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Numerical classification and principal component analysis of main cultivars of Chaenomeles spp.
in Shandong Province JIA Bo, CAO Bang-hua®, PANG Bing-liang, WANG Bing, HONG Pi-zheng
(College of Forestry, Shandong Agricultural University, Tai’ an 271018, China), J. Plant Resour. &
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Abstract: According to sixteen morphological characters, UPGMA cluster analysis and principal
component analysis of twenty main cultivars of Chaenomeles spp. in Shandong Province were carried on,
and correlation among sixteen morphological characters was also analyzed. The cluster analysis result
shows that the twenty cultivars can be divided into two groups at euclidean distance of 1.058, one is C.
speciosa ( Sweet) Nakai group and another is C. sinensis ( Thouin) Koehne group. At euclidean distance
of 0.743, C. speciosa group can be further divided into two cultivar groups of mellow type (including C.
speciosa ‘ Yipinxiang’ and ° Jinxiang’ ) and light type (including C. speciosa ‘Luofu’, ¢ Changjun’,
‘Hongxia’ , ‘Yufo’and ‘ Aoxing’ ), and C. sinensis group also can be further divided into two cultivar
groups of large fruit type (including C. sinensis ‘ Yulan’ and ‘ Douqing’ ) and medium-small fruit type
(including C. sinensis ‘ Xipi’, ‘Shenghua’, ‘Shougua’, ‘Foshou’, ‘Jinpingguo’, ‘Dajinpingguo’,
‘ Dashizitou’ , ‘ Xiaoshizitou’ , ‘ Chenxiang’ , ‘Hongyun’ and ‘Keshi’ ). There are highly significant
correlations among characters of peel wrinkling or not after fruit storage, with or without edge groove on
fruit surface, color of tender leaf, with or without thorn on fruiting branch and stipule shape, and their
correlation coefficients all reach 1. 000 0. The result of principal component analysis shows that the
accumulative contribution rate of first four principal components amounts to 89.66% . According to the
absolute weight value of each character in first four principal components, twelve morphological characters
with more important effect on cultivar classification of Chaenomeles spp. are selected. Among them, the
five characters such as peel wrinkling or not after fruit storage, with or without edge groove on fruit
surface, color of tender leaf, with or without thorn on fruiting branch and stipule shape are main
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morphological characters used to distinguish main cultivars of Chaenomeles spp. in Shandong Province.

Key words: Chaenomeles spp.; main cultivar; morphological character; cluster analysis; correlation

analysis; principal component analysis
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Table 1 Name and collection location of twenty main cultivars of Chaenomeles spp. in Shandong Province

A R i PSS
Cultivar name Collection location Cultivar name Collection location
‘B’ C. speciosa * Luofu’ YT Linyi ‘YKz’ C. sinensis ‘ Xipi® F ¥ Heze
‘K8’ C. speciosa ‘ Changjun’ 535 Linyi ‘FEJR’C. sinensis ‘ Shougua’ P Heze
‘418’ C. speciosa ‘ Hongxia’ Y7 Linyi ‘fF’ C. sinensis ‘ Foshou’ Ji % Heze
‘—m#&’ C. speciosa * Yipinxiang’ &Y Linyi ‘KEHER’ C. sinensis ‘ Dajinpingguo’ T#E Heze
‘EfE C. speciosa ‘ Yufo’ 153 Linyi ‘&3FR’ C. sinensis * Jinpingguo’ T Heze
‘B’ C. speciosa ‘ Aoxing’ 3 Linyi C KWiF3’ C. sinensis ¢ Dashizitou’ & Heze
‘&%’ C. speciosa ‘ Jinxiang’ & YT Linyi N3k C. sinensis ¢ Xiaoshizitou® FiE Heze
“PI4E’ C. sinensis ‘ Shenghua’ VA% Heze ‘Bi#’ C. sinensis ‘ Chenxiang’ 7% Heze
‘53’ C. sinensis ‘ Douqing’ T Heze ‘4I%’ C. sinensis ‘ Hongyun’ T Heze
‘E2£’C. sinensis ‘ Yulan’ ¢ Heze ‘A’ C. sinensis ‘Keshi’ Ja1v% Heze
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1. ‘B4’ C. speciosa ‘Luofu’ ; 2. ‘K’ C. speciosa ‘ Changjun’ ; 3. ‘4£[88’° C. speciosa ‘ Hongxia’ ; 4.

