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Study on differences in seed phenotypic traits of Xanthoceras sorbifolium
Bunge from different provenances in northern China

WU Longqing, ZHAO Ming, WANG Yilin, ZHAO Yuhong, GUO Caixia

(Gansu Province Academy of Water Resources Conservation Forest of the Qilian Mountains, Zhangye 734000, Gansu, China)

Abstract: [Objective] This study aimed to systematically analyze the phenotypic traits of Xanthoceras sorbifolium seeds from
different provenances, to construct a scientific germplasm evaluation system, and to provide a theoretical basis for genetic improvement,
germplasm innovation, and industrial development of Xanthoceras sorbifolium. [ Method] Seeds from 12 provenances (including
Gansu, Shanxi, Shandong, etc.) were used as experimental materials. Ten traits, including longitudinal diameter, transverse diameter, and
single seed weight, were measured. Multivariate analyses, including one-way ANOVA, Pearson correlation analysis, cluster analysis, and
principal component analysis (PCA), were combined to reveal differences in phenotypic traits, internal correlations, and comprehensive
performance among provenances. [Result] Significant differences in seed phenotypic traits were observed among provenances (P <
0.05). Single seed weight showed coefficient of variation, while seed shape index exhibited the lowest. 100-seed weight was significantly
and positively correlated with transverse diameter, longitudinal diameter, kernel weight, and single seed weight (P << 0.05), whereas seed
volume was significantly negatively correlated with kernel rate (P << 0.05). Cluster analysis divided the provenances into three groups:
Group I (provenances 2, 3, 9, 11, 12), termed the “small-seed low-weight type”; Group II (provenances 1, 7, 8, 10), the “medium-seed
medium-weight type”; and Group III (provenances 4, 5, 6), the “large-seed high-weight type”. PCA indicated that the first three principal
components explained 74.05% of the cumulative variance, with provenance 4 achieving the highest comprehensive score (164.89 points),
demonstrating the most superior germplasm characteristics. [ Conclusion] The established “morphological trait analysis—statistical
model construction—germplasm classification” three-level evaluation system provides a new framework for scientific evaluation and
genetic improvement of Xanthoceras sorbifolium germplasm. Due to its outstanding comprehensive performance, Provenance 4 is
recommended as an excellent parental material for stress-resistant breeding.

Keywords: provenance; Xanthoceras sorbifolium Bunge; phenotypic traits; phenotypic variation

WIS HHA (Received) : 2025-06-17 EITAHA (Revised) : 2025-09-23
EE&WB: HNEARERERITE (2024kj105) ; 2023 4 H sebfoll 27 o & R % 400 H  (GSSH202308-001) + Hl & BHL 1+
RIWH (25]RRG0O44) .
E—EE. KK (wiq88923@163.com) , i+, TR, BIEMEE: TEH (wangyilinl973@163.com) , IE@Z LI,
SIxctgst: BRI, BB, F2M, 55 P EALTT AN FERESOE R TR AR ST (3], sl BHEOR 222441 2026,46(6):25-33,55.
WU L Q, ZHAO M, WANG Y L, et al. Study on differences in seed phenotypic traits of Xanthoceras sorbifolium Bunge from different
provenances in northern China[J]. Journal of Central South University of Forestry & Technology,2026,46(6):25-33,55.
R AR =N B F R TRR.

Academic Papers of the 28th Annual Meeting of the China Association for Science and Technology.




26 B, e AT A R RSO SR R AR 2 R w7

56 1

X5k B Xanthoceras sorbifolium Bunge /& 7G &
TR AR R R R R Y R Y, FTE R 2 28
FrEAEFE RN, BAE RS OE Rix— M7
G ETFRHEAR AR IR EALE, IR
Bl b6 77 20 B REAR B TR R . S5 AR A R AR
FRANBE TV R, BREFIRIAT] 414 C
Wi (R I ARG 7R X AR K EANE 250 mm [
FREZALX PSR T 4 ~ 2 260 m XA~ E
BEREAE R g 1 B AR R R A8 fi5azh.
A KA SR, Al AR, PEIER X
e SRR E M gS 1 X 48, RIEFE WA E W
K EDRFE B RE VAR, FRAg o X R A B
RSB M. SO SRR TE S AL AE, e K
MERERFSE 20 d, B b 2347 6 hRe (1) 52 3R 4L,
5 JRE Bt 23 Ak DA R S5 078 32 7 TG A 8 v R 3
B SO Rt 2 B RA M EHE Y, H A
JE FR AN R R 5 B o T K2 90.9%,  EE K>
SMBRANT MR, EAREES, HAERHA
AR, M E B AR S R R
AT TR, BARIE “deirmas” 9,

