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Abstract: [ Objective] This study aimed to evaluate the variation in phenotypic traits, leaf nutrient content, and enzyme
activities among 23 clonal lines of Xanthoceras sorbifolium, and to examine their interrelations. The findings aim to
provide a scientific foundation for the targeted cultivation, introduction and promotion of superior clonal lines of leaf-use
X. sorbifolium. [ Method] Twenty-three clonal lines of X. sorbifolia, introduced to Yancheng Forest Farm in Jiangsu
Province, were used as research subjects. Variation was assessed by analyzing the coefficient of variation across 15 key
indicators. Pearson correlation coefficients were calculated to determine the relationships between phenotypic traits, leaf
nutrients and enzyme activities. Principal component analysis and hierarchical clustering were applied to comprehensively
evaluate and classify the clonal lines. [ Result] The 15 indicators exhibited varying degrees of variation, with coefficients
ranging from 6.17% to 43.00%. Significant correlations were identified; nine pairs of indicators showed extremely
significant correlations (P<0.01) , while five pairs demonstrated significant correlations ( P<0.05).[ Conclusion] Leaf
traits among the clonal lines of X. sorbifolium display substantial variation, indicating strong potential for selective
improvement. The superior clonal lines identified were 50, Y8 and Y11, which are recommended for further cultivation
and introduction in the Yancheng region.
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WY A T L T8 A R T Ak
(119°27' ~120°54'E,32°34" ~34°28'N) , iZ & .
P Z A AR AR 13.9~14.5 °C L 4ERR K =
980~1 100 mm, ML EA 4 FA G, iR
VR T [F— RICHE R | R IE T KA A 2 4E 4R
i &  BERHAE RS 10~ 15 a, B 2.0~3.5 m, 42
10~20 cm M5 2.5~4.0 m, Z3H) 23 NI &
KBEAEO I 1T 75 F1 AWAER I, HRT
RHEFR, KT REE2MILX HHE 3% 3 4>
X2, BR/NMX 10 R, B ARFRAE R E N 3 mx4 m, R
e ZERAE, ] A HEK 98, TREE R 50~ 60 cm,
B Al N £ i ) 7 = 8
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Table 1 The name and source of the test Xanthoceras sorbifolium clones

%5 E i SR b ETRE Eiis Sfe i ETRE EA SHe i

No. name source No. name source No. name source
1 Y11 BVt 44 A 2 Tl 9 Y23-1 e R AR 1) 17 Y15 1P B 3 ik
2 50 B vt 44 4 2 Tl 10 20 PA 58 T S R 18 Y34 LG B2k
3 24 B PG 44 2IE 2 1 11 46 SR E LT )i 19 Y4 LUV B 3210 fik
4 Y14-2 e vt 44 4 2 Tl 12 Y1 PA 58 T SRR A 20 Y2 1L B 3 ik
5 22 PA 5ty S R A 13 Y30 PA 58 Tt S R A 21 Y28 LG B R bk
6 Y8 PR 5t SRR A 14 Y37 IITEFER A1) S 22 48 IITEFER A1)
7 F1 S ERREE TR )1 15 Y35 IINEPER A1) S 23 Y31 LV B 1k
8 Y32 PR 5 T SRR A 16 Y38 IINEPER A1) S

1.2 H@mXE

M HoRAERE] R 2022 4F 6 H 15 H (LAt
R &R RTT, iU ) | [ i | AR
Ui, AR TCE R R 3 HRAE KR R 4 TG
W HFENE 3 RER , BUCREEM T LK
B 20 F RIER M — 3 DRSS A
1 &, MlFbRidfs , — 3 A oK & H T 3R A
BRI | 55— 53 A VAT LA s Gl 3
W FE fbly [ S50 22 Pk, 57 B HE AT 2 AUBCHE I o

M5 60 C fHIR TR T  BirfE i 60 H (L
#£0.25 mm) G & H; HARFE R T - 80 C UKAH
GRS
1.3 fEHRME
1.3.1 R A E R

A3 A R8O W bR R RO & 8 & (plant
height, PH) 5 % ( crown width, CW)  H14% ( ground
diameter,GD) .M 7 JE ¥ (blade thickness,BT), fi
JH EPSON 49444348 52 1, F ] Photoshop CS6 it
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PSS 1A AR ( compound leaf area, CLA ) Jz Hi/)N
44 (eaflet number, EN) ; F43M T R FFR fa fef - o e
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TF) & 5 R AR AR L7052 B 2 ) (total poly-
phenol , TP ) 75 i ; SR F A HE 105 - e S0 Lb (751
FE &L ] (total saponin, TS) 7% & ; DPPH H H 3
(DPPH-) (ABTS [ H1%E( ABTS-) i ER R A E S
B ok,
1.3.3 KA EEN

