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Abstract: [Objective] This paper aims to explore the degree of variation of phenotypic traits and main
source of phenotypic diversity of Sophora japonica resources in Beijing urban area, comprehensively
evaluate S. japonica and directly select the best germplasm, then provide theoretical support and breeding
materials for the breeding of improved varieties of S. japonica. [Method] In this study, 135 seedlings of S.
Japonica with DBH of 20 — 30 cm and tree age of about 23 years old were used as materials. According to
their 26 phenotypic traits such as leaf position characteristics, fruit characteristics and crown width
characteristics, the variation degree of phenotypic traits and the main sources of trait variation were analyzed
by statistical methods such as analysis of variance, multiple comparison and principal component analysis,

and the excellent S. japonica individuals were selected by quantitative evaluation and orientation.

s B #A: 2021-01-12 1&E H#: 2021-06-07

ERWH: Jbati ARG RRHE 8 LR H (CEG-2018-01)

F—1EH: BEE, FTEWRG M MAFEEEHEIL S5 ART A . Email: 1805856826@qq.com  Hihik: 100083 1k 5T 17 i 5 X i 1 4 %
35 SALF ML K AR B -

FEEE: SR, WL, B0, FEPIOT A R FEI 5HARPI A . Email: zuodeng@sina.com  Hiik: A .

ZSFIRIE: http:/j.bjfu.edu.cn; http://journal.bjfu.edu.cn


http://dx.doi.org/10.12171/j.1000-1522.20210013
http://dx.doi.org/10.12171/j.1000-1522.20210013

24

= N AN

[Result] The average coefficient of variation of the phenotypic traits of S. japonica was 25.08%, and the
variation range of the coefficient of variation was 7.01% — 264.44%, among them, the variation coefficients
of dorsal fluff, number of lenticels, leaf size and shape and leaf color were larger, and the variation
coefficients of fruit size and thousand-grain mass were smaller. From the analysis of variance and multiple
comparisons, it can be seen that, except for the basal leaf length to width, crown round rate, dorsal fluff, the
other phenotypic traits of the S. japonica among populations reached significant or extremely significant
levels, it showed that there were wide variations in phenotypic traits in different populations of S. japonicus,
and the degree of variation was different. The results of principal component analysis showed that the first
eight principal components represented 81.93% of the morphological diversity of S. japonica, among which,
leaf size, leaf color, leaf shape and fruit fullness were the main factors causing differences in phenotypic
traits among varied populations. Targeted screening of different types of ornamental traits of S. japonica by
means of comprehensive evaluation of principal components, 10 excellent germplasms for each of 3 types of
S. japonica were screened out, and the best germplasm came from 2 populations of Xingfu Street (XFDJ)
and Aolin West Road (ALXL) in Chaoyang District of Beijing. [Conclusion] The phenotypic traits of S.
Jjaponica germplasm resources in Beijing urban area are rich in phenotypic variation, and the degree of
variation is high. Among them, the variation of leaf positions is the main source of phenotypic diversity, in
addition, the variation degree of leaf and other vegetative organs of S. japonicus is greater than that of fruit
reproductive organs, which provides abundant resources and great space for the selection and breeding of S.
Japonica varieties. In each of the three categories, 10 optimal germplasms were selected, which provide
excellent propagation materials for the further collection, preservation and genetic improvement of the
germplasm resources of S. japonica.
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Tab. 1 Geographic information of sampling sites of Sophora japonica population in Beijing urban area

JERE KA Hh KT A EL ZE 2 ik
Population Sampling site Growth mode Individual number Latitude Longitude  Altitude/m
XFDJ FEAR A Xingfu Street ITIERY Street tree 21 116°2521"E  39°53'26"N 40
BCXL 1t /R Beichen Road ITIERY Street tree 17 116°22'50"E ~ 40°0021"N 40
ALXL BEARTE % Aolin West Road 1TIBEM Street tree 28 116°22'38"E  40°00'14"N 50
YQL H IR Yuequan Road 1TIEM Street tree 20 116°20'10"E  40°00'49"N 50
ZGCGY WA #HMA [ Zhongguancun Forest Park i #k Fragment forest 33 116°16'21"E  40°03'23"N 40
_ . IR lust
ASGY  BUMITTT#RMAFE Olympic Forest Park BRRIE Clustered 16 116°23'08"E  40°00'20"N 40

scattered tree
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Tab. 2 Statistical analysis of phenotypic traits of S. japonica in Beijing urban area