R MR R B AL B AR EEAH B AEH By 230
W — R BRI 20, B AR AR S R
FE A I AL 0 R SR T E B B4R A
B EP RE LN S, ERM K M
B LSRR B A 2 R TS R E S
BT R H st R e e, B DAIX S8 4R gk
J R 5 YR VA R AR SR 1 e A e DA B
THRME Z MR, OERELTE. NEE
SEAR TR oy A I DX Bl 2 Y, AR B AR i T B
B TR X IR B A 25, 3 HAEMF
HETE, DA A S SR, R F AR
Z A ERAEAE R ZER T 5 H Al S bR il ok
E, DA EZ RS E 2 B R EE R
— X E A R D B RE 2 b, xR
P AL DL K AR b S 2 3 B X = 2O RS AT
Pk Es, O HE MR E. BEREM T E R
WHRITER, FEBAL AT 7 AR ANE 247,
X TCEE M 20 1 SC5eE A R P TURS M 57 % DL = K
I B .

STk, ABFFUERCE EAL TR H N v
AL ZRAE 12 AN BRI 6 S0 5e R A1 il 5e 44
Bl W e FoAp R B e AR i & A 3 10
TG HE R R AR bR, 18 I 7 20 i 7 %
KA 7~ AN [R) B 2 18] AR S 1) S 25 AR B, ()N A B

Pearson A 5% 73 T fif A PR 22 1] R SRR AL s R
R W RN BT 72 AR &R, IRt 3 o3 3
BT 2 YE B IV RS . ARHIE FE B I AE T i b
BA AN [ ol J8 F4) S e SR o 1 2R B R 10 2 S e 52 A
FeOr AGRFAL,  MFRT R H R B R R R
RERARZOPERIR,  BEMT R 25 & AR BN I R
FRIRRIERE (A, 9 SCe R IR R MG 8 [
FAOVACTT RS B AR DL K K S %

1 MR5RZE
1.1 RiEwrst

REEA BN 2023 45 8 HRE HIl . hPEAIL
AREE 12 N AIR ) SO SRR T (R 1D o REE
AU R T B A6 S0 B B A X, T
HR T IR, PertsE S, FeHE T MR B,
A BG5S AN KB X o EARENIE 2 IR A,
IEEL 10 BRAEKAZFR . KB LR B AR 9 KA X
%, VLB PRREAR R R R Al S, f5 Rl F 7o
R R S A, EERR R R A
ANFTTALRER T, HHRRERLAN 2 kg, KRE
JE IR T ARG BT 2R A
W, SBRA TG AT B BT, DL AR B A4
R R i AR AR B

AT T AT IRHL ) IR SRR AR, ASHIE 5K H
GPS HiARIE TR s M AL bR, R R T
CESSIIR A R R TG RE I GBI R T GR 1D S
ME 1 ATUEH, R S8R FERKELEH
HAREVE K R 50 ~ 1 600 m. 5.0 ~ 13.5 C.
130 ~ 650 mm. 150 ~ 200 d, FA FF%E 7
REREILT I EBEEEIMGEE, RO T
P 2E B2 10 2 REVERRAE, WM JE S0 SR PR
B 5 PR 00 22 B4 7 Bkl

1.2 MRNE

M B A SRR (1) Tl ¥ VR A A R Bl AL B & 100
WKEFHMT, SN CHEEE3IANEZAH,
T A B 35 UL 3 0 e BRI D7 vk 4% TR
GB/T 2772—1999 (MAFhFHE IR FIFE) IAH ¢ 2
RAAT " E RS A 0.01 mm Y HL T AR RO
MWEMFRKE (AR RKEE) « %E (55
FREETT RS MEE (FEE T
K5 Fh 755 P10 ) s KR FED) AR I E FE bR
HREARE (Fh K/ P95, REFEELRBE 2 60/ O «



46 3%

A2 S A s AN e O 27

RGN 0.01 g TR PRERRRE. H
KL R PR SRR R B s O R e T
JEPE (0.01 mm AFD S5FZJEEE (0.01 mm K,
file s B D MEEA S, K E N 0.01 mm;
AT MR/ BRI R X100%) KR H

