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Species diversity and community characteristics of weeds on the banks of the
Wenzhou expressway

HE Jia-qi', WU Lin°, QIU Zhi-min', GAO Xu-yong’, GAO Lun-lun', FU Shuang-bin', YANG Yan-ping',
WANG Pei-long', XU Wan', ZHOU Zhuang"

1. Institute of Subtropical Crops of Zhejiang Province, Wenzhou 325005, China; 2. Wenzhou Highway Engineering Co. , Lid. ,

Wenzhou 325804, China; 3. College of Landscape Architecture and the Arts, Fujian Agriculture and Forestry University, Fuzhou
350002, China

Abstract: Weed invasion leads to the degradation of vegetation on the banks of roadways, affecting the recovery and
stability of the ecosystem. Studying the species diversity and community characteristics of weeds on road banks is
very important for understanding the pattern of weed community succession and for designing precise control
methods. In this study, a contiguous grid quadrat method was used to investigate the vegetation on the road bank at
seven sites along the Wenzhou Expressway in Zhejiang Province. We identified the species of weeds and the

dominant species in the weed communities, and evaluated the diversity, stability, and similarity of weed
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communities. The results show that: 1) 65 species of weeds were present at the sampling sites, of which 47.69%
were annual, 10.77% were annual or biennial, and 41.54% were perennial. Bidens alba, Geranium carolinianum ,
Youngia japonica, Erigeron sumatrensis, Miscanthus floridulus, Ipomoea triloba, and Lactuca indica were
identified as the dominant weeds. 2) Patrick’ s index and Shannon’ s index were higher in B. alba-dominated
communities than in other communities, whereas Simpson’ s index and Pielou’ s index were lower in B. alba-
dominated communities than in other communities. Patrick’ s index was lower in M. floridulus-dominated
communities than in other communities, whereas Simpson’ s index and Pielou’ s index were higher. 3) The
communities dominated by B. alba and M. floridulus were more stable than other communities. The similarity
among different weed communities was low; 1. e., the types and numbers of species differed among the
communities. Overall, our results show that the weeds on the banks of the Wenzhou Expressway mainly belong to
the Asteraceae and Poaceae families. Because of their different growth habits, the invasion of B. alba (the
representative weed of the Asteraceae family) has increased the diversity of communities, while the invasion of M.
Sfloridulus (the representative weed of the Poaceae family) has reduced the diversity of communities. These results
indicate that different types of plants should be considered according to the local situation when replanting road banks
to promote the formation of a stable and sustainable community system and enhance resistance to weed invasion.

Key words: slope; weed; species diversity ; dominant species; community characteristics
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Fig. 1 The situation of weed on the slope of Wenzhou Expressway
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Fig. 2 Distribution of investigation sites
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Table 2 Species types and composition of vegetation on the slope

Bl Family PRl 8L Species number £ & Abundance Bl Family YRl 8L Species number £ & Abundance
%%} Asteraceae 26 79 FKF} Urticaceae 2 2
RAEL Poaceae 26 63 4B} Lygodiaceae 1 5
&l Fabaceae 14 21 W& Rl Vitaceae 1 4
KA} Euphorbiaceae 10 30 il 3% B Rl Oxalidaceae 1 4
JE B} Lamiaceae 5 8 it 3R Onagraceae 1 3
P FLF} Rubiaceae 4 15 Bi Rk Amaranthaceae 1 3
Ji€ f£ 8+ Convolvulaceae 4 9 R Anacardiaceae 1 2
% %8} Scrophulariaceae 4 7 1 B 52 8} Commelinaceae 1 2
HF} Polygonaceae 4 6 H &Rk Liliaceae 1 1
PR} Cyperaceae 4 6 R F AR Primulaceae 1 1
4 B FF Thelypteridaceae 3 3 Bji . Bt Menispermaceae 1 1
£ 17 &} Caryophyllaceae 3 3 XU BBl Pteridaceae 1 1
i} Solanaceae 2 10 13 £ F} Pittosporaceae 1 1
He 2 )L F} Geraniaceae 2 6 # 4% F} Buxaceae 1 1
5 Boraginaceae 2 6 FATHERE Apocynaceae 1 1
AR Apiaceae 2 4 5 K P} Crassulaceae 1 1
115 Ft Theaceae 2 3 R Rosaceae 1 1
KIFEE} Cannabaceae 2 2 2.4 F} Caprifoliaceae 1 1
425 M5B Hamamelidaceae 2 2 22 F} Rhamnaceae 1 1
HEF} Violaceae 2 2 7K e Bt Polypodiaceae 1 1
#32EF} Malvaceae 2 2 FINEL Araliaceae 1 1
FFl Moraceae 2 2 #i#} Ulmaceae 1 1
+ 5 4L B} Brassicaceae 2 2 1Rl Lauraceae 1 1
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Table 3 Main weed species on the slope

