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Abstract; Exploring the genetic diversity of six-rowed barley germplasm resources could provide information in
selection of parental lines and cross combinations, finally improving the breeding efficiency in six-rowed barley. In
this study, eighty-nine six-rowed barley accessions, including domestic and foreign cultivars, were employed as mate-
rials to survey eight major agronomic traits ( plant height,internode length below spike, spike length, grain number
per spike, spike number per plant, thousand-kernel weight, grain weight per plant and biomass per plant) under
three different environmental conditions. We conducted the genetic diversity analysis, principal component analysis
and cluster analysis of these eight traits. The results showed that; (1) The grain weight per plant showed broader var-

iation , while the traits , including plant type and grain number per spike,displayed narrowed genetic variation to the
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others. The increases on spike length and grain weight in six-rowed varieties were observed. (2) The thousand grain

weight and the genetic diversity index were significantly higher in hulled vs. hulless barley. (3) The tested acces-

sions were divided into five categories. The fifth category was the landraces of China,which was widely distributed

but displayed a relatively close genetic distance among them. The other four categories were cultivars post breeding,

and each had their own characteristics. (4)Based on the analysis of principal component and the scatter plot, four

excellent types of germplasm were obtained, which behaved large grain and high production,and at the same time

they contained four types ( dwarf, long spike and strong tillering ability, big grain, and high biomass) respectively.

Thus, this work provided an evaluation equation valuable in use of six-rowed barley germplasm in barley breeding.
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Table 1 The code,name,origin, hulled/hulless and types of six-rowed barley germplasm

%5 Al KR S/t g3 %5 vl U5 B/ ey
Code Varieties Origin ~ Hulled/hulless Type Code Varieties Origin Hulled/hulles  Type
1 A 11 L # EBAC 18 80-229 K& hEwmIL )3 iy
2 7 08-49 SRk i3 P 19 WEFERE  PEEE s o
3 W& 15 hELIR 3 R 20 R —4t IR & 5
4 2004-H731 4 %5 H A )i PP 21 TR RE  PEILA i3 iy
5 2004-H35|2 %5 H A )4 IHAL 22 R HE L AR s Iy
6 34 T )2 B 23 ok Hh T g )2 5
7 %97 -1338 X # AL 24 KATHE AT )2 iy
8 CM72 ESE| )4 IEHAC 25 TRE AT R )4 iy
9 AcBacclm F*H # AL 26 KiRE Hh T )3 5
10 AcBurman FH B s A 27 RE 1 AT R i3 iy
11 OR71 K H B SIS AN 28 TRE2 Hh [ B i
12 C2118 e Bz PR 29 uEETERE  hIENR i3 iy
13 K 8891 VTR )4 IEHAC 30 KR T AT R )i i)
14 HEs S LSRN #H WA 31 S S Hh T g )2 5
15 AFRERE  hEWHL )ia vy 32 ¥R rf T R )i T
16 THEKRE HEw L B H T 33 K& AT R )2 T
17 G B RKHE T E L B s 34 =A% Hh T # 5




54 XA S s 75 K22 P i R Rl AL ZRE T 849

x1(£)

%5 Al HiR W/ e s i K B/ el
Code Varieties Origin~ Hulled/hulless Type Code Varieties Origin Hulled/hulles  Type
35 PN R H H 5 62 LI RE hEZM * 5
36 TR BTG )3 H Iy 63 EP TEZM * 5
37 Mahe K4 T [E g % iy 64 PERE 1 TEZ H S
38 KRR T E g 3 o7 65 TR 2 ThEZ e 7
39 IR T R 53 oy 66 Kk  TEzM # 5
40 TN [ B PG e ilyi3 67 P H LY I3 L)

FRE 68 WOk KE PEILAR R 757
41 KK BTG B H 5 69 ERE L 3 7
42 RIERAE v ple vy Zs T 70 Ay L ;2 Hu
43 2k H VLR )i oy 71 bk L s i)
44 58-40 T EYL '3 AL 72 K o & Iy
45 BWkRE  HEILE B W7 73 Fithi o H )2 b:Lys
46 LT 1395 Hh VTR )i PR 74 KK SRIESkyiR]d s iy
47 B LHIERII e 5 75 NTERE S PED % Iy
48 “H# HEYL )2 I 76 KERE o S '3 iz
49 R T i )2 o 77 kR o S 3 5
50 EE=H#  hEZH )3 b )5 78 K& H S )3 5
51 AR T B '3 s 79 T i S # 5
52 RREMT  PEZR )i oy 80 kR r ] S s iy
53 (i3 rh L )i o7 81 KA r ] 5 i3 iy
54 YA rh I B Hi 7 82 —HEA rhE S )i iy
55 7 HHHE L H W 83 EhKFE S '3 b:Lys
56 i RE TSR )3 H 5 84 LrfEE T E SN S iy
57 EYN TE = )3 H 7 85 B T E SN R 5
58 R TEZH )3 b 86 W o S '3 S:Lys
59 R E A )i o7 87 v rE 5 i3 i)
60 RREKE PESE B iy 88 i 3213 o = 7 B Liges
61 K& HE= B o7 89 i 1066 o [ 74 )2 HPHE

