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Germplasm Resources Investigation and Phenotypic Diversity
Evaluation of Erythropalum scandens in Guangxi

HUANG Shiyu,ZHANG Xiangjun, YANG Tianwei, TIAN Shanshan,ZHANG Shangwen
(Biotechnology Research Institute , Guangxi Academy of Agricultural Sciences, Nanning 530007 )

Abstract: The phenotypic diversity analysis and comprehensive evaluation of 142 germplasms of
Erythropalum scandens were carried out by means of coefficient of variation, correlation analysis, principal
component analysis and cluster analysis, which laid a foundation for the breeding of E. scandens in Guangxi.
The survey found that Chongzuo City and Baise City had more wild germplasm resources, followed by Nanning
City. The wild germplasm mainly distributed in limestone hills, slopes, mountains, sparse forests, dense
forests, with an altitude of 140-1001 m. The statistical results showed that the coefficient of variation of 11
phenotypic traits was between 2.76% and 18.75% of 142 germplasms, indicating that the genetic difference of
germplasm resources in Guangxi was large. Correlation analysis showed that leaf length was significantly
correlated with leaf width, length of the second branch internode, longitudinal diameter of fruit and leaf
thickness. Leaf width was significantly correlated with leaf thickness and longitudinal diameter of fruit. Leaf stalk
length was significantly correlated with diameter of the second branch, length of the second branch internode.

Altitude was significantly positively correlated with leaf thickness, but significantly negatively correlated with
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leaf length, leaf width and length of the second branch internode. The results of cluster analysis showed that 142
germplasm materials could be divided into 4 categories when the Euclidean distance was 4.5, The I, II, III and
IV categories contained 49, 54, 27 and 12 germplasms, respectively. Categories I and II represent the majority
of wild germplasms from the Guangxi region. Most artificial cultivation germplasms are classified into Category
III, which may have advantages in terms of yield. Category IV germplasms mainly originate from higher altitude
areas and may exhibit better cold resistance. Principal component analysis showed that the cumulative
contribution rate of the five principal components was 68.25%. Principal component 1 and principal component 2
mainly reflected leaf and branch related indicators, while principal component 3, principal component 4 and
principal component 5 mainly reflected fruit related indicators. The comprehensive evaluation results showed that
the top ten germplasms were all from Chongzuo City, including 5 cultivated germplasms and 5 wild

germplasms, which could provide excellent parents for the breeding and improvement of new varieties of E.

