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Diversity Analysis on Fruit Phenotype of Wild Camellia oleifera
from Different Provenances

XING Kaifeng, XIE Haoxing,ZHANG Lidong,ZHOU Jun, FENG Liyun,ZHANG Huaxuan, CHEN Shang,
ZHAO Yao,RONG Jun,ZHANG Jian
(School of Life Sciences , Nanchang University, Nanchang 330031)

Abstract: This study aimed to investigate the genetic diversity of fruit phenotypic traits in wild Camellia
oleifera from various seed sources, as well as to provide a theoretical basis for selecting superior C. oleifera
cultivars and improving genetic germplasm resources. Eight fruit phenotypic traits of C. oleifera were quantified
and analyzed using various statistical methods, including analysis of variance, nested analysis of variance,
correlation analysis, principal component analysis, and cluster analysis. This study investigated 218 well-
developed C. oleifera specimens from 16 provenances across nine provinces (autonomous region) , including
Guangdong, Guangxi, Jiangxi, Anhui, Sichuan, Hubei, Hunan, Shaanxi, and Guizhou. The results
demonstrated that the mean values of the coefficients of variation for eight fruit phenotypic traits of 16
provenances ranged from 12.03% to 35.08%. Notably, the mean value of the coefficients of variation between
provenances (42.83%) was found to be greater than the mean value of the coefficients of variation within
provenances (23.99%). The mean value of the coefficients of variation of the phenotypic differentiation

coefficient was 88.63%, indicating that there were abundant variation in phenotypic traits of different germplasm
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resources of wild C. oleifera fruits. The results of the correlation analysis indicated that there were significant
positive correlations between fresh fruit weight, fruit height, fruit diameter, peel thickness, fresh seed weight,
and the number of seeds per fruit. Conversely, there were significant negative correlations between peel
thickness and fresh seed yield. The results of principal component analysis indicated that the cumulative
contribution rate of the first three principal components was 90.773%, suggesting that the majority of the
phenotypic traits of wild C. oleifera fruits could be adequately represented by the first three principal
components. The first principal component primarily reflected the characteristics of fruit size, the second mainly
reflected the characteristics of fruit seeding rate, and the third mainly reflected the characteristics of fruit shape.
Cluster analysis revealed that the 16 provenances were divided into I and II classes at Euclidean distance 10, with
further subdivision into subclasses at Euclidean distance 5. Class I is more convenient in terms of production and
processing, while Class Il is more advantageous in terms of yield and profitability. The phenotypic traits of wild
C. oleifera fruits exhibited considerable diversity, and different groups of provenances could be selected as

breeding materials according to breeding objectives.

Key words: wild Camellia oleifera; fruit phenotypic characters; variation analysis; nested analysis of

variance; principal component analysis
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Table 1 Plot information

s i FEA R 54 (m) FPRIRECT) ek i (mm)
ID Provenance Sample numbers Altitude Annual mean Annual precipitation
temperature
1~20 SRR 20 1033 15.4 1671
21~39 SRR 2 19 893 16.0 1602
40~47 JTPEHIN 8 1806 12.0 1621
48~50 JTPEEERR 3 427 17.1 1581
51~61 TLPGHMI 1L 11 477 16.2 1566
62~67 TP L 6 1158 12.1 1838
68~83 LTS & 16 468 15.6 1661
84~90 GOSN 7 248 15.0 1310
91~110 LRI 20 489 14.4 1662
111~120 PaJIasM 10 815 15.4 1227
121~140 D1 R 20 752 15.4 1000
141~158 HALE S 18 982 13.1 1233
159~184 16 Bt 26 472 16.3 1455
185~194 R 10 1050 13.6 1493
195~205 WP RV 11 708 13.5 773
206~218 B R 13 1170 15.2 1115
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AN [ A i A% 8 N SRS R AR A8 5 R
BT R (2 3) Wow i S i A R A8 S R K
(81.34% ) e K, K Ay Fh I ] 28 S5 R 2 (71.21%)
W2, AT B AR ) 28 5 R 41(12.10% ) fie /)N o
TE 16 A FhE |, SRS R R AR 5 RBO9E KT
30% WIRIEAT 34~ , BB/ INT 20% I FREAT 6 4>, H

£3 FEMESEHERLRUMRY FHTRRY

Hh A b TR it R 1) AR S R B (B (35.08% ) e K
SN Bt B AR IR A AR S R B A (34.23%) IR, )
PORERRAN I 9 28 S R BOME (12.03% ) F /o BFAE
AT RS 8 S F A MR AE 16 AU 18] 48 5 R4
(01 Y5 (EL A 42.83% , K TRl 9 28 S R B0 ~F- 34
{4(23.99%) .

