
ENVIRONMENTAL ANALYSIS OF NURSERY PLANTS AND 
COMPARISON WITH OTHER PRODUCTION SECTORS 

ESTIMATION OF THE CO2 SEIZURE FROM THE PRODUCTION NURSERY 

A. PRODUCTION NURSERY IN RAMINI 

For the calculation of the CO2 absorbed annually by the trees in the nursery, reference was made to 
the formula (adapted from Nicese & Lazzerini 2013): 

CO2 (kg/year/plant) = total dry weight × 0.5 × 3.667 

where 0.5 represents the carbon content of the dry weight of the plant and 3.667 allows the 
conversion of the carbon value into carbon dioxide. 

For the calculation of the dry weight of stems, branches and roots, allelometric formulas based on 
the diameter of the plant at a height of 1.30 m were used (Nicese & Lazzerini 2013).: 

trunk log10(y) = 2.32log10(x) ‒ 0.95 
branches log10(y) = 2.35log10(x) ‒ 1.84 
roots  log10(y) = 1.98log10(x) ‒ 1.10 

y represents the dry weight in kg and x the diameter at 1.30 m in cm. The total dry weight is the 
sum of the three values obtained. 

The size of the plants initially available was the circumference class or the height class. In the first 
case, to obtain the diameter, the average circumference value of each class was calculated and then 
the value was divided by 3.14 (π). In the second case, the height class was reduced to a 
circumference class and then the same procedure was followed. 
The dry weight calculated with the allelometric formulas must be divided by the years of age of the 
tree (to make the final calculation of CO2 sequestered on an annual basis); therefore this data has 
been estimated as well. 

These formulas were used to calculate the amount of CO2 annually absorbed (kg) by the individual 
plant, which was then multiplied by the number of plants of the same type and species present in 
the nursery. Adding up these values results in the total amount of CO2 sequestered by the nursery. 

The literature provides, in the case of urban trees, indicative average values of CO2 absorption, in 
particular 12.46 - 21.60 kg CO2/year/plant (Abacus Agronomic Report of essences, Municipality of 
Carimate (CO); Zirkle et al. 2012). In order to take into account the rapid growth of plants in the 
nursery sector, it was decided to also consider the average value obtained from the literature (17.03 
kg CO2/year/plant). This was multiplied by the number of trees in the nursery; the result was then 
averaged with the final value obtained from the calculations. This way, it is possible to approach the 
most probable value of CO2 sequestration. 

The CO2 seizure value is divided by the surface of the nursery to obtain a unitary reference value 
(for the full field). 

It was also decided to estimate the amount of oxygen released by the plants. From the 



photosynthesis formula it can be seen that for each mole of CO2 absorbed is emitted a mole of O2.  

Using the molar masses it is possible to obtain from the calculated kg of CO2 the quantity of O2 
emitted into the atmosphere (Nowak et al. 2007). The formula used is as follows: 

O2 (kg/year) = CO2 sequestered (kg/year) × (MMO2/MMCO2) 

MM O2 = 31.998 g/mol; MM CO2 = 44.009 g/mol. 

Considering that one person, per day, consumes about 0.80 kg of O2 (Nowak et al. 2007), it was 
also determined how many people in a year are supplied by the oxygen produced by the trees of the 
Mati nurseries alone. 

B. PRODUCTION NURSERY IN MASIANO 

In the case of shrubs, to calculate the total CO2 sequestration, the average value of the interval 
reported in the literature (0.27 - 0.84 kg/year/cad), equal to 0.56 kg/year/cad, multiplied by the 
number of plants, was used. 

For the trees, the same formulas applied for the Ramini nursery have been used. Also in this case, to 
take into account the intense growth of the plants in the nursery, the average between this calculated 
value and the average value found in the literature (17.03 kg/year/cad, multiplied by the number of 
trees) was made. The CO2 sequestration values of trees and shrubs have been added together to 
obtain the total value for the portion of the pots considered; dividing then by the surface of the pots 
in question, the average CO2 sequestration value per square metre of the pots of the Mati nurseries 
has been found, necessary to extend the analysis to the remaining part of the nursery for which the 
inventory is missing. 

