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ABSTRACT 

The inventory of the urban arborization of Positivo University parking lots in Ecoville Campus was 

conducted through census criteria, concerning the surroundings conflicts related to tree health, origin 

and phenology, that were scored and weighted. There were 393 individuals, 12 species and five families 

where 60% were native to Brazil. The main canopy criteria was the reaching branches on the access 

road in a proportion of 40%; in the trunk analysis, it was observed lesion (45%) and rot (40%); at the 

base’s analysis it was verified injury (43%) and root damage (35%) and exposed root (25%). The 

presence of fruit (26%) was higher than the flowering. Handroanthus albus presented the best result 

for the criteria, unlike Anadenanthera macrocarpa and Tipuana tipu. The trees showed a landscaping 

potential, however, the space available for the large size ones was not adequate and the large size 

species intensified the conflicts, when there was no planning. The species characteristics should be 

observed, in relation to the three-dimensional space availability. Thus, future conflicts that can be 

avoided endanger tree health, urban infrastructure and residents which can lead to economic losses. 

For this reason, the elaboration of the Municipal Urban Arborization Plan is considered primordial. 
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1 INTRODUCTION 

Urban arborization is all existing arboreal coverage present in the cities, 

located in free public and private areas, following the road system (DANTAS et 

al., 2011). Its function is to reduce environmental impacts within the cities, by 

moderating the climate, maintaining energy inside buildings, absorbing carbon 

dioxide, improving water quality, controlling water runoff and flooding, 

reducing noise levels, offering shelter for fauna, contributing to the aesthetics, 

leisure, comfort and well-being, improving the urban quality of life (CHUN; 

GULDMANN, 2018; HU et al., 2018; ARAUJO; ARAUJO, 2016; KARDEL et al., 2010), 

of present and future generations, which is the reason why it has a very diffuse 

character (MPEP, 2018). 
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 These benefits are enhanced when native species are employed, as they 

generate identity for urban arborization when providing contact with the local 

vegetation. They also have higher survival and longevity rates and reduces the 

maintenance costs (LIMA; JUNIOR, 2010). 

The urban environment is adverse for the development of urban trees, 

commonly taking  place compacted and / or altered soils, water and nutrient 

deficiency, climate change, heat stress, flooding, air pollution, intense solar radiation 

and reduced space (HUANG et al. , 2019; ARAUJO; ARAUJO, 2016; REVI et al., 2014). 

The City Statute, Federal Law 10.257 / 2001, states that it is the municipalities 

obligation  to formulate and execute the master and the urban development plans, 

regarding the urban arborization, in line with the guidelines, to guarantee the right to 

sustainable cities and leisure for those present and future generations, to direct and 

control the land use in order to avoid the deterioration of urbanized areas, the 

pollution and environmental degradation, protection, preservation and recovery of 

the natural and built environment and also the landscape heritage (BRAZIL , 2001). 

According to the MPEP (2018), is regarded that there is a lack of human 

resources training for planning, seedling production, implementation, maintenance 

and urban arborization monitoring and also that any existent incompetence in these 

matters may lead to difficult or even permanent conflicts. Whereas the urbanization 

effects which most interfere in the urban arborization planning  are related to the size 

of the streets, sidewalks, tree beds, alteration of the physical and chemical conditions 

of the soil, the presence of electric power network, underground water pipe, sewage 

and gas, the car and pedestrian flow (MPEP, 2018). 

Araujo and Araujo (2016) believe that the management is hardly adequate. 

Thus, they found trees with drastic pruning, mechanical damage by vehicle, lawn 

mower, trunk annealing and vandalism. The size of a city, the type of a road system, 

the way urban infrastructure is established, and the characteristics of tree species are 

factors that should be taken into attention in the planning (SILVA, 2008). 

Knowledge about the behavior and characteristics of species used in urban 

arborization should be considered, in order to mitigate the effects of urbanization, 
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 thereby increasing their potential (ABREU; LABAKI, 2010; CARDIM, 2011; SILVA, 2008). 

Thus, reducing the incompatibility between arborization and infrastructure urban 

(MONHOTO et. al., 2009). 

