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Abstract: To explore the phenotypic diversity of A. crenata germplasm resources, 32 phenotypic traits of 56 A. crenata
germplasm resources were analyzed. Diversity analyses showed that 56 A. crenata germplasm had enriched variation, with the
Shannon-Wiener indices of 18 qualitative traits varying from 0.3 to 1.247, with a mean value of 0.734, and 14 quantitative traits with
Shannon-Wiener indices ranging from 1.931 to 2.071, with a mean value of 2.007, and coefficients of variation 8.98%-46.32%, mean
value 23.3%. The results of the correlation analysis showed that the correlation of the color of fruiting branch parts was significant,
and there was a highly significant correlation between the growth quantity traits of the main stem and fruiting branches. Principal

component analysis indicated that eight principal components with a cumulative contribution of 76.34%, mainly plant and fruiting
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branch length, fruit and leaf color, were the main factors for phenotypic differences in 4. crenata germplasm; five excellent germplasm
resources of A. crenata with high composite scores were obtained by screening. Cluster analysis could classify the 56 A. crenata
germplasm into six taxa, and there were large differences in phenotypic traits among different taxa. The abundant phenotypic diversity

and varietal types provide a basis for the selection, development, and utilization of superior germplasm resources of 4. crenata.

Key words: Ardisia crenata; germplasm resources; phenotypic diversity; principal component analysis; cluster analysis;

comprehensive evaluation

RWOHOVIRELRI R &P EEY, XA E . KP4, meiwss, oA TIREATT LU R
DX, AR TR 100-2400 KIHR . EAR N BFIRAGEARN G, B, gif). SRR, BERMTEAAR
A REPHURSEERE, ARG, REFE, A 105 (HREKY) 2843 0 FEWE HR, ¥
Ry “Eir” « “HE” . TR SEE, RRZIERE B EZRREREY)

H bl 90 ARG BRI R IIML I B 5, REARIZET A Uy s R e k. Rid
AR MR, HARSE Py e o s e, B A T AR I 98 A vh T AR B AR 24 BT
BT 2GR B0, F 5T SRR A ED ST T . FERFE L )RS WL YLUE . W BTN AR AR At
BIH BTG R A G F R ) BRI EAT I A AN PR U200, DR G F R T R SR Ak B S
SRR Z R ATIER T VH 5 A R A B AT SRS N, SR DURIPIR GRS PP B, BB
MEMEMTT R J7: SR S5 PR 2O ISSR MR A 20 MR HR BT AR SR ) 255 /MEMRBEAT 84% 2 FF
PERBAE SR 3 b s BB ARRILL 6 ANEFARRIDAR B BE 144 DEERRT) 20 NMESHERIEAT 08T, #R RASHRA
[l JE AR S B B AR s BRBH SR HT 16 40 R AR S A R SR BV IR I8 4% 22 REAE, ORIt 4 A% O
PR IR Bl R PSR T ITS Al matK 751, 7 16 DNASFEEEEN 69 4 RWARAFIE & (11 5 2 1,
AL PR 2 5 M A A BE B AH G . MR BE USRS AR BT . o RORET S e B R SCBR AN EE A, AR AR BT R
VRIS AL 22 FEMERE 7E 4 R T 4B 7 FPE (8] (s A2 S itk 2 &R, XL PP SR SR IR 4298 . B0 ATR A B
HEZ . HEDS T RRM R SIRE R, AR AEER T RS VIR,
TEEH R AR A BB 5 2 R A SEPR TR R TEiRIE B AT TR R D AR A R S AP PP . AHIF 5T DAAR
P ELSAR R AEI 56 DMARICARF R BRI B, e dE 32 AN RBMIR SRR BEAT L, 73 B ki
ARG BE R Y 2 R, DA R BT URORAF . JTRFI AT b A DUS I 5k BRI, b HAh LR
EWRIB R AA —EZH N E.