PR Trait H2/IME Min. value W KA Max. value % % Range ¥J{& Mean SD A5 5 2% Coefficient of variation/%
CLL/cm 15.35 30.25 14.90 2215 2.66 12.03
CLW/cm 6.40 14.75 8.35 10.12 1.80 17.78
CLL/CLW 1.53 3.05 1.52 2.23 0.31 13.73
TLL/mm 31.09 82.15 51.06 50.10 9.43 18.82
TLW/mm 15.03 35.73 20.70 24.04 4.08 16.95
TLL/TLW 1.37 3.04 1.67 2.10 0.29 13.74
MLL/mm 34.78 85.75 50.97 52.45 9.29 17.72
MLW/mm 15.38 30.75 15.37 22.41 3.25 14.51
MLL/MLW 1.62 3.54 1.92 2.35 0.33 14.13
BLL/mm 18.89 65.04 46.15 34.03 8.28 24.34
BLW/mm 11.04 29.10 18.06 17.98 3.61 20.10
BLL/BLW 1.36 2.74 1.38 1.89 0.26 13.80
L 30.97 42.77 11.80 35.07 2.33 6.65
a -13.50 —6.73 6.77 -9.89 1.42 14.40
b 8.53 25.67 17.14 14.66 3.21 21.86
C 10.90 29.00 18.10 17.71 3.40 19.21
h 48.24 65.36 17.12 55.60 2.78 5.01
FL/mm 10.71 19.46 8.75 12.86 1.46 11.34
FW/mm 6.56 10.58 4.02 8.19 0.67 8.21
FL/FW 1.20 2.07 0.87 1.58 0.17 11.04
FTGM/g 190.00 523.33 333.33 338.25 66.11 19.54
LN 6.00 30.00 24.00 14.30 4.03 28.18
DF 0.00 1.00 1.00 0.13 0.33 264.44
CW/m 4.00 11.10 7.10 6.91 1.55 22.39
CRR 0.64 1.64 1.00 1.04 0.15 14.31
CR 0.60 0.85 0.25 0.74 0.06 7.92
Y418 Mean 25.08

: CLL. & MH&; CLW. &85 TLL. AN TLW. A/ 58 MLL. S/t MLW. Hh#/N 38 ; BLL. B3/ BLW. JE3 /-
%5 s FL. SR FW. Behif; FTGM. TR LN, Bk 7LEG DF. MY 48E; CW. JEiE; CRR. # 7E % ; CR. MR, C. (%; h. (A
;L. a" bR %, R, Notes: CLL, compound leaf length; CLW, compound leaf width; TLL, top leaflet length; TLW, top leaflet width;
MLL, middle leaflet length; MLW, middle leaflet width; BLL, basal leaflet length; BLW, basal leaflet width; FL, fruit longitudinal diameter; FW, fruit
transverse diameter; FTGM, thousand-grain mass; LN, number of new branch lenticels; DF, dorsal leaf villi; CW, crown width; CRR, crown round rate;
CR, crown ratio; C, chroma; &, hue angle. L", a, b" represent leaf color parameters. The same below.
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Tab.3 Mean value and multiple comparison of phenotypic traits of S. japonica in Beijing urban area

