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Morphological Characteristics and Classification of Zizyphus Cultivars
in Korea by Multivariative Analysis
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Korea Forest Research Institute, Gwonseon-gu, Suwon 441-350, Korea

Abstract - The objectives of this study, an analysis of fruit and leaf morphological characteristics among the five
Zizyphus cultivars could be used for the investigation of cultivars classification and could provide information to make out
the UPOV TG(Test Guidelines). ANOVA tests showed that there were statistically significant differences in all fruit and
leaf morphological characteristics among the five Zizyphus cultivars at 1% level. But, for kernel characteristics,
differences were statistically non-significant among the cultivars. Approximately, the Wolchul and Boeun cultivars
showed larger and smaller values in overall characteristics and cultivars, respectively. The results of principal component
analysis(PCA) for the fruit and leaf morphological characteristics showed that the first for principal components(PC’ s)
explained about 65.3% of the total variation. The first PC was correlated with those characteristics that were mainly
related to the terminal leaf length(TLL), leaf length(LL), fruit length(FL), terminal leaf width(TLW), and leaf petiole
length(LPL). The second and third PC was mainly correlated with the terminal leaf morphological index(TLMI).
Therefore, these characteristics were important to analysis of the fruit and leaf morphological characteristics and
classification among the five Zizyphus cultivars. Cluster analysis using UPGMA method based on principal components
showed that five Zizyphus cultivars could be clustered into two groups. Group I comprises Mudung, Wolchul, and Bokjo
and Geumsung cultivars, Group I is Boeun cultivar. These results well similar to that of principal component analysis.
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Fig 1. Location map of collected samples by 5 Zizyphus
cultivars.
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Table 1. List of 22 morphological characteristics for multivariate analysis of 5 Zizyphus cultivars.
Abbreviation Characteristics Abbreviation Characteristics
WE(g) Weight of fruit KL(cm) Kernel length
FL(cm) Fruit length KW(cm) Kemel width
FW(cm) Fruit width KMI(KL/KW) Kernel morphological index
FMI(FL/FW) Fruit morphological index LL(cm) Leaf length
WS(g) Weight of stone LW(cm) Leaf width
SL{cm) Stone length LMI(LL/LW) Leaf morphological index
SW(cm) Stone width LPL(cm) Leaf petiole length
SMI(SL/SW) Stone morphological index TLL(cm) Terminal leaf length
PF(%) Percentage of fleshy TLW(cm) Terminal leaf width
NK(Ea) No. of Kernel TLMI(TLL/TLW) Terminal leaf morphological index
WKi(g) Weight of kernel TLPL(cm) Terminal leaf petiole length
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o] A&t B 7R JHEGEE) Sl w2t ¥o) 9.62 g &2 Wy HAFF 8.36 gt & BFS UE
b Ae ez Bargk 71 51981, 1988)9 AFATEol Qon Horjil 498 g0 & 5Z2E 2 7P 25t 7}
njFo] & uf fiEURe FE FEBAE ] gt ASFS Yt o9} 22 H3e AT 37 2
EAEREE 744 & & USE on3d & & Qo 1 9] A EAG AN E FABHA veht BedE=t 7
£ zAojME R €2 4D FA FF 52 10~56%2 & AU 7HHE AFE, B0 dE 2 34 F5ol Mt 2
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Table 2. Summary of fruit morphological characteristics by 5 Zizyphus cultivars.
Avg Fruit characteristics*
NEYOOwF R OFW L, WS sLosw o PFONK WK KL KW 0
Cultivar (® (m) (cm) (® (m) (m) (%) (Ea) (g (m) (cm)
Mudung 9.62* 358 235 153 0660 215 0.8 277 931 100 006*0 088 047° 187°
164 7.7 64 84 200 123 10.1 102 1.1 - 204 89 37 64
Wolchul 1196° 348 248 141° 065 185 078 238 945 100 006° 103 0520 199
190 8.5 74 64 19.3 93 99 105 05 - 275 6.7 101 110
7084 335> 201c 1670 058 223  0.69° 3270 916° 10> 005 094> 049" 191°
Geumsung
290 114 9.0 99 214 13.6 10.7 157 14 - 34.6 8.7 93 81
Bokijo 10.53> 335 244® 137° 044 195> 0.68° 2920 957 ) ) ) ) )
194 100 72 104 221 112 11.1 18.0 1.1
Boeun 428 224 1824 1244 032¢ 143 062 234c 9244 ) ) ) ) i
468 135 15.7 7.1 50.8 125 192 138 20
Mean 836 305 221 1.38 046 1.83 0.68 271 939 10 005 097 050 194
423 205 16.1 130 385 195 156 195 224 - 304 93 96 92

