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Study on variation in phenotypic traits of fruit and seed of Sapindus
mukorossi in seedling plantation

DIAO Song-feng,SHAO Wen-hao,JIANG Jing-min,
DONG Ru-xiang,SUN Hong-gang

(Research Institute of Subtropical Forestry ,Chinese Academy of Forestry, Hangzhou,Zhejiang 311400, China)

Abstret; [Objective] This study aimed to elucidate the relation and the variation in phenotypic traits of
fruit and seed of Sapindus mukorossi. [Method]) 102 S. mukorossi plants were selected from the seedling
plantation of 8-year-old S. mukorossi in Tiantai County, Zhejiang Province. 15 traits of the 102 trees were
observed from 2011 to 2012, and clustering analysis, correlation analysis and principal component analyses
were conducted. [Result] The variation coefficients of the 15 phenotypic traits for the 102 S. mukorossi ac-
cessions were 4. 91% —65. 67 %. Significant differences in phenotypic traits of six groups divided based on
the traits were identified, which provided basic information for accessions with different purposes. Fruit
weight, yield per plant,saponin contents in the peep and oil contents in the kernel were the four important
economic traits and they had different correlations with other traits. The cumulated variance contribution of
the four principal components of characterization yield, fruit and seed chemical composition and types of
fruit and seed form factor was 81. 790 % , which was consistent with the results of principal component ana-
lyses, clustering analysis and correlation analysis. [Conclusion] Phenotypic variation of S. mukorossi was
rich and the variations provide information for the preliminary selection and breeding of seeds for different

purposes.
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Table 1 Variance in phenotypic traits of fruit and seed of Sapindus mukorossi in seedling plantation
PEAR A 3 ¥iE BRI/ %
Traits Range of variation Mean Variable coefficient
BB R/ kg YPP 2. 00~50. 00 11.05-0. 718 00 65. 67
W /g FW 2.61~8.23 5.0240.109 96 22.11
WY 42 /mm FVD 17.29~22.72 19.99+0.117 81 5.95
WS 4% /mm FHD 18.71~27.57 23.3740.207 24 8.96
B 42 /mm FSD 16.62~23.77 20.1640. 157 37 7.89
Bye# FVD/FHD 0.76~0.98 0.860.004 47 5.25
BB /mm PW 1.23~4.21 2.2940.052 40 23. 14
¥ /g SW 1.17~2.78 1.88=0. 030 09 16. 20
Y1/ mm SVD 12.62~16.73 14.8840. 081 54 5.53
R F 4% /mm SHD 12.07~17. 88 15.14-+0.115 15 7.68
4%/ mm SSD 10. 61~15. 31 13.3540.089 21 6.75
Fi#s % SVD/SHD 0.89~1.10 0.99-+0.004 80 1.91
Bl fef i i /g KEW 0.32~1. 80 1.0940. 029 86 27.54
mEF /Y% SCP 1.00~10. 27 5.3340.126 42 23.96
S g/ % OCK 26.50~42. 20 35.0340. 283 60 8.18

K2 RBTREBRGCTHIREMEKEBEXE

Table 2 Correlation between phenotypic traits of {ruit and seed of Sapindus mukorossi in seedling plantation

PR HURR R SRS Rz R Fz AR E R R B
Traits YPP FW FVD FHD FSD FVD/FHD PW SW
YRk e YPP 1. 000 0.832** 0.895" * 0.911** —0.603 0.820** 0.718** 0.633* "
BT FW 1. 000 0.838" * 0.814** —0.317 0.608"* 0.709* * 0.757%*
W45 FVD 1. 000 0.876* * —0.779 0.700** 0.637%" 0.555*
B f 42 FHD 1. 000 —0.598 0.731*" 0.692* " 0.670" *
SRS AR FSD 1.000  —0.509 —0. 306 —0.104
HAE# FVD/FHD 1. 000 0.374** 0.394*
B e PW 1. 000 0.802* *
Bl F i i SW 1. 000
AR gtz e 7 72 T Ao A i 0 it BRAR RO g
Traits SVD SHD SSD SVD/SHD KEW SCP OCK
HpR e YPP 0.794" " 0.600" —0.526 0.218* —0.336 0.192 —0.097
RS FW 0.736"* 0.563"* —0.311 0.332* " —0.371 0.105 —0.052
LY} R FVD 0.847* * 0.544" " —0.710 0.177 —0.370 0.155 —0.074
RS iR FHD 0.830" * 0.763"* —0.556 0.212" —0.257 0.171 —0.118
B 4% FSD —0.635 0. 307 0.883** 0.063 0.221* —0.163 0.071
B8 FVD/FHD 0.514%" 0.353" * —0.363  —0.042 —0.291 0.125 —0.097
W E PW 0.815* 0.749* * —0.361 0.514+* —0.123 0.131 0.106
Bl F i SW 0.768** 0.758* * —0.079 0.362** —0.037 —0.019 0.028
FhF9 4% SVD 1. 000 0.807* * —0.695 0.270% * —0.164 0.188 —0.007
M HiE SHD 1. 000 —0.378 0.338" " 0.034 0.156 —0.043
M4 SSD 1.000  —0.015 0.217*  —0.305 0.058
Fh48 % SVD/SHD 1. 000 0.023 0.054 0.413*
6 B i KFW 1. 000 0.028 —0.021
wIEF SCP 1. 000 —0.303" "
B R OCK 1. 000