scandens.
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Table 1 Germplasm resources information of E. scandens
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number naming Source  Altitude type number naming Source Altitude type
Es0001 CZNM1 eyl 358 A Fof i Es0025 CV-CZDX5 24T 438 PN 3
Es0002 CZNM2 £/ 358 Y2 Fof 3t Es0026 CZDX13 ST 415 YA T 5t
Es0003 CZNM3 271 358 W A=A T Es0027 CV-CZDX6  #:fEih 418 T e B 5
Es0004 CZNM4 4T 358 Y A=A T Es0028 CV-CZDX7 kil 418 YR ¢
Es0005 CZNM5 AT 294 WA Rl 5 Es0029 CV-CZDX8 &4/ 331 N AR B Fh
Es0006 CZNM6 ST 294 2 Fof ot Es0030 CV-CZDX9  £/cTl 412 N TAREER
Es0007 CZNM7 27T 294 W AT Es0031 CZDX14 SAeT 481 W A=A T
Es0008 CZNMS &/ 337 Y A=A T Es0032 CZDX15 ST 450 A 5T
Es0009 CZDX1 s 470 A Fif i Es0033 CZDX16 et 450 WA Rt
Es0010 CZDX2 &1 470 A ST Es0034 CZDX17 ST 318 HEP A o i
Es0011 CZDX3 SEAETI 470 A Fof o Es0035 CZDX18 ST 406 WA AT
Es0012 CZDX4 it} 585 Y A=A T Es0036 CZDX19 Ei] 469 A R
Es0013 CZDX5 Eit] 364 WA o i Es0037 CZLZ1 e 316 2 Fo i
Es0014 CV-CZDX1  &¢feTl 464 N T AR Es0038 CZLZ2 SEACT 316 B A AT
Es0015 CZDX6 SEAETI 451 2 Fof ot Es0039 CZLZ3 SEAET 316 YA T ot
Es0016 CZDX7 SEAT 451 Y A=A T Es0040 CZLZ4 Ei] 316 B A o
Es0017 CZDX8 SEAT 451 Y A=A T Es0041 CZLZ5 Eit] 474 B2 i i
Es0018 CZDX9 Y] 454 A T Es0042 CZLZ6 AT 454 WA Fof g
Es0019 CZDX10  4¢eil 474 A Fof o Es0043 CZTDI SEAET 438 Ligecyt Uiy
Es0020 CZDXI11  &/eT 392 W A=A T Es0044 CZTD2 STl 312 W A=A T
Es0021 CV-CZDX2 4Tl 347 N T AR R Es0045 CZTD3 Sifth 477 B
Es0022 CZDX12 kT 475 LZasv o Es0046 CZTD4 R 316 WA Fof g
Es0023 CV-CZDX3 4¢/5TT 438 N T AR5 Es0047 CZTD5 SHACT 314 P A o
Es0024 CV-CZDX4 4/ 438 N TR Es0048 BSXLI " 372 WA AT
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umber naming Source  Altitude ype umber naming Source  Altitude ype
Es0049 BSXL2  Hfudi 490 P A T Es0087 BSTY2 EREN 368 P A o i
Es0050 BSXL3 ‘Ed 575 U A T T Es0088 BSTLI ERE) 985 Lt Ui
Es0051 BSXL4  H@Ed o 518 L Es0089 BSLINGY1  Fani 796 YA R
Es0052 BSXL5 [ERENT] 536 P2 5T Es0090 BSLINGY2  Hfail 1001 P2 o 5T
Es0053 BSXL6 [EREA 531 A=A Es0091 NNIN1 (2] 263 P £ i
Es0054 BSXL7  EHfaili 504 U A T T Es0092 NNIN2 T 263 U A= T
Es0055 CV-BSXL1 @il 407 N7 Es0093 NNJN3 (eI 264 U A o T
Es0056 BSXLS "ET 532 P 2L o Es0094 NNIN4 BT 264 S A o 5T
Es0057 BSLY1 RN 475 AR 5T Es0095 NNLAI BRI 395 LUZ2ERE oy
Es0058 BSLY2 HEd o 476 LLgs U Es0096 NNLA2 (] 395 UL Ui
Es0059 BSLY3 aEd o 457 YA i BT Es0097 NNLA3 (el 402 WP AR T
Es0060 BSLY4 HET 544 P 2L o i Es0098 NNLA4 Tl 402 L
Es0061 BSLYS R 469 Y A=A Es0099 NNXXT1 BRI 226 A T
Es0062 BSLY7 ‘@A 46l WL BT Es0100 NNXXT2 (] 226 P A o
Es0063 BSLYS$ ‘el 46l U A T T Es0101 NNXXT3 (e 226 ULt Ui
Es0064 BSLY9 [EREAI 461 A 5T Es0102 NNXXT4 RNl 225 B b
Es0065 BSLY10  H@ 461 Hf A=A Es0103 NNWMI1 RNl 161 A T
Es0066 BSLY1l @i 580 B A=A Es0104 NNWM2 Ei] 161 LIgecyt oy
Es0067 BSLY12  HEmT 545 U A T T Es0105 NNWM3 T 161 Loy
Es0068 XSLY13  H@Il 559 L Es0106 HCTE1 IR 821 P A il
Es0069 BSJXI1 [ERENT] 376 Y A=A Es0107 HCTE2 LT 799 B A o T
Es0070 BSJX2 [EREA 543 A=A Es0108 HCLCI T 478 WP A T 5
Es0071 BSJX3 ‘Ed 437 UL U Es0109 HCLC2 T T 477 UL Ui
Es0072 BSJX4 [EREAI 457 A i Es0110 HCLC3 SR 425 24 b R
Es0073 BSJX5 [EREAT 457 HY A=A EsO111 WZCW1 M 335 AR T
Es0074 BSJX6 ERER] 457 Y A=A EsO112 WZCW2 FM T 335 L
Es0075 BSJX7 aEd o 457 P A T Es0113 WZCW3 FEN T 364 P A o i
Es0076 BSJX8 ‘el 539 WA i T Es0114 WZCW4 R T 364 UL gst i
Es0077 BSJX9 [EREAI 490 A i 5T Es0115 WZCW5 FEM T 364 Lz
Es0078 CV-BSIX1 HET 375 N3 EsO116 YLBBI SN 251 B A=A T
Es0079 BSNPI Tt 527 WP A Tl Es0117 YLBB2 TR 251 P A T
Es0080 BSNP2 ‘Ed 410 U A Tl BT Es0118 YLBB3 BN 294 LL gt Ui
Es0081 BSNP3 HEH 469 WA T Es0119 YLBB4 S NI 294 LSl
Es0082 BSNP4 AET 469 P 2L o Es0120 FCGSS1 By 500 HPLE Rl
Es0083 BSNP5 [EREA 469 A=A Es0121 FCGSS2 Bt 500 i A=A
Es0084 BSNP6 ‘Ed 471 U A T T Es0122 FCGSS3  Biyits i 356 U A= T T
Es0085 BSNP7 " 486 A T Es0123 FCGSS4  Bijhliusli 356 U A o
Es0086 BSTY1 [ERENT] 368 A 5T Es0124 LZRA1 M T 383 L
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number naming Source  Altitude type umber naming Source Altitude type
Es0125 LZRA2 BT 463 A T Es0134 PGIC2 SR 320 P A= i 5
Es0126 LZRA3 M T 350 WA AT Es0135 PGIC3 SR 320 WA AT
Es0127 LZSI1 Wi i 790 W A=A T Es0136 PGJIC4 PR 331 B
Es0128 BLDRS1  dtifidi 381 W A o i Es0137 PGJCS AT 331 YA AT
Es0129 BLDRS2  dbifirli 381 A=A Es0138 PGIC6 AR 331 A
Es0130 BLDRS3  dbiiiti 394 WA T Es0139 PXYYZI1 FERET 357 P A ol
Es0131 BLDRS4 it 394 Y A=A T Es0140 PXYYZ2 ErET 357 P A ol
Es0132 BLDRS5 i 394 B A=A T Es0141 PXYYZ3 Lot 361 B
Es0133 PGIC1 SR 320 B 24 o i Es0142 PXYYZ4 EFET 361 U A= i 5

