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Phenotypic Diversity Analysis of 398 Naked
Barley Germplasm Resources
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(Jiangsu Yanjiang Area Institute of Agricultural Sciences/Key Laboratory of
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Abstract: In order to improve the utilization efficiency of naked barley germplasm resources in China, 398
accessions of naked barley from different regions were used to analyze the phenotypic diversity at 18 traits,
followed by the analysis of coefficient of variation analysis, diversity index analysis, correlation analysis,
principal component analysis and cluster analysis. The results revealed abundant variations among phenotypic
traits in different resources. The diversity index of the nine quality traits was 0.66 to 2.06, with an average value
of 1.42, and the highest value in plant height, kernels per spike and the smallest value in kernel rows. The traits
had 4.71% (kernel color) to 61.03% (heading date) of the coefficient of variation, with an average value of
26.59%. The correlation analysis of nine quantitative traits indicated that spikes per plant, spike length, kernels
per spike, thousand kernels weight and setting rate could be deployed as the main target traits for high yield naked
barley varieties breeding in the future. The results of principal component analysis showed that the cumulative
contribution rate of the five principal component factors was 64.297%. Among them, heading date, plant height,
row type and thousand kernels weight were the main factors contributing to the phenotypic differences of naked

barley. Combined with the membership function analysis, the comprehensive scores (F value) were calculated.
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Jiangsuyuanmai No. 33, VII-131, Yumimai, Jiangsu yuan mai No. 58, Jianhutuanliulengzi, Daimaoyuanmai,

Jiangsuyuanmai No. 65, Jiangsuyuanmai No. 23, Jiangsuyuanmai No. 20 and Jiangsuyuanmai No. 22 had the

highest scores. These materials were divided into four groups by systematic clustering analysis and the clustering

results were not strongly correlated with geographic location. These results could provide an important reference

for the utilization of naked barley accessions and variety breeding.

Key words: naked barley ; phenotypic diversity; qualitative characters ; quantitative characters

MK ZE (Hordeum vulgare var. nudum Hooker f)
J& T ARARIRA R, 7 8w U X AR 2 i BR, UL
TNHLIX PR Z N ICZE o TLIVE BRI 37 X
Z— PR SR IR . R
VL33 XA AL R S R RTREV RS, SR T BE A VL5
PR ) A, B i AN B R A FVNAE , BRAE
VLAY Z R R, R A ot DA A 24T Rk fr 4
FIRIH . R R b - R & = e R
A RAEY), 2% B AR R AL e AT LI Bs O IfL A 92
o ARG v MW 255 aE 1 XIS | 303 ) e S )
WRAER o BEAE R EE B IR ET T B A BRI
AR R R R B ik i o, RO Dy A DR (A
FHRY S RENE B i s B HBOR S2 B AT G

P PTG IR AR A O, X b T
VRHEAT Z2FF M B0 2 1 A BT T 5 A 47 A e
B PR RS 7 A kit A S TR
i AR S5 R B, 2 H T 2B S E R A B T
DRATE 1E 7 1 o BOPIAEINE SR H 4 S [R] 11X ()
102 03 i AF R Z AT R ZHENE 30T, R4 K
A 25 DX SR A T VA T L e SRR R 2 A
B Pk 7 —eE A R HUEMR Y R R
JEV B A 7 SR TNT 434 403 = SR BT IR A T 2R Sy
B, RIBRAE R L R R BT, TR A
XF [ N A1 124 43 45 - Fh B3t IR A T R A ZREME O3
Br, RSB E AL 2, A AR I
AN SR Sy —25 . B AR M FR I 155 I A
[Fi) FH i 2 T b b ) 7= AR, 2 AN R T i Ok
i MR BN ], A DG R B A AR [A]

P U IR A T BROR 22 B I AR R0
Ttk o B TR X e M K S i DX 267 £y
ARG T R B E | S I 8 ey D 7 BRI £
R B SRR W Rl S 0 R R
42, TR AR 86 1y 7 e U X R KA B
Fr R BV E W SR T 2R B PR, T T —
SR TNERAND VUL ERINE 7 N v S S S B S O |
N1 205 3 BT T R AU IR B AT Z AR 23 A, Wi
TE AR T3 H O B A 8 N BRAE AN Bl Y

LEGHERR . ELIRAEIRT 310 43 PO R RRO T EA L
PERIEAT 43 M, & VG 6T BR A AL Z AR
LXK SRR A . AT AR R R
T ZS PR 5% S A vh T R D DX, A b X
A RMRER I RIIR B AR B R

