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Characterization of Phenotypic Variation in Cultivated Barley
Provided Elite Genetic Germplasm with Potential Breeding
for Silage Barley
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Abstract: Cultivated barley ( Hordeum vulgare L. ssp. vulgare ) is one of oldest domesticated crops and four
most important cereal species.In addition to end-use for animal feeding, malting and human diets using barley
grains, the straw of cultivated barley serves as a silage grass for animals in some parts of barley cultivation areas
(e.g.Tibet ) .In order to identify elite barley resources in future breeding for silage barley varieties, this study
analyzed the phenotypic variation 102 barley germplasm accessions from National Crop Genebank of China in
Chongqing, south-west part of China.We determined the phenotypic variation on 15 traits and conducted statistical
analysis using Shannon-Weaver Index, correlation analysis, cluster analysis and PCA analysis.These results
suggested that the Shannon-Weaver Index ( H') ranged from 0.729 to 0.957.The higher phenotypic variation was
detected on leaf yellowing at heading and filling stages, plant lodging and 1000-grain weight, but the narrowed
diversity was found on grain width and plant height.In addition, we found that the phenotypic diversity of winter

barley ecological region ( 0.721 ) was slightly higher than that of southwest and Tibet Plateau region ( 0.706 ).
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Four subpopulations were clarified by clustering analysis, being consistent with the geographic origins of

tested materials.Moreover, a number of barley germplasm resources, which showed high plant height, lodging

resistance, large leaves, staying green of old leaves, were identified. These elite barley germplasms might become

useful potentially in breeding for silage barley varieties in areas of Chongqing, China.

Key words: barley; silage barley; germplasm resources; phenotypic diversity
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Table 1 The information of barley germplasm

KMy, <s(p-20)] By, <(p+20 )], &
b lo —9, 38 6 9. o iliH 8 — gy A A
FHFITARM IR RS
Shannon-Weaver Z # 4 #§ %4 ( H, Shannon-Weaver
diversity index ) K 27~ H:—Z; pilnp,, Hortp n R

RRERI DGR, p ACERRE—RIREE 1 905
(R R AR SRR EE

FE b i RV IE A KW || BESLGRS IE A KR || FESRGS A2 R Heili
Code Varieties name Origin || Code Varieties name Origin || Code Varieties name Origin
Q001 FRA 1% || CQO35 2ot L || CQ069 VSRSV 3 WL
Q002 NG 1A || €Qo36 e mPu 195 || €Q070 SRR Wi
Q003 PHEERIAAN 175 || €Qo37 Tt RFE I || CQo71 IRIA W
Q004 EY A g || CQO38 Eoy Sl 95 || CQo72 TR PR Wi
Q005 K% R || CQ039 ESI AL STl Y95 || CQO73 LAz i NEd]
Q006 KFE(1) R || CQ040 VUV A || CQ074 HERE W
Q007 TR M || CQ041 MREVAVES T || CQ075 1619 il 1]
Q008 T R || CQ042 BRE LA || CQo76 TR WFE
Q009 HaAKFE R || CQ043 REMEERE A || CQO77 TR [l
Q010 Pt R MR || CQO44 WA DU K2 95 || CQo78 iRLiy S L
CQO11 1 g || CQo4s WZR AR 195 || €Q079 IR R PO
€Qo12 P IR FHifE || CQO46 {UAE = H #% 1LI5 || CQO80 55 [0
C€QO13 IR TR R HiE || CQo47 {AEE R 1L || CQo8l AR [LE:
CQO14 EIRHE R T || CQo48 MR T75 || CQO82 HIEA VU
CQo15 HHIREMR (UK ) HiE || CQ049 TR 195 || CQO83 AR [0
CQO16 SRARLL R -1 g || CQO50 T T8 || CQ084 FNERFL A i
Qo017 TERELI T RE Tl || CQO51 R 9 || CQO8s [(F o3 Ht
CQO18 TEfEITE M HifE || CQ052 LT T || CQO86 TR E R T
Q019 T2 TR HiF || CQOs3 (SR e Yo T || CQo87 HEJE R Hil
Q020 PLFFE TR HiE || CQO54 FVEZE = H #] 195 || CQO8s SR T
Qo021 = IE MR HifF || CQO55 TR K 195 || €Q089 BT TR Tt
Q022 IRHRLT 7S T || CQO56 FE S ZERE 195 || €Q090 T il
Q023 R R A HiE || CQO57 VR L || CQo9l W H
CQ024 itk 25 (%) HifE || CQO58 Wi 195 || €Q092 HRi%E = H i TR
Q025 Tk 9 5 (4) Hig || CQO59 B Sk A || CQ093 S |
Q026 TEEHERR (%) HiE || CQO60 WS R 95 || CQ094 0,2 355 ] 1]
Q027 BB FHilE || CQo61 BT HRE L || CQ095 ERE P
Q028 FSNEPINTY S HiE || CQ062 SHH=H# I8 || CQ096 W KF pai
€Q029 - SAREDINS TS S T || CQO63 TRVEN T kR 3R || €Qo97 EVN il
Q030 T Pk R FHilE || CQO64 AL B || CQ098 S R =H
Q031 IRFERIORE R i || CQO65 AHELEERE i || €Q099 AR (13) =
Q032 A A S HiF || CQO66 KRR L || CQ100 TiRIRZE (14) =M
Q033 fRRETR kR HifE || CQ067 EEPIES S W || cQiol R =H
Q034 kot T || CQO68 [z SN WL || CQ102 wRFE P




