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Abstract: The hulless barley (locally referred qingke) is the staple food crop in the Qinghai-Tibet Plateau in
China, and ensuring its sustainable production is crucial to both food and national security. Since the straw of the
hulless barley is of importance in yak feeding, breeding for new varieties showing dual-purpose end-use in grain
consumption and forage becomes of interest. In order to establish an evaluation system suitable for hulless barley
varieties, this study performed the field trials at two locations (Changdu city of Tibet; Haixi city of Qinghai) for
two years (2020 and 2021) to record the performance at 15 agronomic and yield-related traits and the responses
to five fungal pathogens. The plants including straw and grains at the milk maturity stage were harvested to
measure the feeding quality by quantifying 15 parameters. These datasets were further evaluated by clustering
analysis, multiple comparisons, principal component analysis, gray relation analysis and the analysis of
productivity and stability. An evaluation method was established for selecting the hulless barley varieties for dual-

purpose end-use. With the evaluation criteria, the variety Ganqing 9 was identified suitable for both grain
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consumption and forage. In addition, Kunlun 15 which had high grain yield production were suggested for grain

consumption, and Kangqing 7 and Zangqing 22 which had high biomass and feeding quality were qualified for

taking as silage.

Key words: hulless barley ; barley ; dual-purpose end-use ; agronomic traits ; comprehensive evaluation
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Fig.1 Growth period of hulless barley varieties based on the average of two years datasets
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A': Tibet changdu; B: Qinghai haixi; The circle sizes correlate with the correlation values; Red represent positive correlation ; Blue represent negative

correlation; Number represent correlation coefficient; DJ: Days to jointing; DH: Days to heading; DM, : Days to maturity ; YR : Yellowing rate;
YPUA: Yield per unit area; PHMMS : Plant height of milk maturity stage; PHMS : Plant height of maturity stage; SL: Spike length; GNPS : Grain
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Fig.2 Correlation coefficients of agronomic traits and quality traits in hulless barley varieties
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Fig.3 Dendrogram generated by cluster analysis for hulless barley varieties in Tibet changdu and Qinghai haixi

VR 4 AR 11 2 A ST AR A PG 11 3 1 M T i
FrZ BT (R D) R AL PR A AR, 5 1260
}ﬁ‘@#ﬁ*ﬁﬁﬁ\?ﬁ?” Koy IR B R E P
i 120 /NI AR A R AT AR IR AR RDEHE
A X AR it i A e el AR 7 4 A 2 A A P
1o, A SR FEA B OB K B SR AT R A
PR, R AR I E R 1R

TEFHE VY 5 LRISORFR B0 A A8 7 i TE R LA
W5 R ER 4 30 /N AL R BE AR 4 120 /N
R R n] T AL R 43 AE G GRLIRH S S5 A A I 4 )
Wit ¥ S 2 T LA, AR P R A B
HOAH T LA S G, S R AR A . B,

HRRE U T Al ORPARE R 2 i o i R e 4
/N T IR

x1 AEZEEAEAN

R RN EELLE ST

Table 1 The multiple comparison based on the datasets from different groups at two locations

