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Classification of Garlic Germplasms Based on Agronomic
Characteristics and Multivariative Analysis
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'Researcher and 2Senior Researcher, Chungcheongbuk-do Agricultural Research & Extension Services,
Danyang 27015, Korea

Abstract - This research was conducted to investigate the genetic diversity and select useful accession with agronomic
characteristics of garlic (4/lium sativum L.). germplasms at Garlic Research Institute in Chungbuk Agricultural Research
and Extension Service. Morphological diversity and relationships among 160 germplasms collected from 26 countries were
assessed by methods of clustering and principal component analysis. Among 11 types of leaves and bulbs characteristics,
emergence days of leaf showed the highest variation with coefficient of variation of 84.8%, and the bulb weight and the
number of scales showed higher variability with 24.3%. Correlation analysis based on 11 quantitative traits showed that
bulb weight and bulb length have very high positive correlation with bulb quantity. Plant height, leaf length, and number of
leaves showed positive correlation with bulb weight as collections with better performance in growth produced large bulb
with higher quality. The cluster analysis based on 5 principal components generated 6 clusters with an average distance of
1.6 among clusters. Domestic genetic resources were the largest with 36 species (22.5%) in group II.

Key words — Agronomic Characteristics, Cluster analysis, Garlic, Germplasms, Multivariate analysis

Mo 9 583} 0} 517, R Mol HEEH Frlo] X

A o]-g-=tiKamenetsky et al., 2004; Panthee et al, 2006).
MAR o2 AQufE L Qe vhse AT} S of Babe 5 Mz 2= 55 555 oM A A 17k
ol GPAL WS 0] e, SRS 5 SR S Il A e
0] 9] A=o] AgtE o] glo] A1 Wollh= FEfA 2= AL al., 1992), vk 2] AMdE QIEHFA|, 27, 57|, g4
E AL 7171 Q)THCheshmedhiev, 1973; Lee, 1974). :LE{L]- 9 Az 7o) 5ko]| 37| F3FS F1(Jabbes et al., 2012), <l

I

O A B ANAS) Aol whek pok olol A . Hal o] BAl o] AR UL, B} QlE
F el 320] Azt QA S ol Fole WE AR e A K| Ak welrkn 1 uE|9{ck(Baghalian et al.

thokAl-S LebdHTH(Pooler and Simon, 1993), ©|23F 3JEj 2006; Raju et al., 2013). WF=9] $o8A]-S 0 L4 Uy
Hol= 11 A9 9] 53 Aufggof] @3a3t A-5-8HHA| gk Aol Qlout FEjd 54 ARGk EYA|E=
Fo e X &A1 Ao Autg A Qlot, Zggko] wWot=dl, 1 o=k T A9 Y =71t olE

FAAU PR BRE AT ST AV S, o] ME F7] £§02 BAHYHWang ot al, 2014). T
2% 3| ol fHAUY BR WARL FEEAOI v o] Al gl vRsS AR 2] 730t FE ureh ot

A1} SHR] g 0 2 JLESH K Hwang, 1994; Ogawa et al., 1975),

]l 1o O o] I}Eslo] L= A o) Kol ZFHsl=
AKX} : E-mail leehd7676@korea.kr Rt Hof 7h2ol whgstel G Ael o] Edshe

Tel. +82-43-220-5830

© 2 X9 MEHEZ (A=A HEAM SR O] o, ole] REEIfL SHE SEHH

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Korean J. Plant Res. 34(1) : 79~88(2021)

W RS B R Aol AE T Slon),
UH52] QIHA7E 8 ~ 1220 & Wil #AHAJo] U
O, S TS 51 5 ol 5e] Bof o]
6 ~ 87|12 A F R} F oL} AAFA o]
CHHwang and Lee, 1990; Lee, 1974)
- 9] o 5 5
7l&
a3l Sduls
AR ‘:HE} AE
1 | O]T;]-

9| 255k EAJL v wslal

[
AR

RS

Z

Al H/Ho] ]

y

o

2k,

Q714 Q—Ju}—ml
SIAT, Aol AL
1 530] ef B0

i 1T

7l Ao Ao}

x%xw WlEe 24
cigos, 55 20 7ol
Z Table 13} Zth

.