A HE ) Fil AR HAF A5 2 Importance value
Weed species Life form Survival -y k) g 2 M3 HAA LS MR 6 MR T A

classes Site 1 Site 2 Site 3 Site4 Site 5 Site 6 Site 7 Totality
A6 Y 25 Bidens alba — 44 Annual AfR Invasive 27.78 0.00 8.36 6.71 21.62 37.92 0.00 15.47
W W8 5 Geranium carolinianum —4E A4 B, —4F/E Annual or biennial A {2 Invasive 0.00 0.00 4.14 24.66 9.89 10.27 12.34 9.23
W3 Youngia japonica — 4 Annual At Native  4.31 4.26 11.76 25.25 6.77 5.19 0.00 7.92
IRITHE B Erigeron sumatrensis —A4EAE B T4EE Annual or biennial A2 Invasive  4.70 0.00 4.04 5.82 14.28 12.36 3.55 6.73
FLAT P Miscanthus floridulus £ 47/ Perennial A+ Native  0.00 42.65 0.00 0.00 0.00 0.00 0.00 5.59
=22 Ipomoea triloba —4FE Annual AfZ Invasive 1.88 0.00 4.05 6.31 2.89 3.03 20.88 5.44
PR Lactuca indica — A4 8 —4FE A Annual or biennial 484+ Native  0.00 0.00 13.83 1.40 7.77 2.21 12.63 5.13
FEA B Ageratum conyzoides —44: Annual AfZ Invasive 15.21 0.00 0.00 0.00 0.98 0.00 0.00 3.32
M 2k Phyllanthus urinaria —44: Annual A3k Exotic 0.90 0.00 12.36 9.34 0.00 1.55 0.00 3.29
1M WLEK Teucrium viscidum Z4E/E Perennial A3k Exotic 0.00 0.00 0.00 0.00 7.52 0.00 12.05 2.92
5% Sesbania cannabina —4F7 Annual AfZ Invasive  0.00 0.00 0.00 0.00 0.00 0.00 19.84 2.80
INHK 8 Euphorbia makinoi — 44 Annual A+ Native  0.00 0.00 22.05 0.00 0.00 0.00 0.00 2.68
/NTE L Erigeron canadensis —4F 7 Annual AfZ Invasive 0.00 0.00 0.00 4.55 4.58 1.80 0.00 1.61
BRE3E Acalypha australis — 44 Annual A3k Exotic  0.00 0.00 1.18 2.96 1.06 0.00 4.19 1.36
W42V Lygodium japonicum Z4E /)2 Perennial A<t Native  0.84 7.30 2.50 0.86 0.00 1.95 0.00 1.33
X R M Paederia foetida Z4F 1 Perennial A+ Native  0.00 5.75 1.51 1.32 0.00 0.00 4.12 1.29
B Sacciolepis indica — 4/ Annual A+ Native  5.89 0.00 0.00 0.00 0.00 0.00 0.00 1.27
B2 Saccharum arundinaceum %4 A Perennial A + Native 5.69 0.00 0.00 0.00 1.06 2.08 0.00 1.19
MR Broussonetia kaempferi £ 4E 1 Perennial A+ Native  0.00 13.05 0.00 0.00 0.00 0.00 0.00 1.15
T BERN R Bothriospermum zeylanicum —4FH: Annual A+ Native  0.00 0.00 0.00 5.31 0.89 0.97 0.00 1.11
R FA Rhus chinensis Z 47/ Perennial A+ Native  0.00 11.16 0.00 0.00 0.00 0.00 0.00 1.09
T Galium spurium £ 41 Perennial A+ Native  0.00 0.00 4.74 0.00 2.37 0.00 0.00 1.03
5 FE BB 5 Fimbristylis bisumbellata  —4F/: Annual A+ Native  4.25 0.00 0.00 0.00 0.00 0.00 0.00 0.96
P 5 B 3K Sonchus arvensis Z4FHE Perennial A3k Exotic 0.00 0.00 0.00 1.84 0.00 0.00 0.00 0.95
/NS Vicia hirsuta —4E 4 Annual A4 Native  3.98 0.00 0.00 0.00 0.00 0.00 0.00 0.86
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23 Continued Table

