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Analysis and Comprehensive Evaluation of Key Traits in 79

Domestic and International Barley Germplasm

Yang Qizhi' , Wang Aimei' , Guo Jintai’, Luo Yiming', Zhou Dingwen',
Zhou Ziyu', Vladimir Shvidchenko®, Sun Quanping', Wu Jun', Liu Yuxiu'
(1. College of Agronomy, Northwest A&.F University, Yangling, Shaanxi 712100, China; 2. Luoyang Academy of Agriculture, Luoyang,
Henan 471023, China; 3. Seifullin Kazakh Agrotechnical University, Astana 010011, Kazakhstan; 4. Institute of Agricultural

Resources and Environment, Xizang Academy of Agricultural and Animal Husbandry Sciences, Lhasa, Xizang 850000, China)

Abstract: To efficiently explore the genetic potential of barley germplasm resources and broaden the
genetic basis for barley genetic improvement in China, this study utilized 79 domestic and foreign bar-
ley accessions introduced from Kazakhstan, Japan, Russia, Australia, and other countries, as well as
domestic sources. Major agronomic traits, quality traits, and grain morphological indicators were sys-
tematically measured, and comprehensive evaluations were conducted using methods such as the
Shannon-Wiener genetic diversity index, correlation analysis, principal component analysis, and clus-

ter analysis. The results indicated that the genetic variation of the tested barley accessions was sub-
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stantial, with coefficients of variation ranging from 4. 69% (grain width) to 42. 99% (grains per
spike) , and Shannon-Wiener diversity indices ranging from 1. 26 (grain length-to-width ratio) to 2. 08
(grain surface area and grain width). For domestic barley from different sources, the coefficients of
variation for major traits ranged from 0. 85 % (plant height) to 24. 39% (yield), while for foreign bar-
ley, they ranged from 0.91% to 23.54%. Barley from Kazakhstan exhibited the tallest plant height,
and barley from Russia had the highest protein content on a dry basis. Correlation analysis showed
that grain starch content was significantly negatively correlated with crude protein content and fiber
content, while crude protein content was significantly positively correlated with fiber content. Thou-
sand-grain weight was significantly positively correlated with grain surface area, grain perimeter,
grain length, and grain width(P<Z0. 01). A regression model constructed based on stepwise regres-
sion analysis indicated that plant height, peduncle length, flag leaf length, fiber content, thousand-
grain weight, and grain perimeter could serve as key comprehensive evaluation indicators for screening
high-quality barley germplasm. Principal component analysis of 17 traits extracted seven principal
components, with a cumulative contribution rate of 86. 257 % , effectively capturing the main informa-
tion of the original data. Combined with the membership function to calculate comprehensive scores
(D-values), the top five accessions ranked by D-values were D-76, Wangchuan P148, 2163,
HBLO002, and Fengnongpi 1, which can be utilized as high-quality parental materials for barley genetic

improvement. Cluster analysis classified the tested materials into three groups.

Keywords: Barley germplasm; Agronomic traits; Quality traits; Comprehensive evaluation
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Table 1 Surface soil nutrients

LR e [ESE T T ol A
+ = Organic Total Nitrate Total Available Total Available
Soil layer/cm matter/ nitrogen/ nitrogen/ phosphorus/ phosphorus/ potassium/ potassium/
(g kg 1) (g kg™ (mg * kg™ 1) (g kg™ D (mg * kg™ 1) (g kg 1) (mg * kg™ 1)
0~20 18.03 1.14 12.94 0. 94 26.18 11.32 242.79
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S 2 (RS ol o 9 5 B30 T A o R )
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L E BT R G (SC-GL IRINTT A BR A &)L D
D A e T AR R R S K TE L,
55 W HCPE.,
1.3 HiFEAE

HH Excel #4786 g2 1120 #r, 1 SPSS 22. 0
AT FE RS T SR 2L 538 . H Origin 2021 2341,
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Table 2 Analysis of agronomic, quality, and grain traits in barley germplasm

