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Abstract: Green infrastructure helps to contain dust, ash, pollen, smoke, noise, and contaminated water that impact environment and
decrease comfort of life or even harm significantly health. In urban landscape in Kalisz (second populated city in Wielkopolska)
agricultural areas share is significant ̴ 44%. The state of completeness and presence of specific tree lines in agricultural areas is not
recognized. Therefore the aims of the research were: the inventory of agricultural/road sections of tree lines and their localization in year
2008 and 2019; analyses of changes significance in length of tree lines, roads and agricultural areas in period 20082019. The
contribution of Kalisz trees in road air pollution removal in agricultural areas is very small and decreasing. Loss of tree line length is
unproportionally high in comparison with road sections along agricultural areas. Urban sprawl slowly becoming the reason of separation
agricultural areas from direct exposition to road air pollution in borders of Kalisz.
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contaminated water that may harm our lungs (Shriram and
Malladi 2021) and even may get through it into our
bloodstream (AlKindi et al. 2020) or significantly deploy
our immunology system. PM 2.5 pollution was the
dominant factor for mortality in rural areas in China (Zhao
et al. 2021). Welldeveloped green barrier may perform its
purpose better – depending on recognition of pollution and
climatic conditions different species will show
effectiveness in case of native and ornamental varieties
(Ghafari et al. 2020, Kumar et al. 2019). Green
infrastructure absorbs CO2 and in natural processes and
produces, among others, oxygen. Depending from many
aspects such as species structure, plant layers width and
others it has different impact in mitigation of road
pollution (Vieira et al. 2018, Kumar et al. 2019). Released
O2 into the atmosphere improves comfort and sustains life.
Mature, welldeveloped foliaged trees absorb carbon
dioxide but wellcreated barrier with shrubs gives the best
effect in collection higher amount of pollutants. Trees
absorb carbon i.e. monoxide from cars’ emission, shade
our homes which reduces the need for air conditioning and
road surface by significant percentage (Vailshery et al.
2013).
Trees showed the highest pollutant removal capability
with relatively lower costs of implementation but if it
could be combined with existing knowledge about
sequestration, pedestrian protection the best would be to
combine all of existing forms to fulfil the best effect. To

INTRODUCTION
Not in the far distant past the air pollution in Kalisz
(2013) according to the norms of World Health
Organization (WHO) exceeded the recommended limit of
20 µg/m3 (25 µg/m3 actual) with a particles of diameter
less than particulate matter (PM) 2.5 μm. The data were
presented by European Environment Agency (EEA) in
2014 and placed city as 32nd in Poland – the highest place
in Wielkopolska region. Air pollution in Kalisz still shows
considerable amounts of PM 2.5 and PM 10. Mean annual
pollution shows that ¼ of year is over in case of PM 2.5
and other months oscillates close to the suggested limit. In
case of PM 10 ¾ of year is close to permitted threshold. In
case of particular parcels and time the quantities are even
higher. Depending on the type of emission source the share
of the fraction of suspended dust PM 2.5 in PM 10 varies
from several to over 90% (Air Protection Program For the
City of Kalisz 2020). The remain of the PM 10 particulate
matter are the originally emitted from mineral sources (i.e.
agriculture). The highest share of PM 2.5 fraction in PM
10 particles is characteristic to fuel use in individual house
heating and road pollution – engine, tires, braking systems
and road surface wear.
Green barriers such as tree and shrub lines (Abhijith et
al. 2017) decrease air pollution concentration. The hedge
according to Ottosen and Kumar (2020) causes
concentration differences between 52% to +10%. Green
infrastructure help to contain dust, ash, pollen, smoke and
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region – Kalisz. The main reason of choosing Kalisz as
area of study was report of European Environment Agency
(EEA) in 2016 which placed it as 32nd in Poland – the
highest place in Wielkopolska – in matter of air pollution
and high share of agricultural area in city limits.
Localization situates city in central Poland – 51°45′27″N;
18°4′48″E (Fig. 1). While the area of the town (69.42 km2)
do not changes, the analysed agricultural fields decreases
by almost 5% but the share of urbanized increases. The all
of indexes: of afforestation, urbanization and motorization
rises (Table 1). Although the length of roads in the city
changes by 40% during period 20082018 (GUS 2009,
2018). Population of the city slowly but apparently drops
below 100 thousand inhabitants (GUS 2018). Meanwhile
the number of passenger cars rises significantly (during 10
years) by 40% (GUS 2018). Among ten vehicle categories
(passenger cars, motorcycles, coaches, trucks, trucks 
passenger cars, special cars – including sanitary,
automobile tractors, tractor units, agricultural tractors,
mopeds) only number of trucks – passenger cars decreases.
Commune and district roads with hard surface expands
and the share of ground surfaces decreases. The density of
the road network is 0.05 km/ha.

