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The effects of surface characteristics on dust retention were studied by selecting 18 common landscape plants in a 

city. The results showed that under the same dust source condition, the dust retention capacity of different green 

plants was significantly different, the dust retention capacity of winter jasmine was relatively strongest, the 

average cumulative dust retention capacity was 4.572 g/m2, the average cumulative dust retention capacity of acer 

mono was relatively weakest, and the average cumulative dust retention capacity of acer mono was 0.515 g/m2. 

The average cumulative dust retention capacity of the two plants was 9 times higher than that of the other plants. 

The cumulative dust retention of leaves in different parts was as follows: lower part > middle part > upper part. 

The results showed that the plants with hairy leaf surface, large roughness, large stomatal density and opening had 

better dust retention effect, while the plants with smooth and hairless leaf surface and small stomatal density had 

worse dust retention effect. 

Greening Plants; Dust Retention Capacity; Leaf Surface Characteristics 

1 Introduction 

Air pollution has become a major hazard factor affecting human health. With the process of urbanization and 

industrialization, inhalable particulate matter (PM) in urban air pollution is the most harmful and most powerful 

pollutant to human health, bringing new survival crisis to human beings. Greening plants are important 

self-purification components of urban, natural and landscape ecosystems. They play an important role in 

improving the ecological environment, reducing sunlight radiation, increasing air humidity, purifying air and 

regulating climate. Because of the difference of its biological characteristics, the dust retention ability is also quite 

different. According to the ability of plant to retain atmospheric particulate matter and the physiological and 

ecological response, selecting and optimizing urban greening plants is of great significance to reduce the pollution 

of urban atmospheric particulate matter and improve the air quality. It is also the foundation of urban green space 

construction and the important guarantee of urban environmental quality. 

Yan Zeng, Li Wang, Xiaochun Li published an article in the Journal of Ekoloji (Issue 107, 2019) entitled “A 

Study on Regional Ecological Design of Overseas Chinese Wetland-Taking the Design of Fenghewan Wetland 

Park- Taking Kaiping City as an Example”. In this article, it is mainly introduced that with the development of 

social economy, the ecological environment has become a part of the urbanization process that cannot be ignored 
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(Zeng et al. 2019). Kaiping City of Guangdong Province is a famous hometown of overseas Chinese, hometown 

of architecture and hometown of art. It is the place where Chinese and Western culture meet. Based on the study 

of the ecological principles of wetland parks, the design of the Fenghe Bay Wetland Park in Kaiping City of the 

province is taken as an example to discuss how to design from the overall planning of rural wetland design, 

ecological waterscape design, native tree species and materials. The design results are good, which can be used as 

the basis of this research. 

The literature took typical garden plants (camphor, osmanthus fragrans, holly, rhododendron) in Nanning City as 

materials, the dust retention effects and physiological characteristics of typical garden plants in Nanning City 

were studied and compared for three consecutive years, and the dust retention capacity and capacity of typical 

garden plants were discussed. The experimental results and correlation analysis showed that the dust retention of 

typical garden plants in Nanning was positively correlated with the activity of leaf enzymes. Although this 

method reflects the correlation between plant dust retention and leaf enzyme activity, there is no further 

experiment and lack of accuracy (Shah et al. 2018). In the literature, for two consecutive years, three garden tree 

species, sausage tree, camphor tree and Shanti tree in Xiamen urban area, were used as test materials to study and 

compare the differences of dust retention and their ecological characteristics. The experimental results and 

correlation analysis show that the dust retention of different garden tree species in Xiamen has a strong 

correlation with the ecological characteristics of leaves, among which chlorophyll has a greater impact 

(Schoening et al. 2018). On the basis of observation, this experiment draws a conclusion that there is no actual 

verification and precise experimental basis. 

2 Idea description 

According to the climatic characteristics of a city, the species and growth status of greening plants in the whole 

city were investigated. Eighteen common and representative greening plants were selected as the research objects, 

among which there are seven trees: cherry blossom, ligustrum compactum, platanus acerifolia, acer mono, 

sophora japonica, euonymus bungeanus; eight were shrubs: cotoneaster horizontalis, cherry plum, Chinese rose, 

midget crabapple, winter jasmine, berberis thunbergii, euonymus japonicus and peony; three kinds of herbs: 

clover, Chinese violet and iris lactea. 

