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Abstract: In order to investigate the genetic diversity of phenotypes and improve the utilization efficiency of different
germplasm resources in Phalaenopsis, 76 germplasm resources of Phalaenopsis were investigated on the phenotype
diversity by differential analysis, correlation analysis, principal component analysis and cluster analysis. The ornamen-
tal value of big-flower, medium-flower and small-flower cultivars were evaluated comprehensively. The results showed
that plant height was the most significant difference among the cultivars, and the flower number per plant was the largest
coefficient of variation. Most phenotypes showed significant or extremely significant positive correlation. Flower width
and length were the main factors leading to the genetic diversity of phenotypes in Phalaenopsis. The 11 phenotypes were
divided into three categories by the R-type cluster analysis, among which flower length and width were clustered firstly
when the Euclidean distance was 1.1, indicating the highest degree of correlation between them. 76 germplasm resources
could be divided into three categories by Q-type cluster analysis, big flower, medium flower and small flower cultivars. In
the comprehensive evaluation of ornamental value, the big flower Baihuahonxin, Huanying and V3, the medium flower
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Chulian, Huangpao, Jixiang, Memphis, 79, Ama and the small flower Auspicious, Xiaomeihua, Christmas Tree, LL29 and

Queen Beer obtained higher scores. The results would provide a reference for the efficient utilization of germplasm
resources and parent selection of crossbreeding in Phalaenopsis.
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Fig. 2 Phenotype statistics of 76 germplasm resources
in Phalaenopsis
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Tab. 1 Hierarchical structural model of evaluation factors
for Phalaenopsis
HixZ A HR)E C TebRIZ P

Target layer A Binding layer C Indicator layer P

I 2 i C1 fitk Pl
C2 FHHfPEAR P2, P3
C3 FERIPEAR P4, P5. P6
C4 FEZAEAR P7. P8, P9, P10, P11

W& (P11), AH)Z C XHHEIRIZ AT 8 1) 4325
(HhkR C1. MEEBMER C2. AEREMEIR C3. B4tk
R C4 ),

2 HBRERH
2.1 R = Fh BT B R U S MR

Hi 76 1 W) 05E 2% b BT OF U AL AR AR Y 11
AFR ARG BAE T A, Hod, BT
WAk, P KE . PSR T
AR, R SEE TR, )RR JE
JPARAL . AT BT R, R R TR R
PR (E 2),
22 HEZMRRZERBEERNEEFSENE
ST
221 M EZRRAREARERG L7554 W
2 FR, 76 1y U 24 Bh T RT IR bR . AT
Ko BERAE SR, RPN T 2 EECR,
AN]SR 25 S, e, BRI R SRR ) 25 5
R, Hig/MEHN 26.00 cm, feRAE M 90.00 cm,
JrZER 223.44, 11 DRBPEREAS 5 REE
0.14~0.57 Z[a], 34978 5 2500 0.30, 285 1AL
R AEBARRAE BN 0.57, HIRELFRK N
0.39, fH/MIZEMTEH 0.14,
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Tab. 2 Differential analysis of phenotypic traits of 76 germplasm resources of Phalaenopsis

By T i 2% BRI f/ME 2% 5 R

Index Average Standard deviation Maximum value Minimum value Variance cv
Bk /em 53.18 14.95 90.00 26.00 223.44 0.28
& /em 19.32 3.95 30.00 9.92 15.59 0.20
98 /cm 7.57 1.07 10.00 4.90 1.14 0.14
TEMIEL 1.99 0.73 4.00 1.00 0.54 0.37
P K /em 34.90 13.41 67.00 11.00 179.87 0.39
T K /em 27.95 9.13 49.00 9.50 83.34 0.33
AL T /cm 0.56 0.13 0.88 0.30 0.02 0.23
AEZ K E /em 7.06 1.90 12.00 3.30 3.60 0.27
B2 T fem 8.12 2.15 12.00 4.00 4.62 0.26
R AR EL 19.36 10.95 58.00 8.00 119.86 0.57
B FEHR 1.08 0.27 2.00 1.00 0.07 0.25

222 ¥R Z R R R R A MR 69 A8 X M 5 AT 11 AN FRAHAR I T o Fr b, AR RRAE (R
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PR ZE A, S SEAEA R, 5 HAbYE
REGA, PR SkE, Tk, e
FHIEMR, SAEMBRENRE TR (K 3),
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F 1 BRI 3 AN ERS, 3 A FERS R
ok RNl 72.89% (% 3). EMT 1 WEHEE
585, HETIHRRN 53.21%, MK
A TeE (0.93), fEaKBE (0.90), fEIFHEK
(0.86) Fitkm (0.86); FEMIr 2 BIFFE(E N
1.15, J72ZTTHE N 10.46%, BB KA ZIE
F (0.75) FAEAEL (0.47); FERS 3 BIEEE
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* indicates significant correlation (P<0.05); ** indicates extremely
significant correlation (P<0.01); *** indicates extremely signifi-
cant correlation (£<0.001).
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Fig. 3 Correlation heat map of phenotype in Phalaenopsis
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Tab. 3  Principal component analysis of phenotypic traits
of 76 germplasm resources of Phalaenopsis