Using the same formulas as above, the quantity of O2 released into the atmosphere and the number 
of people who breathe that same volume in a year have been calculated. 

CALCULATION OF THE BALANCE OF CO2  IN PIANTE MATI NURSERIES 

We then proceeded with the calculation of the CO2 balance of the Mati nurseries, obtained by the 
difference between the CO2 sequestered from the plants and the CO2eq emitted into the atmosphere 
during the production process by all the factors used. In order to determine the amount of 
emissions, average unit values were used (specific for production in containers and in the open 
field) taken from various bibliographic sources (Nicese & Lazzerini 2013; Lazzerini et al. 2014). 
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179744,3121 130688,2342 448
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REMOVAL OF ENVIRONMENTAL POLLUTANTS 

Trees and shrubs are capable of effectively removing the various pollutants produced by human 
activities, thus preventing their spread into the surrounding environment and purifying the air we 
breathe. For this reason, it was decided to also estimate the quantity of pollutants (PM10, O3, NO2, 
SO2, CO) that the nursery plants are able to absorb or retain. 

The amount of pollutants removed from the trees varies according to size. From the bibliography 
(Nowak 1994; F. Ferrini) reference values have been obtained for the various diameter classes, 
among which an average was struck to obtain a final value as representative as possible of the real 
situation. (In the case of the second series of values, not all diameter classes were given. For this 
reason, a linear regression analysis was made to obtain the missing data on the basis of those 
available.) 
The available data therefore indicates the kg of total annual pollutants retained by the individual 
tree for each diameter category. Multiplying by the number of plants present for each category, it is 
possible to calculate the total removal by the nursery. 
In the case of shrubs, an average of the different data found in the literature was made, referring to 
the removal per individual (Municipality of Forlì; Baraldi et al. 2018; Region of Tuscany). The 
average value thus determined was then multiplied directly by the number of shrubs reared. 
From the values obtained through the operations, the average values of removal per hectare for the 
open field and for pots, necessary for the estimate of the Masiano nursery, were also calculated. 

The bibliography (Nowak 1994) also determined the quantity of individual pollutants removed on 
average from nursery plants. As a percentage of the total, it results: 32.8% PM10, 14.3% NO2, 
12.8% SO2, 36.0% O3, 4.2% CO. 
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THE ECONOMIC VALUE OF THE ACTIVITY OF THE TREES 

In order to better understand and quantify the centrality of the role of plants within the urbanised 
context, it is usual to translate into monetary value the extent of the removal of  CO2 and pollutants. 

The literature (Nowak et al. 2013; Interagency Working Group 2016; Wang et al. 2018) shows that 
the average social cost of carbon is 48.35 $/t CO2eq. The social cost of carbon is the monetisation 
of the damage caused by climate change, as a result of the increase in greenhouse gases in the 
atmosphere. Among the various aspects considered are, for example: lower productivity in 
agriculture, higher health costs due to increased health problems, property damage as a result of 
more frequent floods, rising sea levels and the loss of fertile land, loss of income (related to 
tourism), a change in ecosystem services. 

For the calculation, the cost of carbon shown above was multiplied by the total amount of CO2 that 
the nursery plants seize through photosynthesis and fix in their tissues. The result thus provides an 
estimate of the costs (and damage) avoided by society through the removal of this molecule by the 
plants. 

In a similar way, from the various data reported in the literature, the value of the removal of 
pollutants (PM10, O3, NO2, SO2, CO) produced by human activities was determined, equal to 
11.04 $/kg (Nowak et al. 2006; Ferrini 2009; Paoletti et al. 2011; Kim 2016). Multiplying this value 
by the total amount (kg) of pollutants removed from the nursery plants gives a further estimate of 
the benefits that derive from the presence of trees. 

