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Construction of Quality Evaluation System and Analysis of Ecological
Regionalization of Qinghai-Tibet Plateau Hulless Barley
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Abstract: In order to explore the differences in the quality of hulless barley (Hordeum vulgare L. var. nu-
dum Hook. f. ) varieties in the Qinghai-Tibet Plateau, establish the quality evaluation index system of hul-
less barley, and regionalize the ecological adaptability of hulless barley quality, we used 15 main hulless
barley varieties in the Qinghai-Tibet Plateau as experimental materials and measured thirteen quality inde-

xes such as total starch, crude protein, ether extract and B-glucan. One-way analysis of variance, correla-
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tion analysis, principal component analysis and cluster analysis were used to analyze the measured indexes.
The results showed that: (1) among the 13 quality indexes, 11 indexes had significant differences among
the 15 tested varieties, and 12 indexes had significant differences in the 8 planting zones. There was a sig-
nificant positive correlation between the total flavonoid content and the total polyphenol content, and the
B-glucan content. Based on the performance of different varieties in different ecological regions, the con-
tents of amylopectin, amylose, total flavonoids, B-glucan and total polyphenols were the greatest influence
on the comprehensive quality of hulless barley. (2) The 15 tested varieties were divided into 4 categories
by cluster analysis, and the 8 regions were divided into 3 ecological zones. The varieties with better quality
in each ecological zone were Kunlun 18, Kunlun 19, Kunlun 15, Ganqing 8 and Ganging 4. (3) These re-
sults showed that 13 indicators could be converted into 5 principal components, and the cumulative vari-
ance contribution rates were 85. 16 % and 94. 40% , respectively. The variety with the highest comprehen-

sive evaluation score was Kunlun 18, and the area with the best quality was Guinan, Qinghai province.

Key words: hulless barley; quality index; quality evaluation; ecological regionalization
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Via i g DU B i, R ROHLER B LR L B 2R
WS EE 9o 12.62% (11, 09~15. 89%) .
1.70 mg/g(1.19~1.97 mg/g) .58. 69 mg/g(47. 49
~64.76 mg/g) KA AT & & LLE A e . A
i 13-4 R 38 O i Y DAL A s HL AR L BB
il F1 3-8 BRA - 38 & Y LAV T A, PR gE R
E V€0 CHLAG T | BB UE by | S UE Ry R VK 48 80T
BIE 59 M 8. 37 pg/g(7.35~9.19 pg/g).500. 24
mg/g (416. 25 ~550. 22 mg/g). 1. 57% (1. 42% ~
1.82%).166. 61 mg/g (139. 40 ~ 182. 98 mg/g).
332.11 mg/g (275. 65~ 367. 91 mg/g) Ml 334. 08 s
(323.07~348. 80 ), Hr 1 4t 2 EHLAR 5 71 R4 %
TR EIE L 5t R i e L T A PN SR VE R T 4 a1
DA R e g T 49 B DT U R T U A T 3
i DAL R 4l A2 2 B ELBETE N | S A U R TN
AR LA TR S5 A BRI 734 3 £ DA TE 2 BeAIR
2.2 BRI WATREREREE XS

AR o BT 45 5 (3 3) B, 75 B4 o B br s 7
A TEN SHMLIE R 2Z RAEAE E  OEE R
(P<C0.05); BBl & &2 5 8 2 W & & B3 Kb
B BIAEAE B3 (P <C0. 05) FIdl 3% (P <<0. 01)
IEMXKR B2 & RS - RS AT H
TEMSC R 2 s SCHEVE By & B 5 R UE By & B A A7 AE
B i 25 A DG O &R (P<C0. 01),
2.3 EREMIFNARERWERS S

Xof 455 R R ORI o 5 b DX A R I A B 2R AT
TR AT S5 R (R O R WA BT 25 R R 5 A
F AT R FEAEE Y KT 1, 78 F BR AL FlOKF =
PRI N =4, 44 0, =2. 654, =1. 48 A, = 1. 32.A;

=1. 19, 5 5 W B I 2 A 40 b R it ik F
85. 16 %0 ; FEHL IX K- L4350 X, =4. 68,0, =2. 71,
A =2.22.0,=1.53. 0 =1. 13,/ 5 N F 172
Bt BIFIAE] 94, 40% . PR BLARBUET 5 AN iF
(RO R % [ ST R D= A= T D v o B