miH FE 4> Principal component

Item PCl1 PC2 PC3
B2 58 BE 0.93 -0.01 -0.10
K 0.90 0.02 -0.20
P AR 0.86 -0.13 -0.23
MR 0.86 0.03 —0.18
PR 0.78 0.31 0.13
IS 0.71 0.20 0.30
PE A 0.66 0.33 0.24
HRRAESEL —0.63 0.28 0.54
-5 0.60 0.20 0.43
TERE%L -0.57 0.47 -0.24
Pl -0.25 0.75 -0.43
FHIEE 5.85 1.15 1.01
T3 22 TR /% 53.21 10.46 9.16
Tk R/ % 53.27 63.73 72.89
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Fig. 4 R-type cluster analysis of 11 phenotypes in
Phalaenopsis
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Fig. 5 Q-type cluster analysis of 76 germplasm
resources of Phalaenopsis
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Tab. 4  Matrix judgment and identical test for big flower Phalaenopsis
JE AT Pl s Wi — R
Hierarchical model Judgment matrix Identical test
A~C A Cl C2 C3 C4 Amax=4.071
CI=0.024
Cl1 1 3 2 1/2 1.13 RI=0.89
CR=0.027<0.1
C2 1/3 1 1/2 1/3 0.43
C3 1/2 2 1 1/3 0.66
C4 2 3 3 1 1.78
C2~Pi C2 P2 P3 Amax=2.000
0 CI=0.000
P2 1 1 100 Ri0.00
C3~Pi C3 P4 P5 P6 Amax=3.053
CI=0.026
P4 1 1/2 172 0.59 RI=0.52
P6 2 1/2 1 0.94
C4~Pi c4 P7 P8 P9 P10 P11 Jmax=5.157
CI=0.039
P7 1 1/2 1/2 2 3 0.96 RI=1.12
P8 2 1 12 2 3 124  CR=0.035<0.1
P9 2 2 1 2 4 1.73
P10 1/2 1/2 1/2 1 3 0.73
P11 1/3 1/3 1/4 1/3 1 0.34
RS PIRBIMIER = I RTAEPE R — BT
Tab. 5 Matrix judgment and identical test for medium flower Phalaenopsis
Y IR wi — S
Hierarchical model Judgment matrix Identical test
A~C A Cl C2 C3 C4 Amax=4.087
CI1=0.029
c1 1 12 1/4 0.56 RI=0.89
C2 1/3 1/6 1/7 0.22 CR=0.032<0.1
C3 2 1 1/3 1.03
C4 3 3 1 2.18
C2~Pi C2 P2 P3 Amax=2.00
CI=0.000
P2 1 1.33 RI=0.00
P3 1/2 0.67 CR=0.000<0.1
C3~Pi C3 P4 P5 P6 Amax=3.010
CI=0.005
P4 1 1/3 4 0.86 RI=0.52
P5 3 6 1.87 CR=0.010<0.1
P6 1/4 1/6 1 0.27
C4~Pi C4 P7 P8 P9 P10 P11 Amax=5.144
CI=0.036
P7 1 2 2 4 1.72 RI=1.12
P8 1/2 12 1/2 3 0.72 CR=0.032<0.1
P9 1/2 1 1/2 3 0.94
P10 1/2 2 1 4 1.30
P11 1/4 1/3 1/3 1/4 1 0.32
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Tab. 6 Matrix judgment and identical test for small flower Phalaenopsis
U IR wi —HE
Hierarchical model Judgment matrix Identical test
A~C A Cl C2 C3 C4 Amax=4.071
CI=0.024
Cl1 1 12 12 1/3 0.48 RI=0.89
C2 2 1 1/2 1/2 0.77 CR=0.027<0.1
C3 2 2 1 172 1.08
C4 3 2 2 1 1.67
C2~Pi C2 P2 P3 Amax=2.000
CI=0.000
P2 1 1 1.00 RI=0.000
P3 1 1 1.00 CR=0.000<0.1
C3~Pi C3 P4 P5 P6 Amax=3.050
CI=0.030
P4 1 2 2 1.47 RI=0.52
P5 1/2 1 2 0.94 CR=0.052<0.1
P6 172 1/2 1 0.59
C4~Pi C4 P7 P8 P9 P10 P11 Amax=5.093
CI=0.023
P7 1 4 4 3 3 220 RI=1.12
P8 1/4 1 1 13 12 0.43 CR=0.021<0.1
P9 1/4 1 1 1/3 1/2 0.43
P10 1/3 3 3 1 2 1.18
P11 1/3 2 2 12 1 0.76
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A: Relative weights at the constraint level; B: Absolute weights at the indicator level.
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Fig. 6 Heat map of index weight of ornamental traits for different flower types in Phalaenopsis
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Tab. 7 Index weight of ornamental traits for big flower Phalaenopsis
EA P AR A fabn 2 AR A 2 LRIV E Her
Binding layer Relative weight Indicator layer Relative weight Absolute weight Ranking
C1 Hitk 1.13 W (P1) 1.00 1.13 5
C2 AR 0.43 MK (P2) 1.00 0.43 9
m-5E (P3) 1.00 0.43 9
C3 R 0.66 1EE (P4) 0.59 0.39 10
EFFRER (PS) 1.47 0.97 6
AEFPAEHL (P6) 0.94 0.62 7
C4 JEFBEAR 1.78 K (P7) 0.96 1.70 3
A EE (P8) 1.24 2.21 2
A TEEE (P9) 1.73 3.07 1
HpRAES% (P10) 0.73 1.30 4
##F (P11) 0.34 0.61 8
* 8 miE BN = W B HRIE M IR IR E
Tab. 8  Index weight of ornamental traits for medium flower Phalaenopsis
2z AH XA E febr)z AN AL 4 % A E Herp
Binding layer Relative weight Indicator layer Relative weight Absolute weight Ranking
C1 Htk 0.56 PR (P1) 1.00 0.56 8
C2 mHEfPEIR 0.22 i (P2) 1.33 0.30 9
mt5E (P3) 0.67 0.15 11
C3 AR 1.03 A (P4) 0.86 0.89 6
TEFFAEK (P5) 1.87 1.93 4
TEFHIRE (P6) 0.27 0.28 10
C4 FEFBIHEAR 2.18 P E (P7) 1.72 3.74 1
TEHAHE (P8) 0.72 1.57 5
TEHTEE (P9) 0.94 2.06 3
HARRAEAEL (P10) 1.30 2.83 2
7 (P11) 0.32 0.70 7
N B R = I R R M R AR E
Tab. 9 Index weight of ornamental traits for small flower Phalaenopsis
2R AR AL it A AL o X AL Her
Binding layer Relative weight Indicator layer Relative weight Absolute weight Ranking
C1 itk 0.48 Pk (P1) 1.00 0.48 9
C2 MR HEAR 0.77 M (P2) 1.00 0.77 6
mgE (P3) 1.00 0.77 6
C3 AHABPEAR 1.08 e (P4) 1.47 1.59 3
PR (P5) 0.94 1.01 5
AEFFREHL (P6 ) 0.59 0.64 8
C4 FEFBIEAR 1.67 K (P7) 2.20 3.66 1
EAKBE (P8) 0.43 0.72 7
e TERE (P9 ) 0.43 0.72 7
BBRIESEL (P10) 1.18 1.96 2
& (P11) 0.76 1.26 4
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Tab. 10 Integrative scores and grades of big flower Phalaenopsis

