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Abstract: Taking five provenances of Handeliodendron bodinieri (1.évl.) Rehd. from Leye of Guangxi,
Tianlin of Guangxi, Fengshan of Guangxi, Huanjiang of Guangxi, and Dushan of Guizhou as research
objects, diversity analysis of eleven phenotypic traits of fruit and seed from different provenances was
carried out, correlation analysis among phenotypic traits and between them and geographic-climatic
factors were conducted, and cluster analysis of different provenances was performed; on the basis of
principal component analysis of phenotypic traits, comprehensive evaluation of different provenances was
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conducted. The results show that the difference in weight per fruit among different provenances is not
significant, that in coefficient of fruit form is significant (P<0.05), and that in other nine phenotypic
traits is extremely significant ( P < 0.01). Average ( 10.74%) of coefficient of variation among
provenances of all phenotypic traits is greater than average (6.86%) of that within provenance. In
general, provenance repeatability of phenotypic traits of seed is relatively high. There are significant
positive correlations between fruit diameter and fruit length, weight per seed and weight per fruit, and
weight per seed and seed diameter, with correlation coefficients of 0.913, 0.927, and 0.952,
respectively. There is an extremely significantly positive correlation between 1 000-grain weight of seed
and seed length, with correlation coefficient of 0.960. There is no significant correlation of each
phenotypic trait with latitude, longitude, and annual mean precipitation, in which, there are negative
correlations of fruit diameter, weight per fruit, seed length, seed diameter, weight per seed, moisture
content in seed, and 1 000-grain weight of seed with annual mean precipitation. The cluster analysis
result shows that five provenances are clustered into three groups, in which, two provenances from Tianlin
of Guangxi and Fengshan of Guangxi are independently clustered into one group, and other three
provenances are clustered into one group. The principal component analysis result shows that eigenvalues
of the first three principal components are all greater than 1, their cumulative contribution rate is
92.28% , and weight coefficients of 1 000-grain weight of seed, seed length, seed kernel rate, coefficient
of seed form, moisture content in seed, and weight per seed are relatively big. Among tested
provenances, the comprehensive score of provenance from Fengshan of Guangxi is the highest, while that
of provenance from Tianlin of Guangxi is the lowest. It is suggested that the variation of phenotypic traits
of fruit and seed of H. bodinieri is rich, which is mainly among provenances, and has a random variation
trait. Phenotypic traits of seed are main indexes for evaluating provenances of H. bodinieri, and
phenotypic traits of H. bodinieri from Fengshan of Guangxi provenance are the best.

Key words: Handeliodendron bodinieri ( Lévl.) Rehd.; diversity of phenotypic trait; correlation
analysis; cluster analysis; principal component analysis; comprehensive evaluation
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Table 1 Natural status of locations of five tested provenances of Handeliodendron bodinieri ( Lévl.) Rehd.

P - . L:t'l;tl L 'I.? d Mean Annual mean Annual mean Annual mean Frostless
rovenance atitude ongitude altitude temperature precipitation sunshine hours period
SRV Leye of Guangxi . . 3
J SR Leye of Guangxi N24°48’' E106°29’ 1201 16.4 1440.0 1 446 302
J7 VPG A Tianlin of Guangxi N24°29’ E106°21’ 1 096 13.7 1 666. 2 957 270
JVGJRUL Fengshan of Guangxi N24°39' E107°05’ 846 20.1 1564.0 1441 362

M uanjiang of Guangxi © . .
J"FGFYL Huanjiang of Guangxi N25°10' E108°01’ 678 19.9 1395.4 1392 330
FeM AL Dushan of Guizhou N25°23' E107°30’ 932 15.0 1429.9 1287 297

A I A5 b T v T B 2 B X S T S
R SBE 20° ~35° A AT #RER R AE 85% L) I,
TIEZ A RABFREAA K L, TR R R A
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Table 2 Comparison and analysis on phenotypic traits of fruit and seed of Handeliodendron bodinieri (Lévl.) Rehd. from different provenances