1 MR 55%

1.1 A5+
AARKE ) 56 3 AR AR T B b A e 4 T B g A MRt GR D, kel T4
B, 0y R AE IR AR A AR e AR, AR TR T T BOR B BUR PR RO AR A S SRR P, 4t



—EH, R, YRIRFEE. 5 1-38 MRS S RS IR TR T, BRI 5, Horh 1803 AT 1810
R E SRR T 39-47 MUFUN G ER O AN dh A, RSB A B A T AT HR S, RE 3a; BT 48-56

(K19 AN AR RE AT, MRAEIUE AN R A E AT T, RS 3 a.
R 156 R REDIRFR R BEIR

Table 1 56 A. crenata germplasm resources

Py S el st Bl 44 PR AR P 44 R 5 Y e w2 AR AN E SR FR
No. Code Type Variety name/ proposed variety name | No.  Code Type Variety name/ proposed variety name
1 1801 U RAR L \ 29 1829 AR A \

2 1802 U RAR L \ 30 1830 SR R \

3 1803 HR 5 A WA (HiE5: 20240853) 31 1831 LR R \

4 1804 SRR \ 32 1832 AR \

5 1805 EJUFAR ST \ 33 1833 SR R \

6 1806 SRR \ 34 1834 SR R \

7 1807 U RAR L \ 35 1835 SR R \

8 1808 SR R \ 36 1836 SR R \

9 1809 SR R \ 37 1837 LR R \

10 1810 HR 5 A W (5. 20240852) 38 1838 SR R \

11 1811 U RAR SLE \ 39 BXZ rE HE K

12 1812 U RAR L \ 40 ccl A g

13 1813 U RAR L \ 41 CD rE Vs

14 1814 SR R \ 42 CLL rE TREE I

15 1815 U RAR SN \ 43 DFG rE P

16 1816 EJUFAR ST \ 44 FJR rE A

17 1817 B2 R \ 45 FMT A AR B

18 1818 U RAR L \ 46 FZ rE 18

19 1819 SR R \ 47 JG rE R

20 1820 SR R \ 48 WLZ AR S A FElek (HIES: 20240834)
21 1821 SR R \ 49 YLG AR S A A RE (HiES: 20240849)
22 1822 U RAR SLE \ 50 717 FR AR HB (HiES: 20240848)
23 1823 U RAR SLE \ 51 JLC AR S A Ejed (5. 20240833)
24 1824 U RAR L \ 52 JFL FR AR AR (HIES: 20240835)
25 1825 E AR S \ 53 FDL HR S WP (RS 20240847)
26 1826 SRR \ 54 ZJL AR S A A KW (RS 20240851)
27 1827 U RAR SLE \ 55 LLC FR AR Ry (W5 20240850)
28 1828 SR R \ 56 JBL AR S A Einde (RS 20240832)

\ : AR R LR, TR AR

\: This germplasm resource is a mutant strain without varicty name.
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Table 2 Phenotypic traits and measurement criteria for A. crenata germplasm resources

PER B DRI S A B T S IR A o

Traits Quantitative trait measurement criteria and qualitative trait assignment criteria
Bk (em)  Plant height LR 98 L b T 4 2 T3 £ 725 P

S (em)  Crown width TR R R AN P AL T (P8

T4 (em)  Trunk diameter TR 2 58 HH T A0 O ELAR

4EAE TR (em)  Current year trunk height MR TR

K (em)  Interval length MAE A R TR K

M (em)  Leaf length MAEAER LRI 3 AT IR, BCFIY

M3 (em)  Leaf width MUEAER LR ORI 3 AT, BCEIY

HAGK (cm)  Petiole length WA LRI 3 TR, BCR I
EALEAKCE (cm)  Fruiting branch total axis length SRR 3 A SRR, BT

Ry (em)  Fruiting branch meristem length REJZ 3 AN R, BCPE

B4 (em)  Longitudinal diameter of fruit B PR il b 3 AR L BT, BCPAE
B (cm)  Transverse diameter of fruit S R SRR O b 3 A U S MR ) AR, BT M
JHEE Number of fruiting branches fisky e 352 JINE Ve