JE# Population

AR Trait
XFDJ BCXL ALXL YQL ZGCGY ASGY

CLL/cm 23.87+£2.52a 22.34 + 1.77bc 23.44 +£2.3ab 22.14 +2.61bc 20.03 £2.24d 21.83 +2.36¢
CLW/cm 1191+ 1.74a 10.48 + 1.67bc 10.26 + 1.44bc 9.64 +1.60c 8.69+1.11d 10.66 = 1.59b
CLL/CLW 2.04 +£0.34b 2.17+0.3ab 2.30+0.22a 2.34+0.38a 2.32+0.27a 2.06+0.17b
TLL/mm 59.04 +£9.55a 53.48 £ 9.96b 50.20 + 8.26bc 46.82 + 8.23cd 44.17 + 6.05d 50.91 + 7.92bc
TLW/mm 27.26 +3.87a 24.98 +4.15ab 24.76 + 3.98b 21.12 +3.54¢ 2220+3.11c 24.97 + 2.96ab
TLL/TLW 2.19 + 0.39ab 2.15+0.33ab 2.04 +0.23ab 2.23+0.22a 2.00 +0.25b 2.04 + 0.26ab
MLL/mm 59.71 £ 10.89a 55.31 + 8.22ab 55.04 + 8.70ab 51.40+7.21b 45.20 £ 5.65¢ 51.61 £7.57b
MLL/mm 2447 £3.15a 22.80 £ 2.98ab 23.36+391a 21.08 £2.75b 20.88 + 2.64b 22.46 £ 2.12ab
MLL/MLW 247+047a 2.45+0.35a 2.38 £ 0.27ab 2.45+0.28a 2.18+0.28b 2.29+0.21ab
BLL/mm 3991 +10.33a 36.23 + 8.24ab 34.48 + 6.74b 35.24 + 6.98ab 28.00 +5.31¢ 34.05 +7.62b
BLW/mm 20.68 +4.36a 18.22 +2.9b 18.17 + 3.66b 18.79 + 3.43ab 15.69 +£2.29¢ 17.61 £ 3.04bc
BLL/BLW 1.94 + 0.35ab 1.98 £0.29a 1.91+0.21ab 1.88 +£0.17ab 1.79£0.21b 1.94 + 0.32ab
L 33.58 £ 1.35¢ 35.03 £2.04b 37.53+2.22a 33.55+2.16¢ 35.14+1.72b 34.50 + 1.67bc
a —-8.71+1.13a -9.61 +£1.17b -11.48 £ 1.13¢ —8.89+1.18a -10.12 + 0.82b -9.70+ 1.11b
b 12.62 +2.2dc 14.17 £2.97bc 17.93 +3.16a 12.32 +2.83d 15.29 + 1.84b 13.78 + 2.36bcd
C 1535+2.41c 17.14 + 3.08b 21.31+3.18a 15.21 +£2.95¢ 18.35+1.87b 16.86 +2.50bc
h 55.18 £ 2.03bc 55.40 + 2.97abc 57.06 +2.75a 53.71 £3.03¢ 56.35+2.31ab 54.63 +2.54¢
FL/mm 14.43 +£2.04a 12.83 £ 1.22bc 12.59 £ 1.04bc 12.36 £0.81c¢ 12.17 £ 0.97¢ 13.36 + 1.35b
FW/mm 8.76 £ 0.89a 7.92 +£0.70b 8.11£0.61b 8.06 +0.36b 8.09 £ 0.45b 8.28 £0.77b
FL/LW 1.65+0.18a 1.63 +0.20a 1.56 £ 0.18ab 1.54 + 0.09ab 1.51+0.15¢ 1.63 £0.20a
FTGM/g 379.34+77.07a 290.92 + 73.53¢ 327.83 £ 60.28bc 342.51 £ 61.75ab 323.52 +46.04bc 377.92 £ 46.69a
LN 15.10 + 5.34ab 16.65 +4.43a 15.75 + 3.38ab 14.80 + 2.89ab 11.15 +2.50¢ 14.06 + 2.86b
DF 0.10£0.30a 0.06 £0.24a 0.18£0.39a 0.20+0.41a 0.12+0.33a 0.06 £0.25a
CW/m 8.27 £ 0.99b 9.05+0.97a 6.97 £0.69d 5.45+0.59% 543 +0.67¢ 7.65 +0.89¢
CRR 1.05+0.23a 1.07+0.13a 1.04 £ 0.12a 0.98 +0.08a 1.04 +£0.13a 1.03+0.17a
CR 0.76 + 0.05bc 0.78 + 0.05ab 0.74 £0.03¢ 0.64 £0.03d 0.75 £0.03¢ 0.79 £0.02a

VE: AF/NG ERAREFE AR B A B2 7 . Note: different lowercase letters represent significant differences between samples.
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Tab. 4 Coefficient of variation of phenotypic traits of S. japonica in different populations in Beijing urban area