‘— %’ C. speciosa ‘ Yipinxiang’ ; 5. ‘&

#° C. speciosa Yufo’ ; 6. ‘BLE’ C. speciosa ‘ Aoxing’ ; 7. ‘47’ C. speciosa  Jinxiang’ ; 8. ‘FIE’ C. sinensis ‘ Shenghua’; 9. * T3’ C. sinensis

‘Douging’ ; 10. ‘ T2’ C. sinensis ‘ Yulan’ ;
14. ‘43R’ C. sinensis ‘ Jinpingguo’ ;

sinensis * Xiaoshizitou’ ; 18. ‘[&%’ C. sinensis ‘ Chenxiang’ ;

11. ‘4z’ C. sinensis ‘ Xipi’ ;
15. “K4&3ER’ C. sinensis ‘ Dajinpingguo’ ;
19. ‘4%’ C. sinensis ‘ Hongyun’ ; 20. ‘W[fr’ C. sinensis ‘Keshi’.

12. ‘FJR’ C. sinensis ‘ Shougua’ ;
16. ‘ KWiF3k’ C. sinensis ‘ Dashizitou’ ;

13. “fF "’ C. sinensis ‘ Foshou’ ;
17. /N N3k C.

1 WHRHA 20 MARREHRFRY UPGMA R3EE
Fig. 1 UPGMA cluster dendrogram of twenty main cultivars of Chaenomeles spp. in Shandong Province

2.2 WIFEAKRRERSMHESHENBEXELHF
WAFFEACUR SR EEKSE, Tl &
BREZ MR RA R KRR, X 20 AR K
anff 16 PRI SCHE S Br 85 R (32 2) R, SRS
T R B A AR A R SR T TOAR A B B
SERBRAH R SRS AR ] AR 5 R EOY I8
2] 1. 000 0, HoAth MR ] A7 7E A [RIRR BE AA S 4, 156
& MRAIAEGERESIHR, WK RB AR R,
SUEE ML ;TR E 5 iE B R W2 .
2.3 WHEHKRREBRMESHFENERS S
T A 20 AR R R 16 B PR )
MINLER R RIA E 0 Ak e A T — B 5T, Hif 4
A ERA BRI R R BB AL 3, 5
1 BE 4 F RS W T ERER 4358 62.31% (16.36% .
6.08% F14.91% , B TTRAH£F] 89.66% , 1 F
BT, RS R B R AR A R SR A OB

T8 IR B, B SRR T R R T R 4 2 X AL
BHEA, BN 0.307  2X15 1 R MEBCK R
EIa1 &, 02 DX 5B AR TR R B R B AR 2R 2
FERr P, RELERE REYETER Y RBHLE
AN EEBR, 2 B RRE VR, X 3 R
PR TARNRLRIRA 53 EWsrH, RETBR
SR P TR A A B EBK, R AR AIA K B,
o2 P B EARAE R T, 0. B AR S ORWIEF 3K AN
ONIEFR MR EFEA Tk R SR R
LMFERIFER, 54 20, REBEMRLFKR
RESMHERIOEMNNEERR, BAA —ENTKF
B

MR TR AT 4 R TR BB AR TR KA B
EREARZEMIET, TEANX 4 DT TR
BAREY , HE SRR ER 0 E HHTSE
PRAG, BEEE XA W AR PR SE Ak W



%1 BOB%: IWAREARERS R ER R T 67

F2  II%KE 20 MRIMERRR 16 MEEEROEXES )
Table 2 Correlation analysis of sixteen morphological characters of twenty main cultivars of Chaenomeles spp. in Shandong Province 1}

