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a Department of Construction Engineering and Management, Pontificia Universidad Católica de Chile, Santiago 7820436, Chile 
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A B S T R A C T   

Exposure to ambient PM2.5 poses serious threats to human health. In such cases, the presence of green roofs (GRs) 
and green walls (GWs) has several environmental benefits, including the capture of pollutants. Choosing 
appropriate designs of GWs and GRs to improve urban air quality is challenging because their performances 
depend on their constituent species and environmental characteristics of the particular locality. Capture of PM2.5 
by different plant species of GRs and GWs has been measured only on monocultures. The impact of planting 
different species together (polycultures) on capturing PM2.5 remains unexplored. This paper aims to evaluate the 
impact of biodiverse GRs and GWs on PM2.5 capture. Seven species were analyzed as polycultures: Sedum album, 
Lampranthus spectabillis, Sedum spurium P, Lavandula angustifolia, Erigeron karvinskianus, Aptenia cordifolia, and 
Sedum palmeri. PM2.5 capture was measured by two methods: gravimetric determination and decay curve. 
Gravimetric results suggest that higher the biodiversity of plants in GRs and GWs, higher the PM2.5 capture, 
particularly for species with relatively low capture when used as monocultures. The ability to capture PM2.5 is 
dependent on the plant species, relative position of plants within the polyculture, and horizontal (GRs) or vertical 
(GWs) layout. Decay method results suggest that polycultures could be more effective in long-term reduction of 
high PM2.5 concentrations.   

1. Introduction 

Urban air quality is a subject of concern due to its impact on public 
health worldwide (WHO, 2021). Multiple strategies have been proposed 
to improve urban air quality, such as monitoring emission standards, air 
quality management, economic instruments, etc. The use of green in
frastructures (GI) such as trees (Cabaraban et al., 2013; Jayasooriya 
et al., 2017; Jeanjean et al., 2017), shrubs, hedges (Wania et al., 2012; 
Abhijith et al., 2017), green roofs (GRs) (Wania et al., 2012; Abhijith 
et al., 2017; Yang et al., 2008), and living walls (GWs) (Abhijith et al., 
2017; Ottel et al., 2010; Viecco et al., 2018), has been considered as a 
strategy to improve urban air quality due to the well-known ability of 
vegetation to filter pollutants (Weyens et al., 2015). GRs and GWs have 
been known to mitigate multiple environmental impacts in cities, such 
as reducing building energy consumption, mitigating urban heat island 
effect, mitigating floods, and improving air quality (Besir and Cuce, 
2018). Several studies have focused on the capture of particulate matter 

(PM) through dry deposition by some types of vegetation. PM is a type of 
air pollutant with serious impacts on human health, especially particles 
with size smaller than 2.5 μm, known as PM2.5 (WHO, 2015). These 
particles are capable of entering the human respiratory tract and 
reaching the lungs, and have short, medium and long term health im
pacts (WHO, 2016). Long term exposure to ambient PM2.5 is associated 
with the development of multiple cardio-respiratory diseases and lung 
cancer, leading to millions of premature deaths per year worldwide 
(WHO, 2016; Burnett et al., 2018; Hamanaka and Mutlu, 2018; Pope and 
Dockery, 2006; Chow et al., 2006). 

The use of GRs and GWs in cities is feasible due to the presence of 
buildings with large areas available to accommodate them (Mohajeri 
et al., 2015). However, identifying the appropriate types of vegetation 
for each environment is challenging considering the typical character
istics of different species and the climatic conditions required for their 
development (Dunnett et al., 2008). 

Literature review shows a positive impact of monoculture vegetation 
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i.e. a single species in GRs and GWs on air quality. For example, Viecco 
et al., (2018) and Jun Yang et al., (2008) have highlighted the potential 
of Sedum album to capture PM2.5. Viecco et al., (2018) studied nine GRs 
and GWs designed as monocultures for the capture of PM2.5. Table 1 
presents the results of PM2.5 capture by each species, derived from the 
results reported by Viecco et al., (2018), and expressed as surface mass 
flux. This data suggests the potential of a variety of plant species to 
capture PM, emphasizing the need for deeper understanding and eval
uation of their potential in order to estimate their impact on mitigating 
urban air pollution. 