VLM A 35 IR R GEIR  (H R AT T
i DNE AR S R N L e S TN E S
AHFFE LA 277 B3 TT 548 0 121 473 [ Py A oAt e Y5 )
PR EZ B R 56 A1 R}, 32 FAH S& 2 2T L Al
ST RIS AT S RS E R MR R
FEME , LA SR AN [R) b Saf 4R R 22 ol Jo 9 058 7 A1) FH 0
P B R LB I HRE

1 #MRERZE

1.1 RKIEHR

LN b 398 1y BR R 2z Bt il Z b Rt (L
http://doi. org/10.13430/j. cnki. jpgr. 20230301002, [}
1), H E R KA BEIE 354 4y, AL UL 958 277
0y PERE 30 03 T UE 1S By DU 84y, Hl 113 . B
24 VT ACET 1Oy RIS B AR5 19 43 ; [
HMRR T 44 0y, L RN 9 003, A% FH42 7407,
FE GO AR TS L0y, PHAE L4y JUSEM 18 0y, AL
SR80y, 2 30y, BEVE R 700 VR T P oA [
KRR ZZ Pl 17 3, & HAS 15, JETAZR 1
1y BRI 1 {7y o Herp 88 (3R K22 Tl 5 phy v [ Al
BhEBEAE IR F R ALt
1.2 Rt

R T 2021-2022 4EFEVL IR VR VL B IX AL B2
WS T o 25 L H (3207 /N, 120°27 ' B) #E47 , BT #E K
K& BARFEFE 34T, 474K 1.2 m, 178 0.25 m,
PRI 0.03 m, ARt [A] K HH AR ™
1.3 RIWAE

FH 1] 308 2 R A 22 o ot 8 0 ) 490 i A > e
SRS i AN U NSN3 I Ao
Y GEIR I BUK B — U 6 B Rk E AR IR, BN
SRR G R R FPRLE A PR AR N
T BRI AR TR S SR AR



5 Z

AT : 398 I RR KA Al BTt

TR MR S Z R b 1313

P LG 18 MR . RAMEIRE LS MO Rl
PRBTIREAE R PRI s ICEARERL R 1.
®1 RRERBMERRIZHRE

Table 1 The phenotypic traits and the scoring criteria

MR Traits i # bRt Criteria for recording
ARIHEGH 1=H, 2=k 3=H1

R B, LC 1=1k4%, 2=, 3=IRE%

TR AT 1=J075, 2= 3= K 4=R s, S= KT
B KR 1=, 2=l R, 3=

FRIEIKC 1=, 2=1§ ,3=4 , 4=Hg, 5= 1%

I ELE (S AP 1=F1,2=5¢%,3=41,4=4

/B E SD 1=Fi 2=, 3=H %

FRIEAR KS 1=K, 2=B0 IRITE , 3=t , 4=IRI T

% SP 1=E7, 2=k, 3= 3

L HD 50% L b ZEAF ARl S Lem (REBRAM) 1Y H 1
FUBRERE SPP R BTy SR F- TR

W PH SRR A 32 2853 BT SRR TV =9 2, R 2
K SL Tl R AR IR A 1 B O A6 5)

FER W ILBS BRI f5 — 19 2 R

BB KPS B TR SLPRES S

TR E TKW 1000 KL H S8 R0 KA FRLIY T
Bk 5 YPP S 6 MREARIGR T P
LESLAE SR TTHAT L o BAE B o

GH: Growth habit; LC: Leaf color; AT: Awn type; KR: Kernal rows;
KC: Kernel color; AP: Auricle pigmentation; SD: Spike density; KS:
Kernal shapes; SP: Spike posture; HD: Heading date; SPP: Spikes
per plant; PH: Plant height; SL: Spike length; ILBS: Internode
length below spike; KPS: Kernels per spike; TKW: Thousand
kernels weight; YPP: Yield per plant; SR: Setting rate; The same as
below

R2 RREFBAREBFERNTEHESERRY

1.4 HIESW

{8 FH Excel B 11 R AR MM 22 S 341E
AR SR B £ K% 45 B (H, Shannon-Wiener
diversity index) o XJ ZCRPERIATT 10 905325, AR
— R [Xi<(X-20) JBNH TR [Xi>(X+20) |, B 0.50
G, BB AR XS A% H T 1155 Shannon Z2F 1:
f8%k. Shannon ZFEM: ZEUH'=-3 PInP,, P Aiztk
ARG TGN BPEMA B0 SR E A 43 e In o A
SRNTHL

i RIE T ggplotd 2 Hil AHCHERRE . il SR
JE& R B AR R 3R B B A A n (X)) = (X;~Xmin)/
(Xmax—Xmin),i=1,2,,n, 7%, Xi i
FEPR , Xmin N2 1D EREFEAR IR/ ME , Xmax A5 i
ANEFEE TR IR . (8] SPSS 21.0 B A4 X A 1
o5 R BEE AT E s 0 Mr . i Origin Pro 2022
2 IPNE R AL A

