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Abstract 
The capability of trees growing in the Campus of Sapienza University of 
Rome to improve environmental quality was analyzed. Measurements of CO2 
concentration, air temperature and humidity, traffic density and noise level 
were carried out along a transect from streets outside the Campus to sites in-
side. Moreover, measurements were also carried out at the Experimental 
Garden placed inside the Campus. In each of the considered sites, diameter at 
breast height, plant height and carbon stored in the tree aboveground bio-
mass were calculated. Air temperature in summer was 5% lower inside the 
Campus than in the surrounding streets, while relative humidity increased by 
4%. CO2 concentration in winter was 11% lower inside than in the surround-
ing streets. Carbon stored by trees was 374 Mg to which Pinus pinea, Cedrus 
deodara, Quercus ilex and Tilia × europaea contributed by 30%, 20%, 18% 
and 13%, respectively. Moreover, noise level was 36% lower inside than in the 
surrounding streets. 
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1. Introduction 

The increasing interest for environmental issues and the attention of the public 
for the problems connected to conservation have determined a new way of un-
derstanding the greening also in relation to people’s well-being [1]. There has 
been a transformation in the way of living with a greater attention to the quality 
of the life [2]. Today 57% of the world population lives in cities and it is esti-
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mated that 62% of the world population will live in urban areas by the year 2030 
[3]. The rapid growth of urban areas has brought social, economic and envi-
ronmental challenges [4]. Urban greening is a valuable asset for modern cities 
delivering key functions and benefits that enhance the quality of the life [5] [6] 
[7]. Urban green spaces play an important role from a social perspective by 
promoting physical activity, increasing people interaction [8] [9] [10] and re-
ducing stress [11] [12]. Moreover, urban greening increases the attractiveness of 
communities, as well as neighborhood desirability which has been quantified in 
a real estate value as a “willingness to pay” [13]. Consequently, due to the range 
of social and environmental services they afford, urban green spaces are a public 
good and their availability is a core indicator for a sustainability profile [4]. 
Thus, the use of plants to ameliorate urban air quality has become a focus of re-
search [6] [14] [15] [16] [17]. Vegetation that covers various segments of urban 
areas (i.e. public and private parks, gardens, sport fields, hedges and tree-lined 
avenues) contributes to air quality amelioration by reducing air pollution [18] 
[19] [20] and decreasing CO2 concentration, air temperature and noise level [21] 
[22] [23]. During the last decade, there has been considerable research effort to 
quantify the carbon (C) storage of urban forests worldwide [17] [24]. The 
above-ground biomass estimation is a key parameter in accounting for carbon 
storage by trees [24]. In general, trees of large size have a greater C storage capa-
bility than trees of small size [25] [26] [27]. Although C stored in urban forests is 
relatively small in scale compare to forest stands and plantation trees, the prox-
imity of urban forests to emission sources means that their potential C storage 
should not be neglected [28] [29]. In such context, the main objective of this re-
search was to evaluate the role of tree species growing in the Campus of Sapienza 
University of Rome to improve environmental quality. In particular, data about 
C storage, air temperature, CO2 concentration and noise level collected inside 
the Campus area were compared with those collected in the surrounding streets 
characterized by a higher traffic level. University areas play an important role as 
the environment to promote and protect health of the students and staff, to 
create holistic health-conducive working, learning and living environments with 
sustainability, and to develop health promotion in teaching and research [30]. 

2. Materials and Methods 

2.1. The Study Area 

The greening of the Sapienza University of Rome Campus (hereafter called 
Campus) largely maintains the characteristics of the original project carried out 
in the 1930s. The Campus covers an area of 20.3 ha. A majority of the species are 
Pinus pinea L., Cedrus deodara (Roxb. Ex D. Don) G. Don, Quercus ilex L., Cu-
pressus sempervirens L., Myrtus communis L., Arbutus unedo L., Olea europaea 
L., Tilia × europaea L., and Cercis siliquastrum L. 

