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Evaluation of plant tolerance to environmental dust pollution based on

infrared thermography
ZHANG Ling ", CHEN Yuanjiang
School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract ; The effects of dust pollution on plant species depends largely on the plant’s natural ‘ dustproofing’ ability, which
is a kind of multifunctional composite dust-control technology that has great value for both the environment and economy.
Our study intended to determine which dominant tree species showed the greatest tolerance and adaptability in different dust
pollution environments. We conducted long term monitoring and an adaptability analysis on four kinds of shrubs (osmanthus
fragrans, schefflera octophylla, loropetalum chinense var.rbrum and camellia sinensis) commonly found in industrial parks
in southern China. Our study used potted plant samples in an indoor environment where we simulated industrial dust
pollution. We measured the dust-retaining capability and leaf temperature of our potted plants using biological microscopic
image analysis and a thermal infrared imager. Our results showed that leaf temperature increased as leaves were covered in
dust, and this varied according to the amount of dust in the environment. Dust that contained alkaline matter and heavy
metal elements had a stronger influence on our test plants. Thus, we suggest that any adaptability analysis of plants should
take the specific characteristics of dust pollution into full consideration. Our results suggest that osmanthus fragrans was most
tolerant to dust pollution, followed by schefflera octophylla, loropetalum chinense var.rbrum, and finally camellia sinensis.
Selecting plant species that have high dust-retaining capability, and low physiological and ecological responses to dust
pollution is important for industrial parks. However, planners and designers of green spaces in industrial parks also need to
consider the composition and quantity of dust pollution within each site, as this varies by type and frequency of business

enterprises within each industrial park and will help inform plant selection decisions. Our results show that leaf surface
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temperature is an important predictor of a plant’s physiological and ecological response to dust pollution, and further
research should investigate how variation in leaf surface temperature could be used to develop an index of plant tolerance to
environmental dust pollution. For existing industrial parks containing plants with relatively poor adaptability to dust
pollution, we suggest implementing regular watering, cleaning and other manual dust removal methods to reduce the
negative effects of dust particulate matter on plants. Meanwhile, the effects of dust (especially heavy metal dust) , on plant
root systems should be investigated. To ensure implementation of scientific management of green spaces in industrial parks,

we advise creating a temperature alert and maintenance schedule that includes regular protective cleaning of plants.

Key Words: environmental dust pollution; dust-retaining capability; leaf temperature; plant dustproof; adaptability

analysis; industrial park landscaping
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Table 1 Statistics of the change of leaf temperature (temperature change + standard deviation, °C) of four Kkinds of plants covered with dust

FFh Tree species

Digreasli] TR (]
Dust type Dust retention time A e LA LR S
Tea plant Fragrans Loropetal Schefflera
(10 A e 2 MR —K 0.235 + 0.068  0.155 + 0.051 0.198 + 0.059 0.201 + 0.068
Dust sample of flour mill MR TR 0.506 + 0.112  0.343 £ 0.102  0.441 = 0.105 0.500 + 0.115
MR =K 0.842 + 0.136  0.599 + 0.122  0.749 = 0.117 0.931 + 0.151
RO IIPS 1.302 + 0.167  0.947 + 0.142 1.152 + 0.154 1.417 £ 0.153
RPN 1.859 + 0.171 1.402 + 0.163 1.672 + 0.144 1.946 + 0.165
R YAPN 2.581 = 0.191 1.974 + 0.166  2.301 = 0.143 2.523 + 0.153
AT bk iR —K 0.194 + 0.059 0.135 + 0.041 0.174 + 0.057 0.123 + 0.042
Dust sample of timber mill AN IS 0.444 + 0.106  0.301 + 0.068  0.354 + 0.106 0.309 + 0.085
AR =R 0.735 + 0.145  0.507 = 0.114  0.564 = 0.136 0.538 + 0.120
RS IR 1.096 + 0.144  0.761 + 0.134  0.828 + 0.144 0.816 = 0.151
AR R 1.486 + 0.149 1.105 + 0.102 1.173 + 0.153 1.171 £ 0.143
HEEYAPN 1.940 + 0.168 1.470 + 0.102 1.583 + 0.146 1.541 = 0.141
T R iR —K 0.256 + 0.079 0.248 + 0.061 0.243 + 0.075 0.246 + 0.079
Dust sample of mental-fabrication W TR 0.580 = 0.123  0.554 + 0.116  0.567 + 0.110 0.567 + 0.130
R =R 0.995 + 0.156  0.911 = 0.115 1.012 + 0.137 0.974 + 0.186
A UPR 1.505 + 0.155 1.349 + 0.138 1.683 + 0.142 1.522 + 0.198
AR TR 2.223 = 0.201 1.896 + 0.140  2.457 + 0.169 2.118 + 0.200
A IAPN 3.062 + 0.179 2.541 £ 0.143 3.463 + 0.168 2.822 = 0.200
IKIET Kb R — R 0.329 = 0.091  0.289 + 0.078  0.261 + 0.074 0.309 + 0.091
Dust sample of cement mill A PN 0.734 + 0.144 0.636 + 0.134 0.615 + 0.114 0.714 + 0.144
AR =R 1.272 + 0.181 1.090 + 0.139 1.101 + 0.144 1.220 + 0.173
A HIIPN 1.970 + 0.209 1.653 + 0.140 1.759 + 0.145 1.849 + 0.180
RS HR 2.854 £ 0.196  2.289 + 0.129  2.613 = 0.161 2.564 + 0.187
AT VAN 3.893 + 0.189 2.930 + 0.138 3.662 + 0.181 3.423 + 0.195
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Fig.1 Infrared thermal images of leaf surface and corresponding statistical analysis of temperature distribution of four kinds of plants