J& ¥ Population
PEIR Trait ¥){H Mean
XFDJ BCXL ALXL YQL ZGCGY ASGY
CLL 10.56 7.92 9.81 11.79 11.18 10.81 10.35
CLW 14.61 15.94 14.04 16.60 12.77 14.92 14.81
CLL/CLW 16.67 13.82 9.57 16.24 11.64 8.25 12.70
TLL 16.18 18.62 16.45 17.58 13.70 15.56 16.35
TLW 14.20 16.61 16.07 16.76 14.01 11.85 14.92
TLL/TLW 17.81 15.35 11.27 9.87 12.50 12.75 13.26
MLL 18.24 14.86 15.81 14.03 12.50 14.67 15.02
MLL 12.87 13.07 16.74 13.05 12.64 9.44 12.97
MLL/MLW 19.03 14.29 11.34 11.43 12.84 9.17 13.02
BLL 25.88 22.74 19.55 19.81 18.96 22.38 21.55
BLW 21.08 15.92 20.14 18.25 14.60 17.26 17.88
BLL/BLW 18.04 14.65 10.99 9.04 11.73 16.49 13.49
L 402 5.82 5.92 6.44 4.89 4.84 532
a 12.97 12.17 9.84 13.27 8.10 11.44 11.30
b 17.43 20.96 17.62 22.97 12.03 17.13 18.02
C 15.70 17.97 14.92 19.40 10.19 14.83 15.50
h 3.68 5.36 4.82 5.64 4.10 4.65 4.71
FL 14.14 9.51 8.26 6.55 7.97 10.10 9.42
FwW 10.16 8.84 7.52 4.47 5.56 9.30 7.64
FL/FW 10.91 12.27 11.54 5.84 9.93 12.27 10.46
FTGM 20.32 25.27 18.39 18.03 14.23 12.35 18.10
LN 35.36 26.61 21.46 19.53 2242 20.34 24.29
DF 300.00 400.00 216.67 205.00 275.00 416.67 302.22
CwW 11.97 10.72 9.90 10.83 12.34 11.63 11.23
CRR 21.90 12.15 11.54 8.16 12.50 16.50 13.79
CR 6.58 6.41 4.05 4.69 4.00 2.53 4.71
¥J{E Mean 26.55 29.15 20.55 20.20 21.63 28.01 24.35
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XFAE I 6 AN JE B R AL AT 2 A o
Br, BEAS B4R 8 id 7 KMO F1 Bartlett BRIEAS 5,
BRAY T AR 5. fHER S AT A 8 AN TR 1)
FEAEAR FME KT 1, H BRI DTk 2k 81.931%, K1
X 8 MR AR bR EARR BB AT VAN 04T
R SATM: R M T ETIHREN
21.908%, # far {H % /& (1) & B PR 2 CLL. CLW,
TLL. TLW. MLL. MLW. BLL. BLW, Szt ! f

A B8 BIARF A, BT AT DAKE 38— 3 B R A el
e B RN SR A TR bR 2B R T 22 DT
Bk 2 17.058%, #amf (H 8w IR LS o' b
Cs hy SR Py R B R o5, DRI T DACKS 56—
SHAE AL i i AR e ) SR A R b B =3
B T 2 TR RN 12.421%, #4048 35 = i TR A2
TLL/TLW. MLL/MLW. BLL/BLW, J It Hi i F i
TR 55, IR T 0T LLKS 28 = 25 Bl 1 A ol S sk [
B o TEAR 2R & FRAn s 550U s 7 Z TR A
8.827%, %X fui 1H % =1 1) IR /& FL. FW. FL/FW,
FTGM, Ji Bt 5 S (1) mst, DRI m DU 565 DY 3= Bl o

x5 ARTRERREEROERS B FHEER

Tab. 5 Principal component factor loading matrix of phenotypic traits of S. japonica in Beijing urban area