2 HRESHN

2.1 BREZBRRBMERSHEST

O MR R GEIR FAMEIR (135 15 Z AR R 3k
2 AL, 18 A RIUHR I B R B AP AR 25 572, A
S R BOEATE N 4.71%~61.03% , F-34 4 26.59%,
AR €8 14 A8 S R RO R A 1 B R
A% . ZHEPEFE B F o 0.66~2.06, - 4 {5
142, RAS KRR MR s 5 ZRevEF & H
T ) Z AR RO MR 5 R R
PR B -

L

Table 2 Mean and coefficient of variation of different traits in naked barley resources

PER el brifi2E STONEL IR/ME e 2 TRERE ZHMERR
Traits Mean SD Max. Min. Range (%)CV H”
A2 GH 1.75 0.52 3.00 1.00 2.00 29.45 0.75
Bt LC 2.48 0.58 3.00 1.00 2.00 23.33 0.83
T AT 3.01 0.57 5.00 1.00 4.00 19.01 0.66
BRI KR 2.44 0.72 3.00 1.00 2.00 29.34 0.94
FPRIEI R KC 1.42 0.87 5.00 1.00 4.00 61.03 0.81
- E-Ei (0, AP 1.62 0.55 3.00 1.00 2.00 33.88 0.80
/N BE SD 217 0.81 3.00 1.00 2.00 37.45 1.08
FFRDBIR KS 2.58 0.64 4.00 1.00 3.00 24.75 0.95
Tl Sp 1.78 0.68 3.00 1.00 2.00 38.01 0.99
Y (A HD 149.04 7.02 165.00 132.00 33.00 471 1.90
PARREEEL SPP 439 1.38 12.00 2.00 10.00 31.54 1.90
Pk (em)PH 101.57 15.93 136.75 46.58 90.17 15.69 2.06
Fli (em)SL 5.42 1.37 8.88 2.88 6.00 25.35 2.00
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F2(48)
[E2IN FHE FrifEzE R AE T/ ME ez WREE ZREEE
Traits Mean SD Max. Min. Range (%)CV H
RIS (em) ILBS 33.88 5.40 48.48 11.48 37.00 15.94 2.02
EERURIAL KPS 42.38 10.39 68.89 15.30 53.59 2451 2.06
THiHE (g) TKW 31.77 6.86 57.74 20.45 37.29 21.59 1.90
Rk (g) YPP 5.51 1.75 15.04 2.09 12.95 31.82 1.93
£550%.(%) SR 76.79 8.64 94.60 41.50 53.10 11.25 2.02

22 BRAEFFEBEMRAOBRES
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FERECSHE MR S R IEATG, 5 TR H A
F RS TRE SR AU 2 IEAHOG, AR
L IEANDG . Hirb ke SRR A R A A R AR
FR(0.75), TR H -5 R R ] Y $70RH 5 R 5
KA-0.59, TE5JGMRRE TR R, iR e
BRI ROk K TR B NS LA DR R AL
U B BE IR R 2SR AR S BRRORZZ f e7™ FL AT
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1t . 5 .L._:‘\'::E % = &
HD bt 2 . i