Pk VUt 2 4R Tibet changdu HIFIEVY Qinghai haixi

Traits 1 I 1 I m
PTI(d)DI 53.27+1.78a 49.16+1.12b 48.70+1.30b 50.90+1.91ab 52.80+1.25a
il (d)DH 70.22+3.68a 64.91+2.45b 74.40+1.08a 74.80+4.14a 77.10+1.34a
FLAIRE S (cm) PHMMS 70.94+6.02a 62.80+6.40b 97.06+8.17b 118.20+3.95a 117.83+6.25a
ek LR 1.03£0.07a 1.05+0.08a 1.96+0.32ab 1.80+0.24b 2.16+0.12a
B YR 2.70+0.49a 3.02+0.34a 1.73+0.19a 1.53+0.07a 1.56£0.15a
B (d) DM, 100.22+1.56a 97.58+0.73b 132.30+0.75a 131.70+3.65a 133.20+1.25a
B (cm) PHMS 75.81£7.83a 70.49+9.36a 93.92+7.93b 115.30+4.43a 114.90+5.74a
Fi (em)SL 8.44:+0.62a 8.74+0.92a 5.91£0.35a 6.18+0.34a 5.26+0.45b
TR % GNPS 45.06+7.35a 44.01+£6.28a 42.57+4.80a 41.83+3.78a 39.09+3.78a
TR (g) TKW 43.3242.09a 39.06+3.47b 44.35£3.91a 43.76+5.23a 43.94+3.42a
R £ (% ) HI 36.84+4.73a 36.97+4.04a 0.48+0.04a 0.40+0.06b 0.38+0.05b
AT (10667 m*)NS 14.70+2.03a 15.67+1.88a 21.57+0.35a 20.791.89a 21.61+0.94a
BZEH(10%667 m*) TNS 27.58+4.93a 29.27+1.21a 68.02+3.86a 68.85+4.01a 70.37+5.74a
AR (10667 m®)ES 13.12+0.89a 13.37+1.05a 47.35+2.12a 42.79+3.15b 45.99:+2.47ab
P (kg) YPUA 216.12+31.42a  227.28+26.36a 555.42+44.66a 456.33+55.10b 414.92+36.14b
T (%)DM, 88.22+0.33a 88.11::0.49 89.58+0.42a 89.18+0.41a 89.64+0.75a
A (%)CP 11.19+0.39b 11.74+0.25a 8.62+0.19a 8.46+0.23a 8.60+0.23a
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F1(4)

E2IN U j 2 41 Tibet changdu I Qinghai haixi

Traits I I | I il|
FRUELF 4 (% ) ADF 28.75+0.74a 26.9420.68b 29.53+0.43b 31.54+1.11a 30.38+1.16ab
H LT 4E (% )NDF 52.82+0.98a 50.51+0.79b 50.46+0.29a 51.58+0.37a 49.98+2.23a
KJFi% (%) Lignin 3.45+0.19a 3.2940.11a 3.44:0.09b 3.96+0.27a 3.59+0.16b
VERY (%)ST 10.84+1.00b 12.95+0.50a 13.52+0.83a 11.02+2.71b 9.87+1.22b
FIRNI (% )CF 3.12+0.06a 3.02+0.12a 2.58+0.07a 2.4620.08b 2.43+0.07b
K53 (%) Ash 7.52+0.26a 7.73+0.24a 8.66+0.19a 8.74+0.20a 8.58+0.36a
J& B B 11 (% )RDP 7.82+0.26b 8.15+0.18a 6.07+0.16a 5.96+0.14a 6.13+0.13a
HYEETAE 30 /N K% (%) 30/NDF 64.74+0.62a 64.53+1.40a 59.38+1.23a 55.37+1.72b 57.60+1.70a
VLT 120 /N 3(%) 120/NDF 74.50£0.90b 78.43+1.88a 67.66+1.18a 63.84+1.08b 64.66=1.24b
ST T4 (%) TDN 64.53+0.68a 65.20+0.56a 63.14+0.23a 61.66+0.56b 62.89+0.68a
AHXHREMAE (% )RFV 117.51£2.91b 125.38+3.04a 122.33+1.71a 116.46+2.34b 122.60+6.90a
AR BT (% )RFQ 154.31+2.18b 158.08+3.07a 130.56+2.20a 121.96+2.85b 127.96+3.75a
AL % i (kg )MPPTF 1627.85+20.55b  1654.25+25.25a 1525.43+9 54a 1448.73+25.33b 1505.76+28.50a

[T AR T BERR AN R 2SR R 22 53 . 25 (P<0.05 ) s il -V HAAREDE

Different letters at the same row mean significant difference among different types at P<0.05 level; Data is mean + standard deviation
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Table 2 The rank and relational grade of hulless barley varieties in Tibet changdu and Qinghai haixi

e V4 B 4R Tibet changdu T 7Y Qinghai haixi
Variety SCHEFE Correlative degree HE£: Order KHKEE Correlative degree HE#: Order
ST 2000 Zangqing 2000 0.922 13 0.963 5
R 23 Zangqing 23 0.910 15 0.925 15
J# T 22 Zangqing 22 0.941 5 0.946 10
R 17 Zangqing 17 0.943 4 0.949 7
BT 22 Ximala 22 0.929 11 0.966 3
EA 145 Kunlun 14 0.945 3 0.964 4
R 15% Kunlun 15 0.947 2 0.965 2
R4 16% Kunlun 16 0.941 6 0.942 12
B4 195 Kunlun 19 0.935 8 0.953 6
&£ 185 Kunlun 18 0.922 12 0.948 8
HETF 75 Kangqing 7 0.931 9 0.946 9
T 95 Kangqing 9 0.937 7 0.941 13
745 Ganqing 4 0.929 10 0.943 11
T 8% Ganging 8 0.919 14 0.940 14
795 Ganging 9 0.956 1 0.968 1