4 3

5 ORISR RAERIN AN I KA S ) Fe o o 9 DAL 1

923

H
H,

Hyyo=Inn, AHXS R ZREPE S BORTE R [0, 1 A
ERNEF eSSl e NGITIESIRE 2 52 st s3I
SRR s SRR 3 g

K2 AXERSESHUEEETERIRE

Table 2 The phenotypic traits and the scoring criteria

M R LRSS (H) ) H=

>

PR Phenotypic traits JC#ARUE Criteria for recording

M LL I 2 A, BT S — A i R
B (em)
5 LW TR 2 A BT S — A i rp g

MY (em )

MK FEHL RLLW R RE 5 T B O AL, S et I

AT PHH PO, MR N 2 2520 BE T 2 250

Y= (em )

HEAR bk 5 PHF FREE ST, AR Bk DA 23 BE Y 2]
RETRUA) o, AN s (em )

FRRE CT 1=}, 2=

PO R # b LYH  1=78,2=564, 3=, 4="&

ERRFEIR PL 1=7JG, 2 =081k, 3 = Bk

SRR R LYF  1=C, 2=, 3=, 4="&

LL: Leaf length, LW: Leaf width, RLLW: Leaf length/leaf width,
PHH: Plant height at heading stage, PHF: Plant height at filling stage,
CT: Caryopsis type, LYH: Leaf yellowing at heading stage, PL: Plant
lodging, LYF: Leaf yellowing at filling stage, the same as below

R3 UARBEEKNESR

2 FERE5HMH

2.1 BFRERRRBEERNERSW

211 REMERZRSHT 102HF 5 61.8%
(63 1) M H KAz, 382% (39 1) ) M#E K, AW
FERTIN T 102 1 e FF K A2 B8 R B Bz 1k =2 A1 i
14 APEIR A LRSS i 0 IR S PR E rMr 2 1
Hodp 11 AR B A IE S0 (P>0.05) (£3),
T o AN R R 0 AR S R 0% B, % ] R S
RITT T 24k S ER AR S R Bk
5 F] 28.54%~52.37%, F B F 5 iR AL T
PeRE T R TR A K B8 FL A9 AR S R EUR 16.86%,
AR IR IR S 8 S RO 10.04% , HR AR
SNSRI A SR SR P8k &R 134.43
em ) A Ko X TAPRARCHR,, TR 948 5 R4
K (20.02% ), HR AR FE L (16.29% ) FFRE
TIF (14.86% ) LA KL TE (9.15% ), FEWIFFRIAR M
RAFTEAR R A 5 (K 3 ).

