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Fruit Traits Diversity Analysis and Comprehensive Evaluation
of Sterculia monosperma Vent. Germplasms

LUO Peisi, HUANG Lijun, LU Meiying, LI Wenyan, JIANG Juanjuan, WEI You,
YAN Zhenling, ZHAO Jing, ZHOU Jing
(Guangxi South Subtropical Agricultural Science Research Institute, Guangxi Academy of

Agricultural Sciences, Longzhou 532415)

Abstract: Sterculia monosperma Vent., also known as phoenix-eye fruit, nine-layer-skin fruit, etc., is a
dual-purpose nut plant for medicine and food. In an effort to effectively conserve and exploit the germplasm
resources of Sterculia monosperma Vent., a comprehensive assessment and diversity analysis was conducted on
70 germplasms of this species. This study employed a robust set of statistical methodologies including diversity,
cluster, correlation, principal component, and stepwise regression analyses. Variability in thirteen fruit traits was
examined, with the coefficient of variation ranging from 7.80% to 42.94%. Notable variability was observed
particularly in traits such as single fruit weight, single fruit seed weight, starch content, soluble sugar content,
and soluble protein content. The genetic diversity index across these traits spanned from 1.57 to 2.04, with the
seed-form index (2.04) , starch content(2.02), seed longitudinal diameter(2.01), and fruit seed number (2.00)
displaying higher diversity indices, indicative of a substantial genetic variation. Through cluster analysis, the
germplasms were segregated into four groups, with Group II consisting of 15 resources identified as larger fruit-

bearing and aesthetically superior, aligning with market preferences and breeding objectives. Correlation analysis
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showed that seed weight was highly significantly and positively correlated with fruit longitudinal diameter, single
fruit weight, single fruit seeds weight, seed longitudinal diameter, and seed transverse diameter, respectively;
kernel rate was highly significantly and negatively correlated with fruit transverse diameter; and soluble protein
content was highly significantly and positively correlated with soluble sugar content.Principal component analysis
elucidated that the primary four components accounted for 74.46% of the total variance in the 13 assessed fruit
traits. A comprehensive evaluation yielded a score (F) range from —2.95 to 3.35 for the fruit traits, with germplasms
S009, S021, S011, S036, and S028 demonstrating superior comprehensive attributes. Furthermore, stepwise
regression analysis delineated four pivotal trait indicators—single fruit seed weight, seed weight, soluble sugar
content, and seed transverse diameter—as essential for the holistic assessment of the Sterculia monosperma Vent.
fruit traits. These indicators are proposed to guide future conservation strategies and breeding programs for this

species. Finally, Through identification and evaluation, six excellent germplasm resources with large fruit, high

starch content and rich soluble sugar and soluble protein content were selected.

Key words: Sterculia monosperma Vent. ; germplasm resources; fruit traits ; genetic diversity ; comprehensive

evaluation
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Table 1 Code and origin of Sterculia monosperma Vent. germplasm resources