The inventory of urban tree is essential for its planning and maintenance as a 

monitoring and evaluation tool, diagnosing the need for management, phytosanitary 

problems, treatment or removal or even implementation (BRIANEZI et al., 2013; 

CEMIG, 2011). Subsequently, it is possible to elaborate the Urban Arborizarion Plan, 

defining public policies, future budget forecasts and management programs, 

prioritizing interventions and maintenance (SOARES; PELLIZARO, 2019) 

The analysis should take into consideration parameters such as location, 

botanical classification, tree health, dendrological and surrounding characteristics, 

such as wiring, piping, street width and construction distance (SILVA et al., 2006), and 

be carried out through efficient and innovative technical criteria,  to ensure their 

conservation and to guide the population on the importance of environmental 

services (MEUNIER, 2013). Simultaneously, to focus on the effectiveness in urban 

arborization maintenance, such as proper pruning, in order to avoid destabilization of 

the trees, which generates morphological problems that favor the occurrence of 

diseases, pests and putting them at risk of falling (NICODEMO; PRIMAVESI, 2009). The 

importance of sustainable management of urban green spaces is continuously 

growing and it is a path that policymakers, practitioners and scientists need to deal 

with, concerning the conflicts that affect these areas (MCDONNELL; MACGREGOR-

FORS, 2016).   

Regarding the European Union, strategies based on the 'green infrastructure' 

(EC, 2013) and 'nature-based solutions' concepts (EC, 2015) are being developed 

considering the ecosystem and its process, which both terms being tried, tested and 

effective tools used to successfully deliver ecological, economic and social benefits 

through natural solutions, related to the human benefits that society derives from 

nature, built-in spatial planning and territorial development (EC, 2013). 

This context aims at planning ecosystem services through the interaction 

between ecosystems and well-being (HAASE et al., 2014; GÓMEZ-BAGGETHUN et al., 
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 2013; GÓMEZ-BAGGETHUN; BARTON, 2013). 

The research was conducted throught inventory of the urban arborization of 

Positivo University parking lots in Ecoville Campus. The purpose of this work was 

provided a tool for the urban arborization management plan elaboration, through 

appropriate technical criteria and parameters, which aimed at maximizing the 

benefits and minimizing conflicts with urban buildings and structures, thus reducing 

maintenance costs and contributing to public safety. 

 

 

2 MATERIAL AND METHODS 

Curitiba is located on the First Paranaense Plateau, latitude 25°25'40” S and 

longitude 49°16'23” W, average altitude 934.6 m.a.n.m. The average annual 

temperature is 17.9 ° C, the minimum temperature in the coldest month is 8.7 ° C and 

the maximum in the warmest month is 27.2 ° C, reaching values below 5 ° C and 

above 33 ° C (INMET, 2012). Frost formation is common in the region (MAACK, 2012). 

Positivo University in Ecoville Campus is located at Prof. Pedro Viriato Parigot de 

Souza, 5300, Industrial City in Curitiba, Paraná State, Brazil. It has 424.8 thousand m², 

where capons with remnants of Mixed Ombrophylous Forest and nine parking lots 

with arborization are verified, following the pattern of urban arborization, as part of 

the existing landscape. According to Bordignon (2011), it has around 1,700 employees, 

teachers and trainees, 400 service providers and suppliers, 11,000 undergraduate and 

graduate students and 3,000 visitors, totaling approximately 13,000 moving people. 

The inventory of all trees located in the nine parking lots of the Positivo 

University Ecoville Campus was performed by census, where the perimeter at breast 

height (PBH) and total height (TH) and inversion point estimates were measured (IP) of 

all trees, considering a height equal to or greater than 2.5 and 1.8, respectively. 

Criteria were selected for the physical and phytosanitary assessments of the canopy, 

trunk, base of the trunk, root and the conflict between tree individuals and their 

surroundings, by following the adapted methodology of Santos et al. (2010). Each 

criteria, considering its verification in the tree individuals, received a score from 1 to 4, 
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 in the on-site observation of the individuals, being 1, “0%” (absent), 2 “from 1% to 20%” 

(low), 3 “21% to 50%” (intermediate) and 4 “> 51%” (high). 

For the canopy evaluation, branches were considered invading the access road 

and the electric power network; presence of dry and / or hollow branches, bark 

damage, presence of xylophagous agents and the presence of mistletoes; thin 

or abnormal foliage, improper pruning and also a need for pruning; for the 

trunk evaluation, beat damage, rot, bark injury, presence of xylophagous 

agents, cavity, inclination, tortuosity and cracking; in relation to the base of the 

trunk, presence of epicormic sprouting, cavities, bark lesions, mowing damage, 

presence of xylophage agents and curb restriction; damage and exposure of 

the root and presence of epicormic root were observed. Flowers, fruits and 

seeds were considered during the sampling period, from March to May 2018. 