The considered tree species, on average, are 100 years old. Along the Avenue 
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that connects the entrance to the Minerva Fountain, there are Q. ilex trees fol-
lowed by P. pinea, C. deodara and C. sempervirens. On both sides of the Miner-
va Fountain, there are Q. ilex trees. The South and North Avenues are characte-
rized by T. × europaea. The Experimental Garden (8354 m2, hereafter called 
Garden) borders Cesare De Lollis Street in the southern side that is characterized 
by high traffic level during the day. The northern side is bordered by the Univer-
sity Avenue, characterized by high traffic levels during the day (Figure 1). The 
study was carried out in the period January 2017-January 2018. 

2.2. Climate 

The study area is under a Mediterranean type of climate. The average total an-
nual rainfall was 819 mm, most of it distributed in autumn and winter. The 
mean maximum air temperature (Tmax) of the hottest months (July and August) 
was 31.8˚C ± 0.1˚C and the mean minimum air temperature (Tmin) of the coldest 
month (January) 4.7˚C ± 1.1˚C. The mean yearly air temperature was 16.8˚C ± 
6.6˚C (data provided by the Lazio Regional Agency for Development and Agri-
cultural Innovation, Meteorological Station of Rome, Lanciani Street, data for 
the period 2006-2017). 

2.3. CO2 Concentration, Air Temperature and Humidity, Traffic 
Density and Noise Level 

Measurements were carried out in four sites: Cesare De Lollis Street (site A), 
outside the Campus and bordering the Campus in the southern side, Garden 
(site B), the central area inside the Campus (site C) and University Avenue (site 
D), outside the Campus and bordering it in the northern side (Figure 1). CO2 
concentration (ppm), air temperature (Ta, ˚C) and humidity (RH, %) were mo-
nitored simultaneously by handheld tools (Rotronic, CP11). Noise level (N, dB) 
was monitored by portable sound level meters (Testo 816, class 2, Italy). Traffic 
density (i.e. number of vehicles per minute) was monitored simultaneously with 
microclimate, CO2 concentration and noise level in A and D sites. Measure-
ments were carried out monthly (three sampling days per month with compara-
ble climatic conditions, almost 3 days after the last rainfall) from 8.00 to 11.30 
a.m. (traffic density peak hours, Gratani and Varone 2005) during the study pe-
riod, at 1.50 m from the soil, according to [31]. 

2.4. Plant Traits 

The number of tree per each species growing in the Campus and in the Garden 
was counted. Structural traits were measured on representative trees. In particu-
lar, tree diameter at breast height (DBH, m) was measured by callipers (Silvanus 
calliper—65 cm) or by a DBH tape (length = 20 m) when the diameter was larger 
than 65 cm. Plant height (H, m) was measured by electronic clinometers 
(Haglöf, Sweden). Trees with a diameter larger than 5 cm were considered [32]. 
Trees different age classes were selected for P. pinea, based on the ratio between 
H and crown height (CH, m), according to [33]. CH was defined as the vertical  
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Figure 1. Map of the Sapienza University of Rome Campus. The Transect from 
Cesare De Lollis Street (A site), the Experimental Garden (B site), the central 
area inside the Campus (C site) to the University Avenue (D site) is shown. Im-
age from google.earth. 

 
distance from the lowest branch insertion to the highest point of the trees, ac-
cording to [34]. 

2.5. Aboveground Biomass and Carbon Storage 

The aboveground biomass (AB) of the tree species was obtained by allometric 
equations [32] [35] [36] [37] using DBH and H for each species. If no allometric 
equations were found for a species, the mean value of the equations of the same 
genus was used. If no genus equations were found, the value from broadleaf or 
conifer general equations was used, according to [17]. 

The carbon (C) stored in the aboveground biomass (CA) was calculated by 
multiplying AB by 0.5 [38]. 

2.6. Statistical Analysis 

Differences of the means were tested by one-way analysis of variance (ANOVA) 
and Tukey test for multiple comparisons. All statistical tests were performed us-
ing a statistical software package (Statistica, Statsoft, USA). A correlation analy-
sis was carried out between CO2 concentration and traffic density, and between 
CO2 concentration and Ta. 