A AR R AL SRSEREY  B~D: SRASHE R AR EHIE s E~H RS AR BE, M GURYUCHT I R A BB A6
A Leaf, flower and fruit phenotype of E. scandens; B-D: Local characteristics of E. scandens; E-H: Habitat of E. scandens ,location are in order
of Hechi, Chongzuo, Baise, Baise
E1 #MoARTHEMRRERES
Fig.1 Phenotypes and habitat of the part of germplasms of E. scandens
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142 1y 3545 B P S 8 R AE B MR AP —
FEEE e T (F22), 11 DEBPRR A B 25
15 2.76%~18.75% Z [ , 7% S5 72 K4 thh i B AR HE 7K
A SE I JEE M B R AT A AR
BRSO RS E A RN R R R SR
7 RLYPIR . FESRBAR A KR K 22.8
cm, ¢ 58 9.2 em, 3K 16.7 em; M 55 B 5 K
17.5 cm, H 748 8 7.6 cm, “F3 K 12.2 cm; AR K5 K
N 7.4 cm, A N43 em, FH R 5.9 em; MR R E

90.52 mm, iz 4 0.23 mm, 444 0.32 mm; 5
PR AR I K 9.6 ecm, 155 4 3.6 em, “F 14k
5.5 em; 5f A SRR A 5.21 mm, 2 4 h 2.88
mm, -3 3.85 mm; L EH i KN 2.52 g, Fe/)
H1.52 g, F¥182.03 g SRR KA 12.60 mm,
/N 10.37 mm, F3 0 11.51 mm; RS2 PR Rk
4 21.35 mm, fix /N A 18.71 mm, *F-3 4 20.00 mm;
B KK N 19.80 mm, £ %5 4 13.59 mm, FE3 K
16.97 mm; 7 B E N 1.62 mm, Hz i b 1.16 mm,
K 1.38 mm.