Fe F Yy il He 1 HAE ) T #{H Importance value
Weed species Life form Survival 51 g2 M3 B4 A5 MG T A
classes  Gjte 1 Site2 Site3 Site4 Site5 Site 6 Site 7 Totality
1 AR Cynodon dactylon ZAF /L Perennial Sh K Exotic  0.00 0.00 0.00 0.00 1.01 5.31 0.00 0.80
2 BAEM Paspalum wrvillei Z A Perennial AfZInvasive 0.00 0.00 0.00 1.54 0.00 3.56 0.00 0.70
WAL Cyanthillium cinereum Z4E/E Perennial A+ Native  0.00 10.09 0.00 0.00 0.00 0.00 0.00 0.69
%% K E; Pouzolzia zeylanica £ 4F/]: Perennial A+ Native 3.43 0.00 0.00 0.00 0.00 0.00 0.00 0.69
Wit 3% 5 Oxalis corniculata Z 44 Perennial 43k Exotic 1.98 0.00 0.00 0.00 0.93 0.92 0.00 0.66
M6 T 5L Scleromitrion diffusum —44: Annual A 4 Native 0.95 0.00 0.00 0.00 1.78 1.29 0.00 0.66
T 24 75 Erigeron bonariensis —4F 42 5 —4FE 4 Annual or biennial A& Invasive 0.00 0.00 0.00 0.00 0.89 0.00 3.38 0.65
e 3% Solanum nigrum —4F4: Annual AfRInvasive 0.81 0.00 0.00 1.13 1.87 0.00 0.00 0.62
B} # Lindernia crustacea —4E % Annual Shok Exotic  2.71 0.00 0.00 0.00 0.00 0.00 0.00 0.55
4 B Y5 Hedyotis chrysotricha Z4F/E Perennial A+ Native  2.85 0.00 0.00 0.00 0.00 0.00 0.00 0.54
KW 5 Eleusine indica —4E4 Annual 7 1 Native 0.00 0.00 0.00 0.00 0.00 3.75 0.00 0.50
25 0 FE T8 Alternanthera philoxeroides 24¢ /1 Perennial Af& Invasive  0.00 0.00 0.00 0.00 2.00 0.00 1.06 0.50
113 Imperata cylindrica Z4E /1 Perennial A+ Native  0.00 0.00 0.00 0.00 1.12 2.08 0.00 0.45
Wk Physalis angulata —4E 4 Annual Af# Invasive  0.00 0.00 0.00 0.00 1.84 0.00 0.98 0.45
KR Viola inconspicua Z 4/ Perennial A+ Native  0.00 0.00 0.00 0.00 2.28 0.00 0.00 0.41
B 4 Dichondra micrantha Z 4 Perennial A+ Native  1.98 0.00 0.00 0.00 0.00 0.00 0.00 0.38
KR WA Kyllinga polyphylla ZAF: Perennial AfZ Invasive 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.35
& 5 Setaria pumila —4E4 Annual Fh 3k Exotic 1.75 0.00 0.00 0.00 0.00 0.00 0.00 0.32
KA Euphorbia hirta —4E 4 Annual Af# Invasive  0.00 0.00 0.00 0.00 0.92 1.08 0.00 0.31
[ i S 4E . Spermacoce alata —44: Annual Af#Invasive 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.30
— 15,41 Emilia sonchifolia —4F/: Annual 4+ Native  0.00 0.00 0.00 0.00 0.00 0.00 1.98 0.29
BB Phyllanthus ussuriensis —44: Annual S Exotic 1.41 0.00 0.00 0.00 0.00 0.00 0.00 0.29
BRIF 35 Cerastium glomeratum —4E /4 Annual Af#Invasive  0.00 0.00 0.00 0.00 0.00 0.00 2.07 0.27
WK VBB Cyperus iria —4E4 Annual A+ Native 1.28 0.00 0.00 0.00 0.00 0.00 0.00 0.26
21 B ) Digitaria ciliaris — 4 Annual A+ Native 0.00 0.00 0.00 0.00 0.00 1.79 0.00 0.22
BRI Pueraria montana var. lobata %% Perennial 7K + Native 1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.21
18T B IR Cyclosorus parasiticus Z4£ /1 Perennial A+ Native  0.00 3.39 0.00 0.00 0.00 0.00 0.00 0.19
B 4858 Symphyotrichum subulatum — —4H 8 4 Annual or biennial Af% Invasive 0.00 0.00 1.72 0.00 0.00 0.00 0.00 0.19
F K FHEAT Microstegium vimineum —44: Annual A+ Native  0.00 0.00 0.00 0.00 1.05 0.00 0.00 0.18
241 Trachelospermum jasminoides Z4FE Perennial A+ Native 0.93 0.00 0.00 0.00 0.00 0.00 0.00 0.17
PPAEH Mallotus japonicus Z 4 Perennial A+ Native  0.00 0.00 0.00 0.00 0.97 0.00 0.00 0.16
KA 2 Clinopodium gracile Z -4 Perennial A+ Native  0.00 0.00 0.00 0.00 0.00 1.13 0.00 0.15
T & HE Ludwigia prostrata — 44 Annual 4+ Native 0.00 0.00 1.38 0.00 0.00 0.00 0.00 0.15
£ BIR Macrothelypteris oligophlebia % %F /% Perennial A+ Native  0.00 2.36 0.00 0.00 0.00 0.00 0.00 0.15
LT Viola philippica Z4E /) Perennial Z -+ Native  0.00 0.00 0.00 0.00 0.86 0.00 0.00 0.15
THE Euphorbia thymifolia —4E/ Annual A+ Native  0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.14
8 K&k Euphorbia prostrata —4FE4E Annual A& Invasive  0.00 0.00 0.00 0.00 0.82 0.00 0.00 0.14
HAHE Melilotus officinalis — 4B TA4FE Annual or biennial Af& Invasive  0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.14
WK FE Cardamine occulta —4E4 Annual 7 1+ Native 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.13
B Pseudognaphalium affine —4E 4 8 T 4E 4 Annual or biennial A& 4 Native ~ 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.13