% kg

PM1
0

32.8 750

O3 36.0 822

NO2 14.3 326

SO2 12.8 292

CO 4.2 96

Total 100 228
4
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ESTIMATED VALUES FOR THE ENTIRE PISTOIA NURSERY DISTRICT 

The positive role of plants grown in nurseries in mitigating some environmental problems can be 
extended to the entire nursery district of Pistoia, which consists of a total of 5200 ha of which 3700 
ha cultivated in the open field and the remaining part (1500 ha) occupied by container production. 
Using as a sample the values per unit area previously calculated for the Mati nurseries, the 
following indicative data referring to one year were obtained: 

• 63 150 t di CO2 removed, equal to € 2 756 498; 
• the net balance of CO2 sequestered from plants is 2304 t; 
• 45 780 t of oxygen released into the atmosphere, sufficient for approximately 157 000 people; 
• 563 t of air pollutants potentially removed or absorbed, representing a value of € 3 293 070. 

It is therefore estimated that the entire nursery district seizes an average of 12 t/ha/year of CO2, 
absorbs 108 kg/ha/year of air pollutants, releasing 9 t/ha/year of oxygen.. 

CALCULATION OF THE AIR TEMPERATURE DROP 

Trees, in addition to providing shade thanks to their canopies, are able to convert solar radiation into 
latent heat through the process of transpiration, thus contributing fundamentally to lowering 
temperatures in the urban context. In fact, in our cities, where a large part of the surface is covered 
with impermeable materials, perspiration is the main source of latent heat (Konarska et al. 2015). 
The specific heat formula [Q(kcal) = m(kg)*c(kcal/kg °C)*ΔT(°C)] was used to estimate the 
temperature drop of nursery plants. The literature has shown that 800 m2 of soil with a tree cover of 
30% are capable of absorbing through perspiration 1.2 million kcal in one year (Ferrini). This 
figure, although slightly underestimated, has been applied to the nursery. The latent heat formula 
was used to determine the mass of air that is cooled by one degree from the amount of energy 
indicated above. The value, referred to 800 m2, was then expressed as a function of a nursery of 29 
ha (the measure of the nurseries Mati). The mass value was then converted into volume by dividing 
it by the air density. 

In order to better understand the result obtained, terms of comparison have been chosen. 
Calculating the volume of air occupied by an apartment of 100 m2 (on average 300 m3), we 
determined the number of apartments whose temperature is theoretically reduced by 1°C thanks to 
the transpiration operated by the plants in a nursery of 29 ha. Or, in a similar way, considering the 
volume of air within the canopy of the plants in a hypothetical nursery of 29 ha, we determine the 
number of nurseries of equal surface in which there is a decrease of 1°C in temperature. The 
calculation has been repeated for both comparisons, assuming a decrease of 5°C.. 

29 hectares of nursery absorb 435 million kcal per year. 
This amount of energy subtracted allows the lowering of 1°C to an air volume equal to 1479 million 
cubic meters. This volume corresponds to that of about 5 million apartments of 100 m2; or to that 
of 1020 nurseries of 29 ha. 
The same amount of energy subtracted leads to a decrease of 5°C of a volume of 296 million cubic 
meters of air, which corresponds to 986 thousand apartments of 100 m2 or 204 nurseries of 29 ha. 