2.4 ERAEMEMRBMRFNRRESTEMNIER

M2 5 A, F A o0 A AR RS 5 A FE 4
(PC1—PC5) #% faf 1 B4 , & XoF f 8 K 0 %o 1L T 7 =
B 5 I AR R R b, 7E W RR SRR OKOE |
PC1 H LL3E by F E 4 UE By 19 52 W 2 32 PC2 i DL
B AT 3-8 R BE A5 0 R 3 PC3 R DR V5 48 BOR
e R E BN 3 PCA b LUHLEE A RS 2 8 &
IS 3 PCS Y LRV A8 BORT v- 2 3 T IR
R F ., FE M XK B PCL DL, R R
BT SR M B 1 52 Dy 325 PC2 rp UKL R L RN AE (5
o AR 3 PC3 o DL 8 (RS2 BE Ve M %
HSEN 32 PCA P UL v R TR MG AR ES
TR 3 PCS b DL 5 18 ORI A 2 5 & B
S . NS A F L S5 AL R R R
DX A 7K ST 0 5 X HF R 25 i T R ) e K 1Y) B
AR N 7 BRI 25 A AN B AR I 43 8 Dy S
By EAEVERY B BRI S, XS
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Z M B RS 5 B AR, SR I SPSS 23. 0
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Table 4  Principal component analysis of quality traits of 15 hulless barley varieties and 8 regions
VLA HE{E Initial eigenvalue & B Aof °F 77 Ml Extraction eigenvalue
ix
Component Bt R LR FEH Bt FEADIL FH
Total Variance/ % Cumulative/ % Total Variance/ % Cumulative/ %
1 4. 44 34,17 34.17 4. 44 34,17 34,17
2 2.65 20. 35 54.52 2.65 20. 35 54,52
i i y 5

L 3 1.48 11. 34 65. 87 1.48 11. 34 65. 87
Varieties

4 1.32 10.17 76.04 1. 32 10.17 76.04

5 1.19 9.12 85.16 1.19 9.12 85.16

1 4.68 36.02 36.02 4.68 36.02 36.02

2 2.71 20. 82 56. 84 2.71 20. 82 56. 84

Rlﬂ,lz 3 2.22 17.10 73.94 2.22 17.10 73.94
egions

4 1.53 11.79 85.73 1.53 11.79 85.73

5 1.13 8.67 94. 40 1.13 8.67 94. 40
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Table 5 Principal component load matrix of 13 quality traits of hulless barley

BT AR F 4> Principal component
Quality traits PCl PC2 PC3 PC4 PC5
2 H Crude protein 0. 27 0.01 0. 25 0. 84 —0.10
JEH Starch 0.94 —0.28 0.02 0.09 —0.09
[ 7% $5 %4 Land index 0.17 0. 44 —0. 64 —0.03 —0.45
BB Total flavonoids 0.40 0.76 —0.25 0.22 0.34
HLIE W7 Crude fat —0.36 0.24 0.51 0.35 0.09
B Z ) Total polyphenol 0.73 0.34 0.37 —0.43 —0.09
o
V;‘;fﬂeg B-7 B B B-glucan 0.35 0.79 —0.23 0.15 0. 40
4 % E Vitamin E —0.42 0.43 0.56 —0.03 —0.33
AEA4F Anthocyanin 0.76 0. 37 0. 34 —0. 38 —0.05
EHE M Albumin —0.10 0.51 0.22 —0.07 0.19
HEEVEH Amylose 0.94 —0.27 0.03 0.11 —0.09
K EEVEH Amylopectin 0.91 —0.26 0.07 0.21 —0.15
-2 % TR v -aminobutyric acid 0.21 —0.54 0.09 —0.14 0.71
W HE A Albumin —0.16 0.51 0.72 0.28 0.32
# % H Crude protein —0.19 0.79 —0.47 —0. 27 —0.12
TEHS Starch —0. 81 0.32 0.06 —0.29 0.09
[ 7% 45 50 Land index 0.73 —0.17 —0.06 0.25 0.57
HE I Total flavonoids 0. 84 0. 34 —0.41 —0.01 —0.13
MG Crude fat 0.47 —0.58 —0.22 0. 46 —0.40
Rfii%ns B Z W Total polyphenol 0.63 0. 34 —0. 37 —0.29 0.51
B B A B-glucan 0. 84 0.33 —0.41 —0.03 —0.15
4k % E Vitamin E 0.58 0.40 0.38 0.54 0. 04
A1 Anthocyanin —0.22 —0.71 —0. 30 0.03 0.41
ZHEREHNT Amylopectin 0.67 —0.05 0.61 —0.35 —0.10
Y-Z TR v -aminobutyric acid —0.38 0.58 —0.13 0.63 —0.08
HEEVEH Amylose 0.67 —0.02 0.59 —0.37 —0.18
10 15 20 25 0 5 10 15 20 25
EA>15% Kunlun 15 . . . . %4 1 Delhi L t L L L
E4195 Kunlun 19 A : B
#2000 Zangging 2000 745 Xining +
17 Zangqing 17 !
EHH22 Ximala 22 E #f Changdu H !
#H95 Kangqing 9 !
H75 Kangqging 7 3 % Daofu M !
HH45 Ganging 4 !
23 Zangqing 23 4% Luhuo - !
E.4£145 Kunlun 14 !
H#H8%5 Ganging 8 ['T¥R Menyuan :
22 Zangqing 22 !
E16% Kunlun 16 B Guinan
H#H95 Ganging 9 J i
E4:182 Kunlun 18 F£F Gonghe i