2 60 /NE. BT A X SR AR B AR, A [
— WA ARSI N SR 5E &, H 1 i
RN N R B T 0T e 77 AR 1R 22 . TR i H 0 SR
WPS 2024 R4S I0 3%, DAt gds B &l
L T R A A 12

x 1 MERMTIRREMER

Table 1 Information on provenance collection sites of Xanthoceras sorbifolium Bunge seeds
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Fig. 1 Correlation analysis of seed phenotypic traits of Xanthoceras sorbifolium Bunge from different provenances
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Fig.2 Correlation analysis between seed phenotypic traits of Xanthoceras sorbifolium Bunge and environmental factors
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Fig. 3 Cluster analysis of seed phenotypic traits of
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Table 3 Trait characteristics of Xanthoceras sorbifolium Bunge seeds traits in different groups

PEAR Traits HKHE T Group T KB Group 1T BT Group IIT F 1§ F value
F 7 Longitudinal diameter /mm 16.02+1.17 a 13.57£0.19b 14.25+0.64 b 12.527
FpF7& Transverse diameter /mm 14.834+0.75a 12.374+0.54 b 13.16+0.51b 16.616
FhFEHE 2L Seed shape index 1.08+0.06 b 1.10+0.03 b 1.0940.03 a 0.325
Fifi -7 J& Seed thickness /mm 12.41£0.59 a 10.15£0.39 b 10.82+£0.38 ¢ 25.167
il 57 J& Seed coat thickness /mm 0.754+0.02 a 0.724+0.03 b 0.7240.04 ¢ 1.229
FiA i & Kernel weight /g 0.65+0.08 a 0.44+0.05b 0.44+0.02 b 17.295
Fh Bz B Seed coat weight /g 0.584+0.03 a 0.43+0.05b 0.44+0.03 b 15.299
FAURJF & Single grain weight /g 1.39+0.15a 0.86+0.04 b 0.96+£0.09 b 30.793
TR & 100-grains weight /g 128.54+4.40 a 81.43+£2.67b 91.25+5.10¢ 134.087
4= % Kernel rate /% 49.334+10.94 a 53.60+4.46 b 47.68+4.00b 1.030

F4 TRMFECHERMPFIERERS S

Table 4 Principal component analysis of seed traits of Xanthoceras sorbifolium Bunge from different provenances

e F oy REE R 3o S AR
;fa?t\s Principal component Eigenvalue transformation calculated variable
F1 F2 F3 F1 F2 F3
7K Longitudinal diameter X1 0.70 -0.39 0.55 0.35 -0.27 0.46
FF %% Transverse diameter X2 0.87 -0.23 -0.35 0.44 -0.16 -0.30
FEFE % Seed shape index X3 -0.23 -0.13 0.95 -0.12 -0.09 0.79
Fh-FJ& Seed thickness X4 0.31 -0.21 -0.12 0.15 -0.15 -0.10
il 7 J2 Seed coat thickness X5 0.22 0.05 0.20 0.11 0.04 0.17
P~ JF & Kernel weight X6 0.67 0.68 0.04 0.34 0.48 0.03
il J2 i & Seed coat weight X7 0.68 0.53 0.18 0.34 0.37 0.15
FURLRR & Single grain weight X8 0.92 -0.31 -0.03 0.46 -0.22 -0.02
ORI & 100-grain weight X9 0.87 0.12 0.03 0.44 0.08 0.03
Hi47 % Kernel rate X10 -0.14 0.95 0.09 -0.07 0.67 0.08
TiHk 3 Contribution rate /% 39.59 20.23 14.23
Z it 7Tk % Cumulative contribution rate /% 39.59 59.82 74.05

x5 AEMREXERMFIEREETTN
Table S Comprehensive evaluation of seed traits of
Xanthoceras sorbifolium Bunge from different

provenances
R o S %ix gty #Bois
Proven;nces Principal component  comprehensive Score
F1 F2 F3 score ranking
1 -0.35 0.12 -0.29 -15.45 5
2 -1.68 1.21 1.06 -27.15 7
3 -2.50 -0.95 0.19 -115.47 12
4 4.87 -1.97 0.84 164.89 1
5 3.23 0.77 1.39 163.16 2
6 3.38 1.70 -1.53 146.41 3
7 -1.34 -0.43 0.69 -51.81 9
8 -1.33 -0.40 -1.56 -83.18 10
9 -0.63 1.19 -1.03 -15.54 6
10 0.50 -1.63 -0.02 -13.43 4
11 -1.34 0.45 -0.18 -46.70 8
12 -2.80 -0.05 0.44 -105.73 11

3 %O

3.1 ARIMIEXERMFIERMERIE SETS
VK
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