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Comprehensive evaluation and clustering analysis of garlic germplasm
resources

WANG Wei-wei, GUO Jun, MEI Yi, ZU Yan-xia, ZHENG Jia-qiu, WU Yong-cheng
(Institute of Agricultural Sciences in the Coastal District of Jiangsu Province, Yancheng 224002, China)

Abstract: A total of 23 quantitative traits in 12 garlic varieties were analyzed by principal component analysis and
clustering analysis. The coefficient variation of the 23 traits ranged from 7.99% ( maximum leaf length) to 59.29% ( the
number of inner layer garlic cloves). Strong positive and negative correlations were observed among agronomic traits of gar-
lic. The stem diameter showed the highest correlation with plant width with the correlation coefficient of 0.962, followed by
the correlation between single bulb weight and bulb height, with the correlation coefficient of 0.953. The accumulated con-
tributions of the first four principal components variance amounted to 93.631% , which basically reflected the variance infor-
mation of all characteristics. The comprehensive evaluation value of Pizhou NO.1 was the highest, and Meishan NO.1 was
the lowest. Clustering analysis revealed that 12 varieties were divided into 3 types. Pizhou NO.1, Jinxiang Purple and Jinx-
iang Garlic belonged to the first cluster and was suitable for bulb and sprout planting. Pizhou NO.2, Xuzhou 17, Waiyin
NO.1 were grouped to the second cluster and was suitable for bulb planting. Meishan NO.1, Xiangyang Garlic, Pizhou White
belonged to the third cluster and was suitable for green garlic planting.
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Table 1 Garlic varieties used in the study
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Table 2 The variation analysis of quantitative traits of garlic

PR Al e fE ¥fH bR
% (em) 50.33~80.47 30.14 59.41 8.73
x,(cm) 43.42~71.56 28.14 59.82 7.82
w3(em) 30.81~44.00 13.19 34.59 3.71
x4(mm) 12.40~20.44 8.04 17.04 2.51
x5(cm) 47.81~64.83 17.02 58.98 471
xg(cm) 2.44~3.87 1.43 3.21 0.45
%, (em) 21.33~40.19 18.86 25.12 5.61
xg 5.72~7.50 1.78 6.81 0.60
g ( mm) 5.51~7.39 1.88 6.68 0.56
%o mm) 4.68~6.14 1.46 5.43 0.50
2y (mm) 7.23~9.55 2.32 8.75 0.75
x15(g) 17.88~34.92 17.04 27.60 5.20
x13(em) 51.89~69.10 17.21 59.07 4.99
x14(g) 15.69~66.41 50.72 45.02 17.81
x5 mm) 35.70~63.18 27.48 51.78 8.75
Xy 5.78~14.61 8.83 10.90 2.76
X1 5.78~10.17 4.39 8.84 1.34
X1 0~4.44 4.44 2.42 1.43
%19( mm) 26.70~40.79 14.09 34.68 4.46
w20(g) 2.14~5.49 3.35 3.67 0.92
25y (mm) 11.29~15.66 4.37 13.57 1.24
25 (mm) 22.66~29.85 7.19 26.83 2.35
%p3(mm) 18.67~29.62 10.95 24.78 3.93
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Table 4 The first four principal components loading matrix and the

proportion of the total variation

X EHy Sl
PEAR
F, F, F, F, (%)
X -0.660 0.632 -0.040 0.154  86.034
Xy 0.713 0.629 -0.171 0.119  94.741
X -0.521 0.687 -0.349  -0.232  91.904
X4 0.807 0.574 -0.058 0.010  98.419
X5 0.241 0.809 -0.357 0.356  96.675
X6 0.874 0.394 -0.155  -0.194  98.077
Xs -0.696 0.421 -0.130 0.388  82.910
X 0.322 0.784 -0.075 0.326  83.024
Xo -0.108 0.907 0.312 0.016  93.191
%10 0.448 0.875 0.109 0.035  97.943
x5 0.141 0.512 0.735  -0.346  94.197
x) -0.013 0.916 0.283 0.168  94.754
X1 -0.459 0.293 0.462  -0.645  92.600
X4 0.947  -0.190 0.011 0.081  93.959
X 0.969  -0.060 0.177 0.021  97.433
%16 0.918 0.124 -0.064  -0.210  90.630
Xy 0.880 0.028 -0.227  -0.391  97.959
X1 0.970 0.107 -0.076  -0.137  97.689
X9 0.890  -0.386 -0.093 0.115  96.297
Xap 0.697  -0.490 0.127 0.349  86.384
%) 0.037  -0.259 0.736 0.609  98.103
Xy 0.892  -0.304 0.161 0.121  92.864
Xy 0.965 0.111 0.192  -0.026  98.109
FRIEMH 11.118 6.600 1.994 1.822
TikR 48.340  28.697 8.672 7.922

