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Principal Component Analysis and Comprehensive Evaluation on Ornamental Value of
Varieties of Camellia
CHEN Yi-quan, PAN Hong* , WEI Yun-hua
(Institute of Agricultural Engineering and Technology, Fujian Academy of Agricultural Sciences ,
Fuzhou, Fujian 350003, China)
Abstract: [Objective] For introducing and breeding new varieties. [ Method) Ornamental value of 28 Camellia
cultivars was evaluated, key appealing factors of Camellia were selected using the correlation and principal
component analysis to construct a comprehensive evaluation model. [Result] Significant correlations among the
various traits were observed. For instance, the flower count and petal number correlated significantly with
florescence, and flower color with new leaf color. Those 13 characteristic traits were grouped into 5 principal
components: flower count. florescence, flower diameter, leaf color, and leaf shape with a total cumulative
contribution of 85.48% for the differentiation. Flower count and florescence were critical with biological significance
as well. Based on their ornamental values, the 28 varieties were classified into 3 grades. The 9 varieties judged to be
excellent were Jinbihuihuang, Variegated Precious Pearl, Variegated Crane’s Feather, Variegated Hibiscus,
Kigirohi, Senritsu-Ko, Otome, Red Leaf Bella, and Masterpiece. The results were basically in agreement with field
observation, [Conclusion] The ornamental value of Camellia was governed by the flower count, florescence, flower
diameter, leaf color and leaf shape with the flower count and florescence as the determinant factors. Thus, varieties
with large and abundant flowers, long florescence period, and attractive leaves should be the choice for cultivation
and breeding.
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Table 1 Evaluation criteria on ornamental value of Camellia varieties

o e il N i
Score  Flower color Flower pattern New leaf color Leaf shape
1 {6 White BRI Single-lobe 23 (%, Green i [ & Ellipse
5 [ERER /S EE S i NN 2 A e du GRIE 2 R e
White with variegation , light pink Semi-double Yellow green Ovate, obovate
3 bR $A ) FEHERY A TR WE sk [ TR T A A8 46 152 T2
Pink, peach red Anemone, full peony Pale green Long ellipse,long inverted ellipse
A 2165 AL, B R 17 6 B L3 B T
Red, orange red Rose Light ochre Broad ellipse, near circle
. R AR SN ) 52 42 HE A RN FAR ) B B A R L
: Yellow, purple red, black red Formal imbricated Ochre, red ochre More peculiar and rare
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Table 2 Ornamental traits of 28 Camellia varieties under study