S R WO E R TR
PR % & il ( phenylalnineammonialyase , PAL) | AR
¥4 1 ( cinnamate4-hydroxylase,, C4H ) | 4-75 52 k-
CoA & i ( 4-coumarin-CoAsynthetase ,4CL) % £
1.4 HIEAE

15 Excel ,SPSS ZE AT 8R 1T ME £ 2

il o SRAVIALER G 1530 15 24T 4 otk R ) AR R
TSR S R I ER G PR

2 HRE54M

21 XBREURTRSH

X} 23 ASCERSIATNER MY 15 D EbRE T
Geitordr, 250 (38 2) R W 1 AR S T A
BRIFEN 20 5 Y2 ToHER, We i /5L
BN 16 5 Y38 TetER ;7 AR AEAR L
B TRRZ R A A 5, AR S REGR I & TH R >
e I O > AR > EE I > T R > /N 5> i R
ST SR A & 4CL 3P DPPH - I5 FR
R ABTS-THRRE KRS A 2 5 50 Ttk
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5 Y15 TEPER 8 AN RS B AH O Bl I 1 AR B
R RRER S AR REERI N PAL {EPE>4CL i
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Table 2 Variation in various indexes of 23 X. sorbifolium clones

b 5 54 #fi Wz wRRsve TRV dRRERA
index variation range average SD cv ﬂi‘? LR
min clone max clone

Hi#5/cm PH 161.50~250.70 220.56 24.18 10.96 Y38 Y2
A%/ mm GD 21.27~41.37 34.59 5.74 16.60 Y38 Y2
TR/ em CW 103.32~177.70 137.36 19.30 14.05 24 Y4
SRV em? CLA 38.38~76.18 55.71 11.92 21.40 24 Y2
R B /mm BT 0.29~0.36 0.33 0.02 6.17 Y1l Y14-2
/N EN 15.00~18.33 16.35 1.07 6.20 Y11.Y34 .50 .Y38 48
R/ g FLW 4.31~8.30 6.39 1.11 17.41 Y28 Y35
ST A (mg-g™') TF content 41.12~60.59 49.72 5.82 11.71 Y15 24
SZ M4 (mg-g™') TP content 18.90~29.15 22.95 2.54 11.05 Y31 50
SBAF PR M (mg-g™') TS content 93.14~269.61 161.99 40.49 25.00 Y35 50
PAL {6t/ (U-min™' +g™') PAL activities ~ 12.57~45.67 25.61 11.02 43.00 Y15 Y32
C4H #HtE/(U+min™ +g™") C4H activities  113.78~236.00 158.97 34.07 21.43 Y23-1 Y15
4CL IFTE/(U+min™""g™') 4CL activities ~ 216.30~1340.15  803.73 318.91 39.68 Y2 50
DPPH- 3% #:#/% DPPH- clearance rate 69.03~94.83 83.68 0.07 8.13 22 50
ABTS-7&BE%/% ABTS- clearance rate 57.49~97.24 72.73 0.09 12.75 Y14-2 50

22 NERLHERZIERENEXES T
2.2.1 ARIGARAFAL ) 69 A8 KM

XF 7 ASRAVEBR A OCHE S A R T AR
B AR B E AR G (P<0.01) , AHE RECH 0.571;

A 5 i 3 R AR G (P<0.05) , M E R ECH
0.428; % it 1 A 5 fif i BT i B E I AHOC (P<
0.05) ,FHKZRECN 0.417 ; HAthH5FR B AH S PE A
BEEI),
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Table 3 Pearson’s correlation among phenotypic indices of 23 X. sorbifolium clones

F5 4% index Wi PH 2 GD i CW SOFEA CLA - MR AJEEE BT /NHECEN R FLW
Wi PH 1
HifE GD 0.571** 1
R CW 0.386 0.428 " 1
SR CLA 0.162 0.235 0.325 1
)RR BT 0.085 0.152 0.060 0.402 1
/NHETEN -0.150 0.180 0.202 0.168 0.280 1
I i FLW -0.090 0.100 -0.013 0.417* 0.233 0.163 1

M. % . P<0.05, % *.P<0.01, A, The same below.

2.2.2  *t R RS Bkl K Bl P A) 6 AR Kb

XF 8 AN FH o0 B AH O B P 6 B 14 A S 1
ST B S B R R REH AR
DPPH - 1Bk % | ABTS - 35 B R i i 3 IEAH & (P<
0.01) , MIEH & 5ABTS iR Mt &Y

