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Effects of industrial transportation activities on plant diversity and soil properties

in the surrounding desert steppe
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Abstract: Heavy metal elements released during industrial transportation have an impact on the vegetation community and
soil properties of the desert steppe. The study of vegetation and soil could provide a scientific basis for the restoration and
reconstruction of desert steppe vegetation under the influence of industrial activity area. The desert steppe around the
Gaoshawo Industrial Concentration Zone in Yanchi County, Ningxia was selected as the experiment plot. Based on the
accumulated heavy metal contents in soil and dust in the early stage, five pollution gradients ( gradient I, gradient II,
gradient III, gradient IV and gradient V) were divided according to the Nemerow pollution index. The relationship between
vegetation community characteristics and soil properties under different pollution gradients was compared and analyzed by

means of field investigation and indoor analysis. The results showed that the species composition was relatively abundant in
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the first three pollution gradients, and Gramineae, Chenopodiaceae, Leguminosae and Compositae were the dominant
families. Among them, Lespedeza potaninii and Stipa breviflora were the main species under the influence of industrial
production and transportation in the study area, whose important values were 59.41 and 44.26, respectively. Moreover, with
the increase of pollution gradient, the evenness index of plant community decreased significantly ( P<0.05) , manifested by
single vegetation composition and unstable community structures due to industrial transportation activities. The surface soil
nutrients fluctuated greatly under the influence of heavy metals, and total soil nitrogen and organic matter with heavy metals
were the main soil factors affecting the species diversity index, which decreased significantly with the increase of the
pollution gradient (P<0.05). Thus, it suggests that the industrial transportation activities in the Gaoshawo Industrial Zone

significantly affect the desert steppe plant diversity and topsoil properties.

Key Words: desert steppe; heavy metals; plant diversity; soil nutrients; redundancy analysis
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Fig.2 Distribution map of different pollution gradients in the study area
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Table 1 Gradient classification of heavy metal pollution in the study area

V5 YL AL R 1 BARE T BAEE T BRIV BREEV
Pollution index Gradient [ Gradient [T Gradient I Gradient IV Gradient V
i P, 0.87+0.04 0.92+0.03 0.89+0.05 0.96+0.02 1.09+0.05
Py 1.27+0.04 1.55+0.03 1.61x0.03 1.59+0.03 1.650.03
5 P, 0.75+0.1 0.89+0.11 0.75+0.1 0.61+0.07 0.79+0.08
B Pp, 1.02+0.04 1.85+0.07 3.48+0.07 4.72+0.12 5.91%0.17
¥E Py, 1.18+0.05 1.150.09 1.11+0.09 1.51+0.07 1.70£0.1
i Py, 0.87+0.11 0.92+0.07 0.79+0.07 1.16+0.1 1.2620.07
B P, 0.92+0.15 1.01x0.14 0.94+0.16 1.8420.2 1.58+0.2
WG 5 Y485 P, 1.01£0.03 1.59+0.04 2.65£0.05 3.57£0.08 4.410.12
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Table 2 Important value of plants in sample plots under different pollution gradients

EE/RES | FEEE I B FhEEIV FhREV
Plant species Gradient I  Gradient I Gradient Il Gradient IV Gradient V
1% Pennisetum centrasiaticum RAR} 6.29 6.81

B[ R ZEHILERE Heteropappus altaicus Rt 3.67 2.97 2.8 4.4 3.68
2548455 Halogeton arachnoideus R 2.35 9.68

VKEL Agropyron cristatum RAF} 1.58

BERAT-H Cleistogenes squarrosa RAEL 4.69

XA FY A, Scorzoneradivaricata 25784 3.23

FIZE Chenopodium aristatum P 5.51

% Euphorbia humifusa Kk 2.17

JHEALEL S Stipa breviflora ARAR 8.09 5.31 6.38 8.15 16.33
TREWSE Potentilla bifurca TR 2.82 9.53 7.46 4.37

B Tragus mongolorum RAR} 3.51 14.14 8.43
H# Glycyrrhiza uralensis TR 7.76

YRR Setaria viridis RAF 5.85 5.56 6.34 3.83 13.32
HYE Artemisia ordosica i 7.46

(R Chloris virgata RAR} 5.52 7.02 12.52 16.03
KBHE Leontopodium leontopodioides R 1.85 1.3
F K Achnatherum splendens RAFL 2.44 4.49

3% Suaeda glauca #Ft 14.44

HHE Leymus secalinus ARAR 3.83 3.99

IRIETE Peganum harmala PERRL 1.4

W4 LG Erodium stephanianum P LT A} 8.16

Wik W] Oxytropis aciphylla SR 2.09

LB Lespedeza potaninii TRk 8.3 14.73 8.32 14.36 13.7
FLI KK Euphorbia esula PN 3.65

VP& Agriophyllum squarrosum R 6.99

WS Oxytropis psamocharis E 5.96

LIFF3E Ineris chinensis SRt 3.42
WAM 3 B3R Salsola laricifolia R} 6.05 5.86 6.43 10.28 4.31
M EAE Convolvulus arvensis TEAER: 3.24

5 VKEE Bassia dasyphylla Rt 7.82

M2 RS Corispermum chinganicum 2R} 9 5.35 5.2 5.82
FRIKJEAE Convolvulus ammannii AR} 3.45 3.09 1.94 6.56
i T LR Poa sphondylodes RAF 3.54 3.31 6.6 4.57
L& Polygala tenuifolia R 3.84
B HE Astragalus adsurgens 2Rk 3.15 4.92 2.55
W B Artemisia scoparia oyt 2.18 9.13
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W BV SHRREE T AR BRI T 21.92% (P<0.05) .
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Table 3 Plant diversity index under different pollution gradients

it H AR 1 | FEEET HEEIV KV

Item Gradient [ Gradient [ Gradient I Gradient IV Gradient V
F 5 BEHREL Patrick index 1.43+0.05b 1.34+0.12ab 1.40+0.21b 1.34+0.07ab 0.95+0.11a
ZREPEFE S Shannon-Wiener 2.01+0.06a 1.71+0.07a 1.96+0.36a 1.69+0.13a 1.46+0.21a
LA FEFTEL Simpson index 0.54+0.03a 0.49+0.05a 0.52+0.06a 0.49+0.06a 0.46+0.05a
YIS BEFEBL Pielou index 0.73+0.02a 0.70+0.04ab 0.700.05ab 0.68+0.04ab 0.57+0.04b

[RIZ A R 7R 22 5 i 35 ( P<0.05)
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47.54% (P<0.05) , HABAL PR 22 5 A .3 (P>0.05) . TE AN E &R 15 M E LT ,0—10 em 2 T 20
SR B EET 1020 em H120—30 em HHEZE (P<0.05) ,REXRE HIEAH S BB, HEAR EL RS
Yol FE X H R M AN W 2 USOER rm EAR E TLAG B R OR R 2 1R 24 57 8 35 (P<0.05) , )2 - e 5
10—20 cm F120—30 em JZHA L ST T 85.84% F1 98.11% ., A HLR & R AERS B V AL 3 T 28 4k 3 (P<
0.05) , FJZ A VLR S m A%, e LA AT 22 38 3 (P>0.05) , AL, BF5T IX Sic e J 36 2 + e 4
FrEEAL, IS A AT AR T RZ RS B E, SR ESBRMARIKT L REEA
GINpigEe
2.3 fEHYEE S BRI TR RDA 08T
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Fig.3 Comparison of physical and chemical properties of three soil layers under different pollution gradients
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Fig.4 RDA ordination diagram of plant community diversity index and soil environmental factors
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