047 025 042 5L - - 02
052 00 075 oos  mPW % o 0
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042 025 027 009 02 EEE . - -0.2
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* 75 P<0.05 /K- B #* 76 P<0 .01 KTV ERFAHK; TR
ZLATEARDG, W (A SARDC, BB | BT DC R ER
*indicate significantly correlated at the P<0.05 level; **indicate
significantly correlated at the P<0.01 level; The same as below; Red
is positively correlated, blue is negatively correlated,and the darker the
color, the larger the circle, the greater the correlation coefficient
E1 RAEZFFEBEMIKEE XS
Fig.1 Correlation coefficient among quantitative
characters of naked barley germplasm resources
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Table 3 Principle components analysis of morphological traits of naked barley germplasm resources
PEIk TR FEIE 7] i Eigenvector of the principal component
Traits PC1 PC2 PC3 PC4 PC5
il HD 0.723 0.267 -0.002 -0.305 0.268
Pkim PH 0.712 0.547 0.179 -0.051 0.019
BRI KR 0.677 -0.340 -0.015 0.367 0.162
TR T TKW -0.618 0.192 -0.387 -0.106 -0.007
FE R ILBS 0.575 0.472 0.173 -0.255 -0.198
459% SR -0.573 -0.235 0.476 -0.105 -0.172
- H-Zi s, AP -0.485 -0.082 -0.140 -0.106 -0.018
HAK I PEGH -0.466 -0.244 -0.208 0.343 -0.278
R SL -0.405 0.751 0.076 0.244 -0.084
/NEESREE SD 0.245 -0.725 0.190 -0.313 -0.038
% SP 0.001 0.626 -0.082 0.441 -0.106
FRIEARKS 0.259 -0.543 -0.119 0.185 -0.081
Fikkyr i YPP -0.382 0.186 0.662 0.275 0.230
FRRTESL SPP -0.512 0.195 0.604 -0.202 0.239
R KPS 0.492 -0.173 0.436 0.626 0
Bt LC -0.086 -0.147 0.373 -0.431 0.049
FPRIEE KC -0.121 0.204 -0.46 -0.092 0.614
TER AT 0.284 0.339 -0.028 -0.319 -0.564
R Eigenvalue 4.025 2.924 1.909 1.636 1.079
7525 5tHkR (%) Variance contribution 22361 16.245 10.607 9.091 5.993
Zi 5Tk (%) Accumulative contribution 22.361 38.606 49213 58.304 64.297

T RIIMARAE N FAE, >R FHZ A [B1H 53 B 7
Ty s F A1 181 01 5 24 Y=-0.943-0.066X,+0.057X ,~
0.065X~0.050X+0.066X,+0.005X,+0.004X ,+0.004X  ,
XX X X X X X, FIEX AR AR
SR NN RN B R A Y S I
AR, R E R R 0.981, RBTX 8
AN A AR 5] e g FE B 5 A 98.1%, F{H N
2494.645, =M . W BN RERT A, A K
PE BRI N R RS HRRE A R
FER AL 8 MM TV I SRR B Y
HEIER.
25 BAEHRERIERMBEDN

WA 18 > Fe MR X S R KA TR T 2R
HA3HT, 398 BRIP4 R 425, I 2 FNEL 3 AT AT,

IR T 135 Iyt i, T SR T SRR O B AR
B (4.92) FK K (6.25 cm) ki 5 5 (38.60 )
G590 3805 (79.43% ) MR R E /0 (33.77) o 5B
A 85 I BEUR L I R BE Y F BERFAE S TR E AR
(27.03 g) Ak (116.80 cm) FHK K (6.48 cm) Fll
R (37.79 em) o SR 73 3 5E IR,
IZAE T BERRAE R AR L (144.45 d) Hk &
(89.42 cm) FE N 7[R 57 (29.40 em) \BRfE R F 2
(51.53) FAbk B (6.22 g) P S04 55 (80.22% ) .
SEIVRAL T 105 0 TR, I A () F2 BLARRAE Ay Hih ik
B3R (154.29 d) (HLAREEA /D (3.62) B K S (36.41
cm) FRRE T EAK(4.49 g) IS5 SR8 (72.73%) o 1T
INVRRFZGEIRTE A NI h B oA, HURE IR
S5 055 MR 5 TG B B AH G
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Table 4 Correlation coefficients between 16 phenotypic traits and comprehensive value(F-value)

Ptk Fld PEIR FfH PER F{E
Traits F-value Traits F-value Traits F-value
AKJPEGH -0.51" /NEESERE SD -0.18" FK SL 0.11"
R LC -0.13" FPRIEIRKS -0.06 R ILBS 0.66™
TR AT 0.26" TSP 0.37" AR KPS 0.55™
B KR 0.46™ JhEEH HD 0.67" Tk TKW -0.52"
FERIER (3 KC -0.07 R SPP -0.17" bR R YPP 0.04
- H-5i @ AP -0.49™ ¥R PH 0.88™ 45505 SR -0.49™

B s T

St U] L LTLLL

R e
g S Rl fE R 1

The numbers are the same as those in table S1

2 RAREFFEREE
Fig.2 Cluster dendrogram of naked barley
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Both ends of boxplot indicate the extreme range of traits; different letters mean significantdifference(P<0.05) ; [1: The mean of the trait; The lines

in the middle: The median line; @ : Individual extremum
B3 4N EBFHBRAZRENINHEERNHELEE

Fig.3 The boxplot of 9 quantitative traits of naked barley resources in 4 groups
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