R2 12 HBFREHEFEN UADRBEEREIT S
Table 2 Statistical analysis of 11 phenotypic traits of 142 germplasms of E. scandens

AR Traits #¢/IMiE Min. KA Max. S H4){H Mean value bR SD AR RE(%)CV
I (em)LL 9.2 22.8 16.7 2.74 16.47
58 (cm)LW 7.6 17.5 12.2 2.29 18.75
AP (cm)LSL 43 7.4 5.9 0.76 12.96
15 (mm ) LT 0.23 0.52 0.32 0.06 17.67
5 RABZEAT K (em) SBIL 3.6 9.6 5.5 0.89 16.12
5 R 5 (mm) SBD 2.88 521 3.85 0.46 11.90
REcE R (g FW 1.52 2.52 2.03 0.20 10.09
HEHE % (mm)FTD 10.37 12.60 11.51 0.47 4.06
RAYFE (mm)FLD 18.71 21.35 20.00 0.55 2.76
Hepit (mm)CL 13.59 19.80 16.97 1.34 7.88
H ) (mm)PT 1.16 1.62 1.38 0.09 6.18

LL: Leaf length; LW: Leaf width; LSL: Leaf stalk length; LT: Leaf thickness; SBIL ; Length of the second branch internode; SBD: Diameter of the
second branch; FW: Fruit weight; FTD: Transverse diameter of fruit; FLD: Longitudinal diameter of fruit; CL: Carpophore length; PT: Pericarp

thickness ; The same as below

Xt AN ) 4t X 18 % 45 T Ao I 1) 2 R AR A 7 S
o, 4R RN FERE T (P 2 R i Tl
HORC S5 N Ny R L s T N R AT DS 2R S
ZE T AP R AR AR K T T ) s M T Y
SR I PR AR PR R T A AR 5 S e T AR
®3 FEMRHFERREERGE TS0

AR TN R K, MM T AR i i 5 53 7 T 1) 24
5 T GUBUR oL, PR TR S TR A . A&
DR SR S (AR S A Bm 22 AN R (R 3) U W AT 1
AN [5] 1 DX Fof 5 % 9050 v i 32 391 e 7= 10 5 Aol i
bkt

Table 3 Statistical analysis of phenotypic traits of E. scandens in different regions

B, .
. . . L s BTHO o RO I . ~
, e RIS L A S S 5 2 P a a R RERE
SRl Eiztan o BRSO 12 12
(cm) (cm) (em) (mm) K it (g) (mm)  (mm)
Source Index (mm) (mm)  (mm)
LL LW LSL LT (cm) FW CL PT
SBD FTD FLD
SBIL
ST e/ IMEH 13.86 7.55 5.38 0.23 4.41 3.70 170 1066  18.71 14.39 1.16
Chongzuo city Bkl 278 1752 737 037 960 521 236 1236 2087 1925  1.62
Wl 1752 12.16 6.24 0.30 6.02 430 207 1152 1996  16.99 1.38
FrifE 2 2.62 2.60 0.47 0.03 1.04 0.34 0.17 0.44 0.56 1.17 0.09
TRRB(%) 1496  21.36 7.59 8.57 17.22 7.95 8.21 3.78 2.80 6.90 6.65
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F3(48)
B _
_— b U b T e f;iﬁ R %Z*ﬁ‘ %jj* K T
Source Index (em) (cm) (em)  (mm) [ (mm) 2=(g) (mm)  (mm) (mm)  (mm)
LL LW LSL LT (cm) FW CL PT
sp SBP FTD FLD

G o/ ME 11.57 8.83 4.51 0.25 3.60 325 152 1037  19.05  13.59 1.20
Baise city N1 20.67  15.61 7.14 0.52 6.57 4.77 252 1241 2135 1943 1.58
¥y 1629 1241 6.13 0.32 539 374 205 1141 1998  17.14 1.38

