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Response of plant community species diversity to soil
environment on slopes of Zhengyao Expressway

Wang Hua', Dong Nalin"?, Xu Enkai"?, Gu Hansi', Tian Guohang'?
(1.College of Landscape Architecture, Henan Agricultural University, Zhengzhou, Henan 450002, China;
2.Henan Provincial International Joint Laboratory of Landscape Architecture, Zhengzhou, Henan 450002, China)

Abstract: [Objective] The relationships between vegetation communities and soil environmental factors on
highway slopes were examined in order to reveal vegetation-soil feedback mechanisms. [ Methods] Four typical
plant community sample plots labeled A, B, C, and D were established along the K121—K137 section of the
Zhengyao Expressway. Vegetation surveys and soil physicochemical analyses were conducted, and Pearson
correlation analysis and redundancy analysis (RDA) were used to evaluate the associations between species
diversity and soil variables. [ Results] @O A total of 16 dominant species were recorded in the plots. The shrub

layer was dominated by Amorpha fruticosa, Vitex negundo, and Broussonetia papyrifera, and the herb layer was
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dominated by Artemisia argyi, Setaria viridis, and Erigeron annuus. @ Species diversity ranked B > D > C >
A, whereas soil nutrient levels ranked C > D > A >> B. @ Species diversity was significantly associated with
soil factors in the 0—20 cm layer, especially total nitrogen, total phosphorus, total potassium, alkali-hydrolyzable
nitrogen, and pH value. The results of redundancy analysis showed that total potassium was the main factor
associated with community diversity differentiation (with an explanation rate of 15.2% and a contribution rate of
16%) , and showed a significant positive relationship with species diversity. The species richness, the Shannon-
Wiener index, and the Simpson index were significantly positively correlated with each other, whereas none of
them was significantly correlated with the Pielou evenness index. [ Conclusion] Soil environmental factors are the
key drivers of plant community diversity differentiation on highway slopes, but higher soil nutrient levels do not
necessarily correspond to higher diversity. In particular, excessively nutrient-rich conditions may constrain further
increases in species diversity. During the natural restoration stage of slopes, it is recommended to focus on precise
regulation of key limiting factors and overall improvement of soil health, promote the development of multi-

species plant communities adapted to local conditions, and optimize community structure to construct an efficient,

stable, and sustainable slope ecosystem.

Keywords: species diversity; slope restoration; soil environment; correlation analysis

Bt I g o B 4 B DR gk, R
KB A S TR H AR v BE T IR 8 2 A
IR SR IT TR St B S PR R i, S BUK Rk
e A5 U AR RE I T R S B 2 2 4 X
AT HRLE A RN S DRI ] S B 52 40 B B A R
VRS2, i 37 AR A £ B R B B8 A S R G RRE L B A
CTARE-A S-S U REMR R B Sl TR S A A
S A8 AT R A it v 4 S B ) A

S A O Bl AR S R SRR L A, I
BRI 7 M 55 A S B B R R . R
8 3k R4 R ) R v A RO R R A5 R R RE R R R
FELBC PR S B4 7 1) 5 205 5 T A 0 D) 5 e ok A e
Ptk BT 5 A A T g B BCAE 1) S B BIL R o 5 R 3l
A A OC R AU B I AR E 1R 4 45 1 A, R IR
P2 R e T i L

o T 2 0 AR D TR A N T I B s AR
FRI KR BATRR R PR o SR TR 5B 22 R/
& X BRGSO Bz TR SR 3 s A
e E A A R R AR E TR B BT, R B
S0 R B L i 3K b T B3 e R B R BT R
W1, A B B v A5 A W Rh R S R
LA R E AL RE 7, LA B E A AR E PR 4R R L
SRS J R SR B R S R e T e A R . R
AIRA M T R ORT A S I, 4 BE B i A B
{05 o R P A B R PR T A 0GR O R T
O B 30 R R A2 R (BE R S E AT R SR o AT ARk
T J8& AR SC B 5E B AL v 7R AR 25 AR 9, I A
BRI VR S8 5 A WRE VR 45 0 2 R MR e
PE T ROOAE S BT R B B e S
Mg 1A T ELX R A 3 S AR ) R VR R 2R

PEXT A 8 BR 5T DR 1 e 7 ML A 5 A A 8 X K
WK S S e i RGEWESE .