DPPH - 15 BR# ABTS - 1 BR R, LA K DPPH - ji5 bR %
5 ABTS-THBRZF 2 A4 &3 A2 (P<0.01) ; &
w5 DPPH- H SRR R, C4H 165 &
AT R ABTS - 15 BR R 8 3 IE A G (P<0.05) ,
fhFEARE A AN B (K 4)

x4 S BIXBRAMEM AR SERBXEEMEBEE Pearson X%

Table 4 Pearson’s correlation between foliar components and related enzyme activities of 23 X. sorbifolium clones

18R index VTR TR BZm TP BT TS PAL C4H 4CL DPPH - ABTS-
SR TR 1
MW TP 0.570** 1
BT TS 0.159 0.568 ** 1
PAL 0.039 -0.279 -0.296 1
C4H 0.238 0.265 0.496 * -0.169 1
4CL 0.400 0.400 0.250 0.040 0.285 1
DPPH- 0.473 " 0.660 ** 0.573** 0.165 0.362 0.199 1
ABTS- 0.558 ** 0.705** 0.628 ** 0.008 0.456 0.316 0.853** 1

2.3 XERIMRZOITNIEREER S 3

Y R R A AR R n] B2 iR {1
25 M AR R RS2 Y s R
ey R AR 2 I (B0 25 (19 B B4 HE . MR A AR G
(KRB NG A IS LR b E NG T AN g
JE EEM R R A2 S AR
7 AESRAE I i bR AT 2 2 AT
ER (R 5) AT PUES 1 ) £ RS B2 W
i B AR AR, DE SR 2 R
TR R B R DRE SR 3 Y
FEIRENRE , RE A 4 T Y FE BRI B
R 4 A~ R BB 22 5Tk Ak 83.339% , HES I
JEAT PEAR A B 2005 8L, e B 4 A 2 gy itk
LGV, IR A TR R 4 A E Ry
o AR T 28 T AL B SRR R X S A A T
I3 SRAG MR 5130 (K 6) . & 6 1]
LA 223 A J0rE R ZR 6 HE4 i BURAK
50,24, F1, Y8, Y11, Y2, Y28, Y4, 46, Y37,
Y30.Y35,

Y34 .22, Y38, Y15, Y14-2, 20, 48, Y32, Y23-1,
Y31.Y1,

x5 XBREMER T MO ERANERSATER
Table 5 Results of principal component analysis( PCA )

of seven core indices in X. sorbifolium clones

W H item PC1 pc2 PC3 PC4
BZE &R TP content  0.789 0.404 0.310 0.061
BEAFFE TS content  0.675 0.355  -0.402 0.306
SR CLA -0.661 0.523 0.016 0.150
nfFr RS BT -0.327 0.618  -0.296 0.447
JLEHR & B TF content 0,429 0.614 0.386  -0.356
IR CW -0.421 0.097 0.792 0.293
gt Fi i FLW -0.456 0.510 -0.239  -0.584
FRAEE genvalue 2.191 1.590 1.179 0.873
ﬂﬂ(}”% 31.293 22720 16.848  12.478
contribution rate
BT/ %
cumulative 31.293  54.013  70.861  83.339

contribution rate
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Table 6 Comprehensive evaluation scores of seven

core indices of X. sorbifolium clones

?L‘Jf 6}' score

pREES
clone  pgy PC2 PC3 PC4 L34 aggregate

Yil 1439 -1.231  2.101  -0.649 0.444
50 2050 3411 -0.524  0.240 1.358
24 3374 0.884 -0.469 1232 1.024
Y142 -1.145  -0.341 -0.643  1.068  —0.411
2 -1451  -0.599 1238 0772 —0.285
Y8 0.587 -0217 1.108  1.327 0.487
F1 2.140  -0.872  0.611  0.418 0.626
Y32 -1.594 078 -1.022 -0.090  —0.503
Y231 -1.184  0.092 -1.209 -0.661 -0.636
20 -1.545  0.677 -0.389 -0.567  —0.466
46 -0.225  -0.030 0.794  0.532 0.123
Y1 -0452  -1.255 -1279 -1.18  —0.790
Y30 -0.006 0496 -0351  —0.056 0.045
Y37 -0.281 1.406 -0.846  0.004 0.089
Y35 -1372 1611 1372 -1496  -0.019
Y38 0.944 -1.843 -0.609 -0.611 -0.302
Y15 1162 -2.048 -1275  0.038  -0.312
Y34 0441 -1.014 0887 -0.638  -0.023
Y4 -0.749  0.283 2421  -0.544 0.170
Y2 -0.576  1.304 -0.128  2.076 0.353
Y28 0.693 -0.617 -0.016  1.620 0.276
48 -1.028 0314 -0.780 -0.814  —0.483
Y31 -1222 -1.199 -0.993 0450  —0.766
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575 215 205 17 S/ 35 i R BEE
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Fig. 1 Clustering of X. sorbifolium clones based on