(X+SD)V

it R/ mm R ER/mm ES|F 3 B BTR g
Provenance Fruit length Fruit diameter Coefficient of fruit form Weight per fruit
J7PESRAL Leye of Guangxi 31.98+4. 14dD(12.95%)  14.87+2.21bB(14.83%) 17+0.24¢C(11.27%)  3.230+0. 088abA (2. 72% )
J"PE HAK Tianlin of Guangxi 33.79+3.78cCD(11.18%) 14.80+1.92bB(13.00% ) 30+0.27aA(11.56%)  2.974+0. 138bA (4. 63%)
JUPERUL Fengshan of Guangxi  37.24+4.99aA(13.41%)  16.35=1.88aA(11.47%) 29+0. 32abAB(13. 85%) 3.310+0. 131aA(3.95%)

DA

JUPEIRIT. Huanjiang of Guangxi  36. 21+3. 52abAB(9.73%) 16.27+1.49aA (9. 16%) 23+0. 21abcAB(9. 56% ) 3.349+0.267aA(7.96% )
St Af L Dushan of Guizhou 34.89+3. 62beBC(10. 38% ) 15.92+1.76aA(11.07%) 20+0. 20bcAB(9.21%) 3.069+0. 085abA (2. 76% )
SEHI{E Average 34.82+4.42(11.53%) 15.64+1.97(11.91%) 24+0.26(11.09% ) 3.186+0. 198 (4. 40% )
CV,/ % 12.70 12. 61 11.42 6.23

F 15. 508 3 9. 804 3. 124 3.151

T 0.936 0. 898 0. 680 0.683

s i F B/ mm i HAZ/mm L %L BRI Bt/ g
Provenance Seed length Seed diameter Coefficient of seed form Weight per seed

JUPE SR Leye of Guangxi 10. 47+0. 88bB(8.38%)  7.17+0. 69abA (9. 61%) 1. 47+0. 12¢C(8. 34%) 0.310+0. 016bA (5.23%)
J"PHHEAK Tianlin of Guangxi 9.88+0.72¢C(7.27%)  6.50+0.79¢B(12. 14%) 1.54+0. 18bABC(11.79%)  0.223+0.016dC(7.28%)
J"PERUL Fengshan of Guangxi  11.37+0. 53aA(4.70%)  7.2120. 46aA(6.41%) 1.58+0. 13abAB(8.27%) 0.341+0.010aA (2. 84%)
JUPEIAIT. Huanjiang of Guangxi  10. 54+0. 76bB(7.18%)  6.94=0. 67bA(9. 64%) 1.53+0. 16bBC( 10. 58%) 0.307+0. 014bA (4. 43%)
St AL Dushan of Guizhou 10. 57+0. 64bB(6.08%)  6.61+0.55c¢B(8.26%) 1. 61+0. 14aA (8. 80%) 0.262+0. 009¢B(3. 56% )
SEHI{E Average 10. 57+0. 86(6.72%) 6.89+0.70(9.21%) 1.55+0. 16(9. 56% ) 0.289+0.044(4.67%)
CV,/ % 8.09 10. 16 10. 10 15.32

F 33. 085 15. 17533 8. 1415 35. 832

T 0.970 0.934 0.877 0.972

i R %/ % T Ak i/ % AT TR v
Provenance Seed kernel rate Moisture content in seed 1 000-grain weight of seed !
JUPESRAE Leye of Guangxi 64.24+0.97bB(1.51%) 42.11+1.57bB(3.74%) 170. 823+2. 766bB( 1. 62% ) 7.29
JTPEHAK Tianlin of Guangxi 64.80+2. 46bB (3. 80%) 39.23+0. 84cC(2.13%) 128.757+4.811dD(3. 74%) 8.05
JTPERUL Fengshan of Guangxi 68. 89+0. 55aA (0. 80% ) 38.97+1.48cdC(3. 80%) 210. 018+5. 256aA (2. 50% ) 6.54
J”PHFRYL Huanjiang of Guangxi 55.73+0.37c¢C(0.67%) 45.27+0. 09aA (0. 20% ) 153.567+3.967¢C(2.58%) 6.52
FEINA L Dushan of Guizhou 65.04+0. 48bB(0. 74%) 37.08+0. 61dC( 1. 65%) 174. 866+4. 239bB (2. 42% ) 5.90
SEIIME Average 63.74+4.60(1.50% ) 40.53+3.10(2.30%) 167. 606+27. 889(2.57%) 6. 86
CV,/ % 7.22 7.65 16. 64 10. 74