PEAR Trait {0 Rang T b s LA RACH
PH/cm 65.50~119. 30 86.90+13. 40 15. 45 2.05
PL/cm 18.10~38. 30 27.1044.50 16.68 1. 99
FLL/cm 8.80~19. 30 13.80+£1.90 14. 06 2.05
FLW/cm 0.90~1. 80 1.3040. 20 17.15 2.04
AL/cm 0.00~16.70 12.40+2. 20 17.63 1. 85
SL/cm 5.20~12. 80 8.50£1.70 19. 94 1.98
SPPMS 21.00~84.00 40, 00417, 00 42.99 1. 56
GY/(kg » hm™ %) 200~1 825 950+325 35.31 2.05
DCP 9.90~20. 44 13.54=+1.64 12.09 1.74
SDB 34.41~59.93 50. 484 3. 40 6.73 1.50
CFD 1.65~14.98 5.11+1. 39 27.24 1.47
TGW/g 24.42~53.25 41.90+5. 60 13.00 2.01
GSA/cm? 0.13~0.28 0.2240.02 9.99 2.08
GLWR 1.88~6.12 2.50£0. 50 18. 29 1.26
GP/cm 1.49~2.60 2.194£0.15 6.72 1. 88
GL/cm 0.60~1.00 0.8640.06 7.09 1. 83
GW/cm 0.32~0.39 0.3640.02 4.69 2.08

PH: bk PL B 1K AL 25K SL: K s SPPMS: T REREORE X GY AP B 4k s DCP b b ML &5 ik 5 SDB. J& B3 7 41t CFD: 4
LA i TGW : THLHE s GSA KRR A GLWR PRI 58 L GP KPR RS s GL B GW L K8 . R 1A .

PH:Plant height; PL: Peduncle length; AL: Awn length; SL: Spike length; SPPMS: Grains per main spike; GY: Grain yield;
DCP: Basis crude protein content; SDB: Basis starch content; CFD: Basis crude fiber content; TGW: Thousand grain weight; GSA:
Grain surface area; GLWR: Grain length-to-width ratio; GP: Grain perimeter; GL: Grain length; GW: Grain width. The same in tables
3—38 and figure 1.

£3 EBAFREMRRETEHRER

Table 3 Comparison of main traits of barley in different regions of China

PR Trait VLI Jiangsu B 7Y Shannxi B Xinjiang BRRBCV/Y%
PH/cm 75.79+6.29a 84.534+5.30a 84.54+17.02a 5.05
PL/cm 25.27+3.17a 26.36+0. 84a 29.89+3. 12a 7.26
FLL/cm 13.90+1.61a 12.7640. 30a 13.37+0. 48a 3.47
FLW/cm 1.28+0. 16a 1.37+0. 15a 1.39+0. 03a 3.47
AL/cm 11.9141. 28a 10. 884 1. 19a 12.1941.01a 4.85
SL/cm 7.50+0.71a 7.96+1.85a 7.007£0. 73a 5.24
SPPMS 32.77+12. 5ab 48.17+11.55a 27.39+3.48b 24. 39

GY/(kg * hm™?) 1 075+350a 1075+275a 1 050+275a 0.85
DCP/ % 13.5640. 85a 13.4740. 43a 14.0140. 44a 1.72
SDB/ % 49.507+3. 20a 50.05+0.41a 48.60+1. 21a 1.21
CFD/ % 5.15+0.51a 5.25+0. 29a 5.27+0.18a 0. 94
TGW/g 42.16=+5.09ab 36.33+9.12b 46.54+2.85a 10. 04

GSA/cm? 0.2240.02a 0.2140.03a 0.2340.03a 4. 41
GLWR 2.4040. 16a 2.57+0.05a 2.38+0.07a 3.56
GP/cm 2.20+0. 14a 2.16+0. 08a 2.314+0.10a 2.80
GL/cm 0.8640. 05a 0.8740.03a 0.8840.02a 0.97
GW/cm 0.36740.02ab 0.34740.01b 0.3840.01a 3.50

[ S0 B4 Jm AN /] 7 B R R AR R M X (] e 0. 05 ACF B2 R, R 4 .