U F %L Number of fruits per branch REJZ S 3 AR RS, WOT I

FF Main stem =1, =2

5E /% Crown shape F =1, EEE=2, mRE=3, ¢H=4, HKEK=5

% Leaf shape B E=1, KMRETE=2, WHEDIR G =3
A& DI T IR Leaf cross-section shape VA=, A=)

2R FEE Degree of undulation of leaf margin =1, =2, TE§E=3

¥ ¥ Branch density Bin=1, PE=2, WMKi=3

/Y B f ¥ Branching angle K=1, H=2, /h=3

JLR4 4 Fruit branch posture #b=1, T PRE=2, THE=3

SEJBAR Fruit shape BRE=1, mERE=2

17 6P Fruit skin lustre =1, =2, §§=3

AR Current branch color Wgk=1, #i=2, KHEG=3, WH=4

R Fif Leaf surface color WEgt=1, WRER=2, HW4=3, WEEREEL=4, AN ELEE=5
15 B4 Leaf back color RER=1, BEE=2, =3, WERA=4, REL=5, KAHAd=6, AMNAKEE=7
RS Fruiting branch total axis color Ei=1, #4k=2, RHEE=3, =4, HBE=5

Ry i Fruiting branch rachis color WE=1, =2, WE=3, G=4, KLE=5, BK=6, =T, LLHE=8
FWABE Fruit stalk color M=, #%=2, 4=3, Ki=4, FH=5, HH=6

S B, Fruit skin color B 4T=1, WELT=2, 41=3, KM=4, #=5, Bk¥i=6, WEL=7, =8
TE ¥ B Persistent sepal color R SE=1, WEK=2, WEM=3, Hi=4, =5, Hk&t=6

1.3 HiES 4
i/ Excel 2016 Xf JRAGEHE #EAT RE L, T+ 5L S HCE MR AT EIEL(X) « ARiEZ(S) IR 7 R (CV=S/V ).

SFECEMOIRBAT 0 9, AHARPEAEZ 0.5S, L4 10 2%, BI 1 <X-2S. X-2S<X2 ZF<X-1.5S, X-1.5S<3



P<X-S------X+1.58<9 K <X+28, X+2S<10 K, 734 Ja#EA7 0 /3 4 Ml Shannon—Wiener £ FE TR (H7)
(¥)it%. Shannon-Wiener ZFEVEIREL (H) =— X PPy, b PO AR § NG H B R

Jo B PR AR A5 B T SR A, it — B S Z R R S 1

I SPSS (Version20) B A AT AR ANE 73T, AHOC R B Pearson F &, KRG AR S 83T Excel
2016 HEATEEPIFLHI IR, P<0.05 FRid %, TR EM G, P<0.01 Frid i, FRIRMEZAHCE.

fEH] SPSS (Version20) HEAT s MM AIER A HT e RS 43 T DARFIEAE R T 1 s dE SR E 15y o
CRA VP o (O TH S, DAE AN RRAE 1] 8 B ARFIE AR IR SRS 5 AR AR, vt I 1 65 4 030 15 A
BE AT RN MBORA, B2 LR LRG3 RGRRINERMANER, X 1] B RAREF )RR
5.
2 5RE S
2.1 ZHMSH
2.1.1 REMRSHEM I 56 0 ARBTG5 IR (K 2 B 20 B 45 SRR 18 IR H 4R B0k
EFE 0.3 (FT) ~1.247 CREMHZIC) , 7140734 (£3) o SRR SN 5 DREMERIRICN
Boorfgne (1.247) . mEEE (1.094) « A (0.992)  REHIE (0.947) Mk HiE (0931 , H
A 4 ARG ARG, T AR DRl R R A A R € T /E B AR . HPBAR I 3 MR
FEF 0.3) « REIBAR (0.377) RERBESE (0.464) , BEHIX 3 AN EMR BRI BONFE . R
oA RN, REHURA AR R0 R IE N : 2T (91.1%) « RELIRERIE (87.5%) « #

BEERIEJE (85.7%) .
®3 RORMRZFRREERSHINR R S

Table 3 Frequency of distribution and diversity of quality traits in A. crenata germplasm resources

