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Phenotypic diversity in natural populationsof Sapindus mukorossi based on fruit

and seed traits

DIAO Songfeng, SHAO Wenhao, JIANG Jingmin“, DONG Ruxiang, SUN Honggang
Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400, China

Abstract: Sapindus mukorossi Gaertn is a traditional and important virescencetree species in the south part of China with
rich saponins in peel and rich oil in seed. This tree specie is one of the newly-developed woody oil species that were
approved by the State Forestry Administration of China. The objectives of the present study were investigating phenotypic
variation of 10 fruit and seed traits among 13 natural populations of S. mukorossi and disclosing the relationship between
phenotypic variation and geographical factors. Variance analysis, multiple comparison, correlation analysis and principal
component analysis were used to examine morphological diversity among and within populations based on data of 10
phenotypic traits. Results showed significant variation in fruit and seed traits within and among populations. The degree of
variation in the 10 traits was significantly higher among populations than that within populations. The averaged coefficient of
variation (CV) for the 10 traits was 7.34%. The mean phenotypic differentiation coefficient for the 10 traits was 62.21%,
and the variation within populations (27.46% ) was lower than that among populations (39.93%) , indicating that variance
among populations was the main source of the phenotypic variation in S. mukorossi. There were significant difference in most

traits among populations, and most traits exhibited larger degree of differentiation in the marginal populations.
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Geographically continuous variation was not detected, and the differentiation of most traits were not consistent within the

populations. Seed morphology was largely influenced by ecological factors of populations. The seed morphology in northwest

area is near oval, whereas the seed morphology in eastern and southern area is near sphericity. Altitude and annual average

temperature were significantly corelated with major traits of fruit and seed, idicating that altitude and annual average

temperaturethe were the main genographical and ecological factors and they interactively contribute to variations of fruit and

seed phenotypic traits among populations and within populations. The multiple variations among and within populations

provided insights and guidelines for genetic conservation and utilization of S. mukorossi germplasm resources.

Key Words: Sapindus mukorossi; natural population; fruit and seed traits; phenotypic variation; geography and ecological

factors; population differentiation
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Table 1 The situations of different natural populations of S. mukorossi

TR

ARF3 H AR £ R

TR

i HH 25 Average annual average Altitude Precipitation R
Populations  Latitude (N) Longitude (E) temperature/C <unshine hours/h Jm mm No. of individual
W% B 28°32' 118°52 16.8 1755 245 1510 22
T g P e 33°25’ 111°21’ 15.2 2019 253 850 28
WAl 28°50" 120043’ 17.2 1786 416 1444 19
iyl 22°20' 106°51" 21.8 1654 280 1689 25
fE R L 27°46' 118°02’ 17.9 1562 370 1881 16
WL % 30013’ 119032’ 16.2 1847 76 1453 18
LR 30012’ 118°11’ 15.7 1885 448 1670 24
EIRANA S 28°04' 119°09’ 17.6 1758 228 1660 23
NN CES 28°14’ 114°49’ 17.2 1635 480 1800 21
e A 27°01" 118°18’ 19.3 1612 299 1664 19
PANE SR 25°57" 114°34’ 18.8 1765 335 1497 27
BRI 25044’ 108°34' 18.1 1313 393 1211 16
WAL 30°33’ 114°19’ 17.1 1985 35 1205 13
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IR AT L T R S R B MR (R R B Y 3R
B DGR T T o0 A B RE s, DS BEAAR 11 b 31 53
KT, Z BRI M B AR AL R AN 22 SR A [F]
PERFER AR Z R B EMW 2R, TRFENE
SR Tl SRR A ) SR S B e RN AR B AR —
FRPE I S B T i R RN IR B v T, 0T R T ek AR
PRI SE FhF T AR B T 4 R Bk, T %
JEAE R T B A S TR B B 5T U M A Y N
X3k,
2.2 TCHFRPSERA MR AR AR

GULE % Gt W el e NG sl S QA
i, BT LA S B R AR ) B8 HICRRAIE | 250 8 R Ul B IR
PR, Hk 4 a] DL, JC B 7 Fh S 45 MR 7E
i R NN O R Sy AN PR i R VN i i 3 o e
AREGF278 5 BEOCH 1.16%—16.47% ,10 4> 2RI
AR89 728 53 R B IMERIR R R/ NE 5 (Cv =
16.47%) Fh T JEH (CV=9.81%) L FEH (CV=
9.44%) FhFHEME (CV=8.24%) Fh T4 (CV=
8.18%) L K/INEE(CV=8.02%) FLHPqZE(CV
=4.81%) RIEMALE(CV=3.75%) REILEIE

