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WE: N T b RAE(Barthea barthei) M 5T BRI v ALK ZFEME, XHh RAE 6 AFEEIN 139 Bkt HARBEAT 77 2200 Hr . HH
KT R T BRI T GE R, b FACFHRE R AIANMA IR (R B R BT/ B35 2 57, A5 57 R BN 0.14~0.84,
TR 0.32, BEEIRRAEH AR RO A, KSR AR SC R EON 0.75~0.99. IE A MR ATHRECH 5 AN
By, BFTTEREIL 88%, FLARm R ImEA. K. . KRB ERMT RN FEERK. BRSOV 139 gL
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Phenotypic Diversity Analysis of Barthea barthei Germplasm Resources in
Main Natural Distribution Area

. “ee . . . . . *
XU Bin!, YI Lijiang?, LIN Zizhan®, CHEN Xinyu', LIAO Huanqin', PAN Wen', YANG Huixiao'
(1. Guangdong Provincial Key Laboratory of Silviculture, Protection and Utilization/Guangdong Academy of Forestry, Guangzhou 510520, China; 2. Guangdong
Shaotoujiao Forest Station, Shenzhen 518081, Guangdong, China; 3. Management Department of Ehuangzhang Provincial Nature Reserve, Yangchun 529631,

Guangdong, China)

Abstract: In order to understand the diversity of leaf phenotypic traits in Barthea barthei germplasm resources,
the variance analysis, correlation analysis, principal component analysis and cluster analysis were conducted
based on leaf traits of 139 individuals from 6 populations. The results showed that there were significant
differences in leaf phenotypic traits among population groups and individuals. The variation coefficients of leaf
traits ranged from 0.14 to 0.84 with average of 0.32, suggesting that the leaf traits of B. barthei varied greatly.
Leaf traits could be extracted into five principal components, with a cumulative contribution rate of 88%, in which
leaf area, leaf perimeter, leaf width, leaf length/width and leaf shape parameters were the main factors caused
phenotype difference. Cluster analysis showed that 139 individuals of B. barthei resources could be divided into 6
groups, there were 34 individuals in group I, 7 in group II, 1 in group III, 15 in group IV, 37 in group V, and 45 in
group VI, which showed that the individuals from different population were scattered in different groups,
indicating that there were no significant relationship between leaf phenotype and source. Therefore, the leaf
phenotypic diversity was abundant among different populations and individuals, which could provide basis for

genetic improvement and new variety breeding.
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Table 1 Barthea barthei resources

S R R S X B A P R S AT T R UROR
R0, s FOUL B A B Bl b S AN B HEAT T 1 EAR
Jr A0, (EO b RAEA T R AR B AR 22 A 1
B TER WARIE . AW FERI T 139 Mok RAEXS F ot B
VAT AR BER T, SE A AR T
I M RISRER MM F TEM RAE AN BRI 2 FEE,
PERACTN R IR SRR R s (0 1) b 2 5e
SRAE B P -

1 BRIV

11 B

FRARILAE b FAE TRV AT, {250 A A
0 6 N TR, SEIUAIEEZE 30 m DAk fOHCHE,
T 2021 EHEFEFARCTIMA. 1. 78, Jb4 4
T LRI Py, BRI B L 1.

4i*5 No. & Number KR Source 2% Longitude (N) Z5% Latitude (E)
GY1~GY36 36 " Z:FA%F Yangchun, Guangdong 111°26'17" 21°5320"
SW1~SW3, SW5~SW23, SW25~SW34 32 I~ #3%Yl Shenzhen, Guangdong 114°13'45" 22°34'41"
GRI1~GR18 18 J" %% Shaoguan, Guangdong 112°56'27" 21°41'42"
GH1~GH6, GH8~GH11, GH13~GH16 14 J" %32 Shanwei, Guangdong 115°13'58" 23°3'43"
GF1~GF24 24 ] PR Fangchenggang, Guangxi 107°32'1" 21°5024"
HC1~HC14, HC16 15 IR/ Chenzhou, Hunan 112°55'43" 24°58'48"

1.2 W REPRR I E

AR F P b 4 AT AL R R H R A
RO 2 fr, BT R e B ACESE, R
73 LA-S T84 B4 2 T AL (TM A 1600) A - T
A (mm?). AR (mm?) . HE K (mm). K
(mm). MK (mm). #5FE(mm). AR 5 (mm).
MK/ 5E . /%8 HER R A AR . A ihs
SRR R RS F L RSP S R B o
SRIEK I BT T, B BT RSP RREUH
RFE, HEPCrE.
1.3 M

FIH Excel % JEAG%CR3EAT 82, BdR A A
G BT R R AN, B “psych”Fl“cluster™ £l
I AT A T IR AT, A R Ak
F ARG REHBEE VAT RIS H ASReml #4

PR BT SRR B TR PR A S 1, RS R
RN Yi=u+Pitl+eyo Forf Y 25 i RS j Hbk
IRIME, w AR R PME, PSS @ SR
BEALEONAR, ;95 @ DMAREER j A SRR A BEATL AL
RAE, ey NEEHLIRZ .