55 35 B4 2 ) ROl 2 4R 2026 4F 47
x4 DEEEBHEZHENE
Table 4 Species diversity of weed communities on the slope
b PR 48 %L FE LR T AR AR EL B AR AL
Site Berger-Parker index Patrick index Simpson index Shannon index Pielou index
1 2.293+0. 347a 6.375+0.905a 0.601+£0.095b 1.27440. 214a 0.683+0.072b
2 2.221%+0.171a 3.12540.227¢ 0.843+0. 049a 1.050+0. 076ab 0.93940.023a
3 1.64440. 208a 4.000=£0. 627bc 0.456+0.112b 0.781+£0.175b 0.648+0.101b
4 1.996=+0. 210a 5.62540. 532ab 0.59140. 065b 1.134=+0. 116ab 0.66740.064b
5 1.83040. 238a 6.1254+0.953ab 0.539+£0. 069b 1.10740. 159ab 0.626+0.053b
6 1.896+0. 271a 5.50041. 150ab 0.528+0.112b 1.088=+0. 245ab 0.69340.067b
7 2.233%+0.219a 5.625+0. 460ab 0.664+0. 045ab 1.27240.088a 0.756+0. 056ab

T« RIS R/ING 0 3R B v 22 RV 802 5 8 2% (P<<0. 05) .