2.1 Experimental method 

2.1.1 Collectionof the sample plant leaf  

For the same plant species, three plants with good growth and consistent growth were selected for marking; 

deionized water was used to clean plant leaves artificially due to time and precipitation constraints; five leaf 

samples were collected from the upper, middle and lower parts of the same plant branch, in order to reduce the 

peeling of particulate matter on the leaves and avoid shaking as much as possible, the leaf samples collected were 

sealed up with plant names. In the self-sealed bag, samples were taken once every 5 days for 7 consecutive times 

to ensure that the accumulated dust retention time of plant leaves reached 30 days. 

2.1.2 Determination of dust per unit area 

Samples of plant leaves were put into 250 mL beakers and immersed in distilled water for 30 minutes; leaves 

were carefully clamped with tweezers, and adherents on the upper and lower surfaces of each leaf were washed 

repeatedly with washing bottles until they were clean; leaves were carefully clamped out with tweezers, and the 

mixture containing atmospheric particulate matter was filtered with filter paper of known mass (m1); filter paper 

was dried at 70℃ (Mori et al. 2017) in the oven, cooled and weighed the mass (m2) with one-thousandth balance 

(Filichkin et al. 2018). The difference between the two weights is the mass of air particulate matter attached to the 

blade sample. The total leaf area (S) of each sample was deduced and calculated by using the method of whole 
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weighing mass. The formula for calculating dust retention per unit area (S) is C=(m2-m)/S (Islam et al. 2017). 

2.1.3 Observation of leaf surface characteristics 

Leaves were collected and washed with deionized water. Leaf surface moisture was absorbed by filter paper. Leaf 

surface morphology, texture and type were observed by Nikon SMZ800 stereomicroscope. 

2.1.4 Stomatal observation 

The leaves of the greening plants were collected and washed with deionized water. The moisture on the surface of 

the leaves was removed by filter paper. The printing procedure was carried out by the imprinting method. The 

operation steps were as follows: 5 pieces of healthy leaves from 3 parts of the plant were coated with transparent 

nail polish on the lower surface of the leaf respectively. The nail polish was removed from the nail polish while 

the nail polish was dried and transferred to the glass slide. The microscope was observed by ZEISS Primo Star 

microscope. The stomatal morphology in the field of vision was enlarged by 400× and the number of stomata 

was recorded. Five visual fields were taken from each plant to calculate the average number of stomata in the 

field of vision (Aziz et al. 2017). 

3 Results 

3.1Dust retention capacity of greening plants 

The experimental results showed that 18 common greening plants accumulated dust retention for 30 days, the 

average cumulative dust retention was between 0.515 and 4.572 g/m2, the dust retention capacity of winter 

jasmine was relatively strongest, the average cumulative dust retention capacity was 4.572 g/m2, the average 

cumulative dust retention capacity of acer mono was relatively weakest, the average cumulative dust retention 

capacity was 0.515 g/m2, the difference of the average cumulative dust retention capacity between them was 9 

times; the average cumulative dust retention capacity of winter jasmine >sophora japonica>berberis 

thunbergii>cherry blossom >platanus acerifolia>Chinese violet>euonymus japonicus>ligustrum 

compactum>cotoneaster horizontalis>Chinese rose >clover>euonymus bungeanus>begonia xifuensis>midget 

crabapple>iris lactea>peony>cherry plum>acer mono. There were significant differences in dust retention ability 

of leaves in different vertical parts of the same plant (P < 0.05). The accumulated dust retention capacity of leaves 

in different parts of 18 plants was lower part > middle part > upper part. When plant leaves are disturbed by 

external environment, the coefficient of variation of cumulative dust retention per unit area of leaves is relatively 

larger. In open environment, more vehicles and pedestrians cause secondary dust on pavement to a greater extent, 

resulting in lower vertical position of leaves, greater influence by ground dust and motor vehicle emissions, and 

the cumulative dust retention is correspondingly larger. From Table 1, we can see that under the same dust source 

condition, the dust retention ability of different greening plants has very significant difference. 