(CV=3.54%) M FIE BRI (CV=1.16%) , Toi&
TR MR A8 5 RO 7.34% , b RS0 5
AR A 5 R BB 5.92% , /NF R TR S
AR AR S R BT M 8.77% , T W JIC i F R 52
FEHUPR AR AR X 5 8 I X A AR RN S SR
RUMEARAR S 22 B0 35 8 b T 60, 28 3008 L L RV P
AR AR A MR AR B R B E K, 4R
25.75%F1 14.78% , 7] B VY W HEAR 9 B /N 2.30%
Oy O RS R S MR R R EGTE Y
B, 45 3R W] VLV H AR R R IR AR 5 R
K(CV=15.99%) , I BE PHEF AR/ N(CV=1.64%) ,
S PG DR A SR S R B R R, R AR AR
MG L LB R PR T R K (CVv=
35.78%) , Wi TAlE R /N (CV=1.12%) , 2 el
JE B R F-PRR RS e, T L RIS, mTIL,
TR T- ISR R - MR AR SR BT [ A8 | i ] —
PEIRTEAS[R]HE A A 118 728 S5 8 82 1) 22 S P, 70— 8 2
FE b RWTC R AR KRB S5 B M AT R 5 B A Al
ERAA R EEFRHNZ —,

x3 RBFRABGCMIREERNTRRY
Table 3 Variation coefficients of phenotypic traits in natural S.mukorossi populations

FEAR Traits (EF)?{J_ CIN R A rf@ ATE&% WL wE {ﬁm ‘Z‘L‘rﬂ? %‘Ei% ?L@ %}II &HJE é')m

wE e il M RFEWL MmE L BR EE O @ bt B R %A
R FW/ g 16.73  2.60 11.64 935 6.55 1.09 28.04 6.38 1492 239 13.78 296 11.19 9.44
RIYZ FV/mm 6.65 1.47 091 4.84 389 0.28 1414 473 1331 266 4.13 3.65 523 481
B FH/mm 586 074 242 370 209 356 7.82 1.80 1557 1.54 2.8 1.17 233 375
BB AIEE FV/FH 392 178 1.60 410 284 330 7.24 398 990 1.81 146 293 341 3.54
JSR/IMEEL FVXFH 1192 1.60 331 7.65 559 3.74 2140 590 2625 399 694 459 731  8.02
FhF i SW/g 16.99 424 332 1607 3.02 10.00 34.87 832 13.59 269 651 479 6.18 9.81
FiFH12 SV/mm 6.76 1.06 0.71 594 288 10.04 3495 835 13.64 269 636 472 590 8.18
P42 SH/mm 6.93 3.06 0.11 561 256 10.05 3496 836 13.65 271 634 472 578 824
FhFIE A% SV/SH 368 291 080 244 286 000 000 000 000 000 000 000 045 1.16
Tl ¥ R/INEEL SVXSH 1329 3.59  0.64 1140 4.54 1975 7412 1596 26.94 540 13.03 9.43 11.58 16.47
HI{H Mean 927 230 255 7.1 368 618 2575 638 1478 2.59 6.14 3.89 593  7.34

2.3 TR AP SR A F A

IO Z BT 1AL I A R BORIR D, R
PRI 53 5 B8R B A8 S B 1 23 LU, B OB 1 A ]
RPN HAGROR , S WA a] f) 382 7% 70 Ak
IR RS 5] )t A 70 S i B o MR A0 B8 5007 22 0
Brati i, o3 B E 5T RS 10 A R Y PR AR B
(] RIRE N Y J7 22 03 LA RCGRBLME R B (R 4)

AL UL JC R S R AR AR R[] R AE PN - 2
D7 25035 E 4y oo R 39.93% K1 27.26% , - IR AE
FEAR 0] (4 3% B 43 b 3R B8 5 0R B2 R 0. 98%—
86. 48% , Horh 3R AL 534k F B d KA e/ N PR 43 31
R FIE AR BOR R SO S48 5, R IR &4
FREERI LB, AR SIS e /N, M e e
XS5 HTAMRAE T RN RS R —B, TR TR
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P PSR AR AR 18] 28 57 K TR AL 57, Fof A ]
R ol S22 TR 22 A 1 R B DR T AR P, o B e S e A