F 45. 833 26. 7133 145. 250 %

T 0.978 0.963 0.993

DIREFIHARFE/NG 1R E 84 B 2R 7E 0.05 F1 0.01 /K | 2% % 2 Different lowercases and capitals in the same column indicate the
significant difference at 0. 05 and 0. 01 levels, respectively. $55 PN EH 438U A A8 5 225U Percentages in the brackets represent coefficients of variation.
CV,: R4S 53 R AT ¥ {H Average of coefficient of variation within provenance; CV,: Fft Ui [i] 45 5 & % Coefficient of variation among

provenances; F'; FHF value; T: PP 71 Provenance repeatability. * . P<0.05;

w3k, P<0.01.
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Table 3 Comparison on percentage of seed number per fruit of Handeliodendron bodinieri (Lévl.) Rehd. from different provenances

R R[] B SR AT B % Percentage of different seed numbers per fruit
Provenance 0 1 2 3 4 5 6
J PGSR Leye of Guangxi 3.7 59.8 26.4 9.1 1.0 0.0 0.0
lanlin of Guangxi 3. . . . . 5 .
J" P AR Tianlin of Guangxi 3.5 56.5 27.1 8.9 3.5 0.4 0.0
X engshan of Guangxi . . . . . . . 3
J7PERUL Fengshan of Guangxi 5.3 62.9 21.9 7.6 1.3 0.7 0.3
FeM 1L Dushan of Guizhou 12.5 52.5 25.9 7.5 1.2 0.5 0.0
SEYIE Average 6.3 57.4 25.6 8.4 1.9 0.4 0.0

2.2 EMARRIMFHFERIEERKEMNEXED

B I R S S RN - 45 2 MR BT 0% A DG 1 43 A
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T HAWRE B (P<0.05) IEASE, AR B0 R
0.913.0.927 F10. 952 ; Fh T ki Jit & 5 Fp K 2
W3 (P<0.01) IEAHSE  FHOC R BN 0. 960 ; HoAh %

RIMER B AR SCHE AN 13
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HIHE K S T

AR S A 45 R B MR 5 B -
TR MrEE LR 5, S5 R KW R K M
RS HAR S BRI 5 B 2 (P<0.05) HURH G, 4
K BB K -0. 883 HI-0. 912 ; B i & SAE R,
U, B B AR SR AR Y H RIS BRI TC FE I
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Table 4 Correlation coefficient among phenotypic traits of fruit and seed of Handeliodendron bodinieri (Lévl.) Rehd."
F Rk AFFRBIER B AIAHE R EL  Correlation coefficient among different phenotypic traits
Phenotypic trait FL FD CFF WF SD CSF WS SKR MCS  GWS
FL 1. 000
FD 0.913 1. 000
CFF 0.537 0. 148 1. 000
WF 0. 465 0.623 -0.169 1. 000
SL 0. 659 0. 748 0. 059 0. 693 1. 000
SD 0. 159 0.294 -0. 226 0.854 0.721 1. 000
CSF 0. 681 0.618 0. 387 -0.201 0.384 -0. 363 1. 000
WS 0.413 0.571 -0. 180 0.927* 0. 860 0.952%  -0.110 1. 000
SKR -0.028 -0. 159 0.277 -0.329 0. 353 0.092 0. 345 0.032 1. 000
MCS -0.020 0. 082 -0.238 0. 648 -0.099 0. 408 -0.670 0. 365 -0. 824 1. 000
GWS 0. 466 0. 590 -0. 081 0. 549 0. 960 0. 694 0. 364 0. 795 0. 520 -0.267 1. 000