IMPACT OF THE NURSERY COMPARED TO OTHER INDUSTRIAL SECTORS 

The environmental impact per unit area (kg/m2/year), in terms of CO2eq emissions into the 
atmosphere, of a nursery company was compared with that of other typical industrial sectors in the 
provinces surrounding Pistoia (paper mills and textiles in particular). 
In the case of the nursery, the values reported in the literature (Nicese & Lazzerini 2013; Lazzerini 
et al. 2014) have been used, to which reference has already been made for the calculations 
previously carried out. For the quantification of emissions, all the various production factors used 
are taken into account (such as pot plastic, fertilisers, plant protection products, diesel, electricity). 
Moreover, the emission value thus considered does not take into account the share of CO2 
sequestered by plant activity. For this reason, the calculation was repeated on the basis of the actual 
net emissions into the atmosphere of the nursery production. 
In the case of other industrial sectors, environmental statements from existing companies were 
sought. Among the various data reported in these official documents, we have extrapolated those 
relating to greenhouse gas emissions into the atmosphere (and expressed as t or kg of CO2eq) and 
electricity consumption (in MWh and which have been converted into CO2eq through the 
conversion factor of 0.56 kg CO2eq/kWh found in the literature). The total values determined were 
divided by the production area of the companies considered to obtain the final unit value (kg/m2/
year). 

Emissions 
kg/sm/year 
CO2eq

TEXTILE INDUSTRY

greenhouse gas emissions 420

electricity 130

TEXTILE TOTAL 550

PAPER 
MILL

greenhouse gas emissions 1367

electricity 1960

PAPER MILL TOTAL 3327
NURSERY

Open field 0,408

Pots 4,529

NURSERY average 2,469



COMPENSATION OF CO2 EMITTED INTO THE ATMOSPHERE 

Given the significant emissions of the industrial sectors considered, plants are the only, simplest and 
most effective solution for reducing CO2 emissions and containing the phenomenon of climate 
change. Planting trees around industrial buildings and along communication routes ensures a 
continuous and constant absorption of polluting molecules and helps our economic activities to 
move increasingly towards the sustainability criteria strongly demanded by politics and society. 
Trees make work environments healthier and more pleasant, also improving the productivity and 
well-being of individual workers. A greater presence of plants (and their proper management) 
produces only positive environmental and economic effects. 
To calculate the number of trees needed to offset CO2eq emissions it is necessary to know the 
amount of CO2 that on average is seized by a tree in good condition in a year. 
Different absorption values were used than those previously calculated for the nursery because, in 
urban environments, the concentration of CO2 in the air is much higher than in a rural area and 
therefore the plants perform photosynthesis with much higher rates resulting much more efficient in 
sequestering CO2 within a year. 
The average absorption data obtained from various bibliographic sources (GAIA Project; IBIMET-
CNR) are specific to the individual tree species most commonly used and most suitable for the 
urban environment. In order to have a more generic CO2 absorption value of reference, it was 
decided to calculate the average value among those given in the literature, which was equal to 86 kg 
CO2/tree/year. This figure represents an average seizure referring to a period of about 30 - 40 years 
from planting (starting from plants of about 10 years of age). 
If we divide the unit CO2eq emissions previously calculated for the two industrial sectors by this 
average value, we obtain the number of trees capable of offsetting these emissions, for each square 
metre of production area (the figure in this form is useful for making a comparison between the 
various sectors. For a real offsetting study, the total emissions would be directly divided by the 
absorption value of the single tree). 
When planting tree species with the highest rates of carbon dioxide sequestration (e.g. Acer 
platanoides, Celtis australis, Betula pendula, Carpinus betulus, Quercus cerris, Fraxinus excelsior, 
Ginkgo biloba, Liriodendron tulipifera, Ulmus minor, Sophora japonica, Liquidambar styraciflua, 
Tilia cordata, Tilia platyphyllos), a smaller number of individuals is obviously necessary to achieve 
the same result. For this reason, the compensation calculation has been repeated considering only 
these most performing species, for which it has been estimated an average net absorption value of 
144 kg/tree/year. 