Heox 5 e ox ARFEFLE P<0.05 Fl P<<0.01 K i 2 X,

Note: * and * * indicate significant correlation at P<C0. 05 and P<C0. 01,respectively.

HH e 2 AT, SRS i i S R S AR (P<C0. 01,
r=0.838) SRR (P<C0. 01,r=0. 814) 45 %
(P<<0. 01, r=0. 608), iz J& (P <0. 01, r =
0.709) P i (P<<0.01,r=0. 757) . Fh T 1%
(P<<0.01,r=0.736), Fl FR§ £& (P <C0. 01, r =
0.563) K A48 %50 (P<<0. 01,r=0. 332) ¥ 2 4} I 3
IEAXRK R fF a5 R LY L (P<0. 01, r=

0.555) ER SR 42 (P<<0. 01, =0. 670) . J- 35 %
(P<<0.01,r=0.394),. R HZE (P<<0. 01, r=
0.802) . FhF 442 (P<C0. 01, r=0. 768) . Fh T 1%

(P<C0.01,r=0.758) K Fp 35 % (P <0. 01, r =
0.362) WP R W FFAHC KR, KRR LR E

ST AR AR S W B K T A T SZ A IR S
PR ) A A, L e AR A AR ) R S o A R T



553

RN A TR T S A AR S R R MR SR AT A 79

Jo 5 5 K

T 5 550 T R A R R O A G MR
rh SRR BORN P S B0 R e N L H SR B Rl
8 B0 L S o i BRI R . BRANE RS
SO S A R AR OGO R (P<C0. 01, 7=0. 413)
Ah o AT LA 2 Bl B Mok 5 SR S R MR
S AR AR TC 3 (AR SC vk TS i i 5 8 2 1 T
D] 22 A I8 3 1) 1 A 56 56 /R (P<C0. 01,7=—0. 303),
FEASBIFE L T HR T B AR 0 57 Bl 2% R R B A8 B 4%
R AR — 0, D) RS i o A AR R
SN, 2R AT JC R T AR o R R A SR
SE 17 S B L Vil O ) Pl 38t 4% DR 3R R 3 0T O 32k
KA B AR TR A EA — 2R S8 L.
2.3 THRTFHEKAHS

M TGRS 15 A~ R AR 38 A5 A7 72 A TR
14 2t 20 R B G Ry 1 S TR o 4 AN ] B30 91
(R B RE e — R R AT HL A, Sk 102 BRI BT
BRI 15 A B0 MR B0 04T b vk AL b 3 S L SR 2%
S35 E AT B2 A T B R TR R CBR R AE B R AR
PEAT A2 . BT O T G B 7 A MR 8] 19 25 5 ¢
F L FRAUAE T UM 45 4 HRR (R REAE AT L R M
Moy e B AL HE B Oy 100 25 BHIE AL 6 A4, 3
25 LH M RAE 00 T2 85 1 45 G AR AE 43 BT L 45 2R L% 3,

K1 ERWLEE 1 A 29 kR, A4 RAME
TR BE A BRI 2 R 0 T R A P R S O
oA 5,90 g, Hirh 88 199 S 1k B bk SR 52 B B 43
RTA2 7,98 g i A R SARIE K R SR N
AR TE 25 A B K, 43 il 3k 21 200 94 i1 25. 05 mm,
AA AR EAE 6 AL /N, 2 0. 84, Ui A 4
TSI A 0 ) A (B 5 SR R R R e O A A
BRI R2. 52 mm B 1. 35 g; {H Bk
7 LR B R R S BRSO AR 6 4l
JEE 2 7,
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YRR SR BTN iR B A 2R R A
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55 3 LA 35 M ELBR, ANy R AR AE T
6 MR RZMRE 4 AP m BT RE
FE 5. 20 Lk 1, Horh 68 S bk K L35 10,27 %0, &
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Fig.1 Clustering analysis for phenotypic markers of