S 5345 (%) Frequency distribution Shannon-Wiener
AR Traits
1 2 3 4 5 6 7 8 SRS (HD
T Main stem 91.1 8.9 0.300
ji /% Crown shape 232 67.9 5.4 1.8 1.8 0.904
74 Leaf shape 14.3 357 50 0.992
A DI IR Leaf cross-section shape 82.1 17.9 0.470
2 IR FEE Degree of undulation of leaf margin 7.1 50 429 0.897
F %% [ Branch density 16.1 82.1 1.8 0.528
43 A% A £ Branching angle 21.4 73.2 5.4 0.716
BB Fruit branch posture 1.8 85.7 12.5 0.464
FSZFAR Fruit shape 87.5 12.5 0.377
H 6P Fruit skin lustre 8.9 67.9 23.2 0.817
2 4EE R i Current branch color 16.1 78.6 3.6 1.8 0.675
& Fifh Leaf surface color 19.6 71.4 3.6 3.6 1.8 0.872

¥ it Leaf back color 73.2 16.1 1.8 1.8 1.8 3.6 1.8 0.931



FB A Fruiting branch total axis color
B 4308 Fruiting branch rachis color
WIS, Fruit stalk color

H R i, Fruit skin color

75 "Gt Persistent sepal color
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2.1.2 HEMKSHEMSH 56 MR STEEBE MR B2 TERDY 1.931~2.071, ~FH1E 2.007 (£ 4,
RHNX 14 MEIPREIE RACFR 2R, A RSERiE (207D o RE9ME (2.067) FIFkmE (2.049)
W HBom, REECE H R AN 1.931. 14 DMECETEIRIVAL 57 R ECH 8.98%~46.32%, “FIIMH 23.3%, HWI%
EORR PR ZEIR B EIRAFEE B IO (RS o« HPWRKERE R REUR S (46.32%) , HHEAET
FIRZ (37.86%) , RIARFERIIRFNREIEE, HWEKENYEERTEZRBER. REPRME ST

FHORAT (8.98%) , Ui HIRSLHIEAIMERAS E VR
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Table 4 Frequency and diversity of quantitative traits in A. crenata germplasm resources

LGN SFE 5345 (%) Frequency distribution Shannon-Wiener
Traits 1 2 3 4 5 6 7 8 9 10 ZRERE (HD
¥i (em)  Plant height 1.8 5.4 89 196 125 161 179 143 1.8 1.8 2.049

70E (ecm)  Crown width 5.4 89 196 232 143 143 71 3.6 3.6 2.015

F4% (em) Trunk diameter 5.4 1.8 89 125 179 304 89 54 7.1 1.8 2.008
LA ETH (em)  Current year trunk height 8.9 54 125 25 214 7.1 125 36 3.6 1.996
FIHKE (em)  Interval length 7.1 7.1 214 143 25 107 54 8.9 1.942

4 (em)  Leaf length 1.8 1.8 179 161 143 143 89 196 54 1.995

% (em)  Leaf width 1.8 1.8 54 268 214 179 107 7.1 1.8 5.4 1.950
MK (em)  Petiole length 5.4 7.0 232 143 214 125 89 3.6 3.6 2.007

R AR (em)  Fruiting branch total axis length 1.8 7.1 71 125 214 161  19.6 107 3.6 2.010
WA (em)  Fruiting branch meristem length 1.8 1.8 17.9 12.5 19.6 16.1 14.3 12.5 1.8 1.8 2.009
RSz 4% (em)  Longitudinal diameter of fruit 1.8 5.4 54 232 161 179 125 107 3.6 3.6 2.067
RSk 2 (em)  Transverse diameter of fruit 1.8 3.6 10.7 179 25 125 125 7.1 5.4 3.6 2.071
RF¥E Number of fruiting branches 1.8 3.6 54 232 161 232 161 54 5.4 1.931

H R4 Number of fruits per branch 1.8 1.8 125 161 214 161 143 89 5.4 1.8 2.046
5 RUMRMRBZFRHEMERER