T 55 PR S8 AN 9 R 2 O R B HL 3 B B 5 ) A
JEPE 5 RN IR I PR 25 2R, R AR AL
R

F4 RBTREMKNAZESERMBRRESURY

Table 4 Variance components of phenotypic traits and V among different S. mukorossi populations

J5 203 WIE Y g NER
Variance component Proportion of variance component/% .
i — : - — : - FRL R K
HEAR Traits eI REGRPY BibLi 2 REfRIE REGRDY BEHLIR 2 V%
Among Within Random Among Within Random ’
populations population error populations population error
AT FW/ g 0.95861 0.38403 0.41759 54.46 21.82 23.72 86.17
RIEYFE FV/mm 2.96973 2.24033 3.91097 32.56 24.56 42.88 63.73
WSS FH/mm 3.85648 1.98434 1.4931 52.58 27.06 20.36 79.07
RITEBIEEFV/FH 0.00019 0.00187 0.00629 2.23 22.38 75.39 0.98
SR /NMEEL FVXFH 4927.9 2825.1 3445.2 44.01 25.23 30.77 75.26
T iE SW/g 0.05368 0.06132 0.0512 32.30 36.90 30.81 43.39
FFHME SV/mm 4.23861 2.84227 2.60067 43.78 29.36 26.86 68.98
FFAEFE SH/mm 3.37574 2.40721 2.60977 40.22 28.68 31.10 66.29
TR 158 SV/SH 0.00564 0.00223 0.00126 61.79 24.44 13.77 86.48
T ¥ R/MERL SVXSH 2080.1 2008.1 1790.9 35.38 34.16 30.46 51.76
HJ{H Mean — — — 39.93 27.46 32.61 62.21

2.4 TGRSR AR S b B A 2 R ) A A
P
HE 5 Al o RS A IR S TR ErE
AR5 6 AR AE 25 P - [B) 1 3R IR A S 35 AH G (P<
0.01) , Horpr B8 i it 15 28 3 TR 7 S A B 3 IR A G
AR R BUEAA ALK (R=-0.027) , W Z3 3 AEAAR
WAL TR, M5 (R=-0.218) AF VSR

Fhim GREE TR, TR R AR N, S
S L BE AN AFAE B A OCOC &R T S 4E 11 H IR
H(R=0.074) PR (R =0.050) [A] B i 3% 1E
H2E , AR [ FR B (R = -0.152) B . 3 T M =56,
FARF T 2 B R b P 2 [R] S i /N M AR E
70 H B I B2 A e i AR K PR B v T T R
TR ) SRR, it Bz i TG R T A BH AR A

(R=-0.202) K FIA] 0% 0 3 AAHOC  RIIBEE 1G4k AEWahetk, BB FRPIE ST S & B A S K
®5 RETHERBUERSESEFHHELI N
Table 5 Correlation analysis between phenotypic traits and ecological factors

- 345, 3 SP- 14 H BB e o

- i o o L S e
Latitude (N) Longitude (E) lemperature/C Sunshine Hours/h Altitude/m Precipitation/mm

S FW/ g 0.093 ** 0.270 ** -0.202* 0.099 ** -0.218*" -0.110*
FUFE FV/mm -0.097 ** 0.015** 0.083 ** 0.078 0.044 -0.002
KR FH/mm -0.194** -0.024 0.211** 0.111* -0.007 0.051 **
RITEASEE FV/FH 0.065** 0.031 -0.111* -0.042 0.085** -0.060 "
FRER/NEEL FVXFH -0.141"" -0.004 0.143** 0.117** 0.020 0.025
T F 5 i SW/ g 0.011 0.036 0.050* 0.074"* -0.021 -0.152*"
FiFH2 SV/mm -0.064 ** 0.021 0.140 ** 0.016 -0.008 -0.070 **
FhFHEf2 SH/mm -0.227"" 0.118"* 0.252** -0.126** 0.021 0.161 **
FhFIEEFE% SV/SH 0.434 ** -0.256 " -0.291** 0.378** -0.077 ** -0.629 **
T R/NEE SVXSH -0.119** 0.097 ** 0.175** -0.028 0.005 0.057 "
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TRV AR S PR K, L8 IR B AR UK Ry A% Y [ W
(R=-0.629) £hi & (R =0.434) AFEF- 34 H BRI %
(R=0.378) AE VUM (R=-0.291) & (R=
-0.256) FIFK (R=-0.077) , % W Fh T & 2 BEAA
A K I TR 52 M 5, 1 I S R A o 7 8 T A [
T ARER Rk T R ERIE 25 B AR S T
A AR EAOR S 2 B0 SRR ] 5 W 3R O OC
EN RO W i i L N b A RSN TR O
PEAR G i3 AR 25 PR TA) AN ) A R DG I 2 o 52 4%
BB X I S5 3 1V AP R I