Table 3 Average variation coefficient of phenotypic traits of wild Camellia oleifera fruits from different provenances (%)
Tt fitf L M Rtz REERE AU BPFE SRhREE AUBRSEL ¥ifi
Provenance FFW FH FD PT NSPF FSW FSY FSI Mean
JUHERR 1 TMZ 32.48 11.45 13.73 22.47 38.27 37.76 1433 7.84 2229
JTARHSE2 QXD 28.88 11.46 10.33 15.60 24.49 4031 23.76 3.93 19.84
JUPERIN YBS 28.07 16.01 9.82 17.58 25.32 27.35 17.05 9.90 18.89
JVEHbR SS 3.42 14.26 1.42 15.86 29.06 10.66 6.21 15.32 12.03
TLFEH ML JGS 16.70 7.65 11.38 13.53 31.89 40.43 26.50 10.11 19.77
VLG LS 26.30 13.27 7.50 19.96 43.11 23.87 6.60 7.69 18.54
TLVERH B ML 50.29 21.03 19.38 28.99 28.84 38.50 25.00 537 27.18
LROSE LA 49.42 14.70 16.05 21.87 60.61 61.44 23.07 7.95 31.89
LRE I HS 33.12 10.99 10.28 21.57 49.45 30.05 20.39 8.39 23.03
pujiliks QLZ 24.49 22.96 10.51 15.11 29.68 31.32 23.92 19.84 22.23
D)1 j#B BRS 41.82 15.73 14.99 23.91 51.71 47.30 21.48 12.42 28.67
WALEE YC 28.93 11.24 10.32 26.66 54.38 41.58 21.77 5.98 25.11
LRt ES 65.30 15.49 19.51 25.45 41.96 78.12 23.94 10.85 35.08
MR TR Z A HLT 43.25 18.91 14.90 27.61 33.20 53.97 28.31 13.27 29.18
BRPHRT I SL 23.41 8.80 9.35 9.22 43.32 17.57 7.73 8.05 15.93
SEHUEPH QLS 45.26 15.84 14.12 32.98 67.01 60.16 27.71 10.78 34.23
PG I A2 S R A 81.34 26.07 27.39 47.91 51.60 7121 25.05 12.10

Coefficient of variation

among provenances

BRI 220 R (Fe 4) TR, WEFF F AL
K 2 AR AE IR 18] LA K IR P9 Y 22 S 2 b i
. BERE R R R R AR RO
TEFRE 6 A MRAE IR (8] 25 22 S 2 3, FE i N
P NTE N

BP A2 8 R SRR PR R IR R
AR R JEL R R SR B R Lok R B KT
90% , Hr R = R R 50(99.77% ) B K fif
FFRFRTIMME R (47.27% ) B/l o 8 DEFAE 2R
RELFAIMR ) LA R BTN 88.63%

22 FEMREAEXEST

FHOCHE 3BT (1] 3) FR B, BF AR i 2% 8 A~ IR S Rl

PR R R MM B R . o s R 5

i RAR R R RE ARk AT S MR
e 255 TE AR SC i -5 2R B 48 B A 3 R G
R G RAR R B A AURF R SRR 4
R 5 BTG . At 5 2R SR B
B PR Y AR R IEAT R, SAVB IR B
FMR . SRR R R R T S
E IR, S R AR AR R OO . R
FF R ok AR B B A, SR IE AR R R
W OO o SR TG E R R SR IR A
K, MG RGBT G . 28 L ik, B
AR AR IR MR R Z R R R, FH AP —14
PERIE AR K AR A AT 2 5 1k AR AE AR 19

HB=
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Table 4 Comparison of nested ANOVA and phenotypic differentiation coefficients for phenotypic traits of wild Camellia
oleifera fruits from different provenances