%4> Component
AR Trait
1 2 3 4 5 6 7 8
CLL 0.523 0.023 0.411 0.157 —0.072 —0.034  0.101 0.547
CLW 0.814  —0.103 0380  0.132 0.128 —0.049 0038 —0.143
CLL/CLW —0.585 0.134  —0.115 0.004  —0.228 0.003 0.049  0.661
TLL 0.706  —0.055 0.459  0.102 0.327 0.022  —0.029 0.047
TLW 0.825 0.000 —0.177  0.088 0.326  —0.031 0.029  —0.039
TLL/TLW -0.059  —0.085 0.852  0.029 0.028 0.070  —0.076 0.117
MLL 0.807  —0.025 0.471 0.058 0.058  —0.018 0.134 0.093
MLL 0.870  —0.020 —0.287  0.120 0.088 0.052 0.073 0.091
MLL/MLW 0.103  —0.008 0.888  —0.049 —0.044 —0.050  0.089  0.019
BLL 0817 —0.064  0.383 0.117  —0.058 0.002 0.095  —0.070
BLW 0.867 —0.104 —0.106  0.068 —0.152 0.078 0.045 0.018
BLL/BLW 0.191 0.042 0.790  0.107 0.098  —0.088 0.089  —0.165
L -0.032 0934  0.015  —0.099 0.022  —0.007 0.018 0.027
a 0.087 —0.899  0.032  0.054 0.022 0.064  —0.095 —0.106
b -0.064 0992  -0.021  —0.039 0.014  0.000  0.003 0.000
c -0.072 0.987  —0.022  —0.043 0.005  —0.014  0.024 0.025
h -0.002 0.826  —0.027 —0.006 0.109 0.092  —0.145  —0.169
FL 0261  —0.094  0.069  0.907 0.132  —0.101 0.020 —0.018
FW 0.165 —0.032 —0.017  0.441 —0.033 0.844  —0.017 0.026
FL/FW 0.139  —0.070  0.078 0.579 0.169 —0.756  0.037  —0.040
FTGM 0.095 —0.113 0.028 0.871  —0.113 0.231 0.011  —0.041
LN 0.312 0.015 0.044 0085 —0.151 —0.144  0.680  0.018
DF 0.051 0.017 —0.052  0.053 -0319 —0.103 —0.731 0.083
CcwW 0.333  —0.001 0.199  0.069 0.612 —0.050  0.261 0.151
CRR 0.084 —0.110  —0.038  —0.204 0.375 0.085  —0.221 0.547
CR 0.051 0.131  —0.025 0.016 0.858  —0.092 0.014  —0.063
HHF{E Eigenvalue 5696 4435 3229 2295 1.785 1.440 1219 1.203
Ji ZE5THR 3R Variation contribution rate/% 21908  17.058 12421 8.827 6864 5538 4688  4.627
R P57 ZEFTHRZE Cumulative variation contribution rate/% 21.908 38966 51387 60214  67.079  72.617  77.304  81.931
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Tab. 6 Comprehensive score and ranking of phenotypic traits of S. japonica in Beijing urban area

4L 55 56 I8 Leaf trait and crown width

€2 Leaf color WS Fruit plumpness

Hi44 Ranking

ETRE) JEi ZaEY w5 JEAE Za/Y %5 JEE GZa/Y
Code Population Comprehensive score Code Population Comprehensive score  Code  Population Comprehensive score
1 10 XFDJ 5.060 25  ALXL 6.535 8 XFDJ 4.435
2 14 ALXL 3.984 26  ALXL 6.172 9 XFDJ 3.326
3 8 XFDJ 3.619 19 ALXL 4.652 20 XFDJ 3.030
4 3 BCXL 3.091 18 ALXL 3.860 7 XFDJ 2.883
5 2 BCXL 3.050 28  ALXL 3.788 4 ASGY 2.191
6 9 BCXL 2.948 8 ALXL 3.526 10 XFDJ 2.037
7 20 XFDJ 2.631 5 BCXL 3.424 17 ALXL 2.003
8 18 XFDJ 2.619 24  ALXL 3.150 2 ASGY 1.908
9 3 ALXL 2.471 27  ALXL 3.111 7 ASGY 1.459
10 1 ASGY 2.164 16 ALXL 3.011 6 XFDJ 1.353

COR 5 iy K L T3 170 16 R o S 1] 97 o
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