102 Sapindus mukorossi
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R B AR AR R R, R 5. 78005 1
SR TE 25 o A P B AR, AU 26,8006, 2R 5 dlfu
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Table 3 Mean values of phenotypic traits of each group after clustering analysis of 102 Sanpindus mukorossi

Mtk Traits 1 2 3 4 5 6
kg =i /kg YPP 10 11 11 9 10 50
Wiy /g FW 5. 90 4.04 5.09 5.73 5.41 3.21
KLY/ mm FVD 20. 94 19. 10 19. 95 20. 65 20. 30 17.71
B4R /mm FHD 25.05 21. 64 23. 47 23.78 23. 62 19.18
B 4% /mm FSD 21.35 18.78 20. 30 21. 37 20. 84 16. 99
I8 % FVD/FHD 0. 84 0. 88 0.85 0. 87 0. 86 0.92
B R/ mm PW 2.52 1. 94 2. 37 2.22 2.29 1.81
FF /g SW 2.20 1.65 1. 80 2. 24 2.02 1.53
FFY4%/mm SVD 15. 60 14. 25 14.76 15. 85 15. 30 14. 63
AP RE1E /mm SHD 16. 28 14.12 15. 05 16. 30 15. 67 13.71
4%/ mm SSD 14. 05 12. 68 13.30 14. 82 14. 06 12.50
Fifs % SVD/SHD 0.96 1.01 0.98 0.97 0.98 1.07
P68 i i /g KEW 1.35 1.07 0.93 1.10 1.01 0.96
MR FF/ % SCP 5.22 4. 90 5. 87 5.78 5.82 4,09
g/ % OCK 36. 89 36.63 32.45 26. 80 29. 63 39. 80
PAREE No. of plant 29 33 35 2 2 1

M ERER .57 SHkMm A RN —
BN 6 A ASAURFAE I R B R A0 L BRLRR T
B K AR B G 39. 80 %0) , i Akt A R AR (L
H4.09%) . AM R B AN 3,21 g, AR 1
LAY 54, A0 AR R S 3 M HAR B4R A AR AR
AR AR R 88 RO 0. 92, 7845 4 dR 4%
U1 HOB 2SR s B 59— 415 T AR 48 %08 1. 07,
TEAS P e B 1. 00, B WA 4 6 i 7 R S 5/
P FIE S T0 H AR AR 5 A AR 4L R ™ B 50 ke,

290 Hoftb #5419 5 F% . ARLLRNES 57 5 bk 7E LI
i S M) B8 B AR T T T A R B 8 (L
AT LIRS o SRR
2.4 EBEFEHKIEEZEFUERHOERS S
AR 102 BR TG B8 7 B RE A il 5 28 PR 0
T3 53 B 3 B A () PR AR A TG B 22 B IR AL B
Hh B M A B R AR R T RR R A R T ST R
W 4 FoR L LRI 7 22 Sk A G5 #] 80. 00000 L L
1 E 32 A BOFESr B T R

R4 REFHIRBEMKNERSSH

Table 4  Principal component analysis of phenotypic traits of fruit and seed of Sapindus mukorossi

I3 F 4 Component
Traits PC-1 PC-2 PC-3 PC-4
R /kg YPP 0.594 0.271 0.296 —0. 284
W /g FW 0. 937 —0.087 —0.072 0.162
B4 /mm FVD 0.857 0.172 —0.105 0. 300
RS % /mm FHD 0.936 —0.220 —0. 144 —0.015
HM4%2 /mm FSD 0. 544 —0.042 0.030 0.610
B8 % FVD/FHD —0.551 0.122 0.675 0. 379
B 2 /mm PW 0.705 —0.272 —0.157 0. 327
R /g SW 0.813 0.415 0. 081 —0.087
Y%/ mm SVD 0.739 0.534 0.143 0.236
A FH42/mm SHD 0.937 0.058 0.099 —0.169
A F 4% /mm SSD 0.563 0.331 0.323 0.571
=¥ / —0.5 . . .5

Fhfs % SVD/SHD 0.538 0.007 0.617 0.518
g /g KFW 0.299 —0.108 0. 661 —0.374
MEAF/ % SCP 0.208 0.597 —0.279 —0.187
Bahig/ % OCK —0.051 —0.615 0. 457 —0.476
B igen value 7.597 127 . 319 . 226
EMH Ei 1 2.12 1.31 1.22

Tiiik %/ % Contributive percentage 50. 646 14.178 8.793 8.173
2t TTHk %/ % Total percentage  50. 646 64. 824 73.617 81.790
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Fig. 2 Principal component values of PC-1 and PC-2 for
different phenotypic traits of fruit and seed of

Sa pindus mukorossi
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Fig.3 Principal component values of PC-1 and PC-2 for
102 Sa pindus mukorossi based on phenotypic
traits of fruit and seed
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