Fifrit ) R BRI ZE FIME,
. Among provenances Within provenances Random error 2R %)
;J:w >
Trait , Phenotypic
raits 3 = 3 JANTN L =N

Mean square F value Component Mean square F value Component Mean square  Component coefficient
fitf ST 430.229 23.084%%* 95.52 1.551 0.083 0.34 18.637 4.14 99.64
FFW
B 4.434 28.432%* 96.39 0.010 0.065 0.22 0.156 3.39 99.77
FH
Bz 4.785 34.685%* 96.16 0.053 0.383 1.07 0.138 2.77 98.90
FD
REE 0.175 38.548%* 93.58 0.007 1.595 3.74 0.005 2.67 96.15
PT
RERFAL 12.598 6.871%* 86.99 0.051 0.028 0.35 1.833 12.66 99.60
NSPF
fifFfE 35.834 16.653%* 75.91 9.223 4.286%* 19.54 2.152 4.56 79.53
FSW
fief AR 376.790 6.480** 44.06 420.254 7.227%* 49.14 58.148 6.80 47.27
FSY
LS| Z T 0.082 7.296%* 78.85 0.011 1.016 10.58 0.011 10.58 88.17
FSI
PE 108.116 20.256 83.43 61.593 1.835 10.62 10.135 5.95 88.63
Mean

* R NFRIORIEP < 0.05 I P < 0.01 225 B FIA

*,** indicates significant difference at P<0.05 and P<0.01, respectively; The same as below
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Fig. 3 Correlation analysis among 8 fruit phenotypic traits of wild Camellia oleifera
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23 RIRBUERNERS ST REEESHE

B 20 9 EF A BT R AR

TSR (R 5) Bon i 34 A B
THDTHRE R 90.773% , 3¢ B Y AR T 25 SR S R AU R
AR o5 B AT LU A 34 ke e,
H, 55 1 T R4 1Y BT R R 59.796% , FR AL AH R
4784, H v @ B H (0.447) R 5 (0.415) B AR
(0.449) Fifif A1 5 (0.410) Ffif R BN L X EEK,

R5 TEBMFRIERESEMS EHHTRER TEE

BIRF 0.4, TG 1 F sy 328 R WL SR/
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Table 5 Loading coefficients and contribution rates of wild Camellia oleifera fruit traits on each principal component

PERAEAR

55 1~3 Al 32 o3 (R A Z AR

Loading coefficients of principal components of axes 1-3

Character index

PC1 PC2 PC3

fif L H#H FFW 0.447 -0.037 0.013
J% FH 0.415 0.028 0.346
42 FD 0.449 0.014 -0.043
R PT 0.355 -0.434 0.109
FRAFF AL NSPF 0.349 0.181 -0.222
fif ¥f T FSW 0.410 0.305 -0.008
fif ¥R FSY -0.040 0.826 0.066
RIEFEELFSI -0.095 0.030 0.901
FFEE Eigenvalue 4.784 1.344 1.134
Biiik% (%) Contribution rate 59.796 16.800 14.177
Zi1 5Tk (% ) Cumulative contribution rate 59.796 76.596 90.773

FRA P A I AS SRR AE 34 o B3R R 5L
B 3A-E A5 H DTk, TR R BT A T AS 1Y
ZE AR o Ol &S R 28 A 19 43 =0.59796X, +
0.16800X, + 0.14177X,) , NI ARAFLEG 15431 20 44
(Y AR A SRR (3R 6) , SR 5 K 80.71.79.162
81.83.76.68,196,109,198.199,72.69.97. 195,
19717131 1200, 15505 1.75~4.77 , H Ay pg
I E IR 9B, B DU RIS FIEAT 6 AR, LB L
PEAT 20K, DU G ) A 26 1 AT SR 5 45
1Bk o 3X 20 BR PG 5 B0k 114 fif S o 3 [l 12,98~
40.06 g, BEFFHE VL 4.98~15.41 g, f HkF5RTE [
J2 18.48%~51.65%(F6)
24 FEHEARMIBEMNREST