seven core indexes

KT BEBABRIER 7 MaOERNFHE

Table 7 Mean values of seven core indicators for each population of X. sorbifolia clones

. . \ O BEM  paiemi
REH  ®iE/em  GHEHA/em® M ERE/mm S it i b g it K/ v i v (mg- 0 )
cluster W CLA BT FLW (mg-g™") (mg-g™) T:l : gt t
TF content TP content > conten
I 128.83 57.95 0.35 7.40 60.24 29.15 269.61
I 130.14 55.59 0.33 6.25 49.77 23.28 190.42
I 143.01 55.63 0.32 6.41 48.87 22.24 134.04
3 W B AR 3R (11.05% ) ,3X 55 [ 356220 (i e 45
AY

AR S RMOAGR AL o B AR N AR R
B, R R R A T kAR A
FEXF 23 AN SCRERTCHER G 15 MR R R EUK
INHEAT AT A IR AR B R R 6.17% ~43.00% ,
A SR AR, o B R T 43 $(25.00% )
A B L R R o 8 (11.71% ) K i %

—2, A bR b & o R & R R R
(21.40%) , Kt , 78 3Ce R T P 2 - 58 600 i
B, AR i AR PR R I e
85 o

W R CGE XS W 40 2K W %% ( Camellia
chekiangoleosa ) LR IEAT T i 1k , 42 M SEAR I AH ¢
KERLGEH MR EEME, XA PR
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AR LA TR BRI, Horh— AN RR e R 25 R
SEM AR H AR nT e A S A B PR AR
PRI TH R E L ARERSE S T A S
TR TCME R 1 FRIUPEAR B] | 356 B3 B 2 A 4 A
etk IR AR S B i AL R e
i 2 A DGR AR 2 RIS Ay T
5 ANFPUR ) T B ( Cyclocarya paliurus ) 2hH4 A= 4
FepE SRR, R | AR S o AR A
FREEASCHERIR B3, SN E 4518 — 3, AHE
FERILHEN | 22 W 24 0 i 22 (6] S 4 d 3 0F AH
o B Ry 21 JE A T e A — A 3L [F A A
R E——REERR , 1M 2 W &R A5 0 2
oy BRI A — 2 R AR 1Rk B R L
&Y A BGE H EUFR 3 A SR, PAL, C4H
4CL PTG HEXT HA R A 2R X, ARG R
B B R 53X 3 Fh R TR e I =2 [ A e
PIR B S R AN [F] B 4120 LA Z2 ) T
HRER T AS ] B 4L 2140 i v, 4 0AS TR) 0 038 2
2, L, 3X 3 P A fa B 5 e A A
R 5 TR DG T R AN [ 9 i B3 LA AS [ 8 £
W ED ) AR RS2 BB
57K DPPH - ABTS - U BE 1 2 Al Y977 16 B 3%
ol BEEMIEASE R, X 5B HAT
SRR AL, DRI, FE A5 Y SR SR 24 AR
RICH: R E TAE R, PR & o B e o o i
SN TN A RSP NN s g SN e

W E A T RN R AT A2, A ARk
B A i B R I T R N e o RN A R

%[30]’ H fi 76 2= ( Prunus salicina ) F
[33

( Prumus armeniaca sibirica) A ( Eucommia ul-
moides ) FTE B A% ( Citrus sinensis ) 28 2 F Fh
IR A s . ASHIFSE 38 i 32 A3 3 B in AL
LA E i 6 A2 IR & B Hod iR
BRISOERTCNE R, 739008 W2 .24 F1,Y8 W1
A Y2, A T 245 TSGR R T A B S 2R Bel 3k
Fl, BT 23 DEMRD A 3 KE T X
e 2GR AL, B I 2 KR R A A e
FERAE N 2, HESRWEF TAES, 7R HE
Fe RS H M AEEOR B T 25 T & e HUE R R
FRHT Aol

PR T A, AR AL E T 1 A Y
Bal RS I H IR PEAN 25 TN 8 19 368 b
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