3145 27 5528 %5 64 55 65 SR BURRIE T+ AR BHSE Rl S PR AR AR IR, 27 525 R A2 AR 465 2 ZDMO00696 328 SR A R A
JEG5 9 ZDMO0T00 ;64 SR EFTA R HiS Ny ZDMO4031 ;65 57 K F F FA 45y ZDM04033

Number 27 and 28 ,number 64 and 65 are different germplasm, derived from germplasm bank of Chinese Academy of Agricultural Sciences. The library
number of the 27th germplasm ( Mang barley )is ZDM00696 , the library number of the 28th germplasm ( Mang barley )is ZDM00700 , the library number
of the 64th germplasm ( Yang barley )is ZDM04031 ,and the library number of the 65th germplasm ( Mang barley )is ZDM04033
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Table 2 T-test for agronomic traits between hull and hul-

less of six-rowed barley germplasm

i
Table 3 Genetic diversity index of traits in hulled and hul-

less of six-rowed barley germplasm

PR REHE REWHE t{8
Traits Mean of hulled Mean of hulless t-value
barley accessions  barley accessions

P PH 115.57 110. 54 1.87
TR 5[] ILBS 33.46 32.34 1.14
K SL 6.73 6.45 0.78
FHEKIEL GNPS 69. 88 71.00 -0.74
HRRTEEL SNPP 6.95 6.95 0. 003
TR T TKW 31.52 26.53 6.18*"
Bk T GWPP 8.25 8.06 0. 45
bk ) E BPP 26. 33 26. 31 0.02

AR50 0..05 F10. 01 AKF A M, R R

“and ™ indicated significant difference at 0. 05 and 0. 01 level, respec-
tively. PH: plant height, ILBS: internode length below spike, SL: spike
length, GNPS; grain number per spike, SNPP: spike number per plant,
TKW ; thousand-kernel weight, GWPP :grain weight per plant ,BPP: bio-

mass per plant,the same as below

TeRl i e, 1K 2. 03, AR HE 2 REMEHE B AR,
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i, N 198 MR e AR e B Ak, O 1. 34,
x4 ABRAZEWEHFFREEUREARXAHRA

FEgR f\ﬁﬁj& f\%%%jt&*
Six-rowed Six-rowed

Traits hulled barley hulless barley
s PH 1.96 1.34
R AT ILBS 2.00 1.83
T SL 1.97 1.95
FHEKIEL GNPS 1.99 1.85
BRRFEEL SNPP 2.01 1.83
TR E TKW 2.01 1.84
Bk T GWPP 1.88 1.80
HpRA Y & BPP 2.03 1.98
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Table 4 Traits’ variation of six-rowed barley germplasm in different locations

2015 4R S

2016 AFERIRIA A

2016 4E37 M A ik

ek Yancheng location in 2015 Yancheng location in 2016 Yangzhou location in 2016
Traits ¥l 75 e 5 5 FAL ¥i{E 5 e TRFER  BE 5 R 5 5 ZH
Mean Range (%)CV Mean Range (%)CV Mean Range (%)CV
¥R PH 116.28a 69.47 ~140.07  9.16 108.64b  52.23 ~128.80 10.93 117.88a 62.53 ~141.65  10.80
FAFAEK ILBS  33.18a 24.13~47.06 13.28 33.28a  22.56 ~44.25  14.65 33.04a 23.04 ~45.91 13. 89
T SL 6.55b 4.03~9.90  24.59 6.22b  3.53~9.68  24.62 7.21a  4.36 ~10.10 20. 90
FHKIEL GNPS 66.96c 49.20 ~84.00  10.30 69.65b  49.60 ~95.60  12.95 73.90a  43.60 ~88.40 10.23
HARRFEEL SNPP 5.86c  3.60~11.07 26.44 6.94b  4.40~9.53 13.76 8.06a  5.07~10.43 13.87
T-kiE TKW 33.75a 23.20~46.28 12.93 29.78h  19.89 ~44.35  14.66 27.17¢  15.98 ~43.18 16.37
BpR T GWPP 6.98¢c 2.00~14.78 37.69 8.04b  3.76~18.46  31.06 9.59a  5.44 ~17.40 22.02
HipkA: Y& BPP 21.56h 12.39 ~32.45  20.04 22.64b 12,72 ~34.90  19.30 34.76a 18.49 ~46. 35 17.55