FEF AT 6 SRR AR, X 164
FIEHEA TR I 0T (F 4) | RIS AR 2 2R
SEPRRFEHME (R T) o 25 R ER, 16 R IRAERR
PE S 10 b9k 43 IS FIIIE 2 A28 s Al iff— 2P 7

Wi FG I 2 5 A4 B[R] A0S 28, Herp 1200 Ry i Ml
2 1A M filivilE 2

SRS T AGHOC L VLB L I REAR T
VIS LGS WU A TG R ) AR IR 2
DU IR RS e KB B S P GBS TP
MO AT PG X 14 ASFPE 5 SIS & VL PU RS 5
BT RTI% 2 D FhIR . BB I S e BA R BN
AR REE Frgie a0 (20.85 g)
(3.70 cm) 5428 (3.68 cm) AR JEE (0.53 cm) 4
TFPE(5.00 1) FRffFrEE (5.82 g) B B E R TEEIK
st , 26 TS A U ok A 18 PR = o RN 28 U 35 1o
BT RS SRR S SRR IR S SR S/ ARz
W AFEUD AR P i T A fil s Hrp A
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Fig. 4 Cluster analysis result of 16 provenances based on fruit phenotypic traits of wild Camellia oleifera

R7T FELBFEBRFRIRIERALLER

Table 7 Comparison of phenotypic traits of different groups of wild C. oleifera fruit

K SERE iR (g) e (em) Bz (em) SRR (em) REFFEL i FFE (g)
Group/Subgroup FFW FH FD PT NSPF FSW

1 6.68+0.29b 2.424+0.04b 2.31+0.03b 0.23+0.01b 2.85+0.10b 2.57+0.13b
I 20.85+1.83a 3.70+£0.12a 3.68+0.14a 0.53+0.03a 5.00+£0.34a 5.82+0.34a
i 5.98+0.28d 2.33+0.03¢ 2.24+0.03d 0.23+0.01¢ 2.83+0.11¢ 2.30+0.13¢
il 11.79+0.75¢ 3.09+0.08b 2.86+0.06¢ 0.24+0.01¢ 3.05+0.30c 4.52+0.26b
iii 22.96+2.89a 3.794+0.20a 3.97+0.19a 0.59+0.04a 5.554+0.40a 5.63+0.54a
iv 17.78+1.25b 3.56+0.09a 3.25+0.09b 0.44+0.01b 4.21+0.55b 6.08+0.32a

3 it FREERL R o PRV AR A A LT, X PR 3
A Y

16 NFPE IR 8 AR SR A MR AR S REIENE
[l A 12.039%~35.08%, Ff H. 8 A~ 5 A= il 2% R 5 e 7l
PEBR A I 1) 722 S5 2R M (42.83%) K TN
AP S B (23.99% ) , 3 B EF A S AT SR S L AP
ARTEFP IR AL FI R IR N AT 8 A8 5, AR S
BORYFEFFpE ] o i B B A AT B B stfE A
R IR 5 L [ VE g 8 12 R
T (81.34%) Fhilii a2 5 R AR K, 1.'?7!@# Uy
R AR —30 . B AR A R LR A 1k R B A
S K 47.27%~99.77% , V-3 ) 88.63% , B i 155
T 7R Y 23.89% ') M BE Castanea mollissima )
23.42% " F1 % At A Armeniaca mandshurica 11
47.81% ', F BN [G] RI Y) BF A T A SR AL R AL 404k

PR S S BOL R o 1 SR SR B Z R AE B Rl
AL R A BRRAT RS A, T8RRI A A
RN OB g kadt R I = STl VA A R R PN D R
LR BBTIR

BT 3 F 85 3, BRI 3 A TR Y
3T BT X 90.773% , BEWTHT 3 4> o3 Al FEA
S W B AR i 2 R S R AR B RAR 5 R 20 1
J o B B MR SR/ IR AL, 5 2 T o) R
RS ARRHIE 26 3 R B MR SR AR
fiE o £ F2 Ry Hh B 2 K X (E AR R PR 2 3
BUF A AOR SRR Ry R R 1 MR A
ARFHICPE BT as SRR SR R R R B
JREJEE A RORT OR8] P A A 5 IR O
1717 2R 2 J5 B RN HOFF 0 S AR A 3 TR oG . Ry
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