A4 4% Flower AL Petal piAc) 68 Flower  {E#t Flower pid) TFAE4R 5L
Variety name diameter/cm number/# Flower color pattern number/ %% Florescence/d  Flowering index
/NBEZL Otome 8.12+0. 42 82.2243.58 3.00 5. 00 26.37+1.89  65.0842.25 0. 43£0.01
1F # J# Kigirohi 8.53+0.36  105.4143.33 5.00 5. 00 20.45+1.32  70.3243. 31 0.59+0. 02
7RAE Masterpiece 9.65+0. 45 63.30+2. 58 1..00 5. 00 11.19+0. 88 52.98+2. 96 0.18+0.01
W EAE Senritsu-ko 9.21+0.29 35.08+2. 36 5. 00 3.00 21.18+1.56  48.0642.21 0.15+0.03
2 A2 Camellia uraku 5.000. 27 5.000. 21 3.00 1.00 6.3040.62  41.20%2.50 0.060.01
/R Roger hall 10.9340.48  48.16+3. 22 4,00 5. 00 12.5840.34  55.42+2.77 0.3740.01
165 ¥k Variegated precious pearl 9.5540. 45 130.05+3. 39 3.00 3.00 33.10£1.88  70.26%3.22 0.9140.02
i J& Desire 9. 48+0. 48 52.83+2. 68 2.00 5. 00 7.80+1.24  35.2141.97 0. 860. 02
ZLM JLHE Red leaf bella 13.1240.38  80.3943.57 5. 00 5. 00 13.91+1.35  72.2542.03 1.5740.03
I KF 3 Nuceio's bella rossa 9.08+0.55 64.5642. 34 4.00 5. 00 14.9741.01  54.88+2.15 0.4140.02
4 #HEHL Jinbihuihuang 10.1540.32  105.24+2. 84 4,00 5. 00 23.34+1.98  74.96+2.37 0.3140. 02
T4 Variegated crane's feather 10.1140.37  83.2142.91 3.00 5.00 25.29+1.67  76.10%2.67 0.2140.01
AT Matsukasa 5.060. 22 27.8142. 50 4.00 2..00 24.81£2.01  57.7443.04 0.11£0.01
FEA M Extravaganza 11.95+0. 34 47.62+2. 88 2.00 3..00 9.63+£1.03  41.03%3.20 1.3240.02
TGFIAYI/R Cile Mitchell 9.83+0.53 77.7243.22 3.00 5.00 11.774+1.62  48.05+2.55 1.284+0.01
1% N KR Carter's sunburst sweetheart 12, 8740. 51 49.5243. 45 3.00 3.00 7.8540.85  55.14+2.40 1.2040. 02
A PR E Nuccio's gem 9.88+0.33 39.88+2. 14 1..00 5..00 9.62+1.21  34.5541.92 0.60+0.01
FE4 4 Elegans splendor 14.03+0.56  30.68+2.09 2.00 3..00 5.20£0.72  35.1141.45 0. 880. 02
FE KL Coquettii 10.0740.30  77.91£3. 10 4.00 5..00 11.23+1. 11 55.2942.50 0. 7520. 02
A Kirenge 10.8540.44  34.7842.49 5. 00 2.00 6.3141.09  32.18+1.41 1.3340. 01
FIRBE4) Midnight magic 9.0340.35  57.8142.89 5..00 3..00 4.7040.21  35.13%1.66  0.7240.01
HF Softly 8. 48+0.23 39.94+2.11 2.00 5.00 7.58+0.34  40.1242.43 0. 930. 02
L% Variegated hibiscus 10.15+0. 32 115.2843. 45 2.00 3..00 22.95+1.45  65.0043.03 0. 290. 02
FH K E Chungiuzhanguo 9.18+0. 45 58.07+2. 66 4,00 5. 00 6.1140.23  49.6342.19 0.4440.03
E 4+ Snow peony 9.69+0. 38 18.95+1.98 1..00 3..00 17.97+1.55  19.56+1. 80 1.0140. 01
HYER B K Spring daze 9.38+0.53 60. 81+3. 46 3.00 4. 00 11.75+1. 21 50.58+2.70 0.74%0.01
TEHEE Valley knudsen 13.03+0.46  40.19%2.22 5. 00 3..00 14.88+1.70  39.66+2.21 1.74%0.03
W #L Kathryn funari 12.26+0.45  60.35+2. 19 3.00 5..00 11.3940. 92 59.62+2. 88 2. 7420. 04
254 2 Mean=SD 9.9542.03  60.46429.10  3.25+1.27  3.96+1.21  14.2947.49 51.25414.34  0.79+0.59
KA Maximum 14. 03 130. 05 5. 00 5.00 33.10 76. 10 2.74
/MY Minimum 5.00 5..00 1.00 1.00 4.70 19.56 0. 06
ARRK CV/% 20. 41 18. 13 39.12 30.51 52. 43 27.98 74. 24
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i o 44 B MK Leaf 5% Leaf 7% i T W
Name New leaf color length/cm width/cm Leaf shape Plant height/m Plant width/m
/NBEZT Otome 3.00 9.50+0. 39 4.5040. 31 1. 00 1.20+0. 19 0.62+0. 02
iF # J# Kigirohi 4,00 9.3040. 25 3.800. 22 1.00 1.0540.15 0.4340.01
Z8AE Masterpiece 3..00 10. 30£0. 43 7.00%0.15 4.00 0.94£0.19 0.64£0. 03
B i H Senritsu-ko 4.00 11.50£0. 20 4.00£0. 19 3.00 1.500. 20 0.96+0.01
% A 2% Camellia uraku 3.00 8.60+0.19 3.204+0. 20 3. 00 1.2540. 21 0.56+0.01
/% Roger hall 4.00 9.00%0. 30 4.00£0.13 1.00 0.75+0. 14 0.5740. 02
£ 5 %k Variegated precious pearl 2.00 9.90%0.11 4.70£0. 35 1.00 1.20%0. 20 0.5340. 02
L J& Desire 3.00 9.4040. 23 4.2040. 28 1. 00 0.5340.09 0.25+0. 02
ZL M- 14 Red leaf bella 5.00 9.0040. 35 4.50+0. 21 1.00 0.5340.17 0.33%0.03
D4 K FIE Nuccio's bella rossa 5. 00 9.4040. 22 5.0040.18 4.00 0.93+0.13 0.55+0.04
4 THEH Jinbihuihuang 3.00 9.9040. 31 4.2040. 29 1.00 1.5040. 06 0.7740.01
H#4 Variegated crane's feather 2..00 10. 000. 40 3.50%0. 33 3.00 1.5540. 28 0.8540. 01
AT Matsukasa 5. 00 9.10+0. 45 4.700. 26 4.00 1.1540.16 0.7540. 02
AR Extravaganza 1.00 9.0040. 37 4.80+0. 14 4.00 0.50+0.18 0.3340.02
PR KB /R Cile mitchell 2.00 9.10+0. 22 4.40%£0. 21 1.00 0.61£0.17 0.29740. 02
i A K F 4% Carter's sunburst sweetheart 1..00 9.40%0.15 4.40£0. 17 3.00 0.55+0.15 0.34£0. 03
APGREE Nuccio's gem 2.00 9. 4040. 26 5.004£0. 33 4.00 0.60+0. 14 0.41+£0.01
FEH ST Elegans splendor 1. 00 8.70+0.13 5.00+0.16 4.00 0.5340.10 0.33%0.03
FE KL Coquettii 2..00 8. 80=0. 26 3.70£0. 24 1.00 0.52+0.16 0.36+0.01
# ¢ Ki-renge 4.00 11.5040. 47 3.80+0.23 5.00 0.527+0. 25 0.2940.01
EREBE4) Midnight magic 5..00 9.0040.43 4.4040. 28 1. 00 0.584-0. 22 0.3540. 01
HF Softly 3.00 7.90+0. 37 3.800. 32 1.00 0.47+0.16 0.2540. 02
£ 2% Variegated hibiscus 1. 00 10. 2040. 48 4.004+0. 34 3.00 1. 6040. 10 0.78+0.01
FH R E Chunqiuzhanguo 1. 00 8.8040.29 4.1040. 30 1. 00 0.49+0.11 0.3340.02
L4 S} Snow peony 1. 00 9.1040. 33 4.60+0. 25 4.00 0.88+0.13 0.31£0.02
#IEHH K Spring daze 1. 00 7.6040. 10 3.104+0. 22 1.00 0.58+0.05 0.38+0.01
HEMRER Valley knudsen 1.00 10. 7040. 20 3.90£0. 21 3.00 1.20+0. 26 0.7240.02
W *L Kathryn funari 1.00 9.50+0. 36 3.70£0. 19 3.00 0.52+0.07 0.3740.01
24 T4 Mean+SD 2.61+1.42 9.41+0. 87 4.29+0.73 2.39+1.37 0.87+0. 38 0. 4970. 20
KA Maximum 5. 00 11.50 7..00 5.00 1. 60 0. 96
H/MA Minimum 1..00 7. 60 3.10 1.00 0. 47 0.25
BREK CV/Y% 54.57 9.22 16. 95 57.32 43. 45 40. 93
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0. 099Xg + b
0.095X, —0. 017X, +0. 663X,