http ; //www.ecologica.cn



6 S % 36 &

RIS R A i S S8 SR S Y 7 e ) IO s o 28 R € 0 =B S = U s 2 L i = SO0 L S R o
TR F AR, XA 1 AN 28 A FET 400 1) B 5 P 073 8000 3 e g 12 R[] — o A, S
o 22 R S B AR s R A A A B M P Sl /N At 3 AR 5 2 S IR AR AR T 22 [8] 5 ZL AR A T A5y
R TN Ry AR IR i B3 i S5 3R 2 SR B, 10X Rz g Ja i T MR8 ) AR LR EE R i A 4 FhAE
Wb sy o X SO A Y 22 5 T R R T [ R AN TR B P A Tl 22 e S B TR sl el B
T AR RE B AT O . PRI, XoF T DUl A 490 7 by 2 A58 o 0038 A R ) DAV s i 8 I i 2R BB O R AT
3T
2.2 MRS b

JO7 8 P R R 2 BT 2R G X i R U0 R 6 0 23 Ar R A PR AR B A5 20 AP 2 e s 2 it o o
GBS —AEAGIEIR . iRl RE R AR AR ) 57 P T AR S N 8] A B ARk 2 i JEARSE AR
o BT 2R 58 A D B, R BP0 k3 T AR 4 B 0 . Rl P48 DX PN A 2 A T AR 5 8 DX P e T AR L
SKFR iR ARG X R AR ORI AR R L N RO T R G A R D) R i R AR L
DAZRAERE T A2 RE T, S50 o 0T PN 1) DU AR AL 7 08 B R BRI T i it il AR RE PR (EIE 3 T3k 2,

R2 BLIET 4 FEM LN (%) Git

Table 2  Statistics of leaf dust-retaining capability ( %) of four kinds of plants in dust environment

W Fh Tree species

bipaee i R A
Dust type Dust retention time e FEAE ARIL¥S GRS S
Tea plant Fragrans Loropetal Schefflera
TR By ySpopis:| 0.018 = 0.005 0.027 = 0.007 0.048 + 0.009 0.018 = 0.004
Dust sample of flour mill Wb —XR 0.214 + 0.018 0.205 + 0.027 0.219 + 0.015 0.211 = 0.017
MRS R 0.240 = 0.020  0.237 + 0.021 0.254 + 0.018 0.241 = 0.018
M=K 0.276 + 0.023  0.270 = 0.021 0.291 + 0.019 0.269 + 0.023
AP AUPN 0.306 = 0.031 0.292 + 0.022  0.327 £ 0.024 0.298 + 0.022
RS R 0.328 + 0.027  0.324 + 0.028  0.349 + 0.023 0.319 + 0.025
AT VAPN 0.342 = 0.031 0.346 + 0.028  0.376 + 0.022 0.339 + 0.025
AL ke 25 R R 0.024 + 0.007 0.018 + 0.004 0.036 + 0.006 0.020 + 0.004
Dust sample of timber mill MR —K 0.193 + 0.019 0.202 + 0.025 0.211 + 0.018 0.193 + 0.016
A N 0.213 + 0.022  0.227 £ 0.015  0.235 £ 0.020 0.218 + 0.021
WA =R 0.233 + 0.025  0.254 + 0.020  0.264 + 0.024 0.248 + 0.023
HEOTAIPR 0.256 + 0.021 0.283 + 0.024  0.287 + 0.023 0.270 + 0.023
WS AR 0.276 = 0.024 0.309 + 0.019 0.308 = 0.025 0.290 + 0.021
HEAT VAP N 0.295 + 0.026  0.323 + 0.018  0.326 + 0.025 0.312 + 0.023
SR TR EySpopie| 0.019 + 0.005 0.030 + 0.008 0.057 + 0.009 0.020 + 0.003
Dust sample of mental-fabrication AR —K 0.206 + 0.020  0.217 £ 0.016  0.211 + 0.017 0.190 + 0.016
WA R 0.227 + 0.021 0.244 + 0.019  0.242 £ 0.020 0.225 + 0.027
AR =R 0.252 + 0.025  0.286 + 0.019  0.284 + 0.020 0.250 + 0.026
HEOP AP 0.273 + 0.023  0.306 £ 0.019  0.307 + 0.022 0.264 + 0.026
RS ILR 0.294 + 0.029  0.331 £0.022  0.328 = 0.028 0.276 + 0.026
HHEAL VAP N 0.310 + 0.026  0.357 + 0.023  0.358 + 0.026 0.290 + 0.027
KT Bk 25 N BRZH 0.020 + 0.006 0.033 + 0.008 0.064 + 0.008 0.028 = 0.004
Dust sample of cement mill R —K 0.215 + 0.020  0.223 £ 0.020  0.217 = 0.021 0.215 + 0.020
WA R 0.243 + 0.024  0.251 £ 0.023  0.253 £ 0.020 0.243 + 0.024
M=K 0.277 + 0.026  0.285 + 0.024  0.292 + 0.023 0.277 + 0.026
i IIPS 0.301 + 0.027  0.316 £ 0.023  0.327 = 0.023 0.301 = 0.027
AR AR 0.323 + 0.033  0.343 £ 0.024  0.352 = 0.028 0.323 + 0.032
EOEVAPN 0.342 + 0.030  0.372 £ 0.023  0.384 + 0.031 0.343 + 0.032
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Fig.2 Microscopic images and binary images of dust-catching leaves
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Fig.3 Curve diagrams of dust-retaining capability and temperature change of four kinds of plants in different dust environment
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