The number of plants needed for compensation is very high, so it is impossible to place them all in 
the vicinity of industrial sites, where in fact they would be able to best express their ability to seize 
CO2 (and pollutants). However, the constant increase in the number of trees (and shrubs) in 
uncultivated urban and suburban green areas and the redevelopment of existing parks can only 
make a fundamental contribution to offsetting the emissions of our necessary industrial and 

Emissions (kg/
m

2
/year)

N° trees for every 
productive square 
meter

N° of most performing 
trees for every 
productive m

2 

Textile 500 6 4

Paper mill 3327 39 23



commercial activities. 

An example of this type of commitment is given by the GAIA Project, in the Municipality of 
Bologna; but there are also many companies that are individually working in this direction. 

For the sake of completeness, there is also a list of tree species that are less efficient in CO2 
sequestration (GAIA Project; Qualiviva Project; IBIMET-CNR). This, of course, does not mean that 
these species should not be used in urban areas, as many of them have a great ornamental value or 
are particularly adaptable, but that they must be properly combined with the other more performing 
ones if the main objective is to lower the concentration of CO2 in the air. Moreover, the pedo-
climatic characteristics of the planting site are crucial: a plant that is potentially less efficient in the 
sequestration of CO2 can give much better results than another that is more performing but not 
suitable for that particular planting site. 

Among the potentially less efficient species in CO2 sequestration, they can be indicated: Acacia 
dealbata, Albizia julibrissin, Cercis siliquastrum, Corylus avellana, Crataegus monogyna, 
Cupressus sempervirens, Fraxinus ornus, Ligustrum japonicum, Malus spp., Koelreuteria 
paniculata, Parrotia persica, Prunus cerasifera 'Pissardii', Prunus serrulata, Pyrus calleryana, 
Sambucus nigra, Sorbus aucuparia. 

COMPENSATION FOR POLLUTANTS EMITTED INTO THE ATMOSPHERE 

In a similar way to what has been said for the compensation of CO2, it is possible to estimate the 
number of trees necessary to absorb or retain the various pollutants released into the atmosphere by 
the different human activities. Therefore, dividing the total emissions of pollutants (from an 
industrial activity, from a city, from vehicle traffic) by the average absorption of a tree, the number 
of plants needed to reach compensation is estimated. 

On average, a healthy mature tree absorbs about 0.42 kg of pollutants each year (considering only 
O3, NO2, SO2 e PM10). 

In the case of the highest performing species, 1.14 kg of pollutants are removed each year. Among 
these species can be indicated: Acer platanoides, Acer pseudoplatanus, Liriodendron tulipifera, 
Magnolia grandiflora, Corylus colurna, Fraxinus excelsior, Fraxinus oxycarpa, Platanus x 
acerifolia, Quercus ilex, Quercus robur, Salix alba, Tilia platyphyllos, Tilia tomentosa, Ulmus 
parviflora, Ulmus procera. 

Among the species that are less capable of reducing air pollutants there are (but never forgetting the 
considerations made for the compensation of CO2): Acer campestre, Acer negundo, Cercis 
siliquastrum, Koelreuteria paniculata, Ligustrum japonicum, Malus spp., Melia azedarach, Morus 
spp., Ostrya carpinifolia, Prunus cerasifera ‘Pissardii’, Pyrus calleriana. 

ANALYSIS OF VEHICLE TRAFFIC 
It was decided to also analyse the vehicle traffic that can affect an industrial area and the CO2eq 
emissions associated with it. 



The traffic data for the peak hour (7:30 - 8:30) on the East Orbital Road - Via Fermi Est intersection 
were obtained from the General Urban Traffic Plan of the Municipality of Pistoia. For the 
calculation of emissions, the average fuel consumption for each type of vehicle (l/km) and the 
conversion factor of fuel consumption into CO2eq emissions (kg CO2eq/l) were used.. For this 
second data, the diffusion of the various types of power supply for each vehicle category was 
considered (ISPRA 2018; Caserini et al. 2019; MIT). 
From the product between the fuel consumption per km and the conversion factor, the CO2eq 
emissions for each km travelled are calculated. Multiplying this last data by the number of vehicles 
passed, we obtained the amount of emissions for the only vehicles that during the peak hour, in one 
day, pass through the junction above in the industrial area of Pistoia (the calculation was made 
considering the emissions related to 1 km covered). From this daily data we have then moved to the 
annual one. 

