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Specialized Identification and Comprehensive Evaluation of Hulless

Barley Varieties

JIN Yan-long', WU Wen-xue!, YE Zheng-rong?, ZHANG Jian-hua®, NA Ri-ma?’, LIU Mei-jin*, WU Kun-lun?,
JIANG Cong-cong', YANG Ping'
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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 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.
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Fig.1 Growth period of hulless barley varieties based on the average of two years datasets
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Fig.2 Correlation coefficients of agronomic traits and quality 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
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Table I The multiple comparison based on the datasets from different groups at two locations

[E2TN Tt & 4T Tibet changdu FH T Qinghai haixi

Traits I T 1 1] ]
17 DI/ 53.27+.78a 49.16:41.12b 48.70-1.30b 50.90-.91ab 52.80+.25a
i1 DH/ 70.2243.68a 64.91+2.45h 74.404.08a 74.8044.14a 77.104.34a
AR PHMMS/cm 70.9446.02a 62.8046.40b 97.0648.17b 118.2043.95a 117.8326.25a
BB LR 1.0320.07a 1.050.08a 1.9620.32ab 1.8040.24b 2.1610.12a
HAGFERE YR 2.7020.49a 3.0240.34a 1.7340.19a 1.5340.07a 1.560.15a
B DM/ 100.22+1.56a 97.5820.73b 132.300.75a 131.7043.65a 133.20:41.25a
FRAHARR R PHMS/cm 75.8147.83a 70.4949.36a 93.9247.93b 115.3024.43a 114.9045.74a
K SL/icm 8.4440.62a 8.7440.92a 5.9140.35a 6.1840.34a 5.2640.45b
FERIE GNPS 45,0647.35a 44.0146.28a 42.57+4.80a 41.8343.78a 39.0943.78a
T TKW/g 43.3242.09a 39.0643.47h 44,3543 91a 43.7645.23a 43.9443.42a
IR FEEL HI% 36.8424.73a 36.97+44.04a 0.4840.04a 0.40+0.06b 0.3840.05b
FA NS08 14.7042.03a 15.67+1.88a 21.5740.35a 20.79+1.89a 21.6140.94a
S ZER TNS/0YE 27.5834.93a 29.27#1.21a 68.02143.86a 68.85+4.01a 70.3745.74a
A %k ESI10Y & 13.1246.89% 13.3741.05a 47.3532.12a 42.7943.15h 45,9942 47ab
T YPUA/Kg 216.12431.42a 227.28426.36a 555.42+44.66a 456.33455.10b 414.92436.14b
T#1/% DM% 88.2240.33a 88.1140.49a 89.5840.42a 89.1840.41a 89.6440.75a
HEH CP% 11.19240.39b 11.7429.25a 8.6240.19a 8.4640.23a 8.60+0.23a
FL PR 4F 4 ADF% 28.754).74a 26.9440.68b 29.5340.43b 31.544.11a 30.38+.16ab
"R 4F4E NDF% 52.8240.98a 50.5140.79b 50.4640.29a 51.5840.37a 49.9842.23a

R % Lignin% 3.4540.19a 3.2940.11a 3.4439.09b 3.9640.27a 3.5940.16b



VER ST% 10.84+1.00b 12.9540.5a 13.5240.83a 11.02+2.71b 9.874.22b

HLRENT CF% 3.1240.06a 3.0240.12a 2.5840.07a 2.460.08b 2.4340.07b
K4y Ash% 7.5240.26a 7.7340.24a 8.6640.19a 8.7440.20a 8.580.36a
I8 B MR EE 1 RDP% 7.8240.26b 8.1540.18a 6.0740.16a 5.960.14a 6.1340.13a
NDF30 /)N fL# 30/NDF% 64.7440.62a 64.53+1.40a 59.38+1.23a 55.37+.72b 57.60+.70a
NDF120 /I i1k % 120/NDF% 74.50+0.90b 78.43+1.88a 67.66+1.18a 63.841.08b 64.66.24b
SAVHALFRS> TDN% 64.5340.68a 65.2040.56a 63.1440.23a 61.6620.56b 62.8920.68a
FHXFAEMAE RFV% 117.5142.91b 125.38+3.04a 122.3341.71a 116.462.34b 122.6046.90a
AR RFQ% 154.3142.18b 158.0843.07a 130.5642.20a 121.962.85b 127.9643.75a
AL 9 MPPTF/kg 1627.85420.55b 1654.25425.25a 1525.4349.54a 1448.73425.33b 1505.76428.50a

T A B AR ST 22 S & (P <0.05)
Different letters at the same row mean significant difference among different types at 0.05 level
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*2 BHREBNBEEEASTRAMEXIKELHE
Table 2 The rank and relational grade of hulless barley varieties in Tibet changdu and Qinghai haixi