DFL. Bk Fruit length; FD: JE32H4E Fruit diameter; CFF; JJE R AL Coefficient of fruit form; WF. HUR B Weight per fruit; SL: FhF1 &
Seed length; SD: fF H4% Seed diameter; CSF: FHJE 2% Coefficient of seed form; WS BfpT i & Weight per seed; SKR: Fl T H {7 % Seed
kernel rate; MCS: P17 7K & Moisture content in seed; GWS.: P TR G 1 000-grain weight of seed. * ; P<0.05; =**. P<0.0lI.

x5 EMARIMMHFRIERSHIE-SEEFHHEXREHY
Table 5
climatic factors"

Correlation coefficient of phenotypic traits of fruit and seed of Handeliodendron bodinieri ( Lévl.)

Rehd. with geographic-

LR RS T HIAI G RS Correlation coefficient with different geographic-climatic factors

PR
i - . PEIE FHSR FREKE ESRANEE G
trait Latitude Longitude Mean Annual mean Annu.al' mean Annu'al mean Frosl'less
altitude temperature precipitation sunshine hours period
FL 0. 159 0. 662 -0. 883 0. 696 0. 003 0.242 0.751
FD 0. 486 0. 850 -0.912:x 0.768 -0.391 0.532 0. 807
CFF -0. 620 -0. 158 -0.249 0.091 0. 821 -0.514 0. 152
WF 0. 162 0. 525 -0.569 0. 955 -0.535 0. 864 0. 863
SL 0. 104 0.363 -0. 456 0.770 -0.224 0.764 0.932:
SD -0. 146 0. 057 -0. 106 0.759 -0.323 0. 866 0. 766
CSF 0.332 0.416 -0.479 0. 030 0. 130 -0. 127 0.236
WS 0. 058 0.327 -0.373 0. 886 -0.427 0. 927 0. 909
SKR -0.457 -0.593 0. 476 -0.244 0.558 -0. 080 0. 066
MCS 0.077 0.337 -0. 326 0.519 -0.459 0. 358 0.219
GWS 0. 108 0.201 -0.227 0.588 -0.220 0.752 0. 802

DFL, SR Fruit length; FD: 252 H 4% Fruit diameter; CFF; 3 R %L Coefficient of fruit form; WF. HLAL i Weight per fruit; SL:

i B

Seed length; SD; FhFEAZE Seed diameter; CSF: FhJE Z %X Coefficient of seed form; WS PP R R Weight per seed; SKR: FhF "% Seed
kernel rate; MCS: F/ T 7K & Moisture content in seed; GWS; i F TR ffitE 1 000-grain weight of seed. * ; P<0.05.
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SRR KR AR DG PR i 2, o SRS AR R
I o L o NS A L G NE i o e G L R %
FFR TR i 5 AR A K s 3 2 R OG , D BH 2
RIS (1 e B A7 M B g e AN g 3 L R
2B SRR 1 2 R P BR B A 38 B K = T T
FEAG

2.4 ARMEREZEMARPEESHT
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I MR D QB B Xk 5 AR IR 2 R AT R 2
Pr SR LI 1, S5R R AERR IR 10 40, 4t
15 AR 3 4, e PR AR T Y ER T A
S 3 SRR IR S — 21, 7P FR AT PG XU
2RI MR Sy —2H . A R ) A
EF TSRO AR IR A 2R T PG ARA RN T
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HHR B RIS S5 TR IR 2E B AR A5 Rl I 0 SR 26 25
SRIFAREEBUIX AR B AR, 15 A 25 5[] 2
ARFESEFIFT R TIPRRIE UE 2 2 57, HA Bl

ARSI L

wl
DS
HJ

TL
kS

0 5 10 15 20 25
FRICHE S Euclidean distance

LY: J7 P40 Leye of Guangxi; DS: /M7 LI Dushan of Guizhou; HJ:
JPEERT Huanjiang of Guangxi; TL: J PG AR Tianlin of Guangxi; FS:
J7PERUL Fengshan of Guangxi.