However, there is a lack of research on the impact of biodiverse 
vegetation in GRs and GWs on the capture of PM2.5. Several authors 
suggest that compared to monocultures, biodiversity of plants could 
improve their ability to provide multiple and effective ecoservices such 
as temperature regulation, protection of watersheds, pollution uptake, 
and decreasing weed biomass, among others (Cook-Patton and Bauerle, 
2012; Kiær et al., 2009; Zhang et al., 2017; Upadhyaya and Blackshaw, 
2007). A previous study has showed positive interactions between plant 
biodiversity and ecosystem functions of vegetation (Isbell et al., 2017). 
Yield stability, weed suppression and pest suppression are some of the 
agroecosystem services provided by biodiversity. 

As per a previous study, polycultures could be more efficient than 
monocultures in enhancing the efficiency of GRs in improving the spe
cies ability to survive and its ability to provide valuable services 
(Lundholm et al., 2010). Increased plant productivity could improve 
rooftop insulation, reflectance, and cooling from evapotranspiration 
(Alexandri and Jones, 2008; Kumar and Kaushik, 2005; Verheyen et al., 
2008). Higher complexity of vegetation could also increase rainwater 
retention (Dunnett et al., 2008; Rixen and Mulder, 2005). Moreover, 
biodiversity of plants could reduce the need for fertilizer (Bracken and 
Stachowicz, 2006; Cardinale, 2011; Berndtsson, 2010), improve the 
temporal stability of resources, and offer a better environment to sustain 
animal communities (Brenneisen, 2003; Menz et al., 2011). Addition
ally, polycultures improve the aesthetic of GRs (Fuller et al., 2007; 
Nagase and Dunnett, 2010) and GWs. 

Therefore, it might be expected that plant biodiversity enhances the 
PM capture ability of GRs and GWs, and hence, increases their capability 
of improving urban air quality. This hypothesis is sustained by the fact 
that biodiversity increases biomass, and hence, the leaves’ surface area 
(Yang et al., 2015), which in turn would favor a larger capture of PM by 
dry deposition. This paper aims to understand and evaluate the impact 
of plant biodiversity on the performance of GRs and GWs in PM2.5 
capture. Results of this study can be used to design GRs and GWs with 
appropriate vegetation for urban planning and supporting the devel
opment of public policies for greening cities. 

2. Materials and methods 

2.1. Methods of measuring PM2.5 capture 

Two methods have been identified to determine the effect of vege
tation on improving air quality through particle capture: gravimetric 

analysis and decay curve. 

2.1.1. Gravimetric analysis method 
This method consisted of gravimetric determination of particles 

filtered from the liquid with which leaf samples were washed after 
exposure to ambient PM for a known period. The procedure developed 
by Dzierżanowski et al. (2011), and adapted and implemented by Viecco 
et al. (2018) was followed in this study. In this method, sampled leaves 
were washed with 250 mL deionized water to remove particles depos
ited on the surface of the leaves. For the quantification of PM deposited 
on the wax of the leaves, samples were washed with 150 mL of chlo
roform. After sequential filtration of the washing liquid phase, three 
sizes of particles were obtained: (1) above 10 μm, (2) between 10 μm and 
2.5 μm and (3) below 2.5 μm. The PM2.5 capture is presented as a 
function of the surface flux of deposition (μg cm− 2 h-1). The leaf samples 
were photographed, and their surfaces were measured. Further details of 
this method can be mentioned in detail in Viecco et al. (2018). The 
gravimetric method provides a single set of data per test, but it has the 
advantage of analyzing the PM2.5 capture ability of each species in a 
given polyculture. 