BT 15 AT R AN CAD S 8 AR b IX (B) FF L BT 2B 2 1K

Fig. 1 Clustering map of grain quality from 15 hulless barley varieties (A) and 8 planting regions (B)
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Table 6  Main quality characters of 15 varieties in each ecological area
HBKX i A S E By HEEER ST ) JsE2) - S
Ecological area Variety Amylopectin/(mg/g)  Amylose/(mg/g)  Flavonoid/(mg/g) Polyphenol/(mg/g) B-glucan/(mg/g)
M T 2000 Zangqing 2000 359.80+47. 31ab 137.67+17. 70ab 2.0440.07abc 0.88%+0. 35e 66.43+0. 36ab
M 23 Zangqing 23 375.02+43.87ab 174.65+4,57ab 2.15+0. l4abe 0.88+0.27e 68.49+3.57ab
W T 22 Znagqing 22 355.26+39. 18ab 141.32+10. 82ab 2.08=40. 04abc 0.88+0. 37e 65.52+0. 63ab
W 17 Zangqing 17 283.79+39.19b 146.27+3.86b 2.03+0. 13abe 0.91+0. 36e 66.13+3. 16ab
E I 22 Ximala 22 361.97+20. 14ab 172.95+52., 86ab 2.07+£0. 24abe 0.97+0. 37e 67.27+6.42ab
B4 14 %% Kunlun 14 278.51£27.31b 200.21+23.38b 2.26+0.06ab 1.0240. 18de 69.37+1.21ab
HF-RKESK . R
iR AR A B4 15 % Kunlun 15 291. 68420.52b 236.00444, 40b 1.73+0.11c 1.09-+0. 35cde 59.56+1. 34bc
ch"rl;’qg‘fal B4 16 % Kunlun 16 344.324117.19ab  175. 80+ 34, 87ab 1.85+0.03abe  1.17=0. 20bed 62.89£0. 70ab
L?;’)Ui“}‘?“; B4 19 % Kunlun 19 405.12462.51ab 178.14£32. 44ab 1.05+0. 28d 1.08%0. 49de 44.55%6. 84c
nghe
E£ 185 Kunlun 18 473.504+73. 22a 189.98+14. 22a 2.1640. 57abc 1.124+0. 37cde 68.12+10. 53ab
HEH 7% Kangqing 7 360, 2755, 10ab 173.47+21. 63ab 2.08+0. 03abe 1.49+0. 78abc 65.41+0. 48ab
HEH 9 5 Kangging 9 357.20+82. 51ab 176.58+16. 81ab 1.70+0. 08¢ 1.00+0. 39de 59. 402, 24bc
¥ 4 % Ganqing 4 373.93+7.35ab 137.67+17. 70ab 2.36740.07a 1.55+0. 33a 75.46+2. 85a
HE 8 % Ganging 8 357.91+£55, 34ab 174.65+4,57ab 1.7540. 49bc 1.5240. 26a 59.38+10. 38bc
H# 9 5 Ganqing 9 327.94+33. 69ab 141. 32+10. 82ab 2.06740.07abc 1. 480, 34ab 66.86+0. 21ab
M 2000 Zangging 2000 331. 65464, 27abc 165. 62427, 40abe 1.49+0.42a 0.8340. 35cde 54.0449. 20a
JK T 23 Zangqing 23 322. 38433, 39abe 158. 65417, 00¢ 1.6940. 54a 1. 0040. 30abc 58.95+12. 75a
Piae Znagqing 312.55+62. 50bc 56.34+29. 96¢ .82+0.62a 0.7710. 32de . 52413, 26a
T 22 Z 22 12.55+62.50b 156. 34+29. 96 1.82+0.62 77+ 2d 61.52+13. 26
# 7 17 Zangqing 17 331.20+43. 70abc 170. 25427, 13abe 1.60£0.53a 0.8240. 21bcde 57.67+12.80a
B34 22 Ximala 22 309. 47445, 01be 154.044+21.71c¢ 1.49+0. 25a 0.7940. 25cde 53.72+6.57a