T R A8 A A o I e A B R Y S AT X,
R R R A TR S 20 A AR AH R 4y B B AT A
TEREVE A5 H B — , LI TR SRR S 1 =X, 5
M) 370 39 A= 78 o A 0 B A RN o AR Y LR 58 v R
2 B K121—K137 Bt CE T — & 1L 3O 34 3 b BF 52
X G, % 320 3R B N 9 TEAT S AT R AR I A R
1z KBS 40 B, B2 & Pearson A ¢ M40 1 RLIT 4 43
Mt (redundancy analysis, RDA) % J5 1 X 171 3 i 70 4
Yy RETE W) R 22 e KOR B R - R AT AR SC A AT 4R
TR 2 B A o 5 A PR B DR ) A B O
F DL S h Wk 52 R AE 8 s AR S I Y B AL
DL O A T v 0 e 0 3 A 5 ot AR W) AR DR
PRSP HAR AR IS 2 7% 5K .

1 RS2 IX S

A58 i T [ 2 2005 4F 1) g 44 E — £ 228 8 18 i
T B ST B R RS TR AE B R W R
FH L% L i 5k AN TR AR R il
BB DASC R A s A7 5 5 4 O 32 MY G R
i % Ak AR, LR A A 4 Can g B2 1 R 3K
O R e R (NI 550 EIRHEITIR R,
B 7E TR A S A R Y i B A B o % Bl AT
FRE T 15 a0 BF5E XA R4 I dbAE SR A X R
HE R K ZR VDT B, DA EGR AR AR L BB A
F B TR R R B A S A I I G X, B
T B0 i 2 o (T 11 =5 N S o VR I S G OB
M 14.7 C AR FE K & S 1 000 mm, 452 78 &R 5k
0.8~1.0, WFoE B R 2 i, i &)



43

AR KRS i O 0 A W) T v W 22 R X R PR A i 237

12 0 A W AR 5 A R, B B B £ ARG A
Yoo ¥ FE LA A E P (Amorpha fruticosa) 14
W (Broussonetia papyrifera) | #l| % (Vitex negundo
var. heterophylla) . 5 #& (Ailanthus altissima) | 3E %
(Artemisia argy)) M & L F (Setaria viridis) .—4F3%
(Erigeron annuus) JL & (Arthraxon hispidus) % , Bf
TR AR WA W B 203K 8000 LA B o T A U] i % B
AL T 1 SRR SRS BR ) 01 0 2R 2 B AR AN L S
WK EAT M NE R DG S B 2 A 3R 4 A L, AT
AW G 0 AR YR Vs BRI A AR R SO R
55 R G R AR AR S

2 MRSk

2.1 WFRFAZE
211 MHUWEBELHLAS
AWFFE T 2022 4 7—9 F X KB 58 5 4 154 b

a H Al

HE Y 9 0 M7 52 0 T 5 ORE 3 e e i
B 3 A7 0 S B 9 L — 8 1 A
TG SR R B S AR R — B A R BB A
H R I B KT L S - HE R B T 3
TR 7 0 R 2 B P R WG 2 R 5 10 5 B BL R IR
B R R R — O S M PR A A
B 75 58 75 3 2 B K121—K 137 B 0 46 1 AL A5
1R 5 PE RO A WY R VA R L A4 i W AL BLC, D, IF
{2 R AN BE L R (A7 15 34 5 mxX 5 m il ARETT
VW AL Ay, A, B AN BE T R G AE T4 25 1R 5 4
1 m>< 1 m @5 AR D7 L 3 124N K B 7 1 60 4
BEACKE ST R R B0 A 0 B R T B
TSN RE DT BT R IR B I R
M R A KA SR R
FE A 4 A I 5 R O P 0 2 BB
1) RE B A BB 1

b # 32

Fig.1 Vegetation conditions of sample plots
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Table 1 Basic conditions of slope sample plots

e g s WS b AR A PR /m B WA YK /m /) B
A K121  33°48'30.04"N,113°4'54.98"E 119 R 221 s 13.5 43 FH
B K128 33°47'37.34"N,113°0'33.31"E 141 T 4 it Sl 14 36 FH 3%
C K129 33°47'40.48"N,112°59'10.53"E 190 BRI AR 15.4 65 FH B
D K137 33°46'37.71"N,112°54'35.87"E 165 PRk 2™ it 11.8 60 FH 3%
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Table 2 Dominant species and their importance values of sample plots
Wy Fi % Y B 24 & % HEH
LM (Amorpha fruticosa) R o R gy iy 3.88
I 2% (Vitex negundo var. heterophylla) /N IR TR AN H 8 1.81
FIB} ( Broussonetia papyrifera) R By 1 & 0.62
5tk (Ailanthus altissima) N i AR Rtk 0.33
£ 18 (Photinia serrulata) K L Vexi ) 0.16
SR (Artemisia argyi) ZHELEARRY B R RS 1.75
1 B # (Setaria viridis) — AR ALY RAR} 1y R ) 1.27
— 43 (Erigeron annuus) — AR A A AR ) % Bl KEJR 0.47
I (Arthrazon hispidus) — AR R A Y RAFL R 0.39
¥ B E (Artemisia scoparia) ZAEAE TR Y) % Bl = 0.33
T H45 (Parthenocissus quinquefolia) AT AR AE ) AR o #7 )E 0.32
WRALE (Commelina bengalensis) LA B Y e By £ 5 b 0.23
LIH 1 (Medicago sativa) ZAR A HARTY) A EE 0.19
2 (Imperata cylindrica) EZ-C %N L] RAF SEH 0.14
72 F (Pharbitis nil) — TR ) e B4R 0.07
JLSE (Cirsium setosum ) ZAFE BN 3 B & )& 0.05
R3 MW EEYFSEESW
Table 3 Analysis of species diversity in slope communities
Y fh 2 BEPE R 5L A, A, Ay B, B, B, C, C, C, D, D, D,
Yrfh 4= 8 1 (DM) 2 2 4 5 5 4 3 5 4 3 5 5