2.1.2. Decay curve method 
In this method, the vegetation was exposed to a high concentration of 

PM2.5 into a test-module for 3 h and 40 min, during which continuous 
PM2.5 measurement was performed. Well mixed conditions in the air 
were achieved by mechanical ventilation (Viecco et al., 2018). The 
experiment was conducted in three time periods: (1) PM2.5 generation 
through clean combustion of incense for 40 min, (2) attaining the peak 
of PM2.5 concentration, and (3) decay of PM2.5 concentration for 3 h. 
During the last phase, PM2.5 particles were deposited on all surfaces 
inside the test module, including the vegetation, and no sources of 
particles are at play. Consequently, the ambient PM2.5 concentration 
decreased, and since dry deposition of PM is a first order removal pro
cess, this leads to an exponential decay of PM2.5 concentration. 

This exponential decay behavior was used to analyze the vegeta
tion’s PM2.5 capture performance inside the module (Coronel-Brizio 
et al., 2007). PM2.5 concentration inside the test modules is given by: 

C(t) = C(0)e− λt (1)  

where C(0) is the PM2.5 concentration at the beginning of phase 3, which 
corresponds to the peak concentration, λ is the decay rate, and t is the 
elapsed time in phase 3. 

2.2. Study site and plant materials 

Seven different herbaceous and shrub species used as vegetation in 
GRs and GWs were selected for the study based on the results obtained 
previously by Viecco et al. (2018) in PM2.5 capture by monocultures of 
these species. The species studied were S. album, L. spectabillis, S. spurium 
P, L. angustifolia, E. karvinskianus, A. cordifolia, and S. palmeri. They were 
grown for five months under ideal irrigation and maintenance condi
tions in the nursery of the Laboratory of Vegetative Infrastructure of 
Buildings (LIVE for its acronym in Spanish) at the Pontificia Universidad 
Católica de Chile, which is located in Santiago, Chile (33◦44′ S, 70◦67′

W). This city is characterized by a semiarid climate (Kottek et al., 2006). 
The criteria used to select these species were: (1) PM2.5 capture per 

deposition surface as shown in Table 1; (2) irrigation needs according to 
the crop coefficient (Kc) (Mejía, 2007); and (3) maintenance require
ment, which includes pruning, growth of weeds and susceptibility to 
pests. The last criterion was based on the expert judgment of researchers 
and practitioners. The plants were evaluated against these criteria, with 
each criterion sub-categorized into three levels, namely low, medium, 
and high. A weight of 50 %, 25 %, and 25 % was assigned to PM2.5 
capture, irrigation needs, and maintenance requirements, respectively 
(Table 2). 

Table 1 
PM2.5 capture of monocultures (derived from data of Viecco et al. (2018)).   

PM2.5 (μg cm− 2 h-1)  

Species Mean SD Plant type 

Sedum album 1.32 0.49 Herbaceous 
Sedum reflexum 0.47 0.13 Herbaceous 
Sedum palmeri 0.36 0.19 Herbaceous 
Lampranthus spectabillis 0.40 0.13 Herbaceous 
Sedum spurium P 0.09 0.02 Herbaceous 
Aptenia cordifolia 0.14 0.05 Herbaceous 
Lavandula angustifolia 0.23 0.04 Herbaceous 
Erigeron karvinskianus 0.10 0.03 Shrub 
Pitosporum tobira, v. n. 0.12 0.04 Shrub  
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2.3. Design of monocultures 

The species selected for GRs and grown as monocultures were 
S. album, L. spectabillis, S. spurium P, L. angustifolia, and E. karvinskianus. 
These plants were tested as monocultures for GRs; only S. album was 
tested in vertical mockups (GWs) due to laboratory limitations. S. album 
showed the highest PM2.5 capture as a monoculture (Table 1). 

2.4. Design of polyculture mixes 

Based on the criteria presented in Table 2, the species with the 
highest level of PM2.5 capture, water needs, and maintenance were 
selected. S. album, L. spectabillis, S. spurium P, L. angustifolia, and 
E. karvinskianus were chosen for GR mockups. The species selected for 
GWs were L. spectabillis, A. cordifolia, S. album, S. spurium P, and 
S. palmeri. Then, ten three-species mixes were chosen and analyzed as 
GR polycultures, while another ten three-species mixes were analyzed as 
GW polycultures (see Fig. 1). These 20 polyculture mixes were planted 
in mockups of area 0.5 × 0.5 m2 with substrate thickness of 0.2 m. The 
substrate was composed of humus, vegetal soil, and perlite in equal parts 
(Vera et al., 2017; Sandoval et al., 2017). 

