
Plant Species Differed in Particulate Matter Reaccumulate Ability 

Guojian Chen1, 2, Keming Ma1*, Lin Lin1,2, Rongli Tang1,2, Yuxin Zhang1 

1State Key Laboratory of Urban and Regional Ecology, Research Center for 

Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, P.R. 

China 

2University of Chinese Academy of Sciences, Beijing 100049, P.R. China 

 

Abstract 

Airborne particulate matter (PM) removal is a major component of ecosystem 

services provide by urban green infrastructure, selecting the optimal species for urban 

greening could maximize PM removal services. We evaluated PM reaccumulate 

ability of ten speices by quantitative leaf surface PM after one day and twenty-one 

days of a rain according rinse, filter and weigh method. Some species had substantial 

surface PM just after the rain, although it didn’t had large effect on total PM 

reaccumulate ability, fine and coarse PM reaccumulate capacity were badly affected. 

PM reaccumulate efficiency was lower on pine and higher on species with high 

self-cleaning ability, higher on large PM and lower on fine PM. Species differed in 

PM reaccumulate ability and efficiency, fine and coarse PM reaccumulate ability are 

highly differed from maximize accumulate ability, selecting species for fine and 

coarse PM mitigation should be quite careful.  
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Abstract: Ozone (O3) sensitivity varies greatly among plant species. Leaf traits such 

as stomatal conductance, antioxidant capacity and leaf morphology and anatomy may 

play important roles in controlling this variation, but the relative contributions of each 

trait remain elusive. In this study, we examined the differences in O3 sensitivity 

among 29 deciduous and evergreen woody species used for urban greening in China 

in an open-top chamber experiment. Elevated O3 caused visible injury and reductions 

in net photosynthesis and these effects differed significantly among species. The 

deciduous species Sorbaria sorbifolia, Hibiscus syriacus and Fraxinus chinensis were 

the most sensitive, while evergreen species ranked among the most tolerant. O3 

sensitivity was linked to both low leaf mass per area (LMA) and low leaf area-based 

antioxidant levels, but not to variation in leaf mass-based antioxidant levels or 

stomatal conductance. The well-known and easily measured leaf trait LMA thus 

represents a potentially useful metric for O3 risk assessment and for selecting 

appropriate species for urban greening in O3-polluted areas.  
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Abstract: Using the data obtained from continuous monitoring site or 

professional meteorological department and Forest Resource Inventory, the total 

volatile organic compounds (BVOCs) emissions of Beijing in 2011 were 

estimated by using GlOBEIS model. Emissions of isoprene, monoterpene were 

estimated at the same time. The results showed there was a certain correlation 

between distribution of BVOCs emissions and vegetation of the Beijing region, 

BVOCs emissions had obvious seasonal dependence. Tree species types were 

divided into evergreen trees, deciduous trees, shrubs, and herbaceous flowers. 

The amount of BVOCs emissions in the order of Pinus tabuliformis Carrière＞

Malus pumila Mill ＞ Buxus megistophylla Levl ＞ Bamboo. The highest 

normalized isoprene emission rate of 313.92 μg·(g·h)-1 was observed for Platanus 

orientalis Linn., and the highest normalized monoterpene emission rate of 726.68 

μg·(g·h)-1 was observed for Malus pumila Mill. Calculation errors mainly came 

from plant standard emission factors, leaf biomass calculations as well as changes 

in meteorological parameters. 
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Two cultivars of Indian mustrad (Brassica rapa syn. B. campestris) commonly 

cultivated in Indo-Gangetic plains,  namely Kranti 90 and Peela sona, were exposed 

to 120 ppb ozone (5 h per day) for four weeks in growth chambers. The plants were 

studied for ozone-caused changes in primary metabolites. Samples were collected for 

GS/MS analyses four times during the experiment. Ozone tretament increased the 

contents of several amino acids (particularly aspartate, glutamate and threonine), 

malate, citrate and several carbohydrates (particularly fructose, glucose, galactose, 

mannose and raffinose). Declined concentrations were found in myo-inositol due to 

ozone. These responses in metabolites were generally higher in the cultivar Kranti 90, 

and there were differences in the timing of the responses between the cultivars. 

