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Abstract: In this study, 27 phenotypic traits of the floral organs of 135 Phalaenopsis varieties were observed and ana-
lyzed to provide a theoretical basis for the utilization of Phalaenopsis germplasm resources and the directional breeding
of new varieties. 135 Phalaenopsis germplasm resources collected and preserved in the Fuzhou Branch of the New Plant
Variety Testing Center of the Ministry of Agriculture and Rural Affairs were used as the test materials to collect data on
27 phenotypic traits of Phalaenopsis orchid organs and analyze the flower phenotypic traits. The distribution frequency,
coefficient of variation, Simpson index and Shannon-Wiener index, and correlation, principal component and cluster
analysis of quantitative traits were studied. The majority of butterfly orchid organs were violet petals, racemes, sepa-
rated petals and no fragrance, which accounted for 31.85%, 60.74%, 79.26% and 84.44% of the corresponding descrip-
tion distribution frequencies respectively. The Simpson index and Shannon-Wiener index of the lobes in the lip were the
highest, 0.992 and 7.047, respectively, and the diversity was the most abundant. The variation coefficient of quantitative
traits ranged from 19.79% to 52.72%, of which the coefficient of variation of the number of inflorescences was the
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largest, which was 52.72%. Most of the main quantitative traits had extremely significant positive correlations. Principal
component analysis extracted 3 quantitative traits as the representative traits for evaluating Phalaenopsis phenotypic
traits, and calculated comprehensive scores. The top 3 were ‘JB2312°, ‘Wanhuayanhuo’ and ‘Dongfanghong’ respec-
tively. The R-type cluster analysis showed that the 16 quantitative traits of Phalaenopsis could be divided into 4 catego-
ries, and the Q-type cluster analysis showed that the 135 Phalaenopsis varieties were divided into 5 major species

groups. Our research indicates that the flower phenotypes of 135 Phalaenopsis varieties have rich genetic diversity.
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WERMZFFMAE >, w2 e 2 BT 1750 48,
L4 R IEIA B Z R R, sl 2kl +
Sy EEPY HRT, AW > b R YT IR 2 REE T
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KX Microsoft Excel 2007 %4478 &b
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P ERAT AT RIER ST

2 ZBRERWH

21 REMHRAOMESHESESEER

2,11 S ZRE Xt 127 (W s e Gt
FEULI , K RHS Eb 0 2500 5 8] 45 22 16 23 €2 % g
SRR TR B ASE T (£ 1),

R 2 WL, B fe b i gy
1A, P 2 i, b 33.33%; HK
BRI, N 25.93%; Rk, hE R A
M=F 2% ( Simpson ) %N 0.788, FHFA -
( Shannon-Wiener ) 8400 2.641, HFE 3 0JLIFE
W, PERBARE S LREZNN 2 F, b
52.59%; HR K 3R, 5 43.70%; 3 FhLL AR
Bk 0.74%,
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Tab. 1 Match between color of anther and code in the Royal Horticultural Society’s Color Chart
%5 Code 1E45 Color [ B R 22 KB 0 Code in the Royal Horticultural Society’s Color Chart
1 %0 60C, 61A, 64A, 64B, 71A, 71B, 71D, 72A, 72B
2 E- AR L) 54A, 60D, N74B, N74C, N74D, NN74A, NN74B, NN74C, N75A, N75C, N75D, NN78A,
NN78B, NN78C, NN78D
3 L 46A, 53B, 59A, 59B, 59C, 60A, 60B, 187B
4 By 94B
5 i) N78A, N78B, N78C, N80A, N80B, N80C, N8OD, NS8IA
6 WS 2@ N79B, N79C
7 R 76B, 76C, 76D
8 M N155B, NN55C, NN55D, 157D
9 HWEa NNI155A
10 et 2C, 4A, 4C, 4D, 7B, 12A, 12B
11 R 8B, 9C, 10A, 12C
12 REAFE 158B, 158D, 161D, 162C, 162D
13 ) 171A
14 AR G) 178C, 181C
15 kRt 185D
16 R 145C, 145D
F2 W= ESEEIN
Tab. 2 Diversity analysis of flower color of Phalaenopsis
) s = i E pid VSRl JEmh Ay A JE M
Code Main color of Main color of Main color of  The main color of‘the middle The main colqr of lateral
sepals/% lateral sepals/% petals/% lobe of the lip/% lobes of labial flap/%
1 8.15 6.67 8.89 37.78 32.59
2 25.93 24.44 25.93 13.33 10.37
3 222 222 4.44 13.33 9.63
4 0 0 0 0.74 0.74
5 33.33 37.04 31.85 9.63 19.26
6 2.22 0.74 1.48 7.41 6.67
7 1.48 2.22 3.70 2.22 2.22
8 13.33 12.59 10.37 10.37 17.04
9 0 0 0 0 0.74
10 8.15 8.89 8.15 0.74 0.74
11 2.22 2.22 0.74 2.22 0
12 2.22 2.22 2.96 0 0
13 0 0 0 0.74 0
14 0 0 0.74 0.74 0
15 0 0 0 0.74 0
16 0.74 0.74 0.74 0 0
FHARIREL 0.788 0.773 0.801 0.795 0.803
T - EL 2.641 2.568 2.748 2.754 2.624