AP Variety 543 Composite score %54 Grade AP Variety 543 Composite score 2% Grade
FIAELL0 8.92 I FRAAE 5.67 1
Z15% 8.03 I it 1 5.26 1
V3 7.17 | J7 RV 5.22 ]
degrz H 7.07 I FHrphar 5.04 I
BLIUSAL 6.74 I K& 5.03 I}
2009 6.70 I NHEH 4.74 1§
K 6.16 ] S pu gt 4.60 1
Fag/ 6.15 I wIRA 4.42 m
L & 5.93 I LB 3.80 m
pieli 5.86 ] Pehihn 3.58 m
FARZEE 5.85 I LR 2.73 m
KB 5.80 Il HE L 2.72 I

x1 PRBMRZHES/RIMER

Tab. 11 Integrative scores and grades of medium flower Phalaenopsis

fhfP Variety 1843 Composite score %% Grade fmAf Variety 1343 Composite score 4% Grade
W 8.64 I o 34 5.33 I
I 8.14 I A A% 4.94 Ll
T 7.44 I M T 4.63 mm
BT 7.38 I LE 4.61 m
79 7.18 I GREAEAN 4.56 m
] 324 6.89 I BLIEN 4.53 m
AL 6.79 I & H 4.50 m
4 6.60 I SHAE 4.48 m
UK 6.46 II KL 4.40 m
KE 6.35 I vl 4.29 m
WIH 6.28 1 A 4.28 m
SANE 6.21 1 o 4.02 |
FHb 6.15 I 312 3.95 m
oy 5.66 I LRI H 3.32 m
Eoaul :b4 5.45 1 i 3.29 m

x12 MEEHBRZ=NEEESNER

Tab. 12 Integrative scores and grades of small flower Phalaenopsis

fhfP Variety 1843 Composite score 9 Grade AP Variety 1843 Composite score 9% Grade
AR 9.31 | =5 6.07 1
/A 8.47 1 INEF 5.71 1
F N 7.80 I 2089 5.42 1
SEUERS 7.74 I gnFE 5.38 ]
LL29 7.20 I SN E 5.25 1l
TR 4L 7.17 I & IR 4.64 ]
i 6.54 I 171 (4:88) 4.53 Il
294 MILL B 6.47 il EE 3 4.50 1
I 1k 6.44 I} EEA 3.55 m
a5 6.33 1 EWE 2.91 m
EALidiie 6.10 | 4 1.11 mm
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