PrifEE 2.16 1.71 0.74 0.06 0.67 0.35 0.22 0.51 0.51 1.35 0.09

TRRR(%) 1328 1376 1209 1863 1236  9.24 10.62 4.48 2.54 786 629

Fesi /M 14.69 8.87 478 0.27 442 328 1.60 1061 1878  15.07 1.26
Nanning city S ON:E 18.68  11.95 6.96 0.31 6.24 427 248 1260 2068  19.56 1.53
Hyfi 17.15  10.78 5.98 0.29 528 3.65 1.99 1151 1991  16.94 1.37

i 2s 1.19 0.90 0.68 0.01 0.51 027 0.28 0.54 0.59 130 0.08

TREH (%)  6.93 839  11.36 483 9.60  7.36 14.01 4.65 2.94 7.69  5.54

HIR i /MY 9.16 7.73 4.41 0.46 3.88 324 179 1080  19.03  15.87 1.24
Hechi city NIl 1067 9.7 487 048 409 375 212 1190 2039 1899 139
Byfi 9.63 8.24 471 0.47 3.96  3.46 1.94 1140  19.68 1729 1.33

b2 0.60 0.55 0.19 0.01 0.09 0.20 0.13 0.52 0.55 1.26 0.06

5 FE (%) 6.22 6.63 3.95 1.89 2.26 5.81 6.52 4.57 2.79 729 427

Rl /IMA 1633 14.16 4.31 0.28 5.05 3.26 172 1074 1979  14.40 1.27
Wuzhou city e KA 18.02 1543 5.81 0.34 6.08 3.55 2.20 11.55 2043 19.80 1.40
¥y 17.56  14.92 5.05 0.30 554 341 196 1132 2016  17.24 1.35

P22 0.71 0.46 0.68 0.03 038 0.1 0.17 0.34 0.25 243 0.05

BRER(%)  4.04 312 13.39 8.22 690  3.25 8.61 3.01 124 1411 3.62

SNl e/ ME 19.15  15.70 4.89 0.28 518 333 157 1119 2007  15.82 1.24
Yulin city BAAl 1984 1706 569 033 544 359 230 1193 21.04 1765 135
B[] 19.45  16.56 5.26 0.31 532 3.46 1.94 1160 2053  16.77 1.30

bR 0.31 0.61 0.33 0.03 0.13  0.12 0.30 0.32 0.40 .02 0.04

5 Z (%) 1.61 3.71 6.29 8.81 2.53 3.38 15.36 2.77 1.93 6.06 3.38

5 ik s Tl e/ ME 1621 1235 4.46 0.27 538 340 185  11.64 1920 1479 1.35
Fangchenggang TR A 16.64  12.88 5.16 0.32 584 381 207 1206 2037 1621 1.50
city &[] 1634  12.60 4.96 0.31 554 3.68 195  11.80 1976  15.46 1.40
bR 0.21 0.23 0.33 0.02 0.21 0.19 0.11 0.18 0.50 058  0.07

5 Z (%) 1.26 1.86 6.75 6.98 3.78 5.24 5.64 1.53 2.52 3.76 5.13

BN T e/ ME 10.70 8.27 4.70 0.47 392 329 1.79 1144 1948  14.00 1.36
Liuzhou city ON | 1251 946 527 050 397 388 235 1191 2071 1944 152
L1 11.28 8.63 5.06 0.48 395  3.54 213 1173 2017 1630 145

iR 0.84 0.56 0.26 0.01 0.03 026 0.24 0.21 0.54 239  0.08

TRFE(%) 745 6.48 5.05 2.82 0.67 735 11.32 1.83 268 1466  5.83

JLviH /MY 1578 12.10 4.65 0.28 449 322 170 1083  19.61 1475 1.24
Beiliu city NI 1624 1296 564 032 544 385 206 1214 2107 1855 153
Hyfi 16.04  12.56 5.24 0.31 5.11 3.55 191 1170 2006  16.97 1.38

b2 0.20 0.37 0.41 0.02 040 023 0.15 0.54 0.60 149 0.10

5 5 E(%) 1.26 291 7.86 4.97 7.86 6.45 7.99 4.59 3.01 8.75 7.52
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st Eitan N B fe fe
(cm) (cm) (em)  (mm) A& H(g) (mm)  (mm)