U3 5 #F Tibet changdu FEHEPG Qinghai haixi

ALYy RIKSE 4 KIS 4
Variety Correlative degree Order Correlative degree Order
Zangqing 2000 0.922 13 0.963 5
Zangging 23 0.91 15 0.925 15
Zanggqing 22 0.941 5 0.946 10
Zanggqing 17 0.943 4 0.949

Ximala 22 0.929 11 0.966

Kunlun 14 0.945 3 0.964 4
Kunlun 15 0.947 2 0.965

Kunlun 16 0.941 6 0.942 12
Kunlun 19 0.935 8 0.953 6
Kunlun 18 0.922 12 0.948 8
Kangqing 7 0.931 9 0.946

Kangqing 9 0.937 7 0.941 13
Ganqing 4 0.929 10 0.943 11
Ganging 8 0.919 14 0.94 14
Ganging 9 0.956 1 0.968 1
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N T AR R A R PR e R DUR R I R AR A i, X AN [R) A 2 DO R PR A R 7 B X HLAR
PEEAT T oRa V- . R 3 AT IEH, ST R RS 15 SFPRF M i, ERAESER
RV R HR 9 SRPRLAE A IEARR P EAR L L B2 15 50k, SR FE PU et B R 7 eI P AR
WIEGMIE, RIS HIRG 16 SHHE 8 THIFFRF R RSB, Ak~ BRAM S, &M
FrRim - g d . MR 4 AT DEH, ZWUEREAIRTE 22 M Er by, Ry, BE7 5. BE
95 HE 9 ST 23 FrEEFEVN, EHEFEREE, R e . HiX 5 M E R FENE &1
P AN IR P AR, S S E IR A, HE O TG A ORGSR AR AR, TCIRAE P S #OA
TR AP RN R = P P ARG P PR o L, BT A R ELLE R SO X ol S RO A Th i Ot X, #8
REIL Bl
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Table 3 Comprehensive evaluation of grain yield and stability for different hulless barley varieties in different regions

FHESH RIS

A Fertility parameters Stability parameters & N H X ZEE TR
Variety PRI Hi/kg 2N Vb AR S REE Application Region Synthetic evaluation

Grain yield/kg Effects Variance Variability
Kunlun 15 415.039 66.998 8881.841 22.707 E2 I
Ganging 9 403.779 55.738 4541.090 16.689 E1/E2 1RLT
Kunlun 16 381.367 33.325 1625.952 10.573 E1/E2 1
Ganging 8 380.937 32.895 618.859 6.530 E1/E2 i
Ganging 4 366.203 18.162 8705.683 25.479 E2 — %
Kunlun 14 364.051 16.009 1751.752 11.497 E1/E2 BT
Kunlun 18 354.567 6.525 8.438 0.819 E1/E2 BT
Kangging 9 340.058 -7.983 15.445 1.156 E1/E2 — %

Zangging 17 336.518 -11.524 2141.384 13.751 E1/E2 —



Ximala 22 334.813 -13.228 67.653 2.457 E1/E2 — %

Zangging 23 325.133 -22.909 13139.216 35.255 E1 i
Kunlun 19 316.573 -31.468 0.951 0.308 E1/E2 g
Zangging 22 307.631 -40.411 6021.018 25.223 El e
Kangging 7 304.656 -43.386 925.341 9.985 E1/E2 —
Zangging 2000 289.300 -58.742 2087.092 15.791 E1/E2 e

El: PHEH; B2: HHHEMH
El: Tibet changdu; E2: Qinghai haixi

*4 BREMETEXEHNHNE~ERERELZSTN

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

FEBH RSN
A Fertility parameters Stability parameters & N HE X ZEETE
Variety P B kg RN = AR S REE Application region Synthetic evaluation
Forage yield/kg Effects Variance Variability
Zangging 22 625.514 104.922 386.970 3.145 E1/E2 ey e
Kanggqing 7 588.281 67.689 12353.312 18.893 E1/E2 e
Kanggqing 9 587.83 67.237 2871.093 9.115 E1/E2 e
Ganging 9 587.782 67.189 541.072 3.957 E1/E2 i
Zangqing 23 585.037 64.444 10350.990 17.390 E1/E2 i
Ganging 8 563.696 43.104 28833.864 30.124 El B
Zangqing 17 541.997 21.405 0.000 0.002 E1/E2 BT
Kunlun 18 530.226 9.633 0.006 0.015 E1/E2 BT
Zangging 2000 522.466 1.873 16667.212 24.710 E2 — %
Kunlun 19 511.863 -8.730 39.344 1.225 E1/E2 BT
Kunlun 14 450.288 -70.304 46.160 1.509 E1/E2 — %
Ximala 22 442.629 -77.964 18.697 0.977 E1/E2 —
Kunlun 16 429.828 -90.764 1252.597 8.234 E1/E2 52
Ganging 4 426.611 -93.981 1088.915 7.735 E1/E2 52
Kunlun 15 414.839 -105.754 1622.036 9.708 E1/E2 g