ZTTHCR  48.340  77.037 85.709  93.631
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Table 5 Scores of the principal components of 12 garlic varieties

s S Fy Fy Fy a8l F
1 —4.497 -2.819 2.305 -2.041 -3.142
2 —-5.869 3.853 -0.865 0.074 -1.924
3 -4.817 -0.121 0.672 2.865 -2.217
4 3.632 2.154 0.821 1.491 2.736
5 1.483 3.137 0.113 -0.562 1.688
6 2.722 3.125 -0.274 -1.370 2.219
7 2.278 -0.244 0.518 0.003 1.149
8 2.470 -1.110 -0.236 0.319 0.940
9 1.090 -1.612 1.163 -0.625 0.124
10 1.393 -4.456 -1.887 1.013 -0.734
11 1.961 -1.020 0.670 0.139 0.774
12 -1.845 -0.887 -2.999 -1.307 -1.613
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Fig.1 Hierarchical clustering diagram
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Table 6 Averages and variation ranges of 23 traits in different garlic groups

22 Bbi s Z NI A

K, it kb,

SNSRI R RIS AR bR

A B wrAE A SRk
FE D HL Pl 8 B N wr i PR,

Pk eS| S| 2RI

F-HE S T AR SR A 7 S W
x;(em) 60.54 55.64~63.72 53.78 50.33~59.83 69.54 58.50~69.64
%,(.em) 70.03 67.22~71.56 58.59 54.53~62.06 51.53 43.42~55.47
x3(cm) 35.56 33.89~36.83 32.87 30.81~37.92 37.05 33.22~44.00
x4( mm) 20.18 19.85~20.44 16.98 15.11~18.36 14.01 12.40~15.17
xs(cm) 64.06 63.33~64.83 57.37 55.72~58.89 57.13 47.81~63.19
x6(cm) 3.67 3.57~3.87 3.29 3.01~3.49 2.57 2.44~2.81
x;(cm) 22.55 21.33~23.33 23.25 21.81~24.67 31.43 21.54~40.19
xg 7.35 7.22~7.44 6.64 6.11~7.50 6.63 5.72~7.39
xg(mm) 7.33 7.22~7.39 6.23 5.51~6.47 6.92 6.61~7.22
%1o(mm) 6.10 6.07~6.14 5.22 4.69~5.49 5.16 4.68~5.66
%y, (mm) 9.29 8.86~9.55 8.42 7.23~9.24 8.85 8.30~9.35
x15(g) 32.95 31.81~34.92 24.21 17.88~28.10 29.05 23.26~34.28
x13(cm) 59.24 55.19~62.06 56.85 51.89~60.33 63.33 55.22~69.10
%14(8) 54.55 45.55~60.62 52.58 27.71~66.41 20.35 15.69~24.71
%5(mm) 57.37 53.13~63.18 55.19 45.64~58.88 39.36 35.70~42.57
Y16 13.50 12.61~14.61 11.53 9.47~12.98 7.03 5.78~8.00
Xy 9.70 9.39~10.17 9.45 9.07~9.81 6.75 5.78~7.39
*g 3.80 3.06~4.44 2.80 1.86~3.17 0.28 0.00~0.61
%19( mm) 35.27 33.83~36.97 37.51 32.40~40.79 28.43 26.70~29.47
%50(8) 3.76 3.34~4.33 4.04 2.34~5.49 2.85 2.14~3.28
%y (mm) 13.35 12.22~14.95 13.43 11.29~14.22 14.08 12.27~15.66
% (mm) 27.32 26.32~29.00 28.14 24.87~29.85 23.71 22.66~24.51
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