Previously, both cultivars were reported to be sensitive to ozone in the field 

experiment with EDU treatments. However, in the field experiment cultivar Kranti 

was characterized to have a higher biomass accumulation, a greater number of pods 

and a stronger antioxidative defence against ozone through ascorbate-glutathione 

cycle, superoxide dismutase and catalase as compared to cultivar Peela sona. The 

present results demonstrate that increased biosynthesis of certain carbohydrates, 

organic acids and amino acids (acting as a precursors) can be linked to activation of 

antioxidative pathways. However, we don’t know if the major shift in the primary 

metabolites towards  antioxidative defence during vegetative phase would lead to 

changes in the seed quality. 
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Abstract: Responses of growth, photosynthesis and emission of volatile organic 

compounds of Pinus tabulaeformis exposed to elevated CO2 (700 ppm) and O3 (80 

ppb) were studied in open top chambers. Elevated CO2 increased growth, but it did not 

significantly (P<0.05) affect net photosynthetic rate, stomatal conductance, chlorophyll 

content, the maximum quantum yield of photosystem II, or the effective quantum yield 

of photosystem II electron transport after 90 d of gas exposure. Elevated O3 decreased 

growth (by 42.2% in needle weight and 25.8% in plant height), net photosynthetic rate 

and stomatal conductance after 90 d of exposure, but its negative effects were alleviated 

by elevated CO2. Elevated O3 significantly (P<0.05) increased the emission rate of 

volatile organic compounds, which may be a helpful response to protect photosynthetic 

apparatus against O3 damage. 
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Ozone is a phytotoxic gaseous air pollutant and their negative impact on forest 

production is major concern. Nitrogen (N) is a nutrient that limits forest production in 

many cool-temperate forests. To understand the effects of ozone on forest production, 

therefore, it is important to clarify the N use efficiency (NUE) for tree growth under 

elevated ozone. On the other hand, soil nutrient condition is considered as a factor that 

affects ozone sensitivity of tree growth. In the present study, we investigated the 

effects of ozone on NUE for growth of Fagus crenata seedlings grown in different 

soil nutrient conditions.  

Seedlings of F. crenata were grown for two growing seasons in the nine treatments 

comprised of three levels of gas treatments (charcoal-filtered air or ozone at 1.0- or 

1.5-times ambient concentration) in combination with three levels of soil nutrient 

conditions (non-fertilised or application of low or high concentration of fertiliser). 

Based on the biomass and N concentration in each plant organ, we calculated NUE (g 

g-1 N) and their component, N productivity (NP, g g-1 N day-1) and mean residence 

time of N (MRT, day), during the second growing season with equation (1). And 

components of MRT were calculated from equation (2). 

 

 

 

 

ΔW: increment of whole-plant dry mass (g),  

ΔN: increment of whole-plant N content (g N),  

ΔT: time period (188 days),  

: mean standing plant N (g N),  

Ninitial: standing plant N at leaf emergence (g N), 

Nuptake: plant N uptake (g N), Nloss loss of N (g N) 
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Fig. 1 Change in nitrogen (N) uptake 

[f(t)] and loss [g(t)] with an initial 

standing plant N (N initial). Mean 

residence time (MRT) is the area A 

divided by the total N uptake ΔN  

g( t)  =  N loss( t) 



NUE of F. crenata seedlings during the second growing season was significantly 

decreased by the exposure to ozone and soil nutrient treatment, while there was no 

significant interaction of them. Although we observed no significant effect of ozone 

on NP and MRT, both parameters were tend to decrease by ozone and the extent of 

decrease in MRT was higher than that in NP. Accumulated amount of standing plant N 