El: FEEHS: E2: HEEM
El: Tibet changdu; E2: Qinghai haixi

2.7 REWNSEER@MITN F7EMN R mipiEiE

Pk, ™. pUElikbE. MERSE. SrERs . MM R AR RS 7 MRS
s RO — ZedabR, HAPEIRON —gHRbs, YD TR EXGSAE R A VR ik, SR AR
A AN 2 B AR SR ACRIE . A RL e R RR A A RS, R0 Y ot A 7L 00 /N DX PR e 18 > 10%,
N AW EE>10%, FLEYITC (BIOR S Gl BIR s At R 11 o T4 11 22 L 10>9.5% S ATV AL 7R 73>63.5%
FRSKH A 5> 140 REIERDRL = B B> 1550 T30/ R EAR L B B, LA bumtERcr . AR SR < H

= »

H95",
3 g

TR TR T 8 JE L X ) 2 R A, AR RHIERR S |, B2 mEEER, &
PR Aol B Z ek AR o AR FERRIE T B [F B BRME X 15 A ERSF S R, £
A DXV R 2 A M T R VG T R T AR R AR RS, N Sl B A AR S X & AT 25 6 1F
iy RIZAESXHE RSP SR AR . SEPURtEIEEgE R, ASlaMdiE “HE 9 57 A



ARE PR RN B e AR o, HORPRRRCRE = 5 43 5 g 403.78 kg/ il 587.78 kg/ii: “RA 1557 K
BRI R P TR SR, HORPRL B 415.04 ke/TiT s LUK “BETE 757 R “mis 227 MR E
AYEFH I RIERS A, R N 588.28 kg/BIA 625.51 kg/H, & A TR X BiA 4 4 X 3
e R “BAA 1557 ERUKIERA TR SR B IR, “HEH 957 B, RF S GRS
X, “RHE 797 “BF 227 eRAEYESEEEEH.

R SR BB SRR AR FR 1= B 5 S . APRIRT R SR B 2 (8 B ARG, XML S
b PRI NI AR B, HEDN AT BE R T L X TC AR IR . AR, A B IR AR T 2 R R B 2R
JRTE G ARG 2 o AR, KPR &5 ARG WA PRI IR AT 4E . AR 55 TR 2 R %
FAHDE, SUERE B, NDFI120 /N LRSS 2 B E IEARSE, DLBAFPRIE P 5 5 B R A7 R S S S Bk,
LT T SR RLP= 5 R 4R T 7T RE 23 BRAR TS BRRSFF (0T F AR B . =5 oy 73 BT B 7E £ BE DR 49 R 21048 S5 (1 5t
i b, B EEMERFEARRAAER SR SRS RIIT), AR IOK 15 NERSFT 30 NSRRI
% R T M VU PR A 8 AN 7 A TS, 4l AT LIMRER 92.11%F0 89.70% 1R AR5, H b G & #1)
1A ERS A HIA R 33.95%, FEAFE NDF120 /NG Skt Bl kIR SRR iR
FEXTARDRR G FFIAR S G R B VO SR 1 o) & IR 34.47%, FEAFEAERMIME. S rrHL
#2457+ NDF120 /NFEAGER . S0, B AR DR . A3 B AN L A bk sy, T DL I )
IXEESR R 4 T RPN R IR 5 5T, AT 47 4 o o 7 8 AR

KK AR BT AT L8 5V B R PRI, 456 E ARGV = Far= 2 i T A
TRHEARE, 2 RS RAEWEE G VPN A RO RG220, R T, KRB 22 & VR B, 78 PR
BRI SRR T, “HEF 957 “BE 1557, “BOC 1457 S=ANRMSA THE T
50, ERGTEGEEVERTETT S &Rt Ay “HE 957, BT 227 M CHEE 9 57 HilEIR B
L1557 “Bel6e5” M “UE 957, HELEANFE DI FARAFF /= A= i T4 B
TERIVHS R, “ B4 1557 P EMfar=ttar, g LGS FIEETE (BUEIBAESRX) Fild, “HE 95”7
BOEF- AR R, &G HRE . AR TR AT, “Bt 1457, “9E 177
G 227 MRIFEETAE, R, b R 227 RIEATETRE AR, “IRE 227 WA FE
Pedhr, AR, HObnT L, R KEESRBE T ER S5 B VN 45 & F P AR P o Aot 5 B B gt
ITLRA TP RA B m S0, DU A TS s e R P v R . A, ARBE FUIRIE S B R
BREFN, AR T RRAET X P AT PR SR A T B IR R B AR
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