212 AEHEREMRAORBEERER Sk
TRTPAASF R 2 A 7= X Rl R ) R A 25 57, 25 SR
B (3R 4), AS[R] AR 25 DR 5[] fr 2 MR A7 A
255, T RORH SRR R 1A SR ISR
b ABIAR A 22 S W 3 I I e R R R e 2k 3
2 A S AR DGR T B TR T AR 22 5
AN, R 25w B, U Eg5REH,
A [R] b 3R Y 1) R 2 o BORF AR AR AR S L
Jir PRI AT B 5 P A B T e i DR R Y A A R
FH o

Table 3  Statistical analysis of phenotypic diversity at 14 phenotypic traits

) ) o ARE U4y R4y . KSEX IEA A A
L2 T BUME BRI bR ;’(*0/ L L S ¥ P S50
B ( — — W W) W A

Traits Mean Min. Max. SD Medium e . "
crv Q1 Q3 K-S value P value H'

K (em ) LL 33.96  25.00  45.00 411 1211 37.00  31.00  34.00 1.143 0.146 0.757

9% (cm ) LW 2.06 1.40 3.10 031  15.00 2.30 1.90 2.00 1.122 0.161 0.788

K%l RLLW 1682  10.00 2533 2.85 1691 18.60 14.76 16.82 0.540 0.932 0.785

WA WBEE (cm) 7294 4400 10400 1020  13.98 79.00  66.75 71.50 1.262 0.083 0.729

PHH

W AREE (em) 12930 95.00  150.00  12.99  10.04  140.00  120.00  130.00 1.159 0.136 0.772

PHF

WATWIE A A 1.40 1 4 0.73 5237 2 1 1 4235 0.001 0.583

#1k LYH
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o e S-S ) 11 S S N I DS . KSEX IEA A A

Mtk T BME RO % () > L S g o

‘0 — — W W) W
Traits Mean Min. Max. SD Medium e 8 "

crv Ql Q3 K-S value P value H'

FERREIR PL 1.30 1 3 0.52  40.13 2 1 1 4472 0.001 0.613
WESIR A o 2.28 1 4 0.65 28.54 3 2 2 3.761 0.001 0.675
#1k LYF
#i (mm ) GL 8.17 592 11.62 110 13.50 9.00 7.12 8.47 1.249 0.088 0.785
Hi9% (mm ) GW 3.00 2.39 3.83 0.27 9.15 321 2.80 2.99 0.888 0.409 0.773
FRKSEL RGLW 277 1.79 3.68 045  16.29 3.10 237 2.89 1.165 0.132 0.803
TR (g) TGW  30.10  18.54  44.68 6.03  20.02 3462 2560  29.46 0.661 0.774 0.807
AR (mm®)  18.01 12,17 28.75 268  14.86 1957  16.27 18.09 0.774 0.586 0.779
GA
PR (mm) 19.82 1555 2770 230 11.60 21.45 1772 2033 1.129 0.156 0.762
GP

GL: Grain length, GW: Grain width, RGLW : Grain length/grain width, TGW: 1000 grain weight, GA: Grain area, GP: Grain perimeter, the same

as below

x4 AREBMIEREMAKMHHREERES

Table 4 The phenotypic variation among these germplasm from different regions

VU R ST SRR A AR A X ZRFALBX
PR Southwest and Tibet Plateau Winter barley production area F4 X2
Trait (i AR 2R I 7R Z R Fvalue Chi-square
Mean (%)CV Mean (%)cv
MK (em)LL 33.45 11.82 35.09 11.42 10.20”
5 (em ) LW 2.09 13.76 1.95 14.24 15.64"
58 H RLLW 16.35 15.29 18.19 13.71 40.99"
P Ik (em ) PHH 70.30 13.76 74.89 13.70 471
TEH WMk (em ) PHF 128.91 9.52 133.70 9.26 15.88™
POTIRH M A # ik LYH 1.30 25.26 1.46 59.63 425
HIREIR PL 1.23 4191 1.36 43.14 2.61
TSI #4E LYF 2.14 18.24 2.39 29.47 5.36
K (mm ) GL 7.79 14.32 8.64 10.15 28.65"
H75E (mm ) GW 2.95 8.02 2.87 7.75 36.27"
FPRA E L RGLW 2.69 14.07 3.04 10.94 80.01"
ThiE (g) TGW 28.52 17.52 27.85 19.06 20.71"
AFRIE A (mm® ) GA 16.96 16.45 18.33 13.43 1.78
FERLE K (mm ) GP 18.98 12.34 20.69 9.21 13.66"