TE: 1~16 MA@ ILER 1,

Note: The corresponding flower color of 1-16 in table 1.

MR Fadt 11 Fp, HpEP 26 50 i 46.67%; 1 APy, 5 2.22% (£ 3),

%, N 37.04%; HUORFLAM, Jy 24.44%; IR
ST ARG AR, M EAR Simpson
84404 0.773, Shannon-Wiener $8%4°4 2.568 ( 3
2). MR BUE R L R 2 T 3 R,

el E At 128, HpgP 26 bR,
H31.85%; HUIEEa M, H25.93%; IRH .
IREF R A b o B Simpson F8%L
> 0.801, Shannon-Wiener 18450 2.748 (£ 2 ),
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MBS WA 3 f, Hh bR nHh
2 Fh, f753.33%; HOR K 3, N 43.70%; 1 Fh
R, 5 2.96% (£ 3).

[EmEh 2R dt 13 F, Horpgga b i

%, N 37.78%; HUWEEOMERL6, ¥k
13.33%; #fh, R0, K20 g
i/, B A a0t 10 Ffl, Hrpga b
w2, F32.59%; HUEGEEP =6, 5 19.26%;
WO, WAM, K2Rl Bl R A2
A #Y Simpson 8§ %43 54 0.795 Fl 0.803,
Shannon-Wiener 384043 5l 5 2.754 1 2.624( £ 2 ),
JEMEE g 5 iR 2 0o 3R L, A 89.63%;
Hwk k3, 51037 (£3),
212 ¥ 2R A fefek W LT EAL
REAAE . RRAEFE MR HEAERE 3 Fh, R 3 1T
T, TR R g = A e U SR AR R A
FE 2, 3 E 60.74%F0 39.26%., AEFERIAY
Simpson F§%{°~ 0.477, Shannon-Wiener #§%8°H
0.966.

EHEHES J7 X Ry o IF . M RE S 3 Fh,
Hrb e e S Oy S el 2, 8 77.78%,
HUCHMEE, 5 20.00%, /b rEE SR 7
A, HEH 7 XA Simpson 5 %L N 0.355,
Shannon-Wiener 5%~ 0.868,

B = AL TR R 240, [ 84.44%, HA
15.56% 1Y 810 = F R . fE7 Y Simpson F5 %M
0.262, Shannon-Wiener 5%} 0.624.