Each of the three species of a polyculture mix was planted in one- 
third area of the same mockup. Moreover, to evaluate if the relative 
location of the species in each mix could influence the capture of PM2.5, 
the species were laid out in different spatial configurations (A, B, and C) 
as shown in Fig. 1. Three sufficiently developed shrubs and twenty-five 
herbaceous seedlings were planted in each mockup. In total, 60 poly
cultures were designed: 30 for GRs (10 mixes in 3 A, B and C configu
rations), and 30 for GWs, following the same criteria. 

2.5. Description of the experiment 

The polyculture mixes were exposed to the same process used for 
Viecco et al. (2018), which was implemented for monocultures. The 
conditions of the experiments are briefly explained below. Fig. 2 rep
resents the experimental procedures. 

2.5.1. Testing conditions 
The experiments were carried out in a test-module under controlled 

indoor conditions as shown in Table 3. These conditions aimed to mimic 
the temperatures and peak PM2.5 concentrations that occur during air 
pollution episodes in fall and winter seasons in Santiago (Barraza et al., 
2017). 

Inside the test-module, the polycultures were exposed to high con
centrations of PM2.5 through incense combustion for 40 min. The 
pollutant was monitored using two air quality particulate monitors (E- 
Sampler, Met One, Grants Pass, OR, USA) during this period and for 180 
min after it reached its peak concentration. The method is mentioned in 
details in Viecco et al. (2018). 

The polycultures were placed inside the test-module to be exposed to 
high concentrations of PM2.5. In order to replicate the conditions under 

which the monocultures were investigated (Viecco et al., 2018), a total 
vegetation cover of 5 m2 was considered, that is, 10 mockups were 
included in each experimental run. Prior to the experiments, the vege
tation was planted in each mockup in a horizontal position. However, 
inside the test-module, the polyculture mixes were placed at two 
different tilts, 0◦ and 90◦, to represent GRs and GWs, respectively. Before 
exposing the plants to PM2.5 inside the test-module, the leaves were 
washed with distilled water to remove the PM deposited on them during 
their stay in the nursery. 

For the gravimetric test, the 60 polycultures were subjected to 
environmental conditions within the test-module as indicated in the 
section ‘Methods of measuring PM2.5 capture’. For the decay curve test, 
the monoculture and polyculture showing the best performance in the 
gravimetric test were selected. 

2.6. Analysis of PM2.5 capture 

Gravimetric analysis allows: a) directly measuring the PM2.5 capture 
and identifying the effectiveness of the polyculture mixes in capturing 
PM2.5; b) comparing the effect of configurations A, B, and C, in capturing 
PM2.5; and c) determining the PM2.5 capture potential of each species 
per mix and per configuration, to be compared with the PM2.5 capture 
potential of species in the monoculture. 

The decay curve method was used to compare the differential effect 
of polycultures and monocultures on PM2.5 concentration. Four different 
cases were tested and evaluated:  

1 GR polycultures that showed the highest PM2.5 capture in the 
gravimetric test, and greater growth and development of the plants. 
The best mix was tested in a horizontal position.  

2 GW polycultures that showed the highest PM2.5 capture in the 
gravimetric test, and greater growth and development of the plants. 
The best mix was tested in vertical position.  

3 S. album as monoculture, which has the highest PM2.5 capture as 
shown by Viecco et al. (2018). The mockups were only tested hori
zontally representing GR configuration.  