Note: Different letters in the same column indicated the significant difference in community diversity index (P<C0. 05).
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Fig. 3 Godron"” stability simulated curves of weed community on the slope
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T AT AT Hb )RR V4 FEADURR B AF 6 MO R AL L P A5 R AR BUR b 25 A AL 3 2R L (18T 4) o B2 B 2 B0, M 45 1
12 55 oAt b 65 1) S5 A P B 5 /b TR A R AR RURR A AR R AL . b s 3 55 b s A B 11 R AL R B
0. 550, FF v [A] A LI B2 Ay v S5 A BL 5 5 b i 5 3647 8 AL R 2l 0. 235, 1 9% TR AH (LR B g iR AS AR AL s 55
Mo 6.7 48 AR AT 8.6 W Rl MR R B3 Bl 0. 286 .0 261, BETE M) AR AR B Ry vh ZE R AL, Hb A 4 55 5.6
AR ANIEAE 10 11 A Fp AL R B0 0k 0. 303 .0, 423, FE V& ] A ARURR B2 A Hh S5 AN AH B 5 5 Mo 7 36 6 A4 i, A
LR E R 0. 250, FE 7% (A1 A R BE A A A ARARL o e 5 5 1 53 6.7 430 0 2 13 9 Wb AL & 850430 28 0. 371
0. 281, FE T4 AL AR B 0 v S5 S AR B o b s 6 45 i 05 7 3547 A Fh AR R BN 0. 129, BF 34 181 (U FR 5 M A A
HAL .

R5 BPERAEHFBREM

Table 5 Stability of weed communities on the slope

R A 2 YesE R AL S A AR WK [ B g HEVEASEM
Site Fitting curve Determination coeffi- Intersection coordi-  Euclidean distance Communities stabili-
cient nate ty index
1 y=0.00022"—0. 03412"+2. 28587 +45. 3619 0.9610 (20.57, 79.43) 0. 806 1. 2405
2 y=0.0001x"—0.0211x*+ 1. 72212+ 51. 8518 0.9956 (20.74, 79.26) 1.047 0. 9555
3 y=0.00022"—0. 04652"+ 3. 4341x+10. 7876 0.9916 (26.67, 73.33) 9.433 0. 1060
4 y=0.0001x"—0. 03412"+2. 87912+ 13. 1397 0.9987 (28.83, 71.18) 12. 480 0. 0801
5 y=0.0003x"—0. 0500x"+3. 1700+ 31. 9277 0.9544 (21.08, 78.93) 1.520 0.6578
6 y=0.0001x"—0.0194x"+1. 50192+ 58. 5012 0.9848 (19. 20, 80.80) 1.131 0.8839
7 y=0.0003x"—0. 05992"+3. 9465x+14. 1131 0.9442 (23.09, 76.89) 4.384 0.2281
FHAUL 5 %
A1 Site 1 = Jaccard irédéex

H 152 Site 2 0.063(2) -
0.5

#5453 Site 3 0.176(6)  0.143(3) .

0.4
i 54 Site 4 | 0.206(7)  0.136(3) - -

0.3
Hb 55 Site 5 0.209(9)  0.029(1) | 0.235(8) -
. 0.2
57 Site 7 0.054(2)  0.045(1) | 0.261(6) | 0.250(6) m 0.129(4) . 0.1
Hh 51 i 2 Hh 53 Hh 4 Hh 155 i 56 Hh 27 8
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4 HWFEEEZFBEURY
Fig.4 Jaccard index of weed community on the slope
$55 N R 2 R LA 9 FP 8. Number in bracket is the number of species shared by the two communities.
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Wnhn 5 K —H8 8 1€ (Solidago canadensis) #4070 51 Rk A TR J5 3% Az ik Bk 2 5505 55 — Jr i, A % gt
SEBEAE W T 5 3 BHY R 3 2 R1 B R SRR B SO NS sh R 51 AL Zha S8 FI2E T 50 B3R L H B I HE A
REYFI R AAZ A B, H 18 T (36 0 ) 25 B AW AR F SR Bel BRAK 58 I B 0 38 56 DXl 2 7 78 AS [ 72 B8 110 42
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BB AE S IEEER A B A 2 d BB i OC BB R E AR R SRy T 2022 AR G K A 1 CEE RS B AN SR AR W) B 44
S T AR SOGE B LR R E

ORI — 8 A 1% B Y Z L HLR TSR0 ST P M BRI IR IR — B0, AR AR e RUAE RO GE R iR R B
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3.2 AR F AR AT A
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A5 TSP 0 5 4 0 52 R — R B AL AR BE ) 5 HE V% rh A ) D BB R AE (T bk i 2 ML DB RE IS M ZREPE R R
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