After performing the inventory, the score obtained for each criteria, tabulated in 

Microsoft Excel spreadsheets, was multiplied by the number of observations 

(individuals per species), thus obtaining the weighting. The Coefficient of Variation 

(CV), which corresponds to the relative standard deviation (SD) over the mean (M), was 

calculated to verify the degree of certainty of weight acquired through the on-site 

evaluation of the criteria. The relative weighting values were calculated and thus it 

was possible to fit the criteria evaluated into four categories: low (0% to 25%), 

intermediate (26% to 50%), high (51% to 75%) and very high (76% to 100%). Referring 

to the weighted high and very high values of the criteria. A table was set uo for 

analysis and discussion of the results, as shown in this article. The main criteria 

observed in individuals, species and afforestation of the Campus were evaluated in 

order to obtain the main conflicts present in the environment of Positivo University 

with regard to afforestation of parking lots.  

The origin of the species was defined as native species (typical of the Mixed 

Ombrophilous Forest); native to Brazil (typical of other biomes in Brazil); exotic (from 

other countries) and invasive exotic (as per IAP Ordinance 059/2015). 

The species were identified in loco and subsequently, the scientific names were 

verified with the help of botanical identification keys, such as Angiosperm Phylogeny 
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 Group IV (APG IV, 2011) and virtual herbariums. Reflora (http://www.reflora.jbrj.gov.br) 

and Missouri Botanical Garden (http://www.tropicos.org). 

 

 

3 RESULTS 

There were 393 individuals, belonging to 12 species, nine genera and five 

families. From this total, 235 are native to Brazil (60%), 121 are exotic (31%) and 37 are 

native to the Mixed Ombrophilous Forest (9.5%) (Table 1). 

Lafoensi pacari, Handroanthus avellanedae and Tipuana tipu had the largest 

perimeter at breast height (PBH). Considering the total height, Handroanthus 

avellanedae, Handroanthus heptaphyllus and Peltophorum dubium presented the 

highest values.  Regarding the morphological inversion point, the average per species 

ranged from 1.8 m to 5.3 m where Lafoensia pacari, Peltophorum dubium and Schinus 

molle had the highest morphological inversion point height (Table 1). Four individuals 

of Schinus molle and one individual Peltophorum dubium were dead. 

 

Table 1 – Tree species at Positivo University parking lots Ecovile Campus, Curitiba, PR 

(NI = number of individuals; PBH = perimeter at breast height; MTH = mean total 

height; IP = morphological inversion point. 

Family Species Origin NI 
PBH 

(cm) 

MTH 

(m) 

IP 

(m) 

Anacardiaceae Schinus molle L. NB 90 43.4 3.9 2.7 

Bignoniaceae 

Handroanthus albus (Cham.) 

Mattos 
N 21 26.4 3.1 2.0 

Handroanthus avellanedae 

Lor. Ex Griseb 
NB 2 67.0 7.0 2.3 

Handroanthus heptaphyllus 

(Vell.) Tol. 
NB 27 47.5 6.4 2.1 

Fabaceae 

Anadenanthera macrocarpa 

Benth. 
NB 5 57.4 5.2 1.8 

Parapiptadenia rigida Benth. NB 40 53.8 4.8 2.4 

Peltophorum dubium 

(Spreng.) Taub. - 1 
NB 40 51.9 5.8 5.3 

Peltophorum dubium 

(Spreng.) Taub. - 2 
NB 31 54.8 6.4 1.8 

Tipuana tipu (Benth.) Kuntze E 38 64.0 4.8 2.1 

Lythraceae 
Lafoensia pacari A. St.-Hil. N 16 69.6 5.6 4.9 

Lagerstroemia indica (L.) Pers. E 9 24.4 3.3 1.8 

http://www.tropicos.org/
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 Sapindaceae Koelreuteria paniculata Laxm. E 74 55.3 6.3 2.3 

Total / 

Average 
  393 51.3 5.2 2.6 

Legend: E = exotic; NB = native to Brasil; N = native to Mixed Ombrophilous Forest 

Source: authors 

 

Anadenanthera macrocarpa and Tipuana tipu showed hight proportions of the 

criteria considered for the canopy, around 80% of the individuals, as the branches 

reaching the access route, presence of hollow branches and lesions (Table 2). 

In relation to Tipuana tipu trunk, it presented 80% rot, 70% inclination and 60% 

injury; followed by Anadenanthera macrocarpa with 70% lesion and Handroanthus 

avellanedae and Koelreuteria paniculata with 60% rot and lesion (Table 2). 