4 No-vegetation, which was used as the control case. 

2.7. Testing of samples 

In total, 8 experimental runs were made for GR and GW polycultures. 
Each mockup consisted of a mix of three species in a specific configu
ration i.e. either of A, B, or C. Therefore, 18 mockups were tested in each 
experimental run covering 5 m2. Runs 1–4 were carried out for GR 
polycultures while, runs 5–8 for GW polycultures. In runs 3 and 4, 
polycultures P1 and P2 were included in the test-module to cover all 
surfaces with vegetation. Likewise, P11 and P12 were used in runs 7 and 
8 for GWs. Table 4 shows the polycultures included in each run. Since 
each mockup was tested twice, plants were washed before and after each 
test to eliminate PM2.5 deposited during nursery stay and testing. 

After each run of PM2.5 exposure, leaf samples of 50 cm2 were taken 
and weighed separately for each species of each mix and configuration. 
Therefore, a total of sample of 100 cm2 was collected in two runs for 
each species of each mockup. These samples were processed using 
gravimetric analysis to quantify PM2.5 capture. Photoshop® 13.0 soft
ware was used to study the surface of the leaves. 

2.8. Statistical Analysis 

The statistical power of 0.9 was considered to the selection of the 
sample size. To analyze the results of gravimetric test for polycultures, 
the data were subjected to ANOVA after they were tested for normality 
using the Shapiro–Wilk test, which is appropriate for small samples. The 
significance of differences between mean values was tested using 
Tukey’s Test, and a value p < 0.05 was considered significant. The tests 
were carried out using Microsoft Excel (Microsoft Corp., Redmond, DC, 

Table 2 
Criteria for vegetation selection.  

Factor Level Criteria Weight 
assigned 

PM2.5 

Capture 

L1 Low 3 species with the lowest capture 50 % 

L2 Medium 
3 species with intermediate 
capture  

L3 High 3 species with the highest capture  

Water needs 
L1 Low Kc between 1.00 and 0.81 25 % 
L2 Medium Kc between 0.80 and 0.41  
L3 High Kc between 0.40 and 0.20  

Maintenance 
L1 Low Need for pruning, growth of 

weeds, susceptibility to pests, and 
renewal period 

25 % 
L2 Medium  
L3 High   
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USA). To indicate the variability of the PM2.5 capture quantified, 
henceforth all bar charts show mean ± the standard error (SE) with n =
6. The PM2.5 capture of all the polycultures studied were reported and 
compared in Figs. 6 and 7. Finally, to compare the performance of 
polycultures and monocultures in the decay curve method, Mann- 
Whitney Test (p < 0.05) was performed using Minitab® 18. 

3. Results 

3.1. Comparison of PM2.5 captured by vegetation in monocultures and 
polycultures 

Fig. 3 presents a comparison between the PM2.5 captured by each 
species tested as monoculture and polyculture, using the gravimetric 
method. The results show that in four of the five species studied for GRs, 
the PM2.5 captured by the vegetation was higher in polycultures. The 
exception is S. album, whose PM2.5 capture was similar in both scenarios. 

Fig. 1. Configurations A, B and C for GR and GW polycultures. Numbers from 1 to 7 indicate species analyzed. P1 to P10 indicate polycultures for GR; P11 to P20 
for GW. 
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The relative increase in PM2.5 capture of vegetation in polycultures was 
higher for those species that showed relatively lower PM2.5 capture as 
monocultures. 

In polycultures, for the configurations A, B, and C (Fig. 1), S. album 
behaved differently than the other species. It showed the highest PM2.5 

capture in the C configuration, which was 1.57 μ cm− 2 h-1. In contrast, L. 
angustifolia and E. karvinskianus showed the lowest PM2.5 capture in this 
configuration, i.e. 0.2 μ cm− 2 h-1 and 0.22 μ cm− 2 h-1, respectively 
(Fig. 4). 

It was found that PM2.5 capture by the GRs was greater than that by 
the GWs. Thus, the results show that the positioning of the vegetation i.e. 
horizontal or vertical, is a key factor affecting PM2.5 capture. Fig. 5 
shows a comparison between S. album, L. spectabillis, and S. spurium P 
with respect to PM2.5 capture, as both GR and GW polycultures. 

Fig. 2. Schematic representation of the experimental procedures.  