E1 EFRIMMFREEROAEHEEHARNRESFER
Fig. 1 Cluster analysis result of different provenances of
Handeliodendron bodinieri ( Lévl.) Rehd. based on phenotypic traits
of fruit and seed

®6 ARMEEMHARIZMMFREERNIRELEE

2.5 AEMBEEMHARIZMFHFREEROERS
SR

Xof A [ 3 i AR SR RR 14 11 SR AL
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B A AE AT A 40T, DUFRIE(E K T 1
SRR Ay, A R LR 7, AR 3 A
FRAEEEYI R T 1, B otk 92.28%, %
W13 3 A~ 3 A AT URERE AR S AT 11 3%
RIMER AR5 R . 55 1 U TTik e e s,
ik 46.53%  Horb  RSCKE R ER PR TR Fh
TR FhF AR SRR 0 FR TR R
k] AR, ISR 1 E R B X 7 SR A
RYETE . 56 2 ERUTITTIEREE 29. 38% , o JE
FE FIE ZBONFP T K B A RRAE 1) s 38 40 g, U
B 2 F Ao R B 3 RAMERIE, 3 F
AT TTHRE A 16. 37% , Horh , Fh 1 A~ SR AR 1)
R, BEIIER 3 Ty FE A R E

Table 6 Standardized value of phenotypic traits of fruit and seed of Handeliodendron bodinieri (Lévl.) Rehd. from different provenances

FhE BFMVEIRAPRMELEEY  Standardized value of each phenotypic trait!

Provenance FL FD CFF WF SL SD CSF WS SKR MCS GWS
JUPE AR Leye of Guangxi -1.382 -1.028 -1.231 0.272 -0.178 0.889 -1.433 0.463  0.103 -0.550 0.108
JTPGHHAK Tianlin of Guangxi -0.503 -1.112 1.080 -1.327 -1.290 -1.196 -0.137 -1.421  0.218 0.369 -1.301
T PG Fengshan of Guangxi 1.174  0.934  0.930 0.773 1.517  0.998 0.712  1.131  1.064 0.457  1.420
J"PEFFYL Huanjiang of Guangxi 0.677 0.835 -0.114 1.015 -0.057 0.176 -0.296 0.398 -1.654 -1.425 -0.470
FeM Ak Dushan of Guizhou 0.034  0.371 -0.664 -0.734 0.009 -0.867 1.154 -0.571  0.269 1.149  0.243

DFL, 52K BF Fruit length; FD. R H AR Fruit diameter; CFF. BIE R B Coefficient of fruit form; WF. B T Weight per fruit; SL: R
Seed length; SD . T EAE Seed diameter; CSF. T 2250 Coefficient of seed form; WS, PR Weight per seed; SKR: FhF 1% Seed
kernel rate; MCS: Ffi-F 7 7K Moisture content in seed; GWS: FF Tk it 1 000-grain weight of seed.

R7 FREMEEMARSMAFREEROERS S
Table 7 Principal component analysis on phenotypic traits of fruit and seed of Handeliodendron bodinieri ( Lévl.) Rehd. from
different provenances
ES % FRfEIE R Eigenvector!
Principal component FL FD CFF WF SL, SD CSF
0.692 0. 803 0.019 0. 854 0.963 0.787 0.249
2 0.438 0.254 0.553 -0. 496 0.207 -0.463 0. 892
3 -0. 566 -0.479 -0.370 -0. 155 0. 170 0.357 -0. 256
BN FREmAEY  Eigenvector! BT A BIRE/ % ZiF TR/ %
Princinal " Fi al Contribution Cumulative
rineipal componen WS SKR MCS GWS tgenvaiue rate contribution rate
0.931 0. 105 -0.157 0. 869 5.118 46.53 46.53
-0.317 0. 641 0. 893 0.249 3.232 29.38 75.91
3 0.172 0.718 0.389 0.413 1. 800 16. 37 92.28