Considering, as above, an average annual absorption of 86 kg CO2 per plant, the number of trees 
capable of offsetting the emissions of the single peak hour on the intersection Via Fermi - 
Tangenziale Est, is equal to 1230. Using only the species with the highest seizure rates (on average 
144 kg CO2/hub/year) then 734 trees would be needed. 
Here, too, similar considerations apply as in the case of offsetting industrial emissions. The number 
of plants needed for offsetting is very high, which makes it possible to understand how every free 
space should contain healthy plants capable of counteracting the harmful effects of greenhouse gas 
accumulation. 
With this study we just want to show how the nursery sector, which of course must continuously 
improve to solve its problems, presents itself as a strategic sector to counter the negative effects of 
the accumulation of greenhouse gases and climate change because it produces plants that among the 
many benefits, as mentioned, are able, if well managed, to absorb significant amounts of CO2 and 
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Car 15 0,07 2,29 0,15
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pollutants contributing to greater livability of urban agglomerations. 

Agriculture 

ANALYSIS OF OTHER CONTEXTS 

The ornamental nursery tends to have emission values, for the production in open field, equal to or 
lower than those of the traditional agriculture. Container production, on the other hand, is 
characterised by higher emissions (due to the higher inputs required and the use of pots and peat 
plastics) than agricultural processes, even though the cultivation of vegetables in greenhouses, for 
example, has much higher emission values. 
Maize cultivation, on average, has CO2eq emissions around 3.15 t/ha/year (Desjardins et al.; CRPA 
2013; Solazzo et al. 2015). The absorption of CO2 during the cultivation period, including the share 
stored in the soil, is equal to 39.5 t/ha (PSR Umbria). 

The cultivation of table tomatoes, in open field, has average greenhouse gas emissions around 12.6 t/
ha. But if production takes place in greenhouses, heated with conventional methods, 

then emissions rise to 587 t/ha. Heating is in fact the item that weighs most on the balance of 
emissions (Ntinas et al. 2016; Ronga et al. 2019). 

Wood 
A forest absorbs on average 13.4 t/ha/year, a value which also includes the part stored in the soil 
(APAT 2002; Scarfò & Mercurio 2009; Lorenz & Lal 2010). Comparing various data found in 
literature, the average amount of air pollutants removed annually from wooded areas was also 
determined: 31 kg/ha/year of PM10, 13 kg/ha/year of NO2, 6 kg/ha/year of SO2 and 45 kg/ha/year 
of O3 (Marando et al. 2016; Song et al. 2016; Fusaro et al. 2017; Eom et al. 2017; Nowak et al. 
2018). 

City 
In Italy (Cittalia 2010), the average CO2eq emissions of a metropolitan city are 1261000 t per year 
(equivalent to 51 t/ha/year), to which corresponds an average annual emission value per capita of 
1.805 t. 
They have been taken into account for the calculation of the emissions: 
•  domestic gas consumption, which represents 37.7% of the total; 
•  domestic electricity consumption, which accounts for 30.8%; 
•  private passenger transport, equal to 31.2% of the total; 
•  waste production and treatment (0.3% of the total). 

A worldwide study (C40 Cities 2018), which considers many more parameters (emissions related 
to: households, commercial areas, public services, public and private transport, food supply, 
restaurants, hotels, recreational and cultural areas, clothing, communications, health, education), 
estimates for European cities average per capita emissions of about 12 tons per year. 
With regard to emissions of pollutants in urban areas, the ISPRA 2015 data have obtained the 
following annual average values: 395 t PM10, 2973 t NOx, 626 t SOx, 8744 t CO. Urban green 
areas have the capacity to sequester about 3 tonnes of CO2 per hectare per year. The uptake of air 
pollutants by greenery is much more variable, but values around 25 kg/ha seem reliable (Nowak 
1994; Scott et al. 1998; Selmi et al. 2016). 



