47

0.46

0.46

0.46

0.46

0.45

0.45

0.46

0.45

0.45

0.45

0.44

0.44

0.44

0.44

0.44

0.44

0.44

0.44

0.49

0.49

0.49

0.48

0.48

0.48

0.48

0.48

0.48

0.48

0.48

0.47

0.47

0.47

0.47

0.47

0.46

0.46

0.46

0.46

0.46

0.46

0.45

0.45

0.45

0.45

0.45

0.44

0.44

0.44

0.44

0.44

0.44

0.44

64

65

66

67

68

69

70

71

72

73

74

75

76

71

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97



Cce7

C47

C46

Cc77

C155

C169

C212

C160

Cl143

C181

C7

C36

C90

C206

C239

C3

C159

C208

C233

C232

Cl141

C70

C15

C210

C89

C207

C137

C158

C97

C217

Cl128

C107

C196

Cl145

1.40

1.48

1.46

1.42

1.47

1.44

1.46

1.42

1.60

1.47

1.25

1.42

1.44

1.43

1.41

1.46

1.55

1.47

1.63

1.45

1.45

1.58

0.51

0.50

0.55

0.45

0.41

0.42

0.48

0.46

0.44

0.40

0.47

0.45

0.54

0.47

0.44

0.56

0.47

0.32

0.50

0.4

0.48

0.52

0.50

0.44

0.44

0.49

0.46

0.52

0.52

0.44

0.45

0.44

0.43

0.47

0.30

0.22

0.40

0.47

0.45

0.34

0.37

0.42

0.49

0.34

0.38

0.22

0.34

0.40

0.16

0.32

0.61

0.27

0.39

0.31

0.23

0.26

0.37

0.37

0.28

0.32

0.20

0.20

0.35

0.33

0.33

0.34

0.27

0.44

0.44

0.43

0.43

0.43

0.43

0.43

0.43

0.43

0.43

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.41

0.41

0.41

0.41

0.40

0.40

0.40

0.40

0.44

0.44

0.43

0.43

0.43

0.43

0.43

0.43

0.43

0.43

0.43

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.42

0.41

0.41

0.41

0.41

0.41

0.40

0.40

0.40

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131



C48

C176

C61

C30

C75

C163

C156

Cs5

C102

C98

C227

C133

C105

C44

C72

C211

C95

C237

C184

C214

C127

C51

Cs57

C41

Cl171

C54

C236

C238

C83

Cl161

C242

Cl111

C92

C117

1.08

1.28

1.45

1.47

1.42

1.49

1.42

1.46

1.45

1.49

1.40

1.59

1.45

1.39

0.52

0.59

0.49

0.39

0.42

0.49

0.54

0.20

0.34

0.46

0.40

0.47

0.44

0.49

0.44

0.46

0.41

0.37

0.45

0.34

0.37

0.46

0.49

0.42

0.35

0.45

0.35

0.49

0.39

0.39

0.27

0.29

0.37

0.25

0.17

0.05

0.21

0.39

0.34

0.20

0.75

0.46

0.24

0.35

0.21

0.27

0.17

0.26

0.21

0.38

0.21

0.41

0.36

0.19

0.13

0.25

0.38

0.20

0.37

0.12

0.30

0.28

0.50

0.46

0.30

0.53

0.40

0.40

0.39

0.39

0.39

0.39

0.39

0.39

0.38

0.38

0.38

0.38

0.38

0.37

0.37

0.37

0.37

0.37

0.37

0.37

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.36

0.35

0.35

0.35

0.35

0.35

0.35

0.40

0.40

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165



C2

C172

C103

C56

Cl64

C122

C180

C149

Cl142

C119

C218

C187

C76

C74

C223

Co8

Cl4

C93

C139

C100

C13

C81

C201

C120

C173

C62

C132

C65

Cl118

C205

C79

C209

C101

C78

1.24

1.09

1.44

1.27

1.22

1.45

1.24

1.49

1.57

1.40

1.46

1.41

1.48

1.45

1.29

1.42

1.28

1.50

0.41

0.35

0.30

0.42

0.34

0.30

0.25

0.37

0.31

0.20

0.45

0.33

0.30

0.36

0.36

0.24

0.41

0.29

0.41

0.37

0.40

0.36

0.29

0.33

0.24

0.36

0.35

0.27

0.25

0.35

0.45

0.37

0.46

0.31

0.24

0.34

0.41

0.20

0.34

0.42

0.52

0.28

0.39

0.58

0.10

0.31

0.38

0.26

0.26

0.48

0.16

0.38

0.14

0.21

0.15

0.23

0.36

0.28

0.44

0.22

0.23

0.38

0.39

0.20

0.02

0.16

0.00

0.26

0.35

0.35

0.34

0.34

0.34

0.34

0.34

0.34

0.34

0.34

0.33

0.33

0.33

0.32

0.32

0.32

0.32

0.32

0.32

0.32

0.32

0.31

0.31

0.31

0.31

0.31

0.31

0.31

0.30

0.30

0.30

0.30

0.29

0.29

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199



C69

C138

Co6

C4

Cl167

Cc9

C38

C179

C109

Cl115

C200

C130

C53

C228

C63

C140

C166

Cl136

Cl14

Cl16

Co4

Cl131

C110

C150

Cl12

C174

C108

C182

Cl13

C165

C186

C106

C203

C204

1.27

1.08

1.24

0.87

0.97

1.50

1.45

1.65

1.53

1.49

1.60

1.42

1.49

1.55

1.44

1.48

1.45

1.45

1.43

1.43

1.48

1.45

1.44

1.47

1.47

1.45

1.59

0.39

0.30

0.33

0.21

0.21

0.43

0.25

0.27

0.29

0.22

0.27

0.35

0.33

0.19

0.31

0.26

0.22

0.27

0.24

0.25

0.25

0.26

0.25

0.19

0.24

0.14

0.21

0.23

0.22

0.20

0.20

0.21

0.05

0.12

0.10

0.26

0.19

0.43

0.41

0.01

0.34

0.30

0.25

0.37

0.26

0.10

0.14

0.38

0.16

0.24

0.19

0.23

0.20

0.20

0.17

0.18

0.28

0.18

0.38

0.23

0.20

0.19

0.22

0.22

0.20

0.36

0.29

0.28

0.28

0.29

0.28

0.28

0.28

0.28

0.27

0.27

0.27

0.26

0.26

0.26

0.26

0.25

0.25

0.24

0.24

0.23

0.23

0.23

0.22

0.22

0.22

0.23

0.22

0.22

0.21

0.21

0.21

0.21

0.21

0.20

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233



C73

C96

C50

C178

C195

C59

C60

C10

C39

C135

C202

C151

C190

1.03

1.20

1.06

0.96

0.96

1.04

0.98

1.07

0.81

0.87

0.86

1.50

1.29

1.45

1.49

1.38

1.41

1.28

1.43

1.35

0.23

0.16

0.28

0.18

0.11

0.21

0.11

0.16

0.12

0.19

0.00

0.05

0.04

0.13

0.26

0.02

0.20

0.26

0.07

0.24

0.12

0.15

0.00

0.34

0.18

0.08

0.20

0.19

0.19

0.18

0.16

0.16

0.16

0.15

0.13

0.12

0.12

0.09

0.06

234

235

236

237

238

239

240

241

242

243

244

245

246

CIV: Comprehensive index value; MF: Membership function