His Heist ¥4 (m) e i Heil5 ¥4 (m) BEIARY
Code Origin Altitude Resource type Code Origin Altitude Resource type
S001 SOV T 2 YEIX 90 RFN S036 TG BT 2 140 REFN
S002 J PG R A 80 PRFEFN S037 JAT N R X 250 WA R
S003 I RELEN 2 510 B AR B S038 PP aeiai] 560 B 2R B
S004 I RELHIL S 400 PP A= BE R S039 PR R R 1180 A R
S005 I REAEIL S 390 B LR BIR S040 A R 1120 2R BT
S006 JTPRAF L & 390 TP B S041 JPERE T S X 90 A BRI
$007 JUPE R BT R 240 AR B S042 SOV TP £ JEIX 90 2R BT
S008 TPl B b % 210 il S043 JPERE T S X 90 A R
$009 JUI RN BIE h 2 210 TN S044 ISR L R 18 LR BT
S010 JIEMEZE NS 210 REF S045 PG B 18 A BRI
SO11 JUIE RN BIE N 2 210 TN S046 ISR B R 27 B LR B
S012 R e Bk A 165 WA= BT S047 RGBT 6 A R
S013 JUVG R HOK 157 B2 BT S048 J PSR B R 6 B LR BT
S014 TP e h Bk m 167 WA B S049 ) P B N 23 A R
015 JUVG R M HOK 146 B2 BT S050 )V R S 64 B LR BT
S016 TP e Bk A 146 WP A B S051 ) P BN 11 A R
S017 D)% B3 %/ 4R b 150 B2 BT S052 J PR R 26 B A BT
S018 JVE M K 151 WA BRI S053 TG X e bR 70 A R
S019 JUVG R M HOK 149 HFAE R S054 JTG M X AR 70 BF LR BT
$020 P e Bk A 144 WA= B S055 J P AL TR X 2 ARG
S021 JUVG M HOK 145 LR B S056 J PG X 8 R Th
S022 PG E K 144 WP HE BRI S057 J VL X 3 ARG
S023 JIG e ELK 233 WP A R S058 J PG TR X 26 R
S024 PG E K 230 A BRI S059 | = VAR 81 A R
S025 JUVG R EIK 221 LR B S060 | = VAR 1 BFLE BHR
S026 PG E K 229 WA BRI S061 J PG L B A 110 LR B
S027 JVG e M B 130 RGN S062 J PG A 125 BFLE BT
S028 JUIEME ERES 384 KRR S063 e BRI 128 LR B
$029 IR M B S 260 HFLE BER S064 Jrgu AL BT 182 BFLE BT
S030 L 7L E= VAN EA 260 WA BRI S065 PG AR R 134 A R
S031 JIEM B S 260 HpA: BRI S066 TG SR T T 24 Vel
S032 I 7L E= VAN A 260 WA BRI S067 JPE S T L 42 R
S033 TG BT & 130 REF S068 P S T AR 68 Vel
S034 JIIEM BN S 219 WA BRI S069 J PG S T A 98 PG
S035 JIUEM B S S 219 B LE BT S070 PG S T AR 97 Vel




7 3 TR S SEUERP R SR R AT 5 25 AR 1121

1.2 R E

2021-2023 4 S BEH i H W« A% 2y
A 60%~75% E 5L e o a2 s B9 A
SRITZL 20 €2 PR 0 11 R G A0 Ry JRAE ) X 13 AR
SEHRPEA TN, L AR SR RS AR LR
B ey N uY LB L = = G L G oS L -
8 8 IR T R P EE RN T IR S e BRI ) 2L
SRIFATINAE s AR AT B R FR
RARhF B & G5 0.01 g; FITEFEEL = Fh P
PhFAAE vk T sE A s R 1 R
T AR A YRR A R vl g REEC Eb 27k AR T
TRRIEHATINGE o AR BER 10~20 P~ HA K
PR IEFIRI - UET I , B2 A
1.3 Sitath

DAAR 5 22 B0 7R A [R) B 5[] A R AR 1Y) 25 B
4 , LA Shannon-Wiener 2 AEVEF8 BT 15045 22 REVE
PR, A2 5 R % ) =Rt 22 /MR 4R 29 < 100%,
Shannon-Wiener Z 15402 BURR— 45" (19 157
PEAFHEE . B Origin Pro 2022 R4 740 & 437
I R 157 H 19 K-means 28 T7 i 1 R 2 0H7,