2 SR

2.1 Mt REEIRER 7 A

XF 139 b SRACH Fr R BRI A e o AT B,
TR AR T A 205104 2 000.00 £ 19.00 mm?; 1
JAK ML IR IESE L R BE 4300 220.00
82.00. 11.00. 39.00 f12.50 mm; MHHK/FE. MK/
% SRR HIE 0N 4.90. 2.204 4.50. 2.00; M
JE R B R R BT 70008 0.31 mm. 9.10 g Al
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TR RE 22 %009 5.80 A, AR A f B 22 KA
WP R BINLZI 1, BB FEAEARAT S L
Ao, AT AR E G TR S b

6.46 go M RAMMEIR A 7 RECN 14%~84%, Wi
BH A SR A P R B R R e R B MR 22 R UK, 1
RBIAFE T . Horb AR 7 RO K 72 4 T AR

TR, B9 RSN 61%M 84%. BRI (£ 2).
F 2 WRAEH R BRI A S
Table 2 Variation coefficient of phenotypic traits of Barthea barthei leaves

AR ROME ORKM T b ik HERM g e

Trait Min. Max. Mean Standard error Variation (V) Skewness Kurtosis
HHif Leaf area (mm2) 480.00  12890.00  1990.00 21.00 570 000.00 38 0.28 0.31
RN Petiole area (mm?) 2.20 210.00 19.00 0.36 140.00 61 0.47 0.61
84K Leaf perimeter (mm) 120.00 580.00 220.00 1.20 1 .800.00 20 0.85 1.20
A K Leaf length (mm) 42.00 220.00 82.00 0.45 270.00 20 0.74 0.30
i, Petiole length (mm) 3.10 33.00 11.00 0.10 11.00 29 0.84 1.80
A %5 Leaf width (mm) 18.00 96.00 39.00 0.20 57.00 20 0.59 2.30
4K %% Petiole width (mm) 0.68 12.00 2.50 0.03 1.00 41 1.30 0.69
AR/ 5 Petiole length/width 1.70 14.00 4.90 0.05 2.50 32 0.72 0.83
I A K/% Leaf length/width 1.20 3.20 220 0.01 0.12 16 0.05 0.42
%% Chlorophyll 0.10 5.70 4.50 0.02 0.39 14 0.32 0.20
"J¥ Leaf shape 1.30 430 2.00 0.01 0.10 16 1.40 5.80
)5 Leaf thickness (mm) 0.15 0.58 0.31 0.00 0.01 29 1.00 0.91
£ & Leaf fresh weight (g) 5.80 13.00 9.10 0.04 1.90 15 0.33 0.13
T 4 Leaf dry weight (g) 5.20 9.50 6.46 0.16 34.00 84 1.10 1.30

XF 139 #rb RAE M Fr R AVEIRIEAT T Z ik
Y, ASRIRRERE RACHT T AR S HASTIAR L R
L SN V7 SN N i N o (5 SN

i MR WM. IR RE. I SR
()2 ik M 5 2B K38 3, P<0.05). b, M4
FEFREENRIN FAERK, N 131.53, M3 EREEN K

3 BAAEM R IMERE T Z

Table 3 Variance analysis of leaf traits of Barthea barthei

PEIR

J7 2K

H 1 Degree

P70 Sum

1475 Kl Mean

Trait Variance source of freedom (df) of squares (SS) sum of squares (MS) £
T AR FhER] Among populations 5 52 900 000.00 10 571 360.00 32.46™"
Leaf area BRI Among individuals 137 325 000 000.00 2371 218.00 728"
AT AR FhRER] Among populations 5 18 899.00 3780.00 39.21"
Petiole arca HBKE Among individuals 137 38 140.00 278.00 2.89"
K FiElA Among populations 5 151 264.00 30 253.00 29.77"
Leaf perimeter 4 b4 Among individuals 137 1 097 988.00 8 015.00 7.89™
K FhiENE] Among populations 5 24263.00 4 853.00 33.20"**
Leaf length HBKE Among individuals 137 171 137.00 1249.00 8.57"
AR FhBEE) Among populations 5 1741.00 348.00 5377
Petiole length #UPEI] Among individuals 137 4064.00 30.00 458"
5 FhEEIA] Among populations 5 14 532.00 2 906.00 114.60""
Leaf width #UPEI] Among individuals 137 31905.00 233.00 9.18"*
A7 58 FhifEE ] Among populations 5 172.00 34.40 44.96**
Petiole width ¥.bkJH Among individuals 137 232.00 170 2217
AR/ Flif#EE Among populations 5 410.00 82.00 45.09**
Petiole length/width s b i A mong individuals 137 618.00 450 248"
/5 FEEA] Among populations 5 47.40 9.49 187.08"**
Leaf length/width 4 b j5) Among individuals 137 48.30 035 6.95"
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4J:3% (Continued)