3. Results 
3.1. CO2 Concentration, Air Temperature and Humidity, Traffic 

Density and Noise Level 

The CO2 concentration trend during the study period is shown in Figure 2. The 
mean yearly CO2 concentration at 8.30 a.m., when traffic peaked (27 ± 7 ve-
hicles∙min−1, mean value of A and D sites), was 502 ± 47 ppm (mean value of  
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Figure 2. Carbon dioxide concentration (CO2) monitored at 8.30 a.m. (a) and at 11.30 
a.m. (b) during the study period along the transect. A = Cesare De Lollis Street, B = Expe-
rimental Garden, C = central area inside the Campus, D = the Avenue of the University. 
Mean value and standard deviation are shown (n = 9). Differences across the transect are 
always significant except when indicated (*, ANOVA, p < 0.05). 

 
A-B-C-D) decreasing by 6% at 11.30 a.m. (mean value of A-B-C-D). The highest 
values were monitored in winter (544 ± 23 ppm) when traffic peaked (31 ± 6 ve-
hicles∙min−1, mean value of A and D) decreasing by 17% and 20% in spring and 
summer, respectively. The highest CO2 concentration along the transect was 
monitored in A and in D (523 ± 60 ppm and 505 ± 52 ppm, respectively, mean 
value at 8.30 a.m. and 11.30 a.m., during the study period) and the lowest in B 
(448 ± 34, ppm). There was a significant positive correlation between CO2 con-
centration and traffic density (y = 4.0083x + 409.61, R2 = 0.4025, p < 0.05) 
showing that 40% of CO2 concentration variations depended on traffic density 
variations. 

The mean yearly Ta was 20.1˚C ± 8.9˚C (mean value of A-B-C-D) at 8.30 a.m. 
increasing by 27% at 11.30 a.m. (mean value of A-B-C-D). The highest Ta was 
monitored in summer (31.0˚C ± 1.8˚C, mean value of A-B-C-D) at 8.30 a.m. 
(Figure 3) decreasing by 47% and 73% in autumn and winter, respectively. 
Along the transect, the lowest Ta was monitored in B (21.4˚C ± 8.8˚C, mean val-
ue at 8.30 a.m. and 11.30 a.m.) increasing by 10% in A, C and D (mean value). 
There was a significant negative correlation between CO2 and Ta (y = −4.7597x + 
595.15, R2 = 0.63, p < 0.05). 

The mean yearly RH was 49% ± 14% (mean value of A-B-C-D) at 8.30 a.m. 
decreasing by 24% (mean value of A-B-C-D) at 11.30 a.m. The lowest RH was 
monitored in summer (33% ± 6%, mean value of A-B-C-D) at 8.30 a.m., and the 
highest in autumn (65% ± 7%, mean value of A-B-C-D). Along the transect, the 
highest RH was measured in B (46.0% ± 10.0%, mean value at 8.30 a.m. and 
11.30 a.m.) and the lowest in C (38% ± 4%, mean value at 8.30 a.m. and 11.30 
a.m.). 

The highest noise level was monitored in A and D (80 ± 2 dB, mean yearly 
value) decreasing by 44% and 36% in B and C, respectively. During the year, the 
highest noise level was monitored in winter (84 ± 2 dB, mean value of A and D)  
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Figure 3. Air temperature (Ta) monitored at 8.30 a.m. (a) and at 11.30 a.m. (b) during the 
study period along the transect. A = Cesare De Lollis Street, B = Experimental Garden, C 
= central area inside the Campus, D = the Avenue of the University. Mean value and 
standard deviation are shown (n = 9). 

 
when traffic peaked, decreasing by 8% and 14%, in spring and summer, respec-
tively, according to the traffic density decreasing (26% and 39%, respectively). 

3.2. Plant Traits 

Structural traits of the considered tree species growing in the Campus and in the 
Garden, and the tree numbers for each species are shown in Table 1 and Table 
2, respectively. The total number of trees in the Campus was 647 of which Q. 
ilex, T. × europaea and P. pinea were 33%, 15% and 13%, respectively. H ranged 
from 2.9 ± 0.3 m (Chamaerops humilis) to 29.0 ± 1.1 m (C. deodara). C. deodara 
had the highest DBH (96.0 ± 0.8 cm) and Persea americana the lowest (6.4 ± 0.5 
cm). H varied from 6.3 ± 1.5 m (15 years), 13.0 ± 2.3 m (45 years) to 24.3 ± 5.4 
m (100 years) in P. pinea. 