XU SRR L M R AR
KMEgMerp 2 R IR T I S5, i 3 Ll
B, PERRFERWEIE . MEE . EE
FOEFIEIE 4 F, HhEIE SEE, H
69.63%, HUCHIREIE, & 25.93%, F50EIE R
o7 Lt D o = R BT R Sk B9 B8 FIA DT 2 #i,
5390 5 95.56% 1 4.44% . AL TR 3 A B [
. MRIE . B EIERRERIE 4 Fh, RREE &
lbieZ, J 84.44%, MHIEDE FEI DR [EJE o LD o
B IR A I EE L SEDE | B = AT
FILHETE 5 M, 8B Sz, i 42.22%, K
WHZEIE, 5 30.37%, BEDE & i R,
M= . eI A s h 24 F JEAR ) Simpson 4§
B9k 0447 . 0.085 . 0271 F1 0.687,
Shannon-Wiener F58%043-51°5 1.097. 0.262., 0.762
F11.862,

®3 WER=FREWEREESEEST
Tab. 3 Diversity analysis of quality traits of Phalaenopsis

oM AR A H
R LR g
EXIN EM JENREC A Number Distribu-
Trait Simp- Sha_nnon— Chargct_er of varie- tion fre-
son Wlener description ties  quency/%

index index level
s R i, 0.531 1212 1 4 2.96
2 fp 71 52.59
3 Fh 59 43.70
3R 1 0.74
=5 i £, 0.562 1348 1 3 222
2 fip 63 46.67
3 Fh 63 46.67
3P 6 4.44
pia Rl 0524 1156 17 4 2.96
2 fp 72 53.33
3 Fh 59 43.70
3R 0 0.00
== 0.186  0.481 1 0 0.00
2 fip 0 0.00
3 Fh 14 10.37
3L 121 89.63
iR 0477 0966 HfE 0 0.00
BARTE P 82 60.74
BHEIE) Y 53 39.26
W 0355 0.868  43IF 105 77.78
AHA%E 27 20.00
o 3 222
ik 0262 0.624 T 114 84.44
sl 21 15.56
LREY NN 0.447  1.097 #EHE 0 0.00
BRI 35 25.93

Wi 94 69.63
15157 B 1 0.74

B 5 3.70
UESS AN 0.085 0262 #EHE 0 0.00
R 129 95.56
WHIEDE 6 4.44
BIHPEDIE 0 0.00
B 0 0.00
TEHFAR 0271 0762  HEHE 0 0.00
BRI 17 12.59
WHIEDE 2 1.48
BIHPEDIE 2 1.48
“ERETE 114 84.44
%Y 0 0.00
BlrP R AR 0.687  1.862  BHEIE 6 4.44
Wi TE 4 2.96
FIHPEDIE 0 0.00
B 0 0.00
EAA 0 0.00
= 0 0.00
= 27 20.00
#% 41 30.37
L1917 57 4222
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M 4 ], HEHRRY 135 ASE10E 2 5 R Y %k
EHHRAE S RBUSERY 19.79%~52.72%., H
HAE AR R 1A S BB K, Ol 52.72%, Hik
FAETF R AT, 73050028 39.99%7F1 39.83%,
B 2 KA 5 R BN, N 19.79%. 6
JEMErh R KA IR RN, RuEtkim, &

JP AE AR AR AR S0, B RE B i i 1] 1) 22 5
B MEAR P B E AN B ] Y 28 S iR R 1.69,
ZRRT 1 AT AP, 3]
FAXTTAE P AE B B P AR I 2 MR, H
(RN €Y RO MR 38 SO AL L W AR I 1§ i
PR W) Simpson #8 £t #7318 B 099 DL L,
Shannon-Wiener 504 6.869~7.047,