ISTAT data (2016) shows that, in Italy, green areas in cities occupy an average of 2.7% of the 
surface area of the territory. 

Industry 
From the IRSE (2010) data of the Region of Tuscany it can be deduced that the entire industrial 
sector of the Region has the following annual emission values in the atmosphere: 

The emissions into the atmosphere relative to the industrial sector of the Province of Pistoia alone 
have therefore been determined: 
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Considering that in the Province of Pistoia, commercial and industrial areas occupy 1475 ha, equal 
to 1.53% of the total provincial area, this data has been used to estimate the emissions of pollutants 
per unit area for the industrial sector: 

PLANTS TO CONTAIN NOISE POLLUTION 

The use of vegetation strips along the roads is a possible solution for noise reduction. In addition to 
the effect of the distance between the source and the receiver (the so-called normal attenuation), the 
presence of plant elements also introduces phenomena of absorption and, above all, the diffusion of 
sound waves. 

There is a direct correlation between noise attenuation and the thickness, length and height of the 
plant barrier. In general, vegetation bands with a thickness of 30 m or more are capable of 
significantly reducing noise: according to data reported in the literature from 4 - 8 dB A to 10 dB A 
(Cook & Haverbeke 1992; Fang & Ling 2003, 2005; Van Renterghem et al. 2015). If the same 
green belt is placed on an embankment, then the sound reduction can reach values of 10 - 15 dB A 
(USDA). A well-done hedge of trees and shrubs can reduce noise pollution by 0.1 - 0.2 dB per 
metre of thickness (in the case of low-frequency and high-frequency noise, respectively). 

Other studies show that a 20 - 30 m thick barrier is optimal for reducing traffic noise (both from 
cars and heavy vehicles) on a major road in rural areas. The edge of the hedge should be 15 - 25 m 
from the centre of the road and the trees should be 14 m high. In the case of an urban area, a 
thickness of 6 to 15 m is sufficient to significantly reduce traffic noise. If shrubs with a height of 2 - 
2.5 m are placed, followed, in the background, by a row of trees with a height of 6 - 15 m, optimum 
results are obtained. Also in urban areas, the best distance between the noise source and the first 
row of shrubs is 3 - 8 m. In cities, a hedge of dense shrubs and trees of moderate height is an 
adequate noise barrier. 
It has been calculated that a 15 m thick hedge with optimal characteristics attenuates traffic noise 
like a rigid artificial noise barrier. 
When it comes to choosing the most suitable species, well-branched shrubs with dense foliage 
provide excellent results. Also in the case of trees, tall species with dense, leathery foliage and 
uniform vertical leaf distribution are the most efficient. A multi-layered barrier, with a combination 
of lower shrubs and trees, is best able to attenuate the noise. However, the creation of a barrier that 
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is as dense and continuous as possible is the most important aspect. This is why evergreen or 
persistently leafy species are among the most functional. In general, leaves are capable of 
attenuating noise more frequently than 1000 - 2000 Hz. 
The length of the hedge must, of course, be equal to that of the road on which you want to obtain 
protection (to have attenuation, the noise receiver must never see the cars, the plant barrier is not 
able to interfere with the sound waves that with oblique trajectory reach the receiver). If the receiver 
is on time, the length of the hedge must be at least twice the distance between the noise source and 
the receiver. In cases where it is not possible to use trees for height issues, it should not be forgotten 
that even a solution of herbaceous species combined with shrubs creates a soft surface that can 
attenuate the noise more than satisfactorily (Cook & Haverbeke 1992; Fang & Ling 2003, 2005; 
RISVEM 2008; Van Renterghem et al. 2015). 
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