:10

Al

R AR QAEEA} 3.5 ~ 4,0 g Abo] 9] $5F Q1A
& ARs}o] w312 A of Wlg|o] E-T 5008} o =-4-A]
1,0008Ho]| 1A)7F A& 22|31 B Ao} LA TE A
B o] EOFAEA(EZAA)E 12 kg/10 a2 AFESHA
31, AJH|E= HE7|HE 10 a9 E)H] 2,000 kg AH ;;o%m
ARESEAL 728t vhE w5 3% Aol Has 25 ke, QIAHT.T

7t 12,8 kg 7123te] ERUHS B AR z:_ia}
7helie 71u1 40%, 0] 60%5 28] ARG, QAR 7]
]2 A g3hEk, 31 2171 109 20810 ST, AET:

l[‘

110 em X F7F 40 en] FE-& WHE0] 2720 em x 5274

© 2 ulEsigie}, uEB-S e 1714 & HH] 120 en)
F5P.EBE(FA 0.02 m) O T E5}, A2 ~ 3
of vide] Y& Wl & P2 E Aol Aufistiict. 7|ek A
Sl vhEREA o Esto] AAISHI,

5.3
T

3z
m 7+

6 r

om
g
7|

o2 m

-80 -

Table 1. Geographic distribution of 160 garlic germplasms

No. Country of origin No. of accessions
1 Korea 39
2 China 16
3 Uzbekistan 38
4 Turkmenistan 1
5 Kyrgyzstan 1
6 Kazakhstan 1
7 Tajikistan 1
8 USA 7
9 Canada 1
10 Bolivia 1
11 Brazil 1
12 Russia 6
13 Spain 5
14 Slovenia 10
15 Czech 1
16 Poland 6
17 France 3
18 Hungary 1
19 Italy 4
20 Egypt 1
21 Sweden 1
22 Switzerland 1
23 Japan 5
24 Taiwan 2
25 Nepal 5
26 Thailand 2
Total 160
72939 5424
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Table 2. Basic statistical information for agronomic characteristics of leaf and bulb in 160 garlic germplasms

Stistics __DF PH' LSH' LW' NL' LSD" BW'  BH® BD"  NC CA?
(Days)  (cm)  (em)  (m)  (ea)  (cm) © (cm — (m)  (ea) (mg100 g)

Min. 80 455 219 08 5.7 0.5 166 2.7 32 4.7 42.5

Max. 1270 794 489 30 10.5 13 573 42 5.4 16.7 160.3

Mean 61.6 641 347 1.7 7.9 09 281 33 4.0 9.3 98.9

SD° 524 67 42 0.4 0.8 0.2 7.7 0.3 0.5 22 19.5

CV(%)" 848 1001 122 202 02 179 243 7.5 1.1 257 18.7

’DE: Days to emergence, *PH: Plant height, *LSH: Leaf sheath height, "LW: Leaf width, "NL: No. of leaves, uLSD: Leat
sheath diameter, ‘BW: Bulb weight, *BH: Bulb height, rBD: Bulb diameter, ®NC: No. of cloves, "CA: Content of Alliin,

°SD: Standard deviation, "CV: Coefficient of variation.

Table 3. Accessions with minimum and maximum values of agronomic traits of leaf and bulb in 160 garlic germplasms

Characters Minimum Maximum Characters Minimum Maximum
DE? Jeolgaggseong Danyangl BW! Hackgapdaelpyeon Sandongseong
(China) (Korea) (Japan) (China)
, Hackgapdaelpyeon Sandong
PH’
(Japan) (China) BT Yug08%4 Daeg\.zvan
(Slovenia) (Tawian)
N Win8 DO10954
LSH . .
(Uzbekistan) (Uzbekistan) BD' Hackgapdaelpyeon Sandongseong
" IT136645 L-W15 (Japan) (China)
LW (Nepal) (Russia)
P NCE P1497946 Jaelaejongl
NLY Hackgapdaelpyeon Canada (Poland) (Egypt)
(Japan) (Canada)
LS Nepal3 Sandongseong CAP Jaelaejongl Kostanpna
(Nepal) (China) (Egypt) (Uzbekistan)