TR R 0.05 F10.01 KT BETE (PR KL ), T

"and “correlation is significant at the 0.05 and 0.01 level, respectively ( 2- tailed ), the same as below
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2.1.3 Shannon-Weaver & & & & 14 &> #7  # of
XF 102 453 K 22 5z 19 15 4> 1 AR 19 Shannon-Weaver
KM Z R B(H) 7 Hr (K3, £5), 154
e RER v, PRV IR AR M A B AL 2 R 4R A
H14E(0.5 < H' < 0.60), H Al 4RIk 2 #1421 4
i (H = 0.60), & REASXFRFEERUZ
FEPE (0.730) =i T P4 1 B 75 7 s IR R 22 AR AR IX
(0.706 ), M 5 o AFRL 58 LU TR H A BRI 25
PRAE VR B 7 e B R R 22 R S X 2 R
i [, AR AR AR 2 R A A2 XA R
W o 5 BV I At el X R DA XX
AGAHAR, T LA HR i 308 165 5 3 DR B X ARG S R A R
x5 A[E IR SRIR K Z R Shannon-Weaver % #1445
#H(H')
Table 5 The Shannon-Weaver diversity index of barley
germplasm accessions from different geo-regions

3 7 T 5 D5
‘ VU S 9 e SR KgAK
PRI KRAEHERIX ]
. . Winter barley
Trait Southwest and Tibet .
production area
Plateau
& LL 0.746 0.807
58 LW 0.733 0.750
MK 58 H RLLW 0.782 0.739
WA RLE PHH 0.717 0.755
WES Ik = PHF 0.727 0.771
IR A
BARH S 0.485 0.617
1t LYH
TR
SR IR R 0589 0.628
1t LYF
Ik PL 0.488 0.688
Bk GL 0.670 0.691
FivE GW 0.806 0.810
AR 96 RGLW 0.754 0.748
TR TGW 0.819 0.767
AR GA 0.725 0.798
FPRiE GP 0.668 0.755
e CT 0.887 0.544
I £ brifize
” 0.706 +0.117 0.730 £ 0.073
Mean + SD

22 15 MREERZEBHEEITFN
221 XM 1S PR R
W (R 6), T R AR SRR rh A i 5 35T bR &
TSR IR B R R AR OFFRL R K 0 3 AR 3 E
FHOG; 5 5 48T MR =5 ORE S T RLEE | B R
E A ETE NS BN VA (N 5V i A A |
2 o B A G, ST kR R SR
KR 56 L R T 2 0 3 IR A O 2R I Bk
o SRR DR YE L R R R K S I S A
B, 5 Tk 8 KOkr v il e 35 SOk 6 37T 1)
JES B I R E A R AR P 2 5 R ik e S IR A
XK, HES IR ICHR it Fr 3 A 55 AR M A I 2 TE A OG,
FUA M AL bR D B R A e (AR
VE RS BRI K DAAN, 10 MR S5k R R B
A&, an B vk 5 0 58 R BE T T S
FAEAC, 5K 58 e OB OFPREK B8 E L RERL I
L RTRL B R B RN SR Tk v I 3 A
A, 2 B Hz 3 PRS2 P B A7 7E B f 1) 2 A2
25,
222 FEFERHASH ERS AR, R 64 E
M B BT R K 87.70% (£ 7). 85— F 4y
(PC1) TR ZE N 33.46% , b K KPR 5 b FFRE
A R BT 5 — 32 a3 1 TR R O, e B B
PETTER R S, 7T AR AR TR 5 55 — oy
(PC2) FITTHRE Y 18.80% , 4 T . T-RiE ApAr fi £
X5 A A TR K, T AR AR EE R AR
= E WA TTRRR N 12.29% , 45755 Wk B
VIR = 055 = F2 A3 BTk K 55 DU 2 a3 1)
TR A 8.47% , AR A 3 1 8 AL X265 Y
F2 4 BTk fe K 5 L 35 4 mT LB g Sk IR TR
+, AN L BTk K, TR 7.76%;
7N E R B TTRR R A 6.91% , 5 W B B AL Tk
Ko