(area A in Fig. 1) was significantly decreased by ozone while there was no significant 

effects of ozone on Nuptake (ΔN in Fig. 1). These results indicate NUE of F. crenata 

decreases by ozone irrespective of soil nutrient condition, and shortening of the 

duration of N holding is responsible factor of ozone-induced reduction in NUE.  
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    Tropospheric ozone (O3) concentrations have been globally increased with 

increasing the emission of its precursors. Current ambient levels of O3 have a 

potential to reduce dry matter production of forest tree species. It is considered that 

the degree of O3-induced reduction in dry matter production would be modified by 

soil nutrient conditions. In the present study, we aimed to clarify the effects of O3 on 

the growth of Fagus crenata seedlings grown under different soil nutrient conditions. 

    In nine gas exposure chambers located at the Field Museum Tamakyuryo of 

Tokyo University of Agriculture and Technology (Hachioji, Tokyo, Japan), F. crenata 

seedlings were grown in nine treatments comprised of a combination of three levels of 

gas treatments (charcoal-filtered air and O3 at 1.0- or 1.5-times ambient concentration) 

with three levels of soil nutrient treatments (non-, low- and high-fertilized treatments) 

for two growing seasons of 2014-2015. Net photosynthetic rate was measured once 

per month during the two growing seasons. The seedlings were harvested to 

determine the dry mass and leaf area in October 2014 and 2015. 

    There were significant interactive effects of O3 and nutrient supply to soil on net 

photosynthetic rate, area of first-flush leaves and the whole-plant dry mass in the 

second growing season. Ozone-induced reduction in the dry mass was detected in 

non- and low-fertilized seedlings, but not in high-fertilized seedlings. In contrast, the 

degree of O3-induced reduction in net photosynthetic rate of low- and high-fertilized 



seedlings was higher than that of non-fertilized seedlings. The leaf area tended to be 

increased in high-fertilized seedlings, but was significantly reduced in non- and 

low-fertilized seedlings by the exposure to O3. These results suggest that O3-induced 

reduction in the photosynthetic production per unit leaf area of high-fertilized 

seedlings was offset by the O3-induced increase of leaf area per plant. It is considered 

that the exposure to O3 did not affect the whole-plant dry mass of high-fertilized 

seedlings as a result of this offset. Therefore, we should consider the interactive 

effects of O3 and nutrient supply to soil on net photosynthetic rate and leaf area to 

quantify the impacts of O3 on dry matter production of F. crenata grown under 

different soil nutrient conditions. 
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Abstract: The impacts of elevated ozone and drought on isoprene emission have been 

previously studied individually, but the interaction between both factors on the 

emission has not been considered yet. In this study, we investigated the isoprene 

emission from hybrid clone 546 (Poplus. deltoides cv. ‘55/56’ x Poplus.deltoides cv. 

‘Imperial’) with different leaf positions. Consistent with Asat and chlorophyll contents 

(SPAD), isoprene emission was dependent on leaf position, ozone and drought 

treatments. Ozone induced a significant decrease in isoprene, Asat and SPAD. However, 

drought interacted positively with ozone, increasing the decline in Asat, SPAD and 

isoprene emission. The effects were more evident in middle-level leaves, whereas 

upper leaves were less affected by ozone and drought (and their interaction). The 

isoprene emission was significantly correlated with plant photosynthesis, but not with 

stomatal conductance. The severe drop in isoprene emission by ozone and drought 

treatments occurred only when a certain threshold (like AOT40>6.6 ppm.h) was 

exceeded. These results suggest that high doses of ozone inhibited the isoprenoid 
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pathway whereas an enhanced emission of volatile isoprenoids with the low doses of 

ozone and moderate drought. The effective antioxidants protection of isoprene in 

plants seems to be clear only in early stage of the O3 exposure. When plants were 

impaired by O3, the emitted isoprene was not scavenging oxygen radicals any more 

whether drought increased isoprene emission. 
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