2.5 JCETRSERAEER A R T
AT 10 AR L R ADE R AT 3 o
SYHT (R 6) 15 BT TR S MR b B AR 5 4 AN
EARKT 1 M ERS, 56— F 4 (PC-1) il F K
INFEEL R RO BT TR R R
FERAEPEF AR, TR AR 55.475% 55 —F
JAT (PC-2) FR SR SR /N B RSB R SRS AR
RATE AT T B, FE R R AR,
TR N 12.946% ; 2 = F i (PC-3) AR LES
B RS NAR BT BE B, DTHR N 10.984% 5 |
3T AR T BT 10 AP s R AR R
2 80% AL 5,

*6 TEFARBEMIREERNBERSHH
Table 6 The PCA of phenotypic traits in different S. mukurossi populations

PR F 43 Component
Traits 1 2 3 4
SR FW/ g 0.412 0.089 -0.323 -0.287
YR FV/mm 0.342 0.834 0.420 0.015
S FH/mm 0.310 0.919 -0.217 0.039
BB FV/FH 0.155 0.725 0.544 -0.029
RS RERL FVXFH 0.341 0.924 0.163 0.021
Rt SW/g 0.877 0.308 0.077 0.178
4% SV/mm 0.915 0.310 0.081 0.204
FFRi4E SH/mm 0.918 0.303 0.087 -0.143
FFHABE H SV/SH 0.099 0.755 -0.017 0.660
PR SVXSH 0.926 0.290 0.106 0.004
FFE{E Eigen value 6.275 2.667 1.793 1.028
Mk Contributive percentage% 55.475 12.946 10.984 10.626
B PC-1.PC-2 RS I, i 1 AT, e ;

TR B PR IR B A0 T 8 52 R B | s

B AR FHEIR(PC- 1) BB T HEAR (PC- RN

2) o VL EAR WOV R TR R g

VL% B REVR (0 Fh SRR Z BN kb, g R

WAL TP SRR B PR32 2K T3 o

B AC, TTTT J: J5 4  L A TRE AS f Foh o |

R BA 2k, Fhoe R B PR 22 3 '

S PR B ) 1R B X 2 PR B AR S

AT = A 2R JC RIS NLE R, SR 4

AR, R PR A 22 S O, T Ky it Ak
T AR T R | A 85 A BT R B
HREAR A —E A AL S 1 A

PC-1

1 ETFMIREMER(PC-1,PC-2MTBETFRABRGKXER
Fig. 1 The relationship among different S. mukurossi
populations based on PC-1 and PC-2

http ; //www.ecologica.cn



1458 VST

S

34 4

3 Fit5itie

XTI A 13 AR ARFE AT 2 R A Z AR5
FW] TR A SR MR AL A (0] B P 72 S0
B XA S 22 il T st A% R PR 5T A 3R S 6]
VEFRRSE S AR HEAAR N 2 2 iy 28 53l o/
e R A BT ¢ 5 O B R ISR AL 1 o e hi
3.1 oA R AR AR S i 2R

RAIRAR S W Mgt 15 78 ) RBUE K 2
DR RN PR B A PR SR IR FH I 25 512 L TG AR TRl
SRR AE AR ) R A N A7 7 I 25 5 3 1Y)
255 FEURIA] SR SRR - 3948 7 R85 (5.91%) /)
TRFIEIR (8.77%) , FBIERIARRE S0 7 PR
E o AHICHTIE R B, R W) A A4 1] 114 728 S 2 B R e
X AN [ BRI 110 38 1oy AR B, 722 S 3R AO8K 34 1) B
B4R T JC BT AR T R OT R S R R
e, (A A R, R S T AT, AT RE R TC R T
TEFR E R 7 8 Hr A B IR IR 22— TR R S
Jrid RSER/INEEL b7 AR RN E HUE R
ZHIRTE ] 8.029%—16.47% , - 10.94% , 1fif 5
SERIRDF R AR B AR FIE R 50 S R ECIE A
9 4.95% , W T TR SE Bl 59 i IR AR S A
K I ARARX R, X 5 X BBk ( Cornus walteri) Fi
SLRAWVER R A R — 8,