Table 3 
Experimental conditions and characteristics of the test-module.  

Description Set Measurement equipment 

Volume 60 m3 NA 
Floor area 25 m2 NA 
Infiltration rate 0.3 ach @ 4 Pa Retrotec model q46 automated 

blower-door. (RETROTEC, USA) 
Temperature 20 ◦C HMP60 (Vaisala, Grants Pass, 

OR, USA) 
Relative Humidity 50 %  
Peak of PM2.5 

concentration 
136.3 μg cm− 3 E-Sampler (Met One, Grants Pass, 

OR, USA) 
Air speed 0.4 m s− 1 Davis cup anemometers Decagon 
Radiation 2.5 kW h m− 2 day− 1 400 W Sodium Light 
Vegetation cover 5 m2 NA 
Powdered incense 0.34 g (Combustion 

temperature: 300 ◦C) 
Heating plate  

Table 4 
Polycultures included in each run.  

Runs GI Polyculture* 

1 and 2 GRs P1, P2, P3, P4, P5, and P6 
3 and 4 GRs P7, P8, P9, P10, P1, and P2 
5 and 6 GWs P11, P12, P13, P14, P15, and P16 
7 and 8 GWs P17, P18, P19, P20, P11, and P12  

* Each polyculture includes the three spatial configurations (A, B, C) in Fig. 1. 
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3.2. PM2.5 capture in polycultures 

With respect to GR and GW polycultures, statistically significant 
differences were observed between PM2.5 capture of different species. 
Two groups of GR polycultures were identified with (a) high and (b) low 
levels of PM2.5 capture (Fig. 6). The average PM2.5 capture by the 

polycultures was between 0.3 μg cm− 2 h-1 and 1.2 μg cm− 2 h-1. Likewise, 
two groups of GW polycultures were also identified by their levels of 
PM2.5 capture (Fig. 7). 

3.3. Decay curve test of monocultures and polycultures 

Fig. 8 shows the decay curve of PM2.5 concentrations inside the test- 
module in four scenarios: without vegetation cover (control), S. album as 
monoculture, and polycultures P4 (GR) and P12 (GW). P4 and P12 were 
the polycultures which showed the highest PM2.5 capture in the gravi
metric test and also showed greater growth and development of the 
plant than other polycultures. 

Furthermore, P4 and P12 performed better in reducing the peak 
PM2.5 concentration in comparison with the control and S. album 

Fig. 3. PM2.5 captured by the GR vegetation in monocultures and polycultures. 
Species marked with (*) showed statistically significant differences between 
monocultures and polycultures with 95 % of confidence (p < 0.05). 

Fig. 4. Mean PM2.5 captured by the GR vegetation in polycultures with respect 
to the configurations: A, B, or C. 

Fig. 5. Mean PM2.5 captured by the three species as GR and GW polycultures. 
Species marked with (*) showed statistically significant differences between 
GRs and GWs vegetation with 95 % of confidence (p < 0.05). 

Fig. 6. Mean PM2.5 captured by the polycultures in GRs under laboratory 
conditions. Letters ‘a’ and ‘b’ are used to show significant differences among 
polycultures (p < 0.05). 

Fig. 7. Mean PM2.5 captured by the polycultures in GWs under laboratory 
conditions. Letters ‘a’ and ‘b’ are used to show significant differences among 
polycultures (p < 0.05). 
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monoculture; the decay rate λ was significantly higher in P4 and P12 
(Table 5). Statistically significant differences (p < 0.05) were observed 
on comparing the PM2.5 decay rates of the control and S. album mono
culture with that of P4 and P12. Lastly, no significant differences were 
observed between the PM2.5 decay rate of P4 and P12. 