* Abbreviations of characteristics are the same as those of Table 1.

** Different letters indicate Duncan’ s multiple range tests(Significant at p<0.01).
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Fig 2. Fruit morphological characteristics of 5 Zizyphus cultivars.
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Fig 3. Leaf morphological characteristics of 5 Zizyphus cultivars.

Table 3. Summary of leaf morphological characteristics by 5 Zizyphus cultivars.

Avg leaf characteristics”

Cultivar~V LL(cm) LW(cm) LMI LPL(cm) TLL{(cm) TLW(cm) TLMI TLPL(cm)
5880 3310 1.78° 0.67° 504 254 2.00% 1050

Mudung
244 225 14.7 319 20.1 19.1 142 386
5.77 3.10° 1872 0.65° 494 246 2.02: 1.09°

Wolchul
16.5 16.2 110 244 21.1 19.7 12.5 36.5
646° 353 1.85° 0.81° 5320 2540 2.11° 121°

Geumsung
152 17.1 12.8 28.1 170 153 132 476
Boiio 6.11% 3.48® 1770 0.69 495 2.64° 1.89° 1430
! 23 242 12.1 35.1 217 213 129 386
465 2714 1.74b 046° 3780 197 1.98 0.84¢

Boeun
208 218 149 247 23.8 28.3 20.8 652
564 3.19 1.78 0.63 458 234 198 1.10

Mean
240 242 135 36.5 252 254 16.6 517

* - Abbreviations of characteristics are the same as those of Table 1.
* . Different letters indicate Duncan’ s multiple range tests(Significant at p<0.01).
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Table 4. Results of principal component analysis for 16 morphological characteristics by 5 Zizyphus cultivars.

Principal component Eigenvalue Difference Proportion Cumulative(%)

1 10.4470 7.6818 0.6529 65.29

2 2.7652 05417 0.1728 8257

3 22236 1.6593 0.1390 9647

4 0.5642 0.5642 0.0353 100.00
FREEA e A1 R 1113@3—‘177}1194 E47 AR
M A BN gRIUT 535 BE Bu% 49§ BAY AT AiRgRe FH)e) ATBAS
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Table 5. Eigenvector associating to eigenvalue obtained from principal component for 16 morphological characteristics by 5 Zizyphus cultivars,

Morphological Prin. 1 Prin. 2 Prin. 3
WF 02112 04321 0.0083
FL 0.2949 0.1649 0.0502
FW 0.1943 04646 -0.0609
M1 02543 03007 0.1546
WS 0.2468 0.1163 03675
SL 0.2918 0.1396 -0.0015
SW 0.2036 03066 03410
SMI 02144 03667 02525
LL 0.2994 0.1005 0.1131
LW 02812 0.1153 ' 02471
LMI 02022 0.0167 03614
LPL 02921 0.1825 -0.0539
TLL 0.3088 0.0364 00074
TLW 0.2940 00973 -0.1770

TLMI 0.0907 0.3847 04696
TLPL 02182 00513 04421
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Fig 4. Scatter diagram of 5 Zizyphus cultivars based on principal component 1 and 2 and 3.
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