®2 FEMRBMORIERNEESHENE

HIHI SPSS21.0 HEA T F L3 o0 B AZ A2 [ml Y1 704

2 HER55H

2.1 EfESHEESW

X 70 47y SE VRN T () FE SR A T 1AL AR 5y
Mrogs B2 m. BIERTRERZBEN T
7.80%~42.94% , 3¢ B 13 A~ FE SRR 1) 5 O 8 A7
ERRES., THEEESTELS ZRBURK, N
42.94% , H AT EVEE (A A AU AR P R R e
By o e AR AR S R 10 36.31%.31.89%
30.67% F127.51% , 3 BSE TR T AE v 5 B 7 i
AL A R CRAR R TR o R AR
TR R E, AA RS RRE T .
Fh 1 1 A48 5 RBURAR, 1R 7.80% , (KT 10%,
VLIZ MR /N, RIS E . ZRRPEFR R
AIE R 1.57~2.04, 470 1.92, FE8H 70 453 3F Wb
BRI 8 M 2R . PRI E TER
R TE R SRR 2R TR B
FRAE 2.00 LA, U B AL RHE X 4 A PEIR B3
PR %, AT A 24 o

Table 2 Genetic diversity of 13 fruit traits of Sterculia monosperma Vent. germplasm

f 5K e/ ME I ONE] [l PRtz 5 ZE(%) EZ izt
Fruit traits Min. Max. Mean SD cv H
R4 (mm)FLD 39.68 139.23 97.39 19.57 20.10 1.97
SRR (mm)FTD 20.12 66.71 39.91 6.47 16.22 1.81
HILHE (g)SFW 13.15 85.23 48.57 13.36 27.51 1.95
IR R (g) SFSW 6.89 48.73 23.06 7.35 31.89 1.99
AR (%)KR 0.26 0.62 0.48 0.08 16.55 1.97
SR FSN 1.30 475 3.15 0.67 21.35 2.00
FhFHEE(g)SW 3.37 12.42 7.91 1.41 17.87 1.88
FFH4E (mm)SLD 20.39 33.48 28.48 222 7.80 2.01
P 772 (mm) STD 18.21 45.95 23.04 3.30 14.32 1.57
FIE 4R %L SSI 0.98 1.52 1.26 0.12 9.52 2.04
TER T it (mg/g)SC 15.78 65.12 41.82 12.83 30.67 2.02
AR i (mg/g) SSC 16.32 104.32 32.74 14.06 42.94 1.83
AV 5 i (mg/g ) SPC 5.84 34.01 15.00 5.45 36.31 1.94

FLD: Fruit longitudinal diamete; FTD: Fruit transverse diamete; SFW : Single fruit weight; SFSW : Single fruit seeds weight; KR : Kernel rate; FSN:

Fruit seed number; SW: Seed weight; SLD: Seed longitudinal diamete; STD: Seed transverse diamete; SSI: Seed-form index; SC: Starch content;

SSC: Soluble sugar content; SPC: Soluble protein content; The same as below
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The codes are the same as table 1
E1 700EEMRFBERREDN
Fig.1 Cluster analysis of 70 Sterculia monosperma Vent. germplasms
R3 FEEMRFFEINLBRRITERERA
Table 3 Performance of fruit traits in four groups of Sterculia monosperma Vent. germplasm resources
RgE R SRR RS ORT O RE RE SRR AT TRk
e Y B TaE FE o mER YR R SO & S ' SR S F st
G (mm) (mm) (&) (g) ) # (g) (mm) (mm) E‘H(/) (mg/g) (mg/g)
TOU] mm mm mm mm m m m
p SFW g KR g SSI g8 g8 12
FLD FTD SFSW FSN SW SLD STD SC SSC SPC
I 89.20c 39.76b  42.20c 18.05c  0.42¢ 2.85¢c 7.29c¢ 28.87b  22.12b 1.32a  3290b  31.34b 16.77a
I 115.62a  47.50a  65.37a 31.23a  047b 3.75a 9.1la  30.2la  22.93ab 1.33a  44.24a 35.99ab 15.31ab
it 100.30b  37.41b  50.43b  25.54b 0.51b 3.29b 829b 27.82¢c 24.55a 1.18b  49.65a  29.21b 13.23b
v 71.61d  30.52d 23.65d 13.80d 0.57a 235d 6.28c 24.87d  21.58b 1.18b  45.10a  46.89a 14.96ab
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0.01 level, respectively, the same as below

Fig.2 Correlation analysis of fruit traits in Sterculia monosperma Vent. germplasms
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Table 4 Principal component analysis of fruit traits in Sterculia monosperma Vent.