Table 5 Quantitative trait differences in 4. crenata germplasm resources

PEIR Traits #2/ME Min. WK AE Max. “FYIA Average FrifE % SD B 5 RE(%)CV
¥R (em)  Plant height 25.00 109.00 68.75 19.28 28.05
7ME (ecm)  Crown width 29.50 66.50 44.70 7.85 17.56
T4% (ecm) Trunk diameter 1.03 2.05 1.55 0.24 15.16
H4ELEETH (em)  Current year trunk height 6.00 36.00 20.42 7.73 37.86
A (em)  Interval length 0.10 1.50 0.84 0.39 46.32
MK (ecm) Leaf length 6.05 10.90 8.68 1.23 14.14
% (ecm)  Leaf width 2.03 443 3.16 0.48 15.07
HAHK (cm)  Petiole length 0.47 1.13 0.76 0.15 19.73

R SR (em)  Fruiting branch total axis length 3.83 19.33 11.68 3.16 27.06



FH 4K (em)  Fruiting branch meristem length 1.20 5.67 3.13 0.86 27.64

R (em)  Longitudinal diameter of fruit 0.69 1.05 0.85 0.08 8.98
HIREFE (em)  Transverse diameter of fruit 0.73 1.18 0.94 0.10 10.22
FH %= Number of fruiting branches 8.00 45.00 22.50 6.63 29.44
FRE % Number of fruits per branch 14.00 80.33 42.19 12.22 28.97

2.2 XM

J MR R fr e, R 3 IE AR SCSC R A R 515 5t (0.832) « RAEMEE 5 SR AR
Bt (0.805)  MREUGSHESIE (0.651) « RELHGSO S RWEE (0.626) , HEESET. @
B2 FARH P<0.01, MHRAEITHIN-0.36 F1-0.42 (1) .

BORTRIRASCTE BT, AR REUR KM A R 5 REPE (0.92) , KUk S a4 E
T 5240 0.723, FRRCTIAKEZ SR G ZEETTRAHEK R0 0.687 F10.679, Ha RELE K
JE REOP R . Mos SRR 4 MERAE B2 AR R BT 0.5~0.7, BOEZIEHRKR (B2) .

e = **
JEL T | -0-14 il -
H-E | 016 | 0.132

Y] 4R | 015 | -0.07 | 0.158 o

2% 3 AR A2 RF | -0.08 | -0.13 | -0.13 | 0.338
+i: % 17 0360 12082 0.116 | 0.05 | -0.08 * PR
IrEEf | 0.23 | 0.061 | -0.04 | -0.23 | 0.072 | -0.21
R #&| 0.09 | 0.037] -0.15 | 0.119 | 0.069 | 027 | 0.1
Hgrtk| 0.071 | 0.047 | 0.038 [ 0.247| 0.04| 0 | -0.21 | 026

H R 5| 0.033 | -0.01 | 0.006 | 0.049 | 0.1 | 0.012 | 0.019 | 0.103 | -0.1

MAEAFgfo | 049 | 0.12 | 0.11 | 0.082 | 0.16 | 0.113 | 0.085 | -0.05 | 0.066 | 0.046 % &
- {0, | 0.187 | -0.04 | -0.11 | -0.04 | 0.189 | 0.105 | -0.07 | -0.05 | -0.06 | -0.03 | 0.375 **
Bt | 0.183 | -0.02 | -0.13 | -0.14 | 0.105 | 0.094 | 0.039 | -0.06 | -0.13 | -0.12 | -0.03
S 5 b u.uz4m-um 0.036 | -0.21 | 0.167 | -0.03 | 0.023 | 0.029 | 0.02 | 0.214 | 0.049 | 0.12 ol ww | =
B4y S| -0.15 | 0.186 | 0.12 | 0.1 | 0.12 | -0.03 | 0.164 | 0.09 | -0.05 | 0.135 0.214 | 0.181 | 0.439 | e
Hiwgift] -0.08 | 0.13 | 0.13 | -0.12 | -0.23 | 0.034 | 0.131 | 0.053 | -0.03 | 0.146 | 0.411 | 0.013 | 0.16 k|