Shannon-Wiener ZFEPEF8 50 (H)  0.480 0.494 0.679 0.770 0.784 0.724 0.526 0.698 0.500 0.546 0.776 0.767

Simpson i #JE 5 H (D) 0.673 0.687 1.241 1.531 1.573 1.330 0.891 1.340 0.953 0.931 1.557 1.521

Pielou ¥ 5] FEF8 8 (E) 0.971 0.991 0.895 0.952 0.978 0.959 0.811 0.833 0.688 0.847 0.967 0.945
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Table 4 Contents of physicochemical indicators in different soil layers of slope sample plots
o A 2R/ X 44/ WA/ ARE/ W/ LB/ H KA/
WHE/em (gekg ) (gekg™) (g-kg') (mg-kg ") (mg-kg ") (gekg™) (g-kg") %
A 0—20 1.31 0.356™ 18.11 16 3.17 209 30.3 8.5 4.23
' 20—40 1.16 0.158™ 17.01 90 347 225 25.0 8.4 6.25
A 0—20 1.10 0.216™ 16.52 48~ 2.17 289 26.6 8.4 4.11
’ 20—40 1.06 0.166™ 16.66 22" 1.4" 213 24.3 8.4 5.61
A 0—20 2.33 0.442° 19.32 99 3.57 168 53.0 8.5 5.38
’ 20—40 0.617 0.028™ 16.56 80 1.0° 248 13.0° 8.5 4.40
B 0—20 1.90 0.075™ 20.93 64 5.2° 213 46.8 8.6 4.32
l 20—40 1.49 0.0317 18.46 17" 5.17 226 35.9 8.6 4.59
. 0—20 1.65 0.3617 19.97 61 4.47 152 40.5 8.5 3.35
’ 20—40 0.45” 0.000™ 17.97 36" 3.8 216 7.57 8.6 11.83
B 0—20 3.12 0.420 19.22 43™ 6.2 242 9.3" 8.4 3.71
" 20—40 0.49” 0.265" 20.63 21" 0.9 355 10.0” 8.6 5.85
c 0—20 6.26 1.338 13.05 366 20.7 391 17.9° 6.8 4.62
' 20—40 — — — — — — — — —
c 0—20 5.17 0.597 10.77 38" 10.5 249 16.6” 7.6 5.50
’ 20—40 — — — — — — — —
R 0—20 4.47 0.844 13.45 337 14.0 303 13.4° 7.9 3.94
’ 20—40 — — — — — — — —
- 0—20 3.27 0.748 16.49 145 18.6 281 9.7" 8.0 5.42
1 20—40 2.77 0.665 18.66 71 7.1 126 11.1° 8.2 6.67
b 0—20 1.68 0.606 21.69 144 13.8 258 34.8 8.2 3.10
’ 20—40 0.59" 0.986 22.97 132 3.7 114 11.1° 8.5 4.87
. 0—20 3.39 0.498" 16.36 134 6.4° 188 9.8 8.0 4.02
' 20—40 1.12 0.2727 12.89 84 2.17 103 21.7 8.4 5.03
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Fig.2 Correlation analysis between community species diversity and soil environmental factors
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Table 5 Explanation and contribution rates of
environmental factors to community
species diversity

+ 3N fRBER/ % TkE/% F P
28 (TK) 15.2 16 4.8 0.038
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FIKFE(MC) 3.9 4.1 2.9 0.164
B i & (AN) 5.7 6.1 2 0.172
pH i 4 4.3 1.5 0.226
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Fig.3 RDA two-dimensional ordination diagram of
community species diversity and environmental
factors
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