®4 HIR=EREEKNTRER

Tab. 4 Variation of phenotypic characters of Phalaenopsis flower

etk %kﬁ %&ﬁ FHME 8 2 EE%& %%ﬁ%ﬁ :Ekﬁ%%ﬁ

Trait Maximum Minimum Average Median Star}d{ird Coefﬁc_lent of Sl'mpson Shanqon—Wlener
value value value deviation variation/% index index
P K /em 50.96 6.88 22.02 21.35 8.77 39.83 0.991 6.964
T AL 38.10 3.80 11.08 9.80 5.84 52.72 0.991 6.916
FEFF A /em 56.88 4.86 32.07 33.76 12.83 39.99 0.991 6.957
167 A /em 0.88 0.43 0.56 0.56 0.12 21.56 0.992 7.042
1t /em 10.63 2.32 7.14 7.54 1.79 25.07 0.992 7.028
A9 /em 12.44 2.04 8.35 8.87 2.25 26.94 0.992 7.020
3K Jem 6.20 1.20 433 4.68 1.12 25.83 0.992 7.025
9 /em 5.35 0.64 3.34 3.49 0.95 28.38 0.992 7.015
TEMEK /om 5.94 1.04 4.06 4.37 1.10 27.01 0.992 7.020
TEME 55 /cm 7.68 0.59 5.00 5.33 1.65 32.99 0.992 6.990
[ K /em 3.12 0.87 2.18 2.25 0.43 19.79 0.992 7.047
R 2L 98 /cm 3.09 0.85 2.15 2.24 0.48 22.38 0.992 7.038

FH I 22 A A% 3R R PR A IR 4 A O
(B 1) WTLUE 1, (PR EHR 10~20 ecm R
BRI, A 55 AR, 5 40.74%; 4B
EEE R ZH 3~20 1, A 126 50 F, 5 93.33%;
WP B IS, KE 4~56 cm; {67
FEHLE EBAEPE 3~5mm, A 101 NHfh, &
74.81%; EKEKRZLZH 5~T cm, £ 95 4-dhFh,
Hi 88.89%; L TE KL N 5~9 cm, FH 112 i Ff,
hi 82.96%; K EBEPLE 3~5cm, H 117
AEF, i 86.67%; MK SEERKZ N 2~4 cm,
A 125 AN, E 92.59%. EIRKEN 3~5 cm
AR A TR B R, A3 110 A5 Fh, 5 81.48%
AE V8 B B R i, B 0.5 om, KT
ik 7em, H 4~6 cm MPEIRFR SR K, A
84 A, i 62.23%. JEME A KR AR A
16 1.5~2.5cm, 70514 124 ASFFFD 120 4, 5
91.85%71 88.89%.,