Source Index (mm) (mm)  (mm)
LL LW LSL LT (em) FW CL PT

SBD FTD  FLD

SBIL

& Fe/ME 1676  13.17 429 0.27 483  2.88 157 1092 1921 1506 133
Pingguo city o] 17.61  13.65 5.25 0.33 586  3.56 234 1203 2078  19.11 1.53
Hyf 1736 13.39 4.89 0.30 537 326 203 1151 1995  16.83 1.43
IRl 0.31 0.17 0.33 0.02 037 024 0.28 0.45 0.64 150  0.08
R FE(%) 1.79 1.30 6.84 7.53 6.82 7.47 14.01 3.90 3.21 8.91 5.77
ERET I/ MiE 20.51 12.86 4.59 0.26 4.53 3.24 202 1160 1882 1522 1.27
Pingxiang city Tt 2138 1333 578 035 586 339 219 1228 2127  17.68 145
Yt 20.84  13.05 5.14 0.31 532 328 211 1202 2021 1664 136
bRz 0.40 0.23 0.50 0.04 059 0.7 0.07 0.32 1.08 115 0.08
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Fig. 2 Correlation analysis of 11 phenotypic traits of 142 germplasms of E. scandens
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Table 4 Correlation analysis between phenotypic traits
and altitude of E. scandens

FTUPER TR
Phenotypic traits Altitude
M LL -0.400%
5 LW -0.170*
MR LSL 0.093
MELT 0.560%
S GBI SBIL -0.250*
5 RS SBD 0.033
RELHEEFW -0.067
RIREAE FTD -0.096
R FLD 0.008
R CL 0.081
REJEPT 0.075

x5 NAREEKRERS S0

Table 5 Principal component analysis of 11 phenotypic traits
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R FHG 1 F A2 F A3 F R4 B
Phenotypic traits PC1 PC2 PC3 PC4 PCS5
K LL 0.860 -0.285 0.058 0.120 0.069
55 LW 0.688 -0.487 0.180 0.130 0.118
AR LSL 0.269 0.704 0.053 -0.009 0.245
HJEE LT -0.810 -0.013 0.111 0.012 0.171
BRI A SBIL 0.671 0.284 -0.020 -0.251 -0.229
W RABIRHMLSBD 0.295 0.707 0.024 0.112 0.361
ROTH E FW 0.155 0.130 -0.735 0.002 -0.008
SRAHi#E FTD -0.094 -0.228 -0.427 0.404 0.615
IR FLD 0.152 -0.324 0.195 -0.399 0.501
i CL -0.083 0.171 0.673 0.195 0.173
REJEPT 0.090 0.033 0.106 0.774 -0.263
F#F{H Eigenvalue 2.548 1.599 1.275 1.066 1.019
TRk (%) Contribution rate 23.16 14.54 11.60 9.69 9.26
ZiT51#k % (%) Cumulative contribution rate 23.16 37.70 49.29 58.99 68.25
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Fig.3 Systematic cluster analysis of 142 germplasms of E. scandens
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Table 6 Comprehensive evaluation of phenotypic traits of germplasm resources of E. scandens

g . VY1V
iiﬁ;m number Fl k2 K3 4 F3 Comp::hmerjji\i ls:core F 222(
Es0032 3.356 1.552 0.764 0.089 0.895 1.733 1
Es0011 2.151 1.533 0.088 1.418 -0.544 1.199 2
Es0012 2.370 1.289 0.882 0.819 -1.277 1.172 3
Es0028 0.831 0.355 0.240 3.206 1.730 1.088 4
Es0024 2.135 -0.709 0.192 1.090 2.263 1.068 5
Es0027 2.563 0.125 0.908 -0.140 0.151 1.051 6
Es0030 2.536 0.905 -0.705 -0.583 1.185 1.012 7
Es0021 1.865 -0.125 1.360 0.877 0.191 0.988 8
Es0009 1.575 0.552 0.288 -0.012 1.507 0.904 9
Es0033 1.836 0.666 1.281 -0.685 0.005 0.886 10
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