In the Garden there were 85 trees, covering 6040 m2 (72% of the total Garden 
area) Platanus orientalis and Cinnamoum camphora showing the highest H 
(26.4 m and 23.2 ± 6.1 m, respectively) and Platanus orientalis the highest DBH 
(154 cm). Citrus spp. had the lowest H and DBH (3.5 ± 0.3 m and DBH 10 ± 0.6 
cm, respectively). 

3.3. Carbon Storage 

The total C stored by all the trees growing in the Campus was 372 Mg of C to 
which those growing in the Garden contributed by 9% (Table 3 and Table 4). P. 
pinea, C. deodara, Q. ilex and T. × europaea had the highest C storage (30%, 
20%, 18% and 13%, respectively, of the total C storage in the Campus), while 
Bauhinia aculeata C storage was lower than 0.01%. P. orientalis and C. camphora 
growing in the Garden contribute by 13% and 11%, respectively to the total C 
storage in the Garden while Nolina longifolia (Karw. ex Schult. & Schult. f.) 
Hemsl. by 0.12%. 
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Table 1. Structural traits and number of the considered tree species inside the Campus of 
the Sapienza University of Rome. H = plant height, DBH = diameter at breast height, n˚ = 
number of trees. 

 
H (m) 

 
DBH (cm) 

 
n˚ 

Species mean dev.st mean dev.st 
 

Acer negundo L. 12.00 
 

25.78 
 

1 

Ailanthus altissima (Mill.) Swingle 12.60 1.20 67.48 1.0 12 

Bauhinia aculeata L. 13.00 
 

26.10 
 

1 

Cedrus deodara (Roxb. ex D.Don) G.Don 29.00 1.10 95.49 0.80 35 
Cercis siliquastrum L. 7.28 0.85 23.87 0.56 3 
Chamaerops humilis L. 2.90 0.30 

  
21 

Cinnamomum glanduliferum (Wall.) Meisn. 15.20 
 

40.74 
 

1 
Citrus limon (L.) Osbeck 4.20 

 
12.10 

 
1 

Citrus × aurantium L. 5.80 1.20 27.69 0.96 6 

Cupressus arizonica Greene 16.60 
 

38.20 
 

1 

Cupressus sempervirens L. 18.19 0.80 50.93 0.10 12 

Eriobotrya japonica (Thunb.) Lindl. 7.60 1.0 22.28 0.86 11 

Ficus carica L. 7.50 0.90 40.11 0.56 4 

Hibiscus syriacus L. 3.30 
 

10.19 
 

1 

Ligustrum lucidum W. T. Aiton 7.90 1.50 56.34 0.59 34 

Magnolia grandiflora L. 15.00 2.30 73.21 1.30 4 
Myrtus communis L. 5.90 0.87 20.00 0.53 15 
Olea europaea L. 3.00 0.67 19.42 0.41 18 
Paulownia tomentosa Steud. 15.75 

 
55.70 

 
1 

Persea americana Mill. 4.30 0.93 6.37 0.50 2 
Phoenix canariensis Chabaud 8.50 

   
1 

Phoenix dactylifera L. 8.60 1.7 
  

3 
Picea abies (L.) H.Karst. 14.70 1.62 26.42 1.69 3 
Pinus pinea L. (100 year-old-tree) 24.30 5.4 85.94 2.3 47 
Pinus pinea L. (45 year-old-tree) 13.00 2.3 42.05 2.4 14 
Pinus pinea L. (15 year-old-tree) 6.30 1.5 15.00 0.96 22 