/4 Principal component

Traits 1 5 3 4

IRSL4E FLD 0.76 -0.14 -0.35 0.07
JRSHAE FTD 0.58 -0.48 -0.04 -0.25
BILE SFW 0.93 -0.08 -0.04 -0.13
FIRAT R SFSW 0.94 0.28 -0.03 0.03
HAIE KR 0.15 0.74 -0.05 0.32
JRSFPFHL FSN 0.77 -0.05 -0.37 0.21
&R SW 0.72 0.38 0.41 -0.13
Y\ 4% SLD 0.58 -0.33 0.57 -0.06
FiFHi42 STD 0.17 0.57 0.64 -0.20
FIEE%L SSI 0.18 -0.77 0.05 0.17
TER i SC 0.24 0.46 -0.53 0.11
AP SSC 0.07 -0.01 0.11 0.83
AR 5 i SPC 0.03 -0.21 0.46 0.62
$FE(H Eigenvalues 4.29 2.31 1.67 1.41
TRk (% ) Contribution rate 32.97 17.79 12.87 10.83
Z3 5Tk % (%) Cumulative contribution rate 32.97 50.76 63.63 74.46

BOFhF R R TOME Fh PR R O T
PERE G TR S A 12 MR R IR R AR Y
PRUEARAE , Mx, R FIIE 8 B0 38 B AR, 18 AL A
W Mx=—|X-K|, X QT 28 B AL R A8 b
K i B R BUE AR LR 6 25 B EERF /i T
T EL R A, A KAEH L,

A3 AILL A4 T 1 25 Tk R BR DL 44 3 AR
3 By ZZ BTk TR RIS A RS AR
FE, SIS RN 25 51553 A X F=0.443F,+0.239F +
0.173F;+0.145F,, 70 3 3 2 BT (0 25545 3 i 44
WS, LREHMEM AR TSR -2.95~3.35, HE7E
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TR A SR SRR 55 R BT, v I AL Rl ik
B HEE R, HEA S 10 S009 3k [ ) PH 22 A
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IS 17 25 LR F=470.72, P<0.01, J5 #4835 , 2]
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Table 5 Fruit comprehensive scores of 70 Sterculia monosperma Vent. germplasms

%' gaeas ETRCIN - = S || ETRC S || 1 s LA HiA
Code Score Ranking Code Score Ranking Code Score Ranking Code Score Ranking
S009 3.35 1 S025 0.45 19 S040 -0.05 37 S027 -0.75 55
S021 2.64 2 S042 0.45 20 S015 -0.06 38 S045 -0.77 56
So11 2.00 3 S029 0.41 21 S046 -0.08 39 S052 -0.77 57
S036 1.74 4 S030 0.41 22 S069 -0.12 40 S068 -0.79 58
S028 1.69 5 S032 0.37 23 S014 -0.18 41 S001 -0.87 59
S035 1.67 6 S022 0.36 24 S055 -0.20 42 S003 -0.92 60
S006 1.64 7 S019 0.31 25 S010 -0.22 43 S053 -1.05 61
S023 1.06 8 S033 0.31 26 S057 -0.23 44 S065 -1.06 62
S034 0.89 9 S066 0.30 27 S049 -0.27 45 S061 -1.16 63
S007 0.82 10 S058 0.28 28 S050 -0.33 46 S039 -1.30 64
S024 0.76 11 S016 0.27 29 S041 -0.34 47 S044 -1.31 65
S020 0.67 12 S037 0.25 30 S002 -0.40 48 S048 -1.44 66
S056 0.66 13 S004 0.16 31 S059 -0.47 49 S063 -1.44 67
S054 0.64 14 S012 0.09 32 S064 -0.56 50 S047 -1.51 68
S026 0.61 15 S031 0.07 33 S008 -0.59 51 S005 -1.56 69
S060 0.59 16 S062 0.05 34 S018 -0.64 52 S038 -2.95 70
S013 0.47 17 S067 -0.02 35 S017 -0.72 53
S043 0.46 18 S070 -0.04 36 S051 -0.72 54
x6 ZABMMEFE)S BIMESMERIEXREY
Table 6 Correlation coefficients between comprehensive value (F-value) and 13 fruit traits
SRR LIPS SRR LIPS SRR LIPS
Fruit traits Correlation coefficients Fruit traits Correlation coefficients Fruit traits Correlation coefficients
LY E FLD 0.579" RIFFEFSN 0.642" JERY i SC 0.270°
RS FTD 0.322" FhF G SW 0.843" AR5 SSC 0.227
FURT SFW 0.781" 442 SLD 0.558" RS A SPC 0.167
FURFD TS SFSW 0.935" fibFHifE STD 0.432"
PR KR 0.422" T %L SSI 0.018