DFL; 5K EE Fruit length; FD; 52142 Fruit diameter; CFF; S R %L Coefficient of fruit form; WF; B FifE Weight per fruit; SL; Fp 1K JiE
Seed length; SD: FiF EH 1% Seed diameter; CSF: FE REL Coefficient of seed form; WS HLFfFFitE Weight per seed; SKR: FlF H {2 Seed
kernel rate; MCS: T & 7K Moisture content in seed; GWS: F-F TR fit 1 000-grain weight of seed.
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Table 8 Comprehensive evaluation result of phenotypic traits
different provenances

WUH, X, AR 2B AR HE R, X 9 P i
PR HEAL BAEL, X, 2 b5 TR B (9 A v AL U,
X o AT KA AR HEALRREL, X, R Bh - AR
PRIEALEE AR IS R AR AR R 4, P 1 Tk
JihE Bl AR R R RO R R R K
FIEARD I 6 7R BRI R BB,
TSRS 2% R BUPAR A AU R BSOS, BE A1~ 3%
TR PP B AR IR T 245 5

AN TR 0 5 ik A SR SR R TR A 25 0
PRI 8, SRR A Bl IR 5 AR S A1
FIIVEIRAYZR S 1570 s BRI T8 UL R IR
SN AR ) PEARAL AR IR T PEPRYTARR PG H
AR, BB P JRULL o 5 5 I A SR S A1 1 2 2R
PR R AR, ) PG FARA R 5 AR SRR - ) 2
Wl 22, HiAx 3 AP IR AR SRR A9 R TR
Jarh, 5 BRI A R A I

of fruit and seed of Handeliodendron bodinieri ( Lévl.) Rehd. from

AR S Score of eigenvector!

Provenance FL FD CFF WF SL SD CSF

I P50l Leye of Guangxi -0. 200 -0.152 -0. 061 0.021 -0.045 0.115 -0.238

P4 A Tianlin of Guangxi -0.073 -0. 165 0. 053 -0. 100 -0.326 -0. 155 -0.023

I PR Fengshan of Guangxi 0.170 0.138 0. 046 0. 059 0.383 0.130 0.118

I PHFFYL Huanjiang of Guangxi 0. 098 0.124 -0. 006 0.077 -0.014 0.023 -0. 049

HtM A0 1L Dushan of Guizhou 0. 005 0. 055 -0.033 -0. 056 0. 002 -0.112 0. 191

F i FRIE A5 Score of eigenvector” . i%ﬁfgrﬁ‘ HERE

Provenance < - Q W Comprehensive Rankin,
WS SKR MCS GWS score g

T PR Leye of Guangxi 0. 074 0. 022 -0. 089 0. 029 -0.523 4

I PH A Tianlin of Guangxi -0.228 0. 047 0. 059 -0.351 -1.262 5

I PRI Fengshan of Guangxi 0. 182 0.228 0. 074 0.383 1.910 1

J"PHFFIT. Huanjiang of Guangi 0. 064 -0.354 -0. 230 -0.127 -0.394 3

H M1 Dushan of Guizhou -0. 092 0. 058 0.185 0. 066 0. 269 2

DFL: 52K Fruit length; FD: SESCE4E Fruit diameter; CFF; FE R AL Coefficient of fruit form; WF . FLELFii Weight per fruit; SL: i KB
Seed length; SD . P EH4%E Seed diameter; CSF. FhIE 2 %X Coefficient of seed form; WS; BAfh G Weight per seed; SKR: AT "% Seed
kernel rate; MCS: 2 7K B Moisture content in seed; GWS; FhF TR HE 1 000-grain weight of seed.
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