Pinus sylvestrisL. 15.20 1.51 38.83 1.31 5 

Platanus × hispanica Mill. ex Münchh. 22.00 1.5 86.58 0.98 3 

Platycladus orientalis (L.) Franco 5.50 0.87 32.47 0.86 7 

Populus nigra L. 16.00 1.90 60.48 0.96 10 

Prunus armeniaca L. 5.20 0.65 14.32 0.35 2 

Prunus avium (L.) L. 9.00 0.52 28.01 0.34 3 

Prunus cerasifera Ehrh. 5.00 
 

12.73 
 

1 

Prunus domestica L. 4.90 
 

13.05 
 

1 

Prunus dulcis (Mill.) D.A.Webb 9.60 0.36 51.57 0.54 3 

Prunus laurocerasus L. 6.80 0.42 13.37 0.84 5 

Prunus persica (L.) Batsch 4.00 
 

13.69 
 

1 

Prunus serrulata Lindl. 7.45 0.54 24.83 0.36 6 

Punica granatum L. 5.80 0.23 10.19 0.54 13 

Quercus ilex L. 7.50 0.68 44.56 0.28 215 
Robinia pseudoacacia L. 11.70 

 
49.02 

 
1 

Sabal palmetto (Walter) Lodd. ex Schult. & Schult.f. 4.50 0.56 
  

2 
Tilia × europaea L. 11.20 0.56 76.39 0.25 95 
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Table 2. Structural traits of the tree species growing in the Experimental Botanical Gar-
den of the Sapienza University of Rome. H = plant height, DBH = diameter at breast 
height, n˚ = number of trees. 

Experimental Botanical Garden H (m) 
 

DBH (cm) 
 

n˚ 

Species mean dev.st mean dev.st 
 

Abies alba Mill. 12 
 

29.28 
 

1 

Aesculus hippocastanum L. 13 
 

52.84 
 

1 

Albizzia julibrissin Durazz. 13.5 
 

69.07 
 

1 

Acacia horrida (L.) Willd. 12 
 

32.79 
 

1 

Acer pseudoplatanus L. 16.7 
 

52.84 
 

1 

Araucaria bidwillii Hook. 17.5 
 

53.79 
 

1 

Brachychiton acerifolius  
(A.Cunn. ex G.Don) F. Muell. 

11.45 5.16 31.8 15.8 2 

Cedrus atlantica (Endl.) Manetti ex Carrière 14 
 

48.06 
 

1 

Celtis australis L. 11.98 2.16 58.15 9.25 4 

Celtis bungeana Blume 7.2 
 

42.0 
 

1 

Ceratonia siliqua L. 6.6 3.9 32.7 22.6 2 

Chamaerops humilis L. 4.4 0.12 
  

6 

Cinnamomum camphora (L.) J. Presl 23.2 6.08 95.49 41.41 2 

Citrus × aurantium L. 2.3 1.1 6.32 2.81 3 

Citrus deliciosa Ten. 1.7 0.4 5.0 1.41 4 

Citrus limon (L.) Osbeck 2.1 0.3 5.9 2.10 3 

Citrus maxima (Burm.) Merr. 3.5 
 

9.6 
 

1 

Cupressus sp. 21.3 1.1 63.2 1.5 2 

Diospyros lotus L. 13.5 
 

51.9 
 

1 

Eriobotrya japonica (Thunb.) Lindl. 5 
 

29.92 
 

1 

Eucaliptus viminalis Labill. 15.1 0.14 67.91 0.30 2 

Fagus sylvatica L. 13.78 4.16 43.00 20.36 4 

Firmiana simplex (L.) W. Wight 9.3 
 

30.2 
 

1 

Fraxinus excelsior L. 13 
 

40.11 
 

1 

Ginkgo biloba L. 19.1 0.28 45.59 0.80 2 

Jacaranda mimosifolia D. Don 10.7 
 

41.06 
 

1 

Magnolia grandiflora L. 11.0 
 

34.4 
 

1 

Melia azedarach L. 14.5 
 

48.38 
 

1 

Morus alba L. 12.5 
 

75.76 
 

1 

Morus nigra L. 12.4 
 

57.61 
 

1 

Nolina longifolia (Karw. ex Schult. & Schult.f.) 
Hemsl. 