PR T ZEHIR H H ¥ Degree “FJ5 A1 Sum 4975 F1 Mean F

Trait Variance source of freedom (df) of squares (SS) sum of squares (MS)
R Ff#EE Among populations 5 143.00 28.56 131.53™
Chiorophyll HBkIA] Among individuals 137 117.00 0.85 3.94"
iz FhEEIA] Among populations 5 6.50 1.30 16.72
Leaf shape BRI Among individuals 137 38.90 0.28 3.66™
5 FhEEIA] Among populations 5 5.22 1.04 1.28***
Leaf thickness s b/ Among individuals 137 5.84 0.04 523"
I T Fh#EE] Among populations 5 1016.00 203.30 1.19***
Leaf fresh weight b j5) Among individuals 137 1 624.00 11.90 6.96™
T e Among populations 5 2 141.00 428.00 2.40™
Leaf dry weight 4 /% Among individuals 137 43707.00 319.00 1797
ik P<0.001

FAERK, N 9.18, Uil 139 Hibk AL Fr IR
TEFRBE I RIAMA A B R A R, AR
BE— BV A TR AL o
2.2 Wt RERAE KT

B JEA I P 3 2R 9 A O 43 BT 45 SR 3R
(K 4), BrmtegFEMetERESN, HAbr R BER ]
IR OG R s, Fedr AR A AT
B IAAEAE R R 25 TEAHOC, AR R ECH 0.660~0.997
I fif o 5 TR AR G IR R B A AR AR
FAEAAZE, MRAECN 0.360~0.600. ML HK/5E
EWEEIEAR, MHRRECH 0.682, HIERE LI
K/ BARE UAEDS, FRRECN 0.369.
2.3 M REAR B T RS 5

YA RIPER AR — B [ CHL, AR
IVE FEHE AT, SIS o At 2 AR IR
FRATHARAN G I, T A B E R BT
PR o B X R AR 14 AN R RIR AT K
T, SR 5. USRHEE N | BT, 3t

R 4 BEAEM R ERAN R R A 1) A2 MRS (E )

AT 5 AT, RIUFTTERE DY 88%, LM 139 #k
FERL T 14 AN R PR A 05 BT U 5 A
F T SR

551 ER X R R R,
46%, BLEH AR R, RS AL
N TR AN o AN R SN L N L 75~ N
TR HR/9E . A/ 5 A, BEUIER 1
T R HRZRE T 2 2 ER 5T
BRZE 20%, FEOAMK/FE . /S8R, i
B 2 B RIS E R T 58 3
ITTHRE N 10%, TTRRECK RSO 2R . iR
ARG, B3 3 R R R SR fE A
AR 2R & R 56 4 DO I TTIRE N 6%,
TURBCR YRR O T, UilIE 4 B 2R
AT RERZGE R T 55 DR HITTRE N
5%, TTRRECKBIPEROY JE R, BERASE 5 ko /&
FoRM EERSRE T . Bk, BRAEH R AW
725t FECRDUE AR A58 .

Table 4 Correlation coefficient (upper right) and significance test (lower left) of leaf traits of Barthea barthei

RN [P JK IS % K/ R 7% JE i T ThiE

Trait Area Perimeter Length Width Length/width ~ Chlorophyll Shape  Thickness Fresh weight Dry weight
MFA Area 0.893 0.859  0.900 —0.024 0.106 -0.010 0.180 0.480 0.069
JH K Perimeter <0.001 0.961  0.760 0.259 0.084 0.397 0.110 0.410 0.075
K Length <0.001 <0.001 0.660 0.428 0.094 0.373 0.022 0.360 0.055
% Width <0.001 <0.001  <0.001 —-0.381 0.142 —0.181 0.338 0.600 0.100
K/% Length/width 0.377 <0.001  <0.001 <0.001 —0.040 0.682  -0.369 -0.270 —-0.055
4¢% Chlorophyll <0.001 0.002  <0.002 <0.001 0.144 -0.087  -0.011 0.310 0.137
% Shape 0.704 <0.001  <0.001 <0.001 <0.001 0.001 -0.128 -0.160 0.006
JEJZ Thickness <0.001 <0.001 0.411 <0.001 <0.001 0.685 <0.001 0.420 0.112
i Jii 5 Fresh weight <0.001 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001  <0.001 0.129
FJii & Dry weight 0.011 0.006 0.044  0.000 0.044 <0.001 0.832  <0.001 <0.001
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Table 5 Principal component analysis of leaf phenotypic traits in Barthea barthei