2.6 EERFRIFE

AALENT 70 D PR T 1) BT SAFAE RSk
KR SR T LR A ST, ikt A BT R A
PHE RS TTGEIR 6 1 (1813) , FERICNRIE K
TER S AR A B T S R R R

F T S009 J& TR ATE AP AY SR T Ph 5%
LM B3 N &, 78 dh FLiR s e e R 1%k R A
P e RS R R R R, R —A
AMERIL TR R . RAE T A B A A, R
SR IG5k A REG R | SR R ARG AT s Fh
TFRA RIE 5 B AR T |, Bl Rz A 0, A R e &
Tl 3~5 KL (CF-174.40 K% ) ;P2 B H 85.23 g, F 1
1% 32.77 mm, FlFAEAE 25.55 mm, Bk Fh T B
12.42 g, i KF 70 0 Fh S 1) -2 FpF B/ (7.91 g),
HFPRIK 57.00%

FlET S021 2 R AL RN TSR, R IHT ) P 5%

ZETT M EK FVE SRSEHE 7 A RS, R R
8 e SR A RS A s S R K
AR TR T 4.50 K V-4 R 77.99 g, Bl
242 30.09 mm, Fi-FRE4% 25.59 mm, HUkifh 7 R
11.39 g, A #3E 56.00%

T S026 1 S029 #fSJa& T~ Ve & 1t i Y F BT 28
R B BITEN S R 65.12 mg/g F164.58 mg/g,
Pz 5 F 70 13 BT F- S TE K 1 1 (41.82 mg/g) ,
ATVE R s i 5T F TS0 e i T K o

T S022 Ja& T ] iAo 1 st = A TR Ok
PEF T PGS AT M B T SRS it S e
TR ST L1, Fh A R s R A5 T, R R 2
oo e B A E B R AW A T
J, R Bl T R AR A . AT MR i
104.32 mg/g, B3 5 T 70 35 6P 24 T s o
(32,74 mg/g) , LB m i EE M
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Fig.3 The Sterculia monosperma Vent. Germplasms with superior quality

FiE S028 J& F I PR [ A it s AT ok
JEFTVERAT M E FRE S R , F it
Sy PR o R R, R (17 8o 34.01 mg/g, B
ER T 70 MR AT A 5 (15.00 mg/g)
AT A B SRS Y S R A e o 5