7.2 
 

63.7 
 

1 

Olea europaea L. 6.9 0.1 31.20 0.9 2 

P. pinea L. 19.9 0.1 80.9 0.3 2 

Phoenix canariensis Chabaud 17.2 0.8 
  

2 

Phytolacca dioica L. 9.3 0.8 42.3 3.2 2 

Pinus brutia Ten. 17.0 
 

53.2 
 

1 
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Continued 

Pinus canariensis C. Sm. 17.0 
 

47.7 
 

1 

Pinus eldarica Medw. 17.0 
 

63.7 
 

1 

Pinus halepensis Mill. 9.0 
 

36.9 
 

1 

Pinus pinaster Aiton 14.5 
 

50.6 
 

1 

Pinus rigida Mill. 18.0 
 

60.8 
 

1 

Platanus orientalis L. 26.4 
 

154.38 
 

1 

Quercus ilex L. 11.1 1.5 44.3 3.52 2 

Quercus suber L. 15.2 
 

70.03 
 

1 

Quercus trojana Webb 9.5 
 

73.2 
 

1 

Schinus polygama (Cav.) Cabrera 9.3 
 

42.3 
 

1 

Taxus baccata L. 5.7 0.1 27.2 0.2 3 

Tilia platyphyllos Scop. 13.0 
 

84.4 
 

1 

Trachycarpus takil Becc. 11.4 0.6 
  

2 

Ulmus sp. 16.4 
 

75.8 
 

1 

Washingtonia filifera (Linden ex André)  
H. Wendl. ex de Bary 

19.2 1.1 
  

3 

4. Discussion 

Trees are keystone structures in forest ecosystems, including those in urban 
areas [15] [16] [39] [40]. On the whole, the results highlight that in the Campus 
there are 41 tree species and a total of 647 trees. In the Garden there are 85 trees. 
The most abundant species are P. pinea, Q. ilex, T. × europaea, C. deodara and 
C. sempervirens. There are centenarian P. pinea (47 trees) and C. deodara (35 
trees) already present in the 1930s. Q. ilex (215 trees) and T. × europaea (86 
trees) characterize the tree-lined avenues inside the Campus. 

Among the benefits provided by greening, trees are excellent regulators of air 
temperature, heat and dampness in urban surroundings [41]. In particular, tree 
structure defines patterns of light-capturing areas and air temperature buffering 
effects of the canopy [42] [43] [44], which contribute to mitigate the urban “heat 
island” [45]. The trees growing in the Campus contribute to decrease air tem-
perature in summer by 8% and 3% at the Garden (site B) and in the center of the 
Campus (site C) than the surrounding streets (sites A and D), while RH increas-
es by 23% and by 9%, respectively. In Autumn Ta decreases by 7% and 6% at B 
and C sites, while in winter by 7% and 10%, respectively. The urban C cycle has 
its own driving forces, significantly different from those of natural ecosystems 
[46]. Humans and automobile activity produced more than 80% input of CO2 
into the urban environment [46] and motor vehicles are significant sources of air 
pollution emissions [18]. C is stored in plant tissues at different quantities de-
pending on factors such as age [47], growth rate and leaf life span [14] [16], thus 
contributing to decrease the atmospheric CO2 concentration. Trees with a large 
crown store more C than trees with a small crown [15]. In particular, the total C 
stored by trees growing in the Campus is 374 Mg of C to which C. deodara, Q.  
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Table 3. The aboveground biomass (AB), carbon stored in the aboveground biomass (CA) 
and the total carbon stored for each of the considered species inside the Campus of the 
Sapienza University of Rome. 

Species AB (Kg) CA (Kg) CAtot per species (Mg) 