PR FE 45> Principal component

Trait PC, PC, PC; PC,4 PCs
1A Leaf area 0.96 0.08 0.12 —0.11 0.03
AR Petiole area 0.73 -0.15 —0.54 0.12 -0.15
&K Leaf perimeter 0.90 0.38 0.13 —0.08 0.11
K Leaf length 0.82 0.52 0.13 —0.11 0.08
4K, Petiole length 0.66 0.22 -0.56 0.30 ~0.24
M5 Leaf width 0.91 -0.26 0.14 -0.04 0.00
AR % Petiole width 0.69 -0.45 -0.43 0.00 0.00
4R/ % Petiole length/width -0.13 0.73 —0.11 0.30 -0.27
m/% Leaf length/width -0.17 0.89 0.02 -0.09 0.09
44 % Chlorophyll 0.25 -0.09 0.75 0.07 -0.35
I Leaf shape -0.06 0.83 -0.05 0.03 0.32
)5 Leaf thickness 0.35 -0.47 -0.01 0.09 0.63
B Leaf fresh weight 0.75 -0.33 0.27 0.04 -0.19
i Leaf dry weight 0.13 —0.04 0.31 0.86 0.19
FHEME Eigenvalue 7.30 3.23 1.62 1.01 0.87
BTk# Contribution rate /% 46.00 20.00 10.00 6.00 5.00
ZRDTERE  Accumulative contribution rate /% 46.00 66.00 76.00 82.00 88.00

2.4 MR REMERKIFL

FIH R Bl <psych™ %t 139 FRkE BAEM
14 AR B PRBEAT BRI, TR A R IR K K
(B D)o HE 1AL 6 7T, MEEE=1 K, 139 #ik
RACATRI N 6 4, HIAAE 34 ¥k, HFEARH
f) 24.46%, WHAEAC AR B R, 3l o 12,12,

6 BERACM BB S 7 PR RAE

Table 6 Leaf traits of different groups in Barthea barthei

2.65 mm; SIS 7 H, 29 5HEADE 5.04%,
MR, MERRTAR . A, K R EROK,
Iy 5N 3274.8. 3254.65 mm?> F1 305.2. 279.89.
106.44. 14.19 mm; BIHAE 18, 415 0.72%,
AL AT AR R 58 /N, 43
681.38. 678.70 mm> A1 133.04. 20.82 mm; KTV

AR X Group

Trait 1 2 3 4 5 6
& Number 34 7 1 15 37 45
A Leaf area (mm?) 2252.99¢ 3254.65a 678.70g 2724.72b 1882.35d 1415.87f
HHET AR Petiole area (mm?) 2252.99¢ 3254.65a 678.7g 2724.72b 1 882.35d 1415.07f
4K Leaf perimeter (mm) 233.99¢ 279.89a 133.04¢ 258.70b 213.32d 186.82¢
K Leaf length (mm) 87.27¢ 106.44a 51.77f 96.89b 79.63d 70.59¢
4% Petiole length (mm) 12.12ab 14.19a 5.06¢ 12.94ab 11.44bc 9.77¢
M5 Leaf width (mm) 41.58bc 49.29a 20.82¢ 44.95ab 38.05cd 32.03¢
4% 5% Petiole width (mm) 2.65a 2.99a 1.09¢ 2.98a 2.54ab 2.05a
AR K/ 58 Petiole length/width 4.94a 5.03a 4.68a 4.85a 4.88a 5.14a
HK/% Leaf length/width 2.12a 2.20a 2.49a 2.18a 2.11a 2.22a
H4¢ % Chlorophyll 4.46ab 4.47ab 4.17b 4.67a 4.48 ab 4.28b
IJE Leaf shape 1.98a 1.94a 2.08a 2.01a 1.96a 2.01a
)& Leaf thickness (mm) 0.33a 0.37a 0.15a 0.34a 0.31a 0.29a
£ & Leaf fresh weight (g) 9.23b 10.73a 6.30c 10.71a 9.15b 7.85¢
)i i Leaf dry weight (g) 8.47a 7.03a 5.30a 6.93a 6.40a 5.95a