“DE: Days to emergence, *PH: Plant height, *LSH: Leaf sheath height, YLW: Leaf width, *NL: No. of leaves, "LSD: Leaf
sheath diameter, ‘BW: Bulb weight, *BH: Bulb height, '‘BD: Bulb diameter, INC: No. of cloves, PCA: Content of Alliin.
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Table 4. Correlation coefficients among 13 agronomic characteristics in 160 garlic germplasms
Characters PH LSH LW NL LSD BW BH BD NC CA
DE 009  -0.12 0.08 0.05 0.04 033" -0.14  -0517 <0537 -0.04
PH’ 059" 0587  0.09 059" 043" 038" 0327 -0.17 0.06
LSH* 030"  0.14 0377 021 0.21 0.23° 0.14 0.02
LWY 0.17 071" 0577 029 045"  -025 0.00
NLY 0.15 0.22 0.21 0.28° 0.06 0.10
LSD" 040" 022" 032"  -0.28 0.11
BW!' 0677 090" 0.19 0.00
BH® 068"  -0.02 0.16
BD' 0.30° 0.04
NC¢ -0.07
CAP

’DE: Days to emergence, "PH: Plant height, *LSH: Leaf sheath height, "LW: Leaf width, "NL: No. of leaves, "LSD: Leaf
sheath diameter, ‘BW: Bulb weight, BH: Bulb height, 'BD: Bulb diameter, "™NC: No. of cloves, PCA: Content of Alliin,

k ok

k52 17 ¥4
T o] Ao o) 4

o 2%, 424 % Y4t

Y| AT BN g 1Y B9
JUBA(r=9.08 B, A

AL, A
S g e 2

Ak

o

FH% 24
uhs A9
ol

ox
{
S
1o
(o]
+
)
N
i
_a
1©
SL
}11
by
=
A
(o]
2,
)

2 11749 B4 ﬁéé‘ Zol|l 4] 3.897¢]
Mgijr_, A o] 29, 9%S et 4= 912
267018 Ealela 17 41%E, A| 3RS
1.52%%, A| 4748 1.357015 s}
10 38%-5, xﬂ 53480 1 0378 Z85}al 7.89%= 712}
& 4 gk ARl et 2 4] e ot A 154
H299.90%, A| 254 B-L- 47 31%, A 3FAE-L 58,83%,
43 E-269.22%, A 5B 77 1%L, A 13-4
100%2 ERTE /42 2402 13719 T2
o1} oF 2w 0| HolE wo] Ayshs ¥ o] 4Rk Al
B5to] LHERE sl Yukd 08 1.971o] 10]Aof|A]
A E0) 25 AAZHJanmohammadi ef al,, 2014). & 170
HE 1 S 7]5.0. 2 Blo] A9 A 58] 5719
FARO R AAHO| 77 1% AP 4= 917] wjo] A 1 ~

A 16082 414 Holof mhE 25

=N

S|
=

.uoE\iIF

ﬂ
wollA

AR B o] AgE|9)

o T

=
T=

S7F10|ARS

-83 -

: Significant at the level of 0.05 and 0.01 probability, respectively.

Table 5. Eigen values and contribution obtained from principal
component analysis in 160 garlic germplasms

Principal Eigen value Proportion Cu‘mul'ative
component contribution (%)
PC1 3.89 29.90 29.90
PC2 2.26 17.41 47.31
PC3 1.50 11.52 58.83
PC4 1.35 10.38 69.22
PC5 1.03 7.89 77.11
PCo6 0.90 6.93 84.04
PC7 0.58 4.48 88.52
PC8 0.45 3.45 91.98
PC9 0.34 2.58 94.56
PC10 0.26 1.98 96.53
PC11 0.25 1.91 98.45
PC12 0.14 1.06 99.50
PC13 0.06 0.50 100.00

7} 71sat Ao & Uepsth 95%9) 9] ks ARES 2
A5 10712 FA P chsk 24et Aa) A1~ 35452
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Table 6. Correlation coefficients between agronomic characteristics and principal components in 160 garlic germplasms