achieve it regulations and development plans would have
to be improved by communities. Proper assessments that
would show other benefits – such as energy savings
(Jayasooriya et al. 2017), a moderate noise reduction and
health improvement (Klompmaker et al. 2020) may help to
convince authorities. There are many others examples of
green infrastructure impact i.e. paper showing importance
of planting 400 thousand trees in Canberra (extensive tree
plantings began in 1911) estimated to have a combined
energy reduction, pollution mitigation and carbon
sequestration value of US $ 2067 million during the
period 20082012 (Brack 2002). Despite the differences in
modelling, evaluation and importance between the authors
our assessment evades the real trend in the reports of land
use because of wellknown deficiencies in data
accessibility.
In urban landscape in Kalisz and generally in Poland
green walls and roofs are rarely implemented solution.
Often the parks and avenues or squares are in the main
scope of viewers, resting and recreation. In addition
hedges find their palace in care and nursing. Urban forest
are considerably better established in development of
green spaces then tree lines and shrubs of agricultural
areas. Basing on local conditions (Currie and Bass 2008,
Gourdji 2018, Rowe 2011, Selmi et al. 2016, Yang et al.
2008) green infrastructure (species, form and quantity)
should be implemented. The state of completeness and of
specific tree lines in agricultural areas (in borders of
Kalisz) is not recognized.
Therefore the aims of research were:
 inventory of agricultural/road sections of tree lines,
area of agriculture and their localization in years 2008 and
2019,
 analyses of changes significance in length of tree
lines, roads and agricultural areas in period 20082019.
MATERIALS AND METHODS
Area of study
To estimate the changes in length of tree and shrub
lines as road pollution barriers and significance of
agricultural activity in urban landscape authors have
chosen the second populated city in the Wielkopolska

Fig. 1. Kalisz city localization against the background of the
administrative division of the country (source: physiographic
under layer – open street map 2020, national and voivodship
borders – Main Office of Geodesy and Cartography of Poland
2019)

Table 1. Indexes changes during period 20082018 (*GUS 2008, 2018 local databank category:
environmental condition and protection, group: green areas; + basing on data of Studium
uwarunkowań i kierunków zagospodarowania przestrzennego miasta Kalisza 2019)
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Methods
To perform analyses the archived aerial photographs of
Google Earth Pro were used to estimate their state, area
and length May 2008 and June 2019. Basing on the
landscape structure all of the agricultural areas (SAA
2008/20019) in town were selected and measured [ha]
with QGIS program. At the designated areas adjacent field
sections [m] were marked which were exposed directly to
the road pollution (LRS 2008/2019). Tree lines and shrubs
(LTL 2008/2019) were measured [m] along SAA and LRS
(with field on the one side and road on the other side). We
have discriminated solitary trees or shrubs if they were the
only representative of greenery in particular sections. The

ground roads were excluded from the analysis if they were
leading to single households. Statistical analyses and
charts were performed in PQStat. During the ANOVA’s
tests (selected as the best for dataset) the following
variables were analysed: area of agricultural lands 2008
and 2019 (SAA), length of road sections 2008 and 2019
(LRS), length of tree and shrub lines 2008 and 2019 (LTL)
(Table 2). The KruskalWallis one way analysis of
variance were chosen because of nonnormal distribution
of data. Figures representing maps were developed in
GIMP 2.0, chart and tables in Excel and Word Microsoft
Office 2016.

Table 2. Variables analysed during statistical testing

RESULTS
Agricultural area 20082019
ANOVA's tests did not showed statistically significant
results – regarding to the decrease in the size of SAA in
the city during 20082019 – for 96 agricultural areas
selected in the borders of the city at the significance level
p=0.05 (SAA2008/2019, Tab. 3). Although there is slow
drop in area of 50 of them (2.9 ha each) and
disappearance of 7 (27.1 ha) located in city centre. In this

period mean of SAA is decreasing by 2.35 ha (Fig. 2).
Median of SAA in 2008 and 2019 do not show change
(Fig. 3) (Supplement Figs. 1S, 2S). Despite many reports
of very dynamic changes in urban landscape the
tendencies in this case do not confirm fast withdrawal of
cultivation in the range of the most anthropogenically
transformed terrain in this former voivodship city (Fig. 4).
Agricultural and horticultural area is still very significant
part of the city and takes 44% of its territory.

Table 3. ANOVA’s analyzed variables: agricultural areas size 2008/2019 (SAA), length of road
sections 2008/2019 (LRS), length of tree and shrub lines 2008/2019 (LTL) – significant value is bolded

Fig. 2. Logarithmized mean and standard deviation
of SAA 2008 and SAA 2019.
Creative Commons Attribution 4.0
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Fig. 4. SAA in 2019 and missing area of SAA in period
20082019
Fig. 5. Logarithmized mean and standard deviation of
LRS 2008 and LRS 2019.