2.3 fER = REMIRAIE RS T

K 135 AN [] S Pl A 22 261 11 ST

Fo . HE R ECE MR EBUE T Pearson AT

Br (K 5). EFRKRSMETFEM, %, 25,
PERTE . R R R R TE R 2 R
K, HAPEF KSR R PR F B fE
FPREETFHERK ., AR, SR iame. £y
R 5P ORAAE IEAROG, SRR E9E. =
A, SRS B, ERTE . R
JEE b 2R S A AN B AR G s AE P AL S5 A
KEAMK, S, ZHhk. A%, Ekk.
FEMESE | SR 2T R 2R SEIA AR IEA]
Ky AAREAETE, TR BT, M B
YL R R R R TSR 3 O
HXK; HRESERK ., BRI, AR ERTE.
JEMERZT I R AR SR A TE AR 5
FRRKGER G AR BRI BT RA K
JEME b SRR SR A IE ARG S 58 S R
K AEMRTE . Rleh 2R I TRl 2 S A
WEIERG; B SAERTE . IRl R A KR
P 2R G S 3 TE AR O s A 5 R A P 2R
AR TR R A S A IEATSG; TR A
Fr SR 2R S AU IR AR
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E 40 §60 L 54 g 30 27 5 £ 60 |-
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g Kz Ry By 26
= 20 g L 5 E
o g20 310 320 F
& ! 2 g 5 4 g g 8
e 0 &0 —— ) &0
2 10 20 30 40 50 10 20 30 40 10 20 30 40 50 1 3 5 7
FIAAE S TR R B BT
Inflorescence length/cm Number of flowers in inflorescence Peduncle length/cm Peduncle thickness/mm
X 60 " K60 K60 X 60
3 46 8 46 3 £ 43 43 5
g 40 g 40 3 34 E 40 37 36 E 40
X g s BE K& X g
s 20 11 5 20 14 s 20 s 20
g |4 & 7 g |6 8 (- .
E o E o2 E o E o 2
1 3 5 7 9 1 3 5 7 9 11 1 2 3 4 5 6 1 2 3 4 5
K 15 BRE R
Flower length/cm Flower width/cm Sepal length/cm Petal width/cm
5 60 40 37 2 60 57 © 60
3 46 S S 3 51
g 40 36 éw 24 23 §4o 13 34 'q'é 40 38
X g 28 K 29 19 X 2 K B 31
& 75 18 Ky 13 13 Ry K5 20l
< =4 = 2 =3 1
20 &0 20 2 0
= 1 2 3 4 5 P 123 45 6 7 P 1 15 2 25 3 - 1 15 2 25 3
AR TERTE Bl AR MR 9
Petal length/cm Petal width/cm Length of middle lobe of labial flap/cm Width of middle lobe of labellum/cm
B 1 k= REMERMES R
Fig. 1 Frequency distribution of flowers phenotype characters of Phalaenopsis
x5 AEMAMEER =R MEROEXES
Tab. 5 Correlation analysis of phenotypic traits of different species of Phalaenopsis
R B B
PEAR Infl WK R K pia wh R RK R HHAK R
Tfait nceﬁzees- Peduncle Peduncle Flower Flower Sepal Sepal Petal Petal Length of ~ Width of
lenath length thickness length width length width length width  middle lobe the lobes in
€ of labial flap the lip
VAR 1
PR ES -0.039 1
Azl 0.346"  0.072 1
IS -0.097 07977  -0.023 1
A6 0.022  0.798" 0.075 0952 1
WK -0.034  0.816" 0.047 0980 0969 1
R 0.060  0.798" 0.078 09117  0.925" 0.953" 1
e -0.036  0.808" 0.032 0972 0963 09917 0.939" 1
bz 0.015 0817”7 0.054 09417 09507  0.973" 0.959" 0977”7 1
Bl AK 0014 07057 0.108  0.774™  0.797" 0.826" 0.806™  0.842" 0.826™ 1
BilhZ AT 0020 0.7317 0.037  0.808™  0.828"  0.859™ 08537  0.863" 0.885™ 0.813" 1
T FOREEME (P<0.05), "FARMEEMK (P<0.01),
Note: " indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).
24 WX HRBMEIRPHERSDTMES  89.346%, ZilF/R 135 AWM % 5 Fh 12 4~

G

PR 71.115% . 9.757%F1 8.474%A{5 8., R EMK,

oy, BAEREIRA R

PN N PSS

Mg, 72

Xt B 22 A 12 SR IR AEA T T AT
IR 23 T7 2 STHR AR T 85%1 %E 2 1T 4L
Flo ik 6 A1, w3 KT RiTJr 2 5TikEoy

RT3 4> F2 o AR JEUAR 19 12 i x5 e == 46
FIWEARBEAT VA, SRS EELRR H AT
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Tab. 6 Eigenvalues and variance contribution rate of
principal component analysis of phenotypic traits of
Phalaenopsis flowers

ERAH g SRR BIRTRE
Component Eigen value Vquanpe Cumulat'lve variance
number contribution/% contribution/%

1 8.534 71.115 71.115

2 1.171 9.757 80.872

3 1.017 8.474 89.346

4 0.364 3.030 92.376

5 0.306 2.551 94.928

6 0.251 2.094 97.021

7 0.173 1.439 98.460

8 0.088 0.736 99.196

9 0.046 0.387 99.583

10 0.033 0.278 99.861

11 0.012 0.099 99.960

12 0.005 0.040 100.000

R I 08 A R PR AT e i, A AR
B BT 1 80 0, XAFRE A AR RS i
HIZE 7 A, F1 2GRS K, F2 EE40K
PP AERcR, F3 B2GRAE PR, mitkn] I,
S REE . B AEBORAE P AR 3 bR 0
ARV AR MEMAR