R3 FRAEMEFARBRBHFH~ERERERESITMN

Table 3 Comprehensive evaluation of grain yield and stability for different hulless barley varieties in different regions

SR Fertility parameters Stability parameters 35 I X %éﬁm
Variety ¥R (k) WOV (B 22) F 2% 5 R (%) Application region :3;?;2;
Grain yield Effects Variance cv

£ 155 Kunlun 15 415.039 66.998 8881.841 1.522 E2 I

# 95 Ganqing 9 403.779 55.738 4541.090 1373 E1/E2 R4F
£ 165 Kunlun 16 381.367 33.325 1625.952 1.223 E1/E2 58

7 85 Ganging 8 380.937 32.895 618.859 0.862 EI/E2 I
H# 45 Ganqing 4 366.203 18.162 8705.683 1.517 E2 — i
B 143 Kunlun 14 364.051 16.009 1751.752 1232 E1/E2 EEy/as
24 185 Kunlun 18 354.567 6.525 8.438 0.983 E1/E2 By
HE 95 Kangqing 9 340.058 -7.983 15.445 0.978 EI/E2 — i
75 17 Zangqing 17 336.518 -11.524 2141384 0.743 E1/E2 — %
F IR 22 Ximala 22 334.813 -13.228 67.653 1.045 E1/E2 — i
SHEHF 23 Zangqing 23 325.133 -22.909 13139.216 0.364 El oz
4195 Kunlun 19 316.573 -31.468 0.951 1.005 EI1/E2 — %
ST 22 Zangqing 22 307.631 -40.411 6021.018 0.569 El L]
H7 75 Kangging 7 304.656 -43.386 925.341 0.831 EI/E2 — %
JEE 2000 Zangging 2000 289.300 -58.742 2087.092 0.746 E1/E2 L]

E1: PUE#; B2 F il ; T I
E1:Tibet changdu; E2: Qinghai haixi; The same as below



490 Mo ow fE

O ¥ iR 24 %

x4 FRAIMEFBRBHBEFERERERESITMN

Table 4 Comprehensive evaluation of forage yield and stability for different hulless barley varieties in different regions

FrSR FEtESEL .
Sh AR Fertility parameters Stability parameters TIELES G
. — - Application Synthetic
Variety B i (kg) B (B22) S A5 FE (%) region evaluation
Forage yield Effects Variance cV
ST 22 Zangqing 22 625.514 104.922 386.970 1.105 E1/E2 R4y
BT 75 Kangqing 7 588.281 67.689 12353.312 0.407 EI/E2 7
BT 95 Kangqing 9 587.830 67.237 2871.093 1.285 EI/E2 i
H# 95 Ganging 9 587.782 67.189 541.072 1.124 EI1/E2 I
#7523 Zangqing 23 585.037 64.444 10350.990 1.542 E1/E2 It
7 85 Ganging 8 563.696 43.104 28833.864 0.094 El Ed/dg
J#7 17 Zangqing 17 541.997 21.405 0.000 0.999 EI1/E2 Ly
£ 185 Kunlun 18 530.226 9.633 0.006 1.001 EI/E2 ey
JE 2000 Zangging 2000 522.466 1.873 16667.212 1.688 E2 — g
4195 Kunlun 19 511.863 -8.730 39.344 0.966 EI1/E2 Ey/as
A 145 Kunlun 14 450.288 ~70.304 46.160 1.036 E1/E2 — %
B4 22 Ximala 22 442.629 ~77.964 18.697 0.976 EI1/E2 — %
24165 Kunlun 16 429.828 -90.764 1252.597 0.811 EI1/E2 (g
4% Ganqing 4 426.611 -93.981 1088.915 1.176 E1/E2 (g
A 159 Kunlun 15 414.839 -105.754 1622.036 0.785 E1/E2 B9
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