Different letters following data in the same column mean significant difference among different regions at 0. 05 level. The same in table 4.
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Table 4 Comparative analysis of main barley traits across different domestic and international regions

RN I I % v 307 30 HA e LN R A5 5 A
Trait China Kazakhstan Japan Russia Australia CV/%
PH/cm 79.27410.23b 97.20412. 65a 92.82+12. 49ab 85.95+11. 94ab 86.81411. lab 3.46
PL/cm 26.05+3.52a 27.30%5.41a 29.0744. 28a 25.724+1. 34a 26.33+4.71a 5.39
FLL/cm 13.63+1.38a 14.08+1.31a 14.43+2.39a 10.45+0.67b 13.93+1.95a 13.69
FLW/cm 1.2840. 16a 1.1640. 21a 1.3940. 26a 1.1140. 10a 1.1840. 24a 9.85
AL/cm 12.16+1.47a 13.83+1. 20a 12.21+3.22a 13.03+1.04a 11.48+0. 89a 5.17
SL/cm 7.90+1.31b 11.12+1. 15a 8.68+1.63b 6.85+0.48b 8.33+0.91b 9.99
SPPMS 32.98411.79a 33.2248.38a 47.11418. 74a 27.3442.82a 48.42418. 89a 23.54
GY/(kg » hm?) 1 0754325a 825+275ab 875+325ab 550+225b 900+ 150ab 20. 48
DCP/ % 13.49+0. 77ab 13.84+0. 62ab 13.08+1.83b 15.24+2.77a 13.21+1.30b 7.14
SDB/ % 49.99+2.83a 50.99+2. 4a 51.084+3.10a 49,7540. 70a 51.35+1.43a 1. 38
CFD/% 5.08+0. 48a 4.70£1. 04a 4.9941.02a 5.43%+0.41a 4.8440.33a 4.97
TGW/g 41.99+5. 62a 43.6044.72a 42.04+4.91a 44,90+4. 16a 42.584+5. 36a 2.88
GSA/cm? 0.22%+0.02a 0.21£0.01a 0.22740.03a 0.237£0.01a 0.22740.01a 2.00
GLWR 2.41%£0. 15a 2.85+1.12a 2.41%£0. 20a 2.427+0.11a 2.33+0.18a 1.76
GP/cm 2.20%£0.13a 2.18+0.09a 2.20%£0. 20a 2.15+0.03a 2.19+0.07a 0. 94
GL/cm 0.86+0. 04a 0.86=+0.08a 0.86=+0.07a 0.87+0.02a 0.82740.08a 2.27
GW/cm 0.36+0.02a 0.35+0.01a 0.36740.02a 0.36+0.01a 0.3540.01a 0.91
1
PH| pH [ = = - y
SL|oss st - “ 0.8
PL| o5 PL *
AL AL - - - - . - P 0.6
FLL FLL e = -

— 0.4
FLw o ror [ : :
BB | L
DCP

SDB 35 SDB - . - - L0

CFD -0.85 CFD P

0.2
TGW o0 mw- S
Yo - BN

GLWR GLWR =
GP -0.40 9.75 ep . - -0.6
GL 0.68 074 oL | =
GW 0.4 0.58 0.62 ow | = 0.8
GY ay
3 (G

x ,P<C0,05 ; x x ;P<C0.01, & 7[{.
* . P<C0.05; % x; P<C0.01. The same in table 7.
B1 XZEWMREE 17T MEROBXEH

Fig. 1 Correlation coefficients of the 17 traits in barley germplasm resources
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Table S Principal component analysis of the 17 traits in barley germplasm resources

F RS HFAE Eigenvector of the principal component

Trait PCl1 PC2 PC3 PC4 PCs5 PC6 PCT7
PH —0.072 0.395 0.049 0. 422 —0.180 0. 498 0.275

SL 0.142 —0.167 —0.160 0. 834 0.188  —0.057 —0.033

PL —0.072 0.395 0.049 0.422 —0.180 0. 498 0.275

AL 0. 475 —0.180 0.048 0.575 0.317  —0.145 —0.043
FLL 0. 305 0.720 —0.106 0. 263 —0.001  —0.116 —0.110
FLW —0.100 0. 884 —0.026 —0.148 —0.155  —0.079 —0.127
SPPMS —0.417 0.713 0.011 —0.098 0.112 0.075 0.059
DCP 0.255 —0. 420 0.512 0.023 —0.260 0.095 —0.380
SDB —0.133 —0.015 —0.927 —0.026 —0.067 0.116 —0.097
CFD 0.073 —0.056 0.946 —0.005 0. 060 0. 051 —0.023
TGW 0. 754 —0.203 0.004 0.136 —0.174 0.172 —0.120
GSA 0.912 0.037 0.142 —0.006 0.144 0.171 0.057
GLWR —0.064 —0.066 0.012 0. 141 0. 834 0.067 —0.072
GP 0.699 0.304 0.293 0. 047 0. 391 0.031 0.180