0. 088X,;,Y;

— 0. 208X12

_O- O66X12 +O- 025X15 (43,% 4) o

R3 EENRERHEXMESN

Table 3 Correlation of main ornamental traits

—0.171Xy;, Y, = —
—0. OO7X12 +
=0.103X,—0. 009X, —0. 343X, +

Tﬁiﬁs X1 X X Xy X5 X5 Xz X X, X0 X X1z X1s
1612 Flower diameter(X;) 1
%L Petal number(X,) 0. 082 1
£ Flower color(X3) —0.022  0.130 1
16/ Flower pattern( X)) 0.171  0.439* —0.087 1
1k # Flower number(X5) —0.255 0.582**  0.087 0.037 1
14 Florescence( Xs) —0.055 0.767** 0.296 0.377* 0.641"* 1
JFAE 18 %L Flowering index(X7) 0.660** —0.046  0.058 0.058  —0.283 —0.164 1
B4 New leaf color(Xg) —0.422 —0.020 0.528* * 0.033 0. 095 0.159  —0.330 1
4 Leaf length(Xy) 0. 157 0.123 0.269  —0.197 0.322 0.091 0. 001 0.135 1
% Leaf width(X30) 0.109 0.022  —0.406  0.134 0.013  —0.084 —0.133 0.119 0.171 1
H9E Leafl shape(Xi1) 0.121  —0.503 —0.282 —0.487 —0.116 —0.381* 0.036 —0.104 0.409* 0.350" 1
Pk Plant height(X;5) —0.368 0.318 0.116 ~ —0.203 0.762* * 0.474* —0.521 0.102 0.489** —0.077  0.087 1
e i Plant width(X;3) —0.281 0.191 0.198  —0.134 0.659** 0.473* —0.521** 0.165 0.534** 0.011 0.164 0.909* * 1
e o flx AP BIFIR 0. 01 A10.05 KTFER B,
Note: * * and * mean significant difference at 0. 01 and 0. 05 levels, respectively.
x4 EHHHW
Table 4 Principal component analysis on traits
TR 1 TS 2 TR 3 B TS 5
PC1 PC2 PC3 PC4 PC5