Length of road sections 20082019
Statistically significant results concerning the decrease
of the length of LRS directly adjacent to the agricultural
areas in comparison of 2008 and 2019 at the significance
level of p=0.05 were found (LRS2008/2019, Tab. 3). The
22.46 m change of mean is caused by exclusion of roads in
2019 that have been inventoried in 2008 (Fig. 5). Median
of LRS group in 2019 is lower by 16.85 in comparison to
2008 (Fig. 6) (Supplement Figs. 3S, 4S). Out of 408
sections of roads 99 them shows decrease of direct
mileage with agricultural areas – 9% (Fig. 7). This is
considerable length reaching in total ̴ 1 km. Where the
new single family houses are becoming a direct barrier of
road pollution. The cause of it is directly connected with
urban sprawl (causing the extension of 3 road sections ̴

Fig. 6. Logarithmized median, min and max of LRS
2008 and LRS 2019.

Fig. 7. LRS in 2019 and missing length of LRS in period 20082019.
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130 m) and abandonment from agricultural and
horticultural use.
Length of tree lines 20082019
There are no significant differences at the level of
p=0.05 for differences of LTL length in 2008 and 2019
(LTL2008/2019, Tab. 3). However there were 111 tree
lines in 2008 and 90 left in 2019. Mean of LTL differs
minimally in the years 2008 and 2019 (2.53 m) and
median do not differs (Fig. 8, 9) (Supplement Figs. 5S,
6S). Total loss of length reached 822 m which is ̴ 19% of
total LTL in 2008. This length is summary of decrease of
39 tree sections and noticeable even taking under

consideration increase of length of 4 TL’s – 261 m (Fig.
10).
Length of tree lines in relation to length of road
sections 20082019
Share of tree line length in 2008 in comparison to 2019
looks very similar (Fig. 11) but it has to be pointed that
where the change occurred. Total length of LRS – 54.33
km in 2008 change in 2019 – 49.36 km which is
unproportional to LTL in the same period (Fig. 12). The
limitation of agricultual and horticultural areas occurred
near the roads where no compensation of green
infrastructure took place. The 4 individual cases of growth
of LTL are associated with secondary sucesion and 1 is
caused by replanting. This is evident proof of lack of their
importance in managing local greenery.
Through the city pass all of the main road categories of
Table 4. LTL change in period 20082019 depending
from road category.

Fig. 8. Logarithmized mean and standard deviation of
LTL 2008 and LTL 2019.

Fig. 11. Change in total length of road sections and share
of tree lines depending from analysed year.

Fig. 9. Logarithmized median, min and max of
LTL 2008 an LTL 2019.

Fig. 12. Unproportionable loss of LTL [%] in comparison
to LRS in 2019 with lost length [m]

Fig. 10. LTL in 2019 and missing length of LTL in period
20082019.a
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3. New singlefamily houses show the highest
endangering to exposure for road pollution, in vicinity of
agricultural areas in the Kalisz city.

the national system of transportation. The highest length
lost of LTL took place next to provincial roads (Table 4).
DISSCUSION
Beside the noticeable decrease of emission of gaseous
pollutants from industrial plants the dust pollutants from
other sources e.g. transports increases (appendix nr 1 of
resolution nr XIV/215/2019 council of Kalisz city 2019).
As pollution retained or neutralized in industrial
equipment or in waste water treatment systems is well
recognized and appreciated the impact of urban greenery
on reduction of air pollution is still not the official
category of raising the living standard in GUS.
Chosen sections of town greenery during the analysis
suffers neglection. There are no real plan for them in terms
of replanting (after 10 years) and general actions to
restrain this process. In fact protection of the population
from direct impact of road pollution thanks to the trees is
not noticed. Greenery in housing estates and hedges
becoming more important during increasing of urban
greenery but mainly in the visual sphere. It is also valuable
element of interception of pollutants and raise the standard
of living but most of all rise visual quality. Area of parks
and green squares in Kalisz do not changes much but the
length of hedges (by 11 536 m) and greenery of housing
estates (by 30.34 ha) grows significantly (GUS 2008,
2018). Practical and planned barriers in matter of road
pollution limitation are not in concern of authorities and
inhabitants. The results shows that provincial roads lost
the highest number and length of tree lines. This supports
the statement about unperceived matter of trees, shrubs
and hedges located at vicinity of roads and agricultural
land in the city.
It is easy to point that urbanization, in analysed case –
development of residential, housing estates and terraced
houses becomes the cause of separation of fields from
direct contact with roads but also became a victim that is
not defended by any barrier from transport pollution.
Recommendations in this particular situation would be
to preserve existing greenery because of its already not
sufficient amount. It sems that it is very important for city
plans and good practices to include the development of
this areas in matter of urban greenery.

4. Urban sprawl slowly becoming the reason of the
separation of agricultural areas from roads.
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SUPPLEMENT
Mean, standard deviation and median of SAA, LRS and LTL in 2008 and 2019

Fig. 1S. Mean and standard deviation of SAA 2008 and SAA 2019 [ha].

Fig. 2S. Median, min and max of SAA 2008 and SAA 2019 [ha].

Fig. 3S. Mean and standard deviation of LRS 2008 and LRS 2019 [m].
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Fig. 4S. Median, min and max of LRS 2008 and LRS 2019 [m].

Fig. 5S. Mean and standard deviation of LTL 2008 and LTL 2019 [m].

Fig. 6S. Median, min and max of LTL 2008 an LTL 2019 [m].
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