GL 0.575 0.030 0. 265 0.073 0. 546 0. 354 0. 146
GW 0.767 —0.220 0.051 0. 026 —0.221  —0.223 0.220
GY 0.169 —0.138 0.029 0.034 —0. 050 —0.022 0. 895
Varianziiﬁ)ﬁion/% 26.216 15. 492 12. 351 10. 619 8. 239 7.214 6. 126
LN 26.216 41.708 54. 059 64. 678 72.917 80. 131 86. 257

Accumulative contribution/ %
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Table 6 Top five and bottom five accessions for each of the 17 traits in barley germplasm resources
o )
MEATE s o pry , T W A .y - w,  GY/
Variety T/ SLAPLA AL/ FLLS S FLW/ S qppyis pep spB cFD TGW/g O rLwe O/ LA GWA
cm cm cm cm cm cm cm cm cm cm —2
name hm™?)
D-76 90.8 9.2 32,6 15.4  17.5 1.3 23 19.25 49.66 6.57 51.08 27.88 2.71 2.50 1.00  0.37 1300
I P148
Wangchun  77.5 7.0 30.9 14.0  17.1 1.7 78  11.52 51.38 5.11 44.22 25.31 2.80 2.60 1.00  0.37 800
P148
2163 92.1 7.9 30.5 14.5  16.3 1.3 31 15.89 49.33 5.22 50.63 23.90 2.32 2.54 0.89  0.39 1000
HBL0O0Z 109.7 12.3 37.3 13.9  15.8 1.3 30 14.01 50.05 5.01 48.97 23.12  2.67 2.28 0.95  0.36 800
= (=}
FRMLIS oo 7 98 25,1 126 16.5 1.3 29 13.32 50.76 4.91 53.25 25.45 2.33  2.26  0.91  0.39 925
Fengnongpi 1
0306 74.7 8.8 20.7 1.9 13.2 1.4 32 11.95 59.93 2.35 37.85 19.52 2.35 1.98 0.81 0.35 1050
S 7T =)
WAZSS 760 71 218 106 13.5 1.1 29 13.72 52.58 4.11 43.98 19.86 2.18 1.99  0.77 0.36 1025
Pushimai 5
WRI22 076 72 252 12,0 12.6 1.3 51 13.39 49.80 5.30 24.42 16.45 2.63  2.05 0.83  0.33 900
Xian 91-2-2
BOM601-1-4 65.5 8.9 24.6 12.6  12.9 1.3 29 12.97 59.88 2.16 40.53 18.96 2.41 1.98 0.85  0.35 475
D-26 70.1 5.2 28.6 0.0 8.8 1.6 49 13.83 56.49 2.91 36.77 12.60 1.88 1.49  0.60  0.32 225
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Table 7 Correlation coefficients between the 17 traits and

D value in barley germplasm resources

JEZN D fH ERIN DfH ERIN D ff
Trait D value Trait D value Trait D value
PH 0.40" " SPPMS 0.02 RLWG 0.14
SL 0.23" DCP 0.07 GP 0.87**
PL 0.36" SDB —0.41 GL 0.76" "
AL 0.48" " CFD 0.35"" GW 0.43" "
FLL 0.55" " TGW 0.48** GY 0.24~
FLW 0.14 GSA 0.80"*

VLG50 (D ) R AR & 17 MR A
At HEAT B AL B UH 43 BT, AL e L B B A Ry Y
6.11141. 142X, +0. 006X, +0. 085X ;; +
0.054X;40. 051X, +0. 014X, Hid X1, X,
X0 X5 X0 X 0 R AR A bR L TR
OB B ARG R AR K, A
FIAH & R B (R) =0. 988, 3 5E REL(R?*) =0. 979,

R 6 AR AT R D (H A 97, 4% F K
IAE N 362. 989(P<C0. 01), [0 2 % ¥y i
FVEREE (P <C0. 05) , B W AT RE R Bk L T
R LR AL R T R R
LR A9 45 T 2 AT AR S AR B R T Y G
SR .