HEMEE Eigenvalue 3.423 2. 575 2. 020 1. 609 1. 485
J7 22 5Tk % Variance contribution rate/ % 26.331 19. 811 15. 539 12.377 11.419
Z gy 2% 57k % Cumulative variance contribution rate/ % 26.331 46. 142 61. 680 74.057 85.476
1642 Flower diameter(X1) —0.068 0. 042 0. 630 —0.095 0. 103
L Petal number(X,) 0.218 0.507 0.091 —0.017 —0. 009
A4, Flower color(X3) 0. 083 0. 049 0. 099 0.663 —0. 343
£ Flower pattern(X,) —0.114 0.493 0. 047 —0.009 0.207
¢ Flower number(Xs) 0. 435 0.219 —0.110 —0.036 —0.021
£ Florescence( Xg) 0. 289 0. 445 —0.011 0.107 —0.078
FF 4646 81 Flowering index(X7) —0.174 —0.004 0. 584 —0.029 —0.127
B4 New leaf color(Xg) —0.001 0.038 —0. 278 0.671 0. 160
K Leaf length(X,) 0. 362 —0. 166 0. 257 0.262 0.214
-5 Leaf width(Xio) —0.001 0. 007 —0.011 —0.047 0.778
I JE Leaf shape(X) 0.116 —0.469 0.120 —0.095 0. 352
#&15 Plant height(X5,) 0. 499 0.001 —0.208 —0.007 —0. 066
56 g Plant width(Xi3) 0.482 —0.027 —0.171 0. 088 0. 025
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Table 5 Comprehensive evaluation of ornamental value of 28 Camellia varieties

il 4 EX %, BN EWI 3 ER Y ER %) Gafa £ 350 Y
Variety name Y, Y, Ys Y, Y; Score Order Grade
/NBEZL Otome 1.84 1.94 —1.50 0.34 0. 01 0. 80 7 I
1E # it Kigirohi 1.08 2.48 —0.87 1.76 —1.22 0. 84 5 I
A 1E Masterpiece 0.77 —0. 36 —0.70 —0. 86 4. 40 0.49 9 1
B EHE Senritsu-ko 3.41 —1.30 —1.33 2.37 —0.07 0. 84 5 1
%A% Camellia uraku —0.06 —2.85 —2.89 0. 14 —1.62 —1.140 28 i
fif /R Roger hall —0.29 0. 90 —0.53 1. 06 —0.46 0.11 12 il
A6 % ¥k Variegated precious pearl 2.63 2.26 —0.23 —0.16 —0.23 1.24 2 1
L2 J& Desire —2.04 0. 06 0.14 —0.53 0.20 —0. 64 22 il
210 JL$E Red leaf bella —0. 87 2.13 1.51 1. 86 —0.34 0.72 8 I
14 K H I Nuccio's bella rossa 0.58 0.16 —0.98 1. 43 1. 40 0.43 10 1
4 #HEHE Jinbihuihuang 2.96 2.54 —1.00 1. 04 —0.44 1.41 1 1
L84 Variegated crane's feather 3.38 1. 48 —0.97 0.05 —0.47 1. 15 3 1
s+ Matsukasa 2.09 —1.34 —3.22 1. 66 0.33 0.03 13 Il
FEAE A Extravaganza —1.64 —1.52 1. 69 —1.87 0. 94 —0.70 23 I
7§ F k) /R Cile mitchell —1.36 1. 08 0. 81 —0.55 —0. 20 —0.13 15 11
1% N K4 Carter's sunburst sweetheart —1.24 —0.81 1.97 —1.07 0.10 —0.35 17 il
PG % E Nuccio's gem —1.31 —1.17 0.16 —1.71 2.04 —0.62 21 1
# 4+ Elegans splendor —2.18 —2.04 1.77 —2.05 1.32 —0.95 25 I}
F KL Coquettii —1.13 1.34 0.30 0.03 —1.17 —0.14 16 I
e Ki-renge —0.79 —3.18 1. 88 1.79 0.12 —0. 36 18 Il
-7 4] Midnight magic —1.61 —0.52 —0.54 1. 89 —0.58 —0.52 19 Il
M Softly —2.72 0.25 —0.53 —0.87 —0. 66 —1.09 26 Il
1E 2% Variegated hibiscus 3. 36 0.75 —0.63 —1.00 —0.06 0.94 | 1
F R E Chunqiuzhanguo —1.65 0. 66 —0.07 —0.41 —0.79 —0.53 20 Il
E 4} Snow peony —1.23 —2.52 0. 36 —2.43 1. 02 —1.11 27 ]
HFEM# K Spring daze —1.60 0.70 —0.24 —1.25 —2.11 —0. 84 24 i
BEWT YR Valley knudsen 1. 06 —1.46 2.24 0. 36 —0.76 0. 35 11 Il
M #L Kathryn funari —1.42 0.35 3.41 —1.03 —0. 66 0.03 13 Il
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Fig. 1  Camellia varieties with Grade I ornamental value
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Note; A—1 is as follows; Jin Bi Hui Huang, Variegated Precious Pearl, Variegated Crane's Feather, Variegated Hibiscus,

Kigirohi, Senritsu-Ko, Otome. Red Leaf Bella, Masterpiece.
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