4. Discussion 

In these experiments, we investigated the impact of biodiversity on 
the ability to capture PM2.5 from GRs and GWs using two methods. Four 
of the five species studied as polycultures increased the ability of the GRs 
to capture PM2.5. These four species were L. spectabillis, L. angustifolia, E. 
karvinskianus and S. spurium P. Keeping all other factors constant, since 
monoculture or polyculture of plants was the only variation in the 
experimental conditions, the increase in PM2.5 capture is attributed to 
the polyculture GRs. These results complement findings of previous 
studies which have shown positive interactions between plant biodi
versity such as weed and pest suppression, soil nutrient, carbon accu
mulation (Isbell et al., 2017), and CO2 and N capture (Yang et al., 2015). 
Thus, we conclude that biodiversity improves the performance of GRs 
and GWs in capturing PM2.5. 

It was also observed that PM2.5 capture by S. album was negatively 
affected when it was placed next to L. angustifolia in configurations A 
and B, but not in C (on the mockup’s corner). This effect could be 
because L. angustifolia which was approximately 60 cm higher than 
S. album might have blocked the airflow towards the latter. It might have 
reduced the flow of particles in contact with the surface of S. album 
leaves, thus reducing the number of particles captured by dry deposi
tion. Thus, it is evident that the configuration of the vegetation in pol
yculture is a key factor that influences the capture of PM2.5, and it should 
be strategically designed to maximize PM capture. 

The results also show that when a monoculture has a high potential 
for capturing PM2.5, when configured as a polyculture, its PM2.5 
capturing potential remains in the same order of magnitude. In addition, 
when a monoculture has a low potential to capture PM2.5, its perfor
mance is enhanced by being configured as a polyculture. There was no 
evidence of a significant decrease in PM2.5 capture when a species was 
put in a polyculture. 

A proper biophysical development of vegetation exposed to high 
concentration of pollutants is crucial to maintain PM2.5 capture over 
time. Therefore, the best polycultures should balance high capture of 
PM2.5 and adequate biophysical development. In this regard, as per the 
results of our study, we recommend the polyculture mixes P4 and P12 
for GRs and GWs, respectively. 

Finally, results from decay-curve experiment demonstrate that GR 
and GW polycultures effectively reduce PM2.5 concentration, thus they 
have the potential of improving air quality. The polyculture mixes for 
GRs and GWs, P4 and P12, respectively, had PM2.5 decay rates 30 % 
higher than that of the most efficient monoculture (S. album) and the 

control (without vegetation). 

5. Conclusions 

The potential of PM2.5 capture of GRs and GWs made up of seven 
vegetation species was analyzed under controlled laboratory conditions. 
The vegetation species were arranged as monocultures and polycultures. 
Polyculture mixes were tested vertically and horizontally representing 
GWs and GRs, respectively. Additionally, three different configurations 
of vegetation were tested for each polyculture mix, each one with varied 
relative positions of the different plant species within GR and GW 
mockups. The main conclusions that can be drawn from this work are:  

• In most cases, the performance of each species to capture PM2.5 was 
significantly improved when used in a polyculture, as measured by 
the gravimetric method. However, in an exceptional case, PM2.5 
capture showed no significant difference in monoculture and poly
culture conditions. In conclusion, biodiversity improves the perfor
mance of GR and GW vegetation in capturing PM2.5.  

• Size and spatial position of the vegetation are key factors to be 
considered to design a configuration that maximizes the capture of 
pollutants by GR and GW polycultures. For example, in the case of 
S. album, the highest PM2.5 capture was achieved when the plant was 
placed in a corner, with other taller plants.  

• Polyculture mixes P4 and P12 among GRs and GWs, respectively, 
showed the best performance, balancing high capture of PM2.5 and 
adequate biophysical development of the plants. P4 was a mix of L. 
spectabillis, L. angustifolia, and S. album, while P12 was a mix of three 
different Sedums (S. palmeri, S. album, and S. spurium P). P4 and P12 
polycultures also increased the decay rates of PM2.5 particles by 30 % 
in comparison with the best performing monoculture (S. album), 
suggesting that polycultures would be more efficient in capturing 
PM2.5 in the long term. 

The results of this investigation can support public policies that 
promote the implementation of GRs and GWs in cities to improve urban 
air quality by reducing the levels of ambient PM2.5. Moreover, these 
results could help practitioners to better design these GIs to maximize 
pollutant capture. 
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