3 iTie

31 FEMBEREFEZHEIT

SR SR IR A ) A A R BT 3 R A R R
B, SR A IR B A L, R E R X RS E | REAE
[ 3t BRI 2% 228 B BRI o Y
BN E , REBCUF R B A AL L 978 S5 /N g
TR AR, [ N A BT SR SR A
B AT EIRIE AR AR R B AR AR SRR
R A% 2 R BEA T 0 M , DA 1o 8 SRR F) 7o I 5
M DR KBTS E T el AFTE R T RS
PR B XoF 70 173 392 2 ol o 98 PR A T 3 1 2 AR 00
B, 13 PRIRFE AR AL 5 RECF- 270 22.54% , st %
FEVE R BP0 1.92, RIIHLAH R 5 1R
RIZRENE . R SRR R AL 2 B AR5 5 o
PRI ZR5 R I, AW AR A7 B PR SR Pl A2 e, it
R SRR ARG e S B IR R R
TP e RS XL X 2 S e iy
RrEl B PR , L0 4 U 2 AR ], 2R 1) 3R
AR A 2% 14 ST AR A AT RE R S S A B BT IR 2 R
RO+ i R . 7E 13 MR EE bR VER
AR R A AT R S R AR e R A

A F 4 A, UGB e SR S A P B S
T AT BRI el RS T, ] Sk R UE R R T AR
SRR AN B R S %
32 ¥EEMRARESITNSXBISRGE

PSR B2 IR 25 B VRN RAE B R oE TAER Y
HEAT . T RS TR AT LK 2 AR AR
JE IR FE AR AL R LA BN 56 H BT AR R vk it &
BA , IR LG5, BB A % L b i 32
e RFR ST, ARk bl iz a8 F TP MR
B2 R IR SR A A SR AT . EARTFSE
W SERE ) 13 AR AR LA BRI A, (5 B
HEMER, T T8 B 13 AR AR 4
h A LEA AR, BB 22 TR N 74.46% , )
e T R ACHR T E B . 2y TR
SEPIREE A PN BT 3@ i B LA A5 o, R
[B) R 22 57 FLA T ik 325 T 255 TR0 B TR 1 o
23 SR SE R T R S5 12 H DTOPSIS 75 % 32 22
P o IR A TR A PN AR AR SR I T
A NGB, R @ S B P A, L —
SE 18 00 i ) P, AR R 5T 32 P B LA A AT, FE bR
R A A, B T AR 25 5P F ¢ i 3 R
M), 8 WA T s o

A VA 537 35 BT DA 1 H S5 pE B PE A 45
b, iR T MR 5 2 % 22 AR UL AR G [R) &, oy
FEH A0 TR A PN A T T AR AMEEE A 50
JER S AR %A EUE SRR R A 4 R
FebrH, IR R B AR R A
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R TV 5 i E A S SR X 4 4
i TR D 236 VA S R ot B DAY S B PR A s
SRR AR 2 0 RIS , AR S S A G
Jot B DAL PR A 14 i A 22, o i I 24 97 ) A
AR 23 R Ry | [R] I 28 00 S A ST R 4 T 2
FEYIE N T MERE , By LU i 5 P A4 Rl R R o ok
SRR T SR ST AU TR TAE . SR, AR LA
(B T BT E FOAR R ) > 48 R AR
Bl L3 B AR EAZ O B BT 128, 9 S BV I )
FE CRECSEASE IPEIRTE PR 2 1K 60 Z2 300, Unfar 47 2%
fii 326 HH RAT AR 1) O B 5 s LA AP 30 Bl >R S A
IR IRE L , A FERT R SLAEAR 2 26 18] U1 53 Ar o
WRME—ER IS .

4 Zig

AHIFFE ) 70 £ 3 2 0 5 1) SR S MR 5 AL 24
PEFw o R E B R S AT R
AT PR S R ATE R B X 5 M RIR A B
K R 7 5 RS Hrit il ar B 7k 4 -2
HE, FLrr 2SI 15 0 S1- 2ER0 on s T 2R 58w K AL
o IR A A AR R T M i 7 ok i
J7 ] 5 3 2L 25 A PR i 8 4 S009,S021.S011.,S036 .
S028 %5 10 & A PER G KL (A AN 5T 5 i B A5 2 % 1]
AT 44 S RAR AR I LR B PE AR A
i A TR, I AR K e i AT T
BEFI AT 1 A 11 5 o v P S A B R0 6 ), A
YEFP T B IR A R S L S b A i AR S
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