BOHR IR T /NG TR FOR A MR 3 5 A 0 22 S 3

The letter behind the average indicated significant difference of traits in different locations
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MS

2932.26 298.13*
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R
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MS

3264.54 59.02*

341.93

F value
82.34*
23.46 ™

MK
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MS
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19.23

11.87

F value
0.32

TR
ILBS
F value
3.95
29.45** 146.60
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MS
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4
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Table 5 ANOVA of agronomic traits in six-rowed barley germplasm
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2 BRED, 8 D FEMARIIFF G IES 040, b £
FAEPESS 5 ~8 %, B 114. 27 ~ 125.53 cm, di/N
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. w | & Table 6 Genetic diversity index and distribution character-
g ; % astic of traits in six-rowed barley germplasm
- g
: T;: ok wE SRR . EPEH Jit o LA
~ = ) Genetic diversity ~ Concentration (%)
- é frait index range Proportion
Cf f 2 R (em) 1.86 114.27 ~125.53  69.66

z PH
; “f; TR (em) 2.04 20.13~37.20  70.79
= g ILBS

:E K (em) 2.01 4.47 ~8.85 87. 64
A st
i = = FRBL 2.01 64.01 ~76. 33 74.16
3 £ GNPS
:r‘ 5 RIS 2.05 6.19 ~7.71 68. 54

< SNPP
2 8 | & ,
4 % E THE(g) 2. 04 26.26 ~34.21 71.91

E TKW
. . f HpRRITE (g) 1.93 5.57 ~9.08 76. 40
= AR GWPP

E HRRAEYITE (g) 2.09 23.04 ~31.25 77.53
% E BPP
T, o=
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Fig.1 UPGMA clustering dendrogram of six-rowed barley accessions based on mahalanobis distance
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Table 7 Eigenvalue and rate of contribution of PCA in six-

rowed barley germplasm

R Trait PV1 PV2 PV3 PV4 PV5
Fkim PH 0.269  0.554  0.024 0.135 0.459
[N FIEEN 0.467 0.172  0.050 0.126 -0.513
ILBS

T SL 0.241  0.235 0.662  0.321 -0.043
F AL 0.362  0.352 -0.332 -0.359 -0.365
GNPS

FARRAEAL 0.244 -0.392  0.568 -0.332 0.054
SNPP

TR E 0.244 -0.350 -0.269  0.755 -0.018
TKW

iSRS AR 0.416 -0.446 -0.107 -0.163 -0.106
GWPP

TRRRAE Y 0.479 -0.098 -0.204 -0.164 0.614
BPP

FHIEE E 2.683  1.828 1.121  0.880 0.627
HTH(%) 33.538 22.849 14.007 11.004 7.837
CR

ZHESF(%)  33.538  56.387  70.394 81.398 89.235
CCR

PV 4675 A HOREE [ (T, U0 PVL 267 45 HEAR X6 505 — 32 143
FEik /N 7 T LM KN 5 E A
PV represents the eigenvector of principal componments. For example,
PV1 suggests the size and direction of the first principal componment’ s
contribution , reflexed in the ways of magnitude and signs ( positive and
negative )
E:Eigenvalue, CR; Rate of contribution, CCR ; Cumulative contribution rate
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A E NI i VY7 =N R 7 AT RN R oL v S A
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553 FRTTRRE N 14.007% 465 3 .5 Wi &4
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SRl | NpE SO

554 T TTRCR N 11.004% , 55 6 T0T-hi
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PC represents the score values of principal componments in different barley germplasm. For example,

PCI represents the score values of the first principal componment in different barley germplasm,

PC2 represents the score values of the second principal componment in different barley germplasm,and so on

a:Scatter plot based on first and second PCA,b:Scatter plot based on first and third PCA

c¢:Scatter plot based on first and fourth PCA,d;Scatter plot based on first and fifth PCA
B2 ANEREMRFRERS ZHEHEFE
Fig. 2 Scatter plots based on PCA in six-rowed barley germplasm
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Table 8 Correlative coefficient between traits and M-value

in six-rowed barley germplasm

FEAR HIER B
Trait Coefficient
Pkis PH 0.779 **
R ILBS 0. 679 **
& SL 0.740 **
FHKIEL GNPS 0.558
PARREEEL SNPP 0.175
T TKW 0. 157
Bk GWPP 0.227*
Rk Y BPP 0.585**
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