. 4 % Kunlun 14 322,06+ 38. 49abc 3.08419.07bc .84=+0.50a 0.79=+0.49cde .92+11.71a
KA K Bt 14 %5 Kunlun 1 22.06+38 b 16 8+1 b 1.84+ 79+ 1 61.924+11.71
TRAER
GELm T B4 155 Kunlun 15 351.35456.89ab  173.00%25. 66abc 1.510. 20a 0.8340.55de 54.8544.88a
BB B E )
Ecological area [| E£ 16 5 Kunlun 16 294. 67450, 12¢ 154. 50425, 99¢ 1.614+0.27a 1.1240. 40ab 56.8946.00a
(Delhi, Xining,
Changdu., E£ 195 Kunlun 19 324.26442.52abc 159.25+18. 61c 1.86+0. 35a 0.8740. 33bede 61.95+6.68a
Daofu and Luhuo)
B4 18 %% Kunlun 18 374.93437.05a 183.18421. 06abc 1.70£0. 75a 1. 1440. 206a 58.33+16. 14a
e 7 5 Kangging 7 373.01444,42a 187.53+14. 29ab 1.66+0.22a 0. 9340. 50abced 58.52+5.57a
HEFF 9 5 Kangqing 9 321.08+38.32abc  162.34+15. 26bc 1.5140.55a 0.65+0.17de 55.17+12. 37a
H7 4 5 Ganging 4 341. 46435, 76abc 170. 44413. 89abc 1.66+0. 46a 0.9540. 38abcd 57.62+11. 14a
H7 8 % Ganging 8 369.48+41. 84a 190.74419.52a 1.82+1.33a 0.7540. 49 61.07429. 08a
H# 9 % Ganqing 9 341.63451. 22abe 174. 95+ 25. 35abe 1.64+0. 68a 0.8240. 44cde 57.03414.55a
WH 2000 Zangging 2000 50.59410. 12¢ 3.83%0.67) .31%0.00 0.15=%0.0 50.7840. 521
JLHE 2000 Z 2 2 9+10. 12¢f 123.8340.67 1.31+ f 150. 011 50.78+0.52
T 23 Zangqing 23 284.11+1.35d 138.6840. 65fg 0.8340. 00k 0.574+0.01d 39.25+0.95n
M T 22 Znagqing 22 195.48+3.59g 106.32+1. 331 1.4540. 00e 0.704+0.01b 51.27+0.53¢g
M 17 Zangqing 17 310.40+15. 37be 159. 76 £1. 32¢ 0.83+0.01k 0.82+0.01a 38.96+0. 550
B34 22 Ximala 22 281.75+12.09d 148.06+1.45d 1.2240.01i 0. 3540. 00j 48.31+0. 45k
B4 14 5 Kunlun 14 292.07+11. 46cd 143.98+2. 14e 1.85+0.00b 0.534+0.01le 63.134+0.70b
o REAK B4 15 %% Kunlun 15 287.69+7.83d 135. 8640. 93gh 2.04+0.01a 0.62+£0.01c 66.46+0. 54a
Ecolo;ggjﬁa)rea I B4 16 5 Kunlun 16 252.17+2.12¢ 127.5041. 911 1.5640.00d 0.41£0.01h 55.0440. 70e
(Menyuan) B¢ 19 5 Kunlun 19 233.61+4. 191 120. 64+ 1. 18k 1.3240.01f 0.300. 00k 51.0740. 45h
E £ 18 % Kunlun 18 322.20+5.98b 168. 41+ 1. 25b 1.65+0.01c 0.53+0.01e 55.8940.97c
7 7 % Kangqing 7 281.96+12. 00d 139.7640.53f 0.9740.00j 0.36+£0.01j 41.70+0.72m
FEH 9 % Kangging 9 254,95+7.15e 134.15+1.41h 1.2640.00g 0.5140.00f 48.98+0. 27j
T 4 % Ganqing 4 282.3749.07d 144.36+0. 99e 1.5740.01d 0.474+0.01g 55.30+0.72d
% 8 & Ganqing 8 358.79+13. 71a 178. 47+2. 88a 1.24+0.00h 0.47-0.01g 47.16+0. 721
H# 9 % Ganging 9 246.57+1. 32ef 121.1641. 59jk 1.45+0.0le 0.3640.01i 54.0140.69f