AT 508 5 8 [ 5 R 2 57 3 (P<0.05)

Data followed different letters at the same line indicate significant difference at 0.05 level.
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i Distance
1 2 3 4

! | 1 1

Vi

v

GR10
GY21

& 1139 PRk RAEH A R EIMEIRERE . GY1~GY36. SWI~SW3. SW5~SW23. SW25~SW34., GR1~GR18. GH1~GH6. GH8~GH11. GH13~GH16.
GF1~GF24. HC1~HC14 1 HC16 W% 1.
Fig. 1 Cluster dendrogram of leaf phenotypic traits of Barthea barthei. GY1-GY36, SWI1-SW3, SW5-SW23, SW25-SW34, GR1-GR18, GH1-GHS6,

GH8-GH11, GH13-GH16, GF1-GF24, HC1-HC14 and HC16 see Table 1.
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FAS R, 2005 10.79%, MHARKAITERKR, AN
12.94, 2.98 mm; FEVHLS 37 ¥k, 24115 26.62%;
FVIHWE 45, 2015 32.37%, HEERBN, R
4280 IXFHIR A [FIFPFE A 73 BOEEAS [F] R 4H.
o, SR RAVRK ERECRIETC R E KR, i
— B TR RIS BE A FEEM 2N, N
FFREAE RACT A 28 28 B Fh B SR AR 1% 45 29 08 J:Aill o

3 e

FEARAR e RAEE — R T b s i B AR MR
2 2, R REUEROR, YIRS
BOREFERROR,  AHRL R A RS T s A e REUE R
N, BB A AR T, — BT, BT, 2
A2 I W 2R 2R PR 6] o o B R AT g A 2
FEME A T R IE 00 SOOI 12 MR
HE(Manglietia conifera) B4 R PHARBEAT 1R
ZREME AT R IS 10 N EERBE R Fr gk
(Corymbia citriodora subsp. variegate)t F AR 34T
AT BRI 37 MHESL L 2R (Camellia
azalea) TS Ve R W iy £ EMOIR AT T 18 4% Z e 1%
M. AHEFRRW] 139 M4 RACH 5T BRI 3R
TR AR 5 RECN 14%~84%, T34 32%, iH
XKLL PRTERR A o B AR R, R
ZREMEACEEE, AT LA B MR = 1A
R e T~ — 0 B 1) 45 e AT AT A A,
I ven 8 R 23 1 AR o T BT % BRI
B8 S SRR, 8 E R A B AE R T
BOWE F IR AT S R P BT, BERRA B E
VR R, 0 e X A R R e
AAELZNE L.

R PR AE VA 3 oy o A R i R A 2
FEPE BT 20705, FEREY R 2 R S 1AL
WEFE 7T R T BB . AT T AN A
PRIRIEAH ARG &R, a0 2 MR 18] 9 535 1 1
FHRK R, YA MER S REET 55—t
ARMINH, RIATFERN, ez WIRBA S HiE
FHEOL, ZHIE 58 53 A B AR SRAEAN [ it e R AR ) (1)
FHORME RSy, W AR R S T A 56 &
HN 0.75~0.99. TR 73 BT I I R AE AL PR 22 A AR
BN ERAE ML RS BT, @i
XPH R BIR AT B AT, FERELT S AN E
B4y, RIFTTERRIL R 88%, FEHZMARM Rt o1

BRFRIE A LLBORE, B RIFE R RAE M VEIR AL 57 B Ay
ZREE. R EPTE, MR A% S R TR IE
SRR TR AR, R EA R A
Fi 98~ R R/ TR SRR B R AE 0 Kb
PRAEFIR A -

TR I3 M BE 6 K A DRAH LT 10 A Jo B 2R O —
K, B RHA X HRRIEFIER 2, B
HRAE AR AL B H AR 326 2 58 R BUZ I 2R A i

A A, BETIRE HRAT SRS T R
B2 I FNERE SR 139 R E e X 0 IF, JRAE
BB 1 R B SRAE RN BRI 6 3%, 2K
R AR SRAE P o SRR R AR, i AR R
FAEW S 22 5 o T XA RAE 5 R 0 i K
BL, #B5y R A AN AR AR A R R 36
T, 12485 LR WIRE S HRIETC ] 2 1 ok Bk . [A]
U, fEJREEERRRLE R EACE B, BT
EATRH AL Z R AT, A RE A A TR R A
i PRI ER AR o

SE M
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