®T7OWR=1 12 MRBMEIK RS FERE

Tab. 7 Rotational component matrix diagram of 12 phe-
notypic traits of Phalaenopsis flower

PR %43 Component

Trait Fl F2 F3
K 0.546 0.737 -0.021
VAR A IES -0.503 0.754 -0.186
VAN 0.850 0.062 ~0.002
iab il 0.072 0.174 0.978
ViR 0.961 0.021 -0.109
1E 58 0.966 0.026 —0.006
whHEK 0.989 0.014 ~0.034
oY) 0.962 0.017 0.004
ViZ/aN 0.986 0 —0.046
e 5T 0.983 0.015 -0.025
JEMErh R K 0.869 -0.141 0.091
=5 s Y i 0.895 -0.062 -0.021

PAFR 7 SRR T 8000 2 70l BR LASR 6
2 A FEROT R EEIT AR S 5 UM, 15 BVRHE )
i, M 2 ARRAE A A A B R KA
PREI .

Y1=0.187X1—0.172X5+0.291X5+0.025X4+0.329
X5+0.331X6+0.339X7+0.329Xg+0.338Xg+0.336 X1+
0.297X111+0.306 X1,

Y2=0.681X3+0.697X,+0.057X3+0.161X4+0.019
X5+0.024X6+0.013X7+0.016Xg+0.014X30-0.139Xy1—
0.057X12

Y5=—0.021X;—0.184X>-0.002X5+0.970X,—0.108
X5-0.006X6-0.034X7+0.004Xg—0.046Xg—0.025X10+0
.090X11—0.021 Xy,

K, Xio Xao Xau Xau X5, Xeu X7, Xgu Xg. Xio.
Xu Fl X2 S BN TE T K HEF IR 80E  fEP K
WPH . e %8, SR BRI, Bl
Ko e B R KRR R 5E R
WEAL S it o A5 43 RO I ) A R A 3fe 11 6 A
P ZR A TR R A, BRI A R
ZEA133=0.711xY1+0.098 xY>+0.085xY;
Kb, YR Y, g F AR5 o TR 135 A4
P s ~= 28 12 DMREEZE A1 0 AT HE Y o
135 A b Pl 5 A B 25515 40 o e I 10 A i AP AR
KA ‘IB2312° CTARMAK AR RNk
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Tab. 8 Comprehensive scores and ranking results of different species of Phalaenopsis
i A 7 A O 77
Variety Comprehen- Ranking Variety Fl F2 k3 Comprehen- Ranking
S1ve score S1ve score

KIj4r 505 012 -1.92 3.42 30 |/hks ~5.66 -1.08 0.05 —4.12 130
KPR 297 015 -1.86 1.94 27 /b -8.45 339 -1.56 -5.81 135
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JB3114 1.47 3.14 1.66 1.49 43 EiREME 236 1.63 0.78 1.90 30
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KER 4SS 356 1.25 0.59 -2.36 118 |IB2976 -3.39 0.13 0.08 -2.39 121
KRER 1S 218 0.17 0.44 -1.50 102 HEREWE  3.62 0.87 0.82 2.73 9
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Tab. 8 Comprehensive scores and ranking results of different species of Phalaenopsis (continued)
gz A H Y=V
i GER e, Bl S T
. F1 F2 F3 Comprehen- . . F1 F2 F3  Comprehen- .
Variety . Ranking Variety . Ranking
S1ve Score S1ve Score
SEE RAH -1.90 -191 -0.21 -1.56 103 LEFBE 2.14 027 1.20 1.65 38
nE -0.68 -0.76  —0.04 -0.56 80 T AL ] -0.23  0.88 022 -0.06 73
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FiEET 1.43 1.33 0.68 1.20 52
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