U R FUAS [ /NG 7 B R R ) AR ] 75 0. 05 7K ST 22 53 3%

Note: The different lowercase letters within same column show significant difference among varieties at 0. 05 level
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Table 7 Grain quality comprehensive score of different hulless barley varieties and different planting regions

20 A HE:
Var‘?‘; fj fﬂflmr%gion F1 F2 F3 F4 F5 H (:<)ifp?eﬁiﬁive
ranking

B4 18 % Kunlun 18 4. 81 —0.02 1.49 2.12 —0.11 26.19 1

H# 4% Ganging 4 2.10 1.46 —0. 44 —1.59 0.52 11.07 2

T 7 % Ganging 7 2.25 —0.16 0.58 —0.63 —0.72 8.77 3

H# 8% Ganging 8 3.01 —1.71 —2.05 —0.48 —0.10 5.06 4

T 23 Zangqing 23 —0.18 0.94 0.97 0.36 0.62 4,34 5

B4 14 5 Kunlun 14 —0.92 3.15 —1.97 0.95 1.24 4.08 6

H#& 9% Ganging 9 0. 81 0.09 —1.02 —1.12 0.38 1.27 7

V:?ifjﬁties W 22 Zangqing 22 —1.94 1.53 0.43 1. 64 0.67 —0.97 8
B4 16 5 Kunlun 16 —1.20 1. 60 1.65 —1.59 —1.22 —2.22 9

B4 15 % Kunlun 15 —1.32 0.97 0.28 —0.62 —1.45 —5.42 10

B4 19 % Kunlun 19 —0. 65 —1.55 0.74 0. 26 —0.07 —5.66 11

WHF 17 Zangqing 17 —1.50 —1.77 1.37 —1.15 2.46 —7.91 12

W 2000 Zangging 2000 —1.72 —0.58 —0.18 1.02 —1.61 —9.99 13

F I 22 Ximala 22 —1.76 —1.06 —1.52 0.11 —0.96 —13.83 14

HH 9 % Kangqing 9 —1.81 —2.88 —0.32 0.72 0.33 —14.78 15

H P Guinan 1.85 1. 95 0. 36 0.16 1.77 16. 98 1

A Gonghe 2.56 0. 34 1.15 1.21 —1.17 16.01 2

E #5 Changdu —0.29 2.56 —1.03 —1.33 —0.74 0.42 3

X i % Daofu 0. 65 —1.06 0.54 —0.52 —1.33 —0.94 4
Regions e [ uhuo 1.95 —2.39 —2.10 —0.90 0.61 —2.68 5
77 Xining —1.59 —1.16 2.67 —0.96 0.76 —5.25 6

1841 Delhi —1.39 —0.48 —0.80 2. 34 0.31 —5.65 7

[T Menyuan —3.75 0. 24 —0.79 —0.01 —0.21 —18.90 8
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