Bz Bifn | -0.06 | -0.15 | -0.04 | -0.13 | -0.24 | 0.299 | 0.064 | -0.1 | 0.109 | 0.114 | 0.213
15 B33 {6, | -0.17 | -0.18 | 0.05 | 0.023 | -0.2 | 0.402 | 0.063 | -0.17 | 0.094 | 0.097 | 0.201
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* BFEMR (P<0.05) 5 **: REFMKL (P<0.0D)
*: significant correlation(P<0.05); **: P<0.01, highly significant correlation(P<0.01)

1 REGIRMBRZIRRE MHRAE R

Fig. 1 Correlation of quality traits in 4. crenata germplasm resources
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Hzgh4e] 0127 | 0.412 | 0.11 | 0.216 | 0.146 | 0137 | 0.09 | 0.04 | 0.362 | 0.375
B arhif5] 0.205 | 0.418 | 0.204 | 0.21 | 0.203 | 0.066 | -0.03 | -0.09 | 0.403 | 0.356 *
B H | 0.041 | 0.318 | 0.122 | 0.034 | 0.101 0.003 | -0.02 | -0.04 | -0.05 | -0.17
R | 0264 | 0.138 | 03 | 0.156 | -0.01 | 0.344 | 0.406 | 0.174 | 0.175 | 0.294 | -0.22 -0.16
/DA - N A U U - R S S S
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k. WEAR (/O0.05) 5 #k: HREFHMKL (X0.01)
*: significant correlation (0. 05) ; **: P<0. 01, highly significant correlation (/0. 01)
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Fig. 2 Correlations of quantitative traits in 4. crenata germplasm resources
2.3 T

B pTfr 32 ARBEIRE R 34T KMO 1 Bartlett BRIEAL K, £452R B8 KMO {H4 0.528 (<0.6) , K]
KRR ANE AT R 0T BEARIEAR S AT 5 B0 A0 AH OGS R AR R R B T-0.1~0.1) 11
MR, BTk 26 NRAMERIEAT 3 55 /0BT, H KMO {5 0.602, Sig.f6/N T 0.05.

PEURFEM R T 110 8 ARGy, BRUFTTIRRIAS] 76.34%, L& ARD M B 5 522 B MR R H0H 110 K3
SEE (B3, £6) . PClBTHRFEN 20.03%, FHEMEERM IR GRS JiE. bR, S
PR MEA A TR ROBEREE, EERMUEMREE R BT RSN R
PC2 GUIREN 16.21%, FHAE [ EECRIIMERK VO RB - gt . RS . a8t REZit., Bl
REFRBLRRIE, RSB FGE REE AL BGOSR E: PC3 STIRE N 8.67%,
FRE A E BRI MR EAE G ey e, Rekife, [t i MERSER/N: PCA TTHREN 8.12%, HFAER
BRI HIR GRS, R, e, IR T MR PCS TTRERE N 7.87%, HFUE R EIK
MIVER G T R, B TR AR PCO TTIRER N 6.44%, HRAF A BB YRR 635 FR 3
. IR K PCT STBREE 4.64%, FHEMEECRMILRESRE 1. HA, ik, 525
. BB PC8 TUIRE N 4.37%, FHEMEERM IR @RI AL, 5t mhREIE, HEBeIRFEE .
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Fig. 3 Principal component analysis of 4. crenata germplasm resources
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Table 6 Principal component eigenvalues and variance contributions of 4. crenata germplasm resources

-0.243

-0.500
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Principal component Eigenvalue Variance contribution Cumulative contribution

PC1 5.208 20. 03 20. 03
PC2 4.216 16. 214 36. 243
PC3 2.253 8. 665 44.908
PC4 2.111 8.118 53.027
PC5 2. 046 7.87 60. 896
PC6 1.674 6. 44 67. 336
PC7 1. 206 4. 64 71.976

PC8 1.136 4. 367 76.343
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Table 7 Screening of principal component values of 4. crenata germplasm resources
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