Acer negundo L. 217 108.4 0.108 

Ailanthus altissima (Mill.) Swingle 888 444.1 5.329 

Bauhinia aculeata L. 0.255 0.13 0.00013 

Cedrus deodara (Roxb. ex D. Don) G. Don 4222 2111.0 73.88 

Cercis siliquastrum L. 112 56.1 0.168 

Chamaerops humilis L. 35 17.5 0.367 

Cinnamomum glanduliferum (Wall.) Meisn. 418.3 209.2 0.209 

Citrus limon (L.) Osbeck 32.7 16.4 0.016 

Citrus × aurantium L. 128 63.9 0.384 

Cupressus arizonica Greene 639.9 320.0 0.320 

Cupressus sempervirens L. 1217 608.6 7.304 

Eriobotrya japonica (Thunb.) Lindl. 103 51.4 0.565 

Ficus carica L. 258 129.2 0.517 
Hibiscus syriacus L. 23 11.7 0.012 
Ligustrum lucidum W. T. Aiton 466 232.8 7.917 
Magnolia grandiflora L. 1182 591.2 2.365 
Myrtus communis L. 79 39.3 0.589 
Olea europaea L. 62 31.0 0.558 
Paulownia tomentosa Steud. 749 374.5 0.375 
Persea americana Mill. 9 4.7 0.009 
Phoenix canariensis Chabaud 89 44.6 0.223 
Phoenix dactylifera L. 90 45.1 0.045 
Picea abies (L.) H. Karst. 195.8 97.9 0.294 
Pinus pinea L. (100 year-old-tree) 4519 2259.6 106.20 
Pinus pinea L. (45 year-old-tree) 579 289.6 4.05 
Pinus pinea L. (15 year-old-tree) 36 18.1 0.40 
Pinus sylvestris L. 509 254.5 1.273 
Platanus × hispanica Mill. ex Münchh. 2238 1119.1 3.357 
Platycladus orientalis (L.) Franco 183.1 91.5 0.641 
Populus nigra L. 880 439.9 4.399 
Prunus armeniaca L. 45 22.6 0.045 

Prunus avium (L.) L. 160 80.1 0.240 

Prunus cerasifera Ehrh. 37 18.5 0.019 

Prunus domestica L. 38 19.2 0.019 

Prunus dulcis (Mill.) D. A. Webb 456 228.0 0.684 

Prunus laurocerasus L. 44 22.0 0.110 

Prunus persica (L.) Batsch 39.3 19.7 0.020 

Prunus serrulata Lindl. 121 60.3 0.362 

Punica granatum L. 26.5 13.3 0.172 

Quercus ilex L. 633 316.6 68.07 

Robinia pseudoacacia L. 479 239.5 0.240 

Sabal palmetto (Walter) Lodd. ex Schult. & Schult. f. 50.45 25.2 0.050 

Tilia × europaea L. 1012 506.1 48.08 

Total C 
  

340.0 
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Table 4. The aboveground biomass (AB), carbon stored in the aboveground biomass (CA) 
and the total carbon stored for each of the considered species inside the Experimental 
Botanical Garden. 

Experimental Botanical Garden AB (Kg) CA (Kg) CAtot per species (Mg) 

Species 
   

Abies alba Mill. 216.9 108 0.108 

Aesculus hippocastanum L. 976 488 0.488 

Albizzia julibrissin Durazz. 1688 844 0.844 

Acacia horrida (L.) Willd. 245 123 0.123 

Acer pseudoplatanus L. 1236 618 0.618 

Araucaria bidwillii Hook. 975 488 0.488 

Brachychiton acerifolius (A. Cunn. ex G. Don) F. 
Muell. 

275 137 0.275 

Cedrus atlantica (Endl.) Manetti ex Carrière 627 313 0.313 

Celtis australis L. 688 344 1.376 

Celtis bungeana Blume 272 136 0.136 

Ceratonia siliqua L. 229 114 0.229 

Chamaerops humilis L. 50 25 0.149 

Cinnamomum camphora (L.) J. Presl 3353 1676 3.353 

Citrus × aurantium L. 8.7 4.3 0.013 

Citrus deliciosa Ten. 3.5 1.8 0.007 

Citrus limon (L.) Osbeck 6.9 3.5 0.010 

Citrus maxima (Burm.) Merr. 21.3 10.7 0.011 

Cupressus sp. 2159.2 1079.6 2.159 

Diospyros lotus L. 587 293 0.293 

Eriobotrya japonica (Thunb.) Lindl. 135 68 0.068 

Eucaliptus viminalis Labill. 265 132 0.265 

Fagus sylvatica L. 1125 562 2.249 

Firmiana simplex (L.) W. Wight 185 92 0.092 

Fraxinus excelsior L. 365 182 0.182 

Ginkgo biloba L. 607 304 0.607 

Jacaranda mimosifolia D. Don 333 167 0.167 

Magnolia grandiflora L. 252 126 0.126 

Melia azedarach L. 547 273 0.273 

Morus alba L. 1087 543 0.543 

Morus nigra L. 663 331 0.331 

Nolina longifolia (Karw. ex Schult. & Schult. f.) 
Hemsl. 