PUSE — B MR AR, 5 — W AT,
2 ARSI (R 1) A R 2, fa B
FHOGPRIR 2 B P85 =4 R AR St R FE L
DI R SR AR v DR, LAt i) e R - BTk /N
HAR G BR 322 kR A G B 7, B2 R E |5 5 PCL
i1, FLOR BT, R BH B A 22 o T 1
FIPEIRARAE o Rk MR 2 B3 e 0 B s 2
T , 2 IR PR G TR i T ) 22 5wk e ok (&
1)o 102 453 I 5z v JHR 43 oz o3 A 2 A
B35 4 i B B A, IS 7S 45 T 22 1) ) i A 22
RN
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Table 6 Correlation coefficients among 15 traits

Ptk B KR *ﬁ;f ‘fﬁ ik iﬁz ‘ﬁﬁz Bk Rk *;ft;‘ THE g*ﬁ ﬁﬁ i
Traits LL LW  RLLW PHH  PHE HLYH  fLLYF GW RGLW TGW A b P CT
MK LL 1.000

58 LW 0233 1.000

MHKFEHRLLW 05147 -0671"  1.000

PATMBRE PHH 04197 02307 0.060  1.000

JENIbRE PHE 02217 0053 0173 05267 1.000

Ik pL -0.001 0003 -0.004 0270" 0226°  1.000

POHWRIB R 0050 0.041 0014 0097 0234 0048  1.000

#{k LYH

FERWIRA R -0027 <0113 0073 009 0157 03457 0176 1.000

#fk LYF

Fik GL 02757 -0228 0433 0250 0233 0064  0.028  0.035 1.000

Fi%E GW -0.027  0408" -0349" -0.116 -0321" -0.086 -0.007 -0.103 -0.087  1.000

FPRLK T 1L 02137 -0428" 05347 0243 03407 0007 -0.006 0073 0798 -0.637"  1.000

RGLW

FHE TGW 0097 03437 0204 -0.048 -0271" -0.149 -0.031 -0.051 0.071 0.887" -0.451" 1.000

FPRLIETF GA 02737 -0041 0279 0194 0102 0014 0092 0041 0837 038 0394 0465  1.000

FrRIA K GP 0298" -0203° 0431 0233 0215 0068 0051 0027 0991" -0.006 0746 0138 0884  1.000
Fe#E CT 0192 03457 -0467" -0206° -0296" -0.066 -0.089 -0.094 -0.840" 0298 -0.824" 0220 -0.636" -0.836" 1.000

R7T 15 DREEKET 6 N ERSHHERE T ERBKER RitmamE
Table 7 Power vector ( PV ), contribution rate( CR ) and cumulative contribution rate ( CCR ) of first six principal
components based on 15 phenotypic traits

EIN FEAE M) 1 ERIREEE ) FEAE ] 3 FEAE ) L 4 FFE ) L 5 R 6
Traits PV 1 PV 2 PV3 PV 4 PV 5 PV 6
M LL 0.149 0.155 0.166 -0.349 0.688 -0.039
58 LW -0.198 0.280 0.357 -0.375 -0.122 0.020
M 58 RLLW 0.276 -0.142 -0.212 0.112 0.602 -0.079
P bk R PHH 0.152 0.067 0.524 -0.232 -0.038 -0.226
HES IR 5 PHF 0.196 -0.107 0.383 -0.153 -0.016 0.271
4R PL 0.044 -0.100 0.486 0.396 -0.003 -0.247
PATHIURTR AL LYH 0.074 -0.003 0.152 0.137 0.080 0.891
TSR ¥4k LYF 0.070 —0.114 0.320 0.595 0.118 -0.074
ik GL 0.418 0.166 -0.061 -0.014 -0.151 -0.039
K9 GW -0.170 0.508 -0.002 0.233 0.050 0.030
AR S8 L RGLW 0.410 -0.146 -0.050 -0.137 -0.144 -0.053
T-RiE TGW -0.104 0.527 -0.031 0.164 0.134 -0.032
PRI GA 0.276 0.449 -0.058 0.122 -0.064 0.013
APRLE GP 0.404 0.224 -0.072 0.016 -0.133 -0.013
FeRPE CT -0.409 -0.030 0.044 -0.051 0.201 -0.010
FFHE{H Eigen values 5.019 2.820 1.843 1.271 1.165 1.037
J7 25 5Tk (% ) CR 33.46 18.80 12.29 8.47 7.76 6.91
STk (% ) CCR 33.46 52.26 64.55 73.02 80.79 87.70
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