BT 17 AHREE A DA 23K 2 B
HATRIE N, 79 Dy ARk R 4o 3 AN 2 (A
2 ME 3,

5 1 28BES 54 AT, 5 Lk 68. 3500,
TRRKEE R AE RS bR S E I S T
PISHE) KA K TR B (AR 11 25
fE 12,3060 FPAL 2 T AR K L (H 3 R AR Rk b
(R 55 TT R 18, 7%0) s AR 5 B ik
A T BB AR

S50 2SBE S 22 By Al T, 5 Lk 27, 85 %, Hrh
18 M /s Be K F2 .3 1 e K3 5 WL ISR o
B R A B, TR R AR (AR L
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%kggg L] Table 8 Mean values of major traits for different
ﬂil’:’lgﬁ}ﬁﬁggg }‘ | clusters of barley germplasm resources
HBL004 PEBR Traits 1 i I
g%%l%:_, PH/cm 86. 1 80. 4 81.8
2163 SL/cm 8.8 8.0 7.9
D]?ég % SPPMS 29.2 42.6 4.4
Lewzs DCP 14.0 13.6 13.6
HBSIZ;%_E—‘I»_ | ] SDB 50. 4 50. 4 50. 3
4£30 TGW/g 43.9 41.0 0.5
%ig(l)(l)_l GA/cm? 22.2 21.6 21.5
D_igﬁ | | GP/cm 2.2 2.2 2.2
HBL(%% L GL/cm 0.9 0.9 0.9
345 GW/cm 0.4 0.4 0.4
ﬁ%[%%%J — GLWR 2.5 2.4 2.4
95. L
> SHBEAR 12,30 ) KPR AT BUEC I BRI
i — Bews B ER T SRR 18 7%  HAR MR 5 53
L e 2K TR o
s SIBED 3 GhFIT. 05 L 3. 80% . 45 4%
01— I " s o Rt L < —
0076 e K, R B i i (5 T L 1 2K B4y
Sulyna ST 25. 69,8, 296) . bR o i R RO (9 1
%ﬁ?_— B T B 21,420, TR IR AE QY8 1
- SN 15. 8%) KPR T BLR s A I8 57 5 5
%%%%f LES PR TES 20
4 3 i
W.}%?gzﬂ 3.1 AEMREEERER
HBIag(l)gE,_ Xﬁﬁiﬁ%};&?ﬁ%ﬁra%ﬁ 5tk Z HE 5
BOl\%g‘glo-%g B s A Bl 48 75 25 MR8 A 1 B HORE B2 R AN ()
Bowjgiﬁ ﬁﬁﬁ‘]iﬁ%%‘%%ﬁ&ﬁiﬁﬁﬁﬁ%ﬂ” 3 R T E
ﬁgu%fg—'_l TR 2R 50 0 25 5 VA 2 ) % 3 5 e ROR) DL &
;mwo%:,—' 4 JHB K T R BE T AR BB L A Y
E%})—_zz% . S RBKT 10% 0 MR B 5 s B g,
991_3{332'_ PRBEAR R REZZ . APTOP. 79 K
Eg}:)% AR 17 AR 0 AR S R BGE B 4. 690 ~
LEWS14138 42.99% , Hrh 12 MR R RECR T 1020, %
| o | OB K S AR I 77 7 B % 25 5 ok
D47 S Ah BT 1 28 KL b, At il Ah BT A Shannon-
D-61 Wiener 850G FEI N 1. 26~2. 08, 52 20 4R 18
Dé%ﬁgfg‘g ’ 0. 862, 02 545 B W 6 7 FE U £ 2507 it
2000(8193_)233; }7 B 1.96~3.00, 5 i B 4EH (1. 37~2.04)
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Fig. 2 Cluster analysis of the tested barley germplasm resources
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