Table 1 Variance analysis of dust absorbing ability of different greening plants 

Source of 

Variation 

Sum of Squares Freedom Mean Square F Value P Value 

Interspecies 121.962 19 7.112 27 265.59 0.000 

Error 9.007×10-3 38 2.397×10-4 

TheS sum 121.971 57 

3.2 Effects of leaf surface characteristics of greening plants on dust retention ability 

The dust retention capacity of leaves of 18 selected greening plants was classified according to the average 

cumulative dust retention capacity. When the dust retention capacity was more than 4 g/m2, the dust retention 
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capacity of plants was stronger; the dust retention capacity was between 3 and 4 g/m2, indicating that the dust 

retention capacity of plants was medium; the dust retention capacity was between 1 and 3 g/m2, indicating that the 

dust retention capacity was relatively weak; and the dust retention capacity was less than 1 g/m2, indicating that 

the dust retention capacity was weak. Experiments showed that, except berberis thunbergii, the leaf surfaces of 

winter jasmine, sophora japonica and cherry blossom were covered with pubescence; among the five plants with 

moderate dust retention ability, the leaf surfaces of ligustrum compactum were covered with very dense silky 

pubescence, the upper and lower surfaces of platanus acerifolia were covered with thick and dense hairs, and the 

leaf surfaces of cotoneaster horizontalis and euonymus japonicus were also covered with fine hairs. Among the 9 

plants with weak dust retention ability, the leaves of the other 8 plants had smooth surface and no hairs except 

clover leaves with thin bristles on both sides. The hairy leaves of plants increase the roughness of the surface of 

the leaves. When the atmospheric particulate matter contacts the surface of the leaves, it will enter between the 

pubescence and be blocked by the pubescence, which is difficult to fall off. The hairless leaves have a poor 

blocking effect on the particulate matter and have less accumulated dust retention on the leaves. Therefore, the 

plant leaf surface with pubescent characteristics is more conducive to the deposition of particulate matter, and the 

attached particulate matter is not easy to rise again, so that more particulate matter remains on the plant leaf 

surface (Li et al. 2018). 

3.3 Effects of stomatal characteristics on dust retention of greening plants 

From Table 2, it can be seen that the stomatal density on the leaf surface of the experimental greening plants is 

mainly oblong or oval, with stomatal density ranging from 5 to 76 in the field of vision; the stomatal density of 

the plants with larger cumulative dust retention is relatively large, among which the dust retention capacity of 

winter jasmine is relatively strongest, the stomatal density on the leaf surface is the largest, 76, followed by the 

dust retention capacity of sophora japonica, the stomatal density is 60. For stronger plants, the stomatal densities 

were 47 and 41, respectively; the stomatal densities of five plants with moderate dust retention ability were 

concentrated in 36-45; the stomatal densities of five plants with weak dust retention ability were in the range of 

22-28; and the stomatal densities of four plants with weak dust retention ability were less than 15, among which 

cherry plum and acer mono had the worst dust retention effect, with stomatal densities of 5. It can be seen that the 

stomatal density on the surface of plant leaves is positively correlated with the accumulated dust retention on the 

surface of plant leaves, which determines the dust retention ability of plants. These stomatal openings are easier 

to block dust and various particulate matters, and make it difficult for the particulate matter hidden in them to be 

taken away again by wind or rain. 

Table 2 Stomatal characteristics of leaf surface of greening plants 

Species Stomatal Morphology Number of stomata Dust retention capability 

Winter Jasmine Oblong 72 Stronger 

Sophora Japonica Oval 61 Stronger 

Platanus Acerifolia Oval 42 Medium 

Chinese violet Oval 39 Medium 

Chinese Rose Oval 24 Weaker 

Clovere Oblong 19 Weaker 

Cherry Plum Oblong 4 Weak 

Acer Mono Oblong 3 Weak 
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4 Discussion 

 As an important filter for purifying the city, the dust retention ability and mechanism of greening plants are the 

basis of urban green space ecological planning and design. Selecting suitable plants with strong dust retention 

ability for the development of the region, reasonably matching the plants of different life forms of trees, shrubs 

and herbs, realizing three-dimensional configuration of urban greening, can enhance biodiversity and 

ornamentality, better realize the evaluation of dust retention effect of green planting in landscape under the 

concept of ecological environment protection, improve the environment and produce better ecological benefits. 
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