PR HXLEE Correlation coefficient
Character A B c D E F G H
A 1.000 0
B 0.706 2 1.000 0
C 0.706 2 1.000 0 1.000 0
D 0.2418 0.5925 0.5929 1.000 0
E 0.629 5 0.898 6 0.898 6 0.658 1 1.000 0
F -0.180 5 -0.258 0 -0.258 0 -0.3827 -0.454 4 1.000 0
G -0.400 0 -0.340 3 -0.3403 -0.447 0 -0.5345 0.7921 1.000 0
H -0.184 4 -0.052 4 -0.052 4 -0.130 5 -0.1757 0.6511 0.5555 1.000 0
I 0.564 9 0.802 2 0.802 2 0.4309 0.720 8 -0.101 8 -0.136 7 -0.022 3
J 0.659 4 0.884 1 0.884 1 0.553 2 0.8753 -0.3419 -0.466 5 -0.023 2
K 0.760 2 1.000 0 1.000 0 0.592 9 0.898 6 -0.258 0 -0.340 3 -0.052 4
L 0.760 2 1.000 0 1.000 0 0.5929 0.898 6 -0.258 0 -0.3403 -0.052 4
M 0.760 2 1.000 0 1.000 0 0.5929 0.898 6 -0.258 0 -0.340 3 -0.052 4
N 0.716 8 0.8753 0.8753 0.560 6 0.864 0 -0.2210 -0.423 7 -0.126 2
0 0.788 5 0.618 4 0.618 4 0.385 8 0.614 1 -0.3129 -0.419 6 -0.106 2
P 0.309 8 0.2320 0.2320 0.3898 0.472 1 -0.628 0 -0.6650 -0.388 7
PEtR MIEZEE Correlation coefficient
Character 1 j K L M N 0 P
A
B .
C
D
E
F
G
H
1 1.000 0
J 0.756 1 1.000 0
K 0.8022 0.884 1 1.000 0 .
L 0.802 2 0.884 1 1.000 0 1.000 0
M 0.802 2 0.884 1 1.000 0 1.000 0 1.000 0
N 0.702 2 0.802 5 0.8753 0.8753 0.875 3 1.000 0
(0] 0.230 3 0.594 0 0.618 4 0.618 4 0.618 4 0.578 3 : 1.0000
P 0.061 0 0.366 0 0.2320 0.2320 0.2320 0.284 3 0.424 4 1.000 0

DA; BEIBIR Fruit shape; B SLLI G R & R B4 Peel wrinkling or not after fruit storage; C: JRILF A Jibk i With or without edge groove
on fruit surface; D: B Peel color; E: FZFL Lenticel; F: 328542 Transverse diameter of fruit; G: SREYA#E Vertical diameter of fruit; H:
MESE B Average weight of single fruit; T; B2 Calyx; J: M JE 4R Leaf shape; K. BB Color of tender leaf; L: Z5 R AL R E W With
or without thorn on fruiting branch; M: M JEAR Stipule shape; N: SR #if Sarcocarp color; O: SR H %R Content of fruit juice; P: FLHIR
T2 Smell degree of fruit.

£3  WHE20 PAMERSH 16 MEFERHERSHHRERY
Table 3 . )Analysns result of principal component of sixteen morphological characters of twenty main cultivars of Chaenomeles spp. in Shandong
Province

ER5> BRI XTIE  Absolute weight value of different characters
Principal
component A B G D E F G H 1
1 0.242 0.307 0.307 0.207 0.301 -0.129 -0.164 -0.056 0.244
2 0.011 0.125 0.125 -0.103 -0.043 0.498 0.462 0.452 0.208
3 0.547 ~0.043 -0.043 -0.412 -0.103 0.183 0.002 0.095 -0.281
4 -0.244 -0.037 -0.037 0.489 0.086 0.077 -0.020 0.635 -0.299
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%% 3 Table3 (Continued)

4 MR A XTI ESE  Absolute weight value of different characters A BEHFABE/ %
Principal Ei ‘en alue Accumulative
component i) K L M N 0 P 1Ben contribution rate
1 0.291 0.307 0.307 0.307 0.286 0.219 0.129 9.969 62.31
2 0.041 0.125 0.125 0.125 0.063 -0.089 -0.432 2.618 78.67
3 -0.029 -0.043 -0.043 -0.043 0.023 0.613 0.113 0.972 84.75
4 0.084 -0.037 -0.037 -0.037 -0.057 0.230 0.354 0.787 89.66

D A: BEEFAR Fruit shape; B: JRSCIVHG 2 E E 754 Peel wrinkling or not after fruit storage; G: H3FRIH A JHE M With or without edge groove
on fruit surface; D: 7B, Peel color; E: FZfl Lenticel; F; B5H42 Transverse diameter of fruit; G JRIYAFE Vertical diameter of fruit; H:
YR F B Average weight of single fruit; [: 753 Calyx; J: H R FEAR Leaf shape; K: B Bifs Color of tender leaf; L. SRR B H ] With
or without thorn on fruiting branch; M; #LHHIEAR Stipule shape; N: R PYBi Sarcocarp color; O: S PIHi 2 Content of fruit juice; P e 2173

FEFE Smell degree of fruit.
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