FEVAR ] Y 22 R A S 2 b N 22 R 1 1) o 20
FRA T BT R AEAS R 2R e A 3 R AR, AR
FER/NESREF AR EE I 1 Wy A 0 A (] 245 45 368 7 e
JIREARY S 0 AR TR AR [ FURE A N o st 26 A0
RZEFRBK BRI, BB E IR MATEE
AR SCTE R BURE PR AR LA ToR 5 LR SR 43 A X, AV
PR L B AR AR AT I AR L 2 B By b 2, 3t 7
AR SR 22 SRR, 431 )iz B o — FRCRR 2 B
TR AR AL 22 REE S AT Lk i O 85 3 i 1 35 PR 58
TR AR AT B AR 4 T A8 AN [ FF A4 18] o 512 3 Y
MR AR S5 R B E B T
3.2 TETRERAMER A MR G X

TR TR ] 14722 e S Ao S 3 A P AR 8 4% 78 S
1Y 2Ry, b RARBF AR AL L R B (v, ) Y
iR 62. 21%, = T & 1 ( Gleditsia sinensis )
(20.42%)'3 Il 1§ = ¥ ( Picea likiangensis )
(36.53%) ") BBk (23%) ) FHi 1146 ( Diospyros

glaucifolia) (40.15% ) " AR T 11T ( Litsea cubeba)
(66. 66%) " B W # ( Sinocalycanthus chinensis )
(89.30%) " | {E J& H ( Gentiana rigescens Franch.)
(73. 14%) 55 FRBIFIRE ] (1) 2 AL o0 LR B o, 3
AR T T X B A AL Z b, AN TH]
PR R R D SRR 5 T A iR 0, 28R
O B A LR AN 2, A R W, TE T 2R
PR SR 2 5 A, 1 Jo kA2 Al 3 2 ) 52
W8/ Ao 2 285 U S2 A AR 25 b JHE D) 7S e 5K
VAL ERAE A 1 TR IR, AR 8 L mE R T [ K
e o AT S 3 70 1 bib AR S — i LA R 2%, TR )
T S, Q)1 P4 22 42 o S M AR A7 AR 28 B2 TN 465 B2 O A
s A 2 i S 42 ((Picea crassifolia ) 5 L H
DAZE AR S A = (0 R L R B
DA P35 T o RV A i 2 O =B (A8 fE R A g
A SCWFFEAE SRR WY, T 8 A (] b, U AR 1] Ao 52
TUMER A 728 S 5 3 2 45 5 R - 24 Al 9 > T2 T
TRV

TCRE TR R B S B AE TR J B Al
RES R TR EERGA K, MCHFIN N, i
RGN i W RS AL 25 A i e R R 2
— U R RIBL R R, A M R R
ST 27 2 A B AL AL FE B B RS T
BT AER AL R 52 B BRI, DTS ZOR R 1] 1 ik A
DTIVANGS 1 D /o 1 ) T 95 1 [T A S T s 2
P, BREF RGN, MY AL Z 15 YR Y 1 2
OIATE A A U R SCIR M, —ARUR , PR R
PR TR E W) R S AR H A R LR TR R B
BB, O () 28 S 104 i (B e Tl 3R A 2 )
A DX/ INBIE (A A T B R a5 A TR A S B g
A% S MR T B L D ) 35t % 40 Ak R Ry 3 B
5 IR oY - B 5814 =X U1 S BP0 o e e A S AR =
Mo, DLZEG R JETH KSR [ IR AT oA, SEIZ 1Y R
J AL 3 AT A8 b AR 4 ) o 512 6 BB PR 1
R HL RN
33 TRFREEENRE SH

T B4 BT 2 T [ gyl X
SRR AR A ], HOR e R S R R R
P ik, SO PR AU AR TR SR U 4R SRR A
HEAYFREIR A A, TC T A AR A RO, A
KI5 Sl 0T A PR 25 | 19 AR %
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PARIE] FARTER A9 728 S 46 Jrd , A 107 3 0] A P o
PR S S 08T, RN £5 5 25 08 A A% A ARE e 1k
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FIUA S O LG IR RARAE AT AR A 1T R A i
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