76.6 38.3 0.038 

Olea europaea L. 166.6 83.3 0.167 

P. pinea L. 3284.8 1642.4 3.285 

Phoenix canariensis Chabaud 173.6 86.8 0.174 

Phytolacca dioica L. 321.3 160.7 0.321 

Pinus brutia Ten. 1147.6 573.8 0.574 
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Continued 

Pinus canariensis C. Sm. 623.3 311.7 0.312 

Pinus eldarica Medw. 1103.8 551.9 0.552 

Pinus halepensis Mill. 339.9 169.9 0.170 

Pinus pinaster Aiton 774.9 387.4 0.387 

Pinus rigida Mill. 1066.1 533.0 0.533 

Platanus orientalis L. 8020.3 4010.1 4.010 

Quercus ilex L. 948.9 474.4 0.95 

Quercus suber L. 3253 1627 1.63 

Quercus trojana Webb 1566 783 0.78 

Schinus polygama (Cav.) Cabrera 321 160 0.16 

Taxus baccata L. 111 56 0.17 

Tilia platyphyllos Scop. 1363 681 0.68 

Trachycarpus takil Becc. 117 59 0.117 

Ulmus sp. 1355 678 0.678 

Washingtonia filifera (Linden ex André)  
H. Wendl. ex de Bary 

193 69 0.206 

Total C 
  

32 

 
ilex and T. × europaea contribute by 20%, 18% and 13%, respectively. The high-
est contribution by C. deodara, Q. ilex and T. × europaea is justified by the large 
DBH and the high number of trees per species. The tree-lined avenues in the 
Campus have a total length of 835 m. In particular, Q. ilex C storage of the 
tree-lined avenues (520 m total length) is 68.07 Mg of C and by T. × europaea of 
the tree-lined avenues (315 m total length), 43.52 Mg of C. P. pinea C storage 
ranges from 0.40 Mg of C in 15-years old trees to 106.20 Mg of C in 
100-years-old trees, according to the results of [48] for the same species. In the 
Garden there are 83 trees stocking 32 Mg of C, the centenarian P. orientalis giv-
ing the highest contribution (4010 Kg of C). Moreover, trees at B and C sites re-
duce the mean yearly CO2 concentration by 13 % compared to streets outside the 
Campus, which are characterized by all day high traffic level (25 ± 5 ve-
hicles∙min−1, mean value during the study period), as confirmed by the signifi-
cant positive correlation between the two variables. The highest CO2 concentra-
tion was monitored in winter (549 ± 15 ppm) decreasing by 17% and 20% in 
spring and summer, respectively. 

The results highlight also the role of trees in reducing noise level. Noise is 
considered the third most serious kind of pollution because it affects human 
health unfavourably both physically and psychologically. General annoyance, 
disturbance in psychosocial well-being and reduction in sleep quality are com-
monly reported effects of noise exposure [49]. The mechanism of noise attenua-
tion by plants is due to the capability of leaves to absorb acoustic energy by 
transferring the kinetic energy which vibrates air molecules in a sound field to 
the vibration pattern of leaves [50] [51] [52]. In particular, B site (Garden) de-
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creases noise level by 44% compared to A site (81 ± 4db). Areas characterized by 
a noise level above 65 dB are considered “black areas”, while a noise level be-
tween 55 and 65 dB are “grey areas” [53]. The noise level monitored in C (54 ± 2 
dB, mean value during the study period) follows in the “grey areas”, thus result-
ing in a more comfortable environment for people. 

5. Conclusion 

Despite the importance of green areas in improving urban air quality, up to date, 
few attention has been paid to the role of the greening in Universities. The plan-
ning of these areas has been considered only from an ornamental point of view 
with the aim to create a “beautiful and relaxing environment”. In addition, the 
preservation of biodiversity has become an important driver in many contem-
porary landscapes. Thus, the conservation of tree species and spreading infor-
mation on their capability of environmental quality amelioration contribute to 
sensitize the public and, in particular, young people on the importance of natu-
ralistic conservation. Our research highlighted that trees inside the Campus 
contribute significantly to create a healthy environment where people can reach 
a satisfactory wellbeing. The results, including tree traits and their air ameliora-
tion capability, can be incorporated in a database to monitor plant response over 
time also in consideration of changing environmental conditions. The Campus 
of the Sapienza University of Rome through the conservation of its collections, 
supported by scientific research, is a preferential way to spread information not 
only on plant biodiversity but also on its environmental quality amelioration. 
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