Principal component

Quantitative traits

PCI1 PC2 PC3 PC4 PC5
Days to emergence -0.253" 0.681" 0.274" 0.341" -0.159
Plant height 0.716" 0.414™ 0.032 0.069 0.168
Leaf sheath height 0.528" 0.174 -0.386" 0.021 0.490"
Leaf width 0.753" 0.389" -0.032 0.087 -0.238"
No. of leaves 0.313 -0.202" 0.188 0.777" 0.021
Leaf sheath diameter 0.687" 0.474" -0.096 0.117 0.009
Bulb weight 0.859" -0.293" 0.048 -0.095 -0.238
Bulb height 0.683" -0.243" 0.481" -0.145 0.017
Bulb diameter 0.819™ -0.472" 0.026 -0.081 -0.139
No. of cloves 0.036 -0.738" -0.495" 0.004 0.131
Content of Alliin 0.105 0.003 0.297" 0.141 0.793"

,": Significant at 5% and 1% probability level, respectively.
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Fig. 1. Dendrogram classified by average linkage cluster based on principal component scores in 160 garlic germplasms.
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Table 7. Mean value of agronomic characteristics of each cluster classified by average linkage cluster in 160 garlic germplasms

Cluster

Characters I I m \Y vV VI Mean

(n=21)  (n=80) (n=5) (n=3) (n=8) (n=43)
Days to emergence (Days) 83.2 75.9 103.2 56.1 22.9 28.3 61.6
Plant height (cm) 64.4 64.3 65.9 60.6 59.1 70.5 64.1
Leaf sheath height (cm) 35.6 32.6 38.0 33.6 31.2 37.1 34.7
Leaf width (cm) 1.7 2.0 1.8 1.3 1.2 2.3 1.7
Leaf number (No./plant) 8.7 7.9 7.2 8.1 7.1 8.3 7.9
Leaf sheath diameter (cm) 0.9 0.9 1.0 0.7 0.6 1.1 0.9
Bulb weight (g) 241 30.4 22.6 22.8 28.0 40.4 28.1
Bulb height (cm) 3.2 3.3 3.0 3.1 3.5 3.5 33
Bulb diameter (cm) 3.8 4.1 3.6 3.7 4.0 4.7 4.0
No. of cloves (No./bulb) 9.2 8.3 7.2 13.9 8.3 8.9 9.3
Content of Alliin (mg/100 g) 123.3 101.3 99.0 59.0 104.5 106.1 98.9

Table 8. Number of accessions of each cluster classified by country of origin

) Cluster
Countries I I I v v VI Total
Korea 3(1.9y 36(22.5) - - - 39
China - 3(1.9) - - - 13(8.1) 16
Japan - 2(1.3) - - 2(1.3) 1(0.6) 5
Taiwan - 1(0.6) - - 1(0.6) 2
Nepal - - - 5(3.1) 5
Thailand - 1(0.6) - - - 1(0.6) 2
Uzbekistan 1(0.6) 19(11.9) 2(1.3) - 1(0.6) 15(9.4) 38
Turkmenistan - 1(0.6) - - - - 1
Kyrgyzstan - - 1(0.6) - - - 1
Kazakhstan - 1(0.6) - - - - 1
Tajikistan - 1(0.6) - - - - 1
USA 4(2.5) 3(1.9) - - - - 7
Canada - - - - - 1(0.6) 1
Bolivia - 1(0.6) - - - - 1
Brazil 1(0.6) - - - - - 1
Russia - 4(2.5) - - - 2(1.3) 6
Spain - 3(1.9) - - - 2(1.3) 5
Slovenia 7(4.4) - 1(0.6) 2(1.3) - - 10
Czech 1(0.6) - - - - - 1
Poland 3(1.9) 2(1.3) - - - 1(0.6) 6
France - - 1(0.6) - - 2(1.3) 3
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Table 8. Continued
Countries Cluster Total
I I m v Vv VI
Hungary - - - - - 1(0.6) 1
Italy 1(0.6) 1(0.6) - - - 2(1.3) 4
Egypt - - 1(0.6) - - 1
Sweden - 1(0.6) - - - - 1
Switzerland - - - - 1(0.6) 1
Total 21(13.1) 80(50.0) 5(3.1) 3(1.9) 8(5.0) 43(26.9) 160
“Percentage of varieties belong to each cluster to a total of varieties.
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