According to observations from the base, Peltophorum dubium (1) 

presented lesion (70%) and mowing damage (55%), followed by Lagerstroemia 

indica with 70% and 85% and Anadenanthera macrocarpa with 70% and 50% for 

these criteria respectively. Tipuana tipu presented a high proportion of injuries 

(65%) (Table 2). 

Anadenanthera macrocarpa and Schinus molle presented the highest 

proportions for exposed roots, obtaining, respectively, the proportion of 67% 

and 45%. 

Phenology showed Lafoensia pacari with the highest proportions of fruit 

(70%) and flowers (60%), followed by Anadenanthera macrocarpa with 50% and 

40%, respectively. Handroanthus avellanedae and Parapiptadenia rigida 

presented 75% and 70% of fruit and Koelreuteria paniculata 55% of flowers.  

Koelreuteria paniculata was the only species that presented low 

proportion of conflict with the environment. 

Considering the general average of the criteria for all evaluated 

individuals, related to the canopy evaluation, reaching the branches on the 

access route it was obtained 40%. Regarding the trunk, injury was the most 

frequently observed (45%), followed by rotting (40%). The presence of lesions 

(43%) was verified in the base analysis, followed by mowing damage (35%). 
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 Exposed root obtained 25%. The presence of fruit (26%) was higher than 

flowering (17%), considering the individuals overall (Table 2). 

 

Table 2 – Relative amount of individyals per species, which scores intermediate (21% 

to 50%) and high (> 51%) in the evaluation of the recommended criteria for canopy, 

trunk, base, root, phenology, surroundings in tree species at Positivo University 

parking lots Ecovile Campus 

Estrutura 
Critérios   Espécies M 

   KP PR AM SM há HAV HH PD1 LI TT LP PD2  

Copa Via   - 47 87 55 13 3 21 54 49 89 56 - 40 

 rede/cabos   - - - 4 - - - - - - - - 0 

 secos   46 24 - 23 30 9 32 23 27 - 11 45 23 

 ocos   24 - 43 - - - - - 5 - - - 6 

 lesão   - 25 - 8 - - - 10 8 65 - 21 11 

 
agentes 

xilófagos 
 - 7 - 4 - - - - - 10 - - - 

 
erva-de-

passarinho 
 - - - 28 - - - 8 6 14 - - - 

 
folhagem rala/ de 

cor anormal 
40 29 - 9 - - 10 16 14 - - - - 

 
poda 

inadequada 
 14 45 - 37 15 - 19 37 36 16 - 9 - 

 
necessidade 

de poda 
 41 42 27 37 13 - 31 37 - 23 - - - 

Tronco 
danos de 

batida 
 18 11 - - 15 - - - - - - - - 

 podridão   63 65 33 41 - 60 40 2 18 83 40 28 39 

 lesão   64 81 69 31 - 60 48 38 34 58 32 19 45 

 
agente 

xilófago 
 18 7 - - - - - - - - - 12 - 

 cavidade   29 12 - 39 14 - 9 21 22 30 30 30 20 

 inclinação   21 43 - 52 8 - 12 58 50 72 12 38 31 

 tortuosidade  36 22 33 16 19 - 18 36 34 28 13 33 - 

 rachadura   - 9 50 3 - - 51 11 9 7 21 - 13 

Base 
brotação 

epicórnica 
 - - - - - - - - 11 - - - - 
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  cavidade   21 19 44 17 27 - 11 43 42 48 - 13 24 

 lesão   38 56 71 40 13 - 42 72 75 65 24 23 43 

 
danos de 

roçada 
 34 55 50 11 16 - 6 89 84 32 16 23 - 

 
agentes 

xilófagos 
 22 - - - - - - 13 - 10 - - - 

 
restrição do 

meio fio 
 28 13 50 - - - 13 - - - - - - 

Raiz exposta   40 30 67 48 - - - 29 - 26 40 17 25 

 danos   31 13 - - - - - - - - 14 17 6 

 epicornica   - - - - - - - - - - - 11 1 

Fenologia fruto   - 71 50 3 - 75 30 - - 12 68 - 26 

 Flor   55 - 43 7 - - 9 8 - 6 62 9 17 

 semente   - - - - - - - - - - - - 0 

Entorno REE  24 - - - - - -- - - - - - - 

 DVA  0 0 0 0 0 0 0 0 0 0 0 0 0 

 TUB   13 - - - - - - - - - - - 1 

Legend: Koelreuteria paniculata (KP), Parapiptadenia rigid (PR), Anadenanthera macrocarpa (AM), Schinus 

molle (SM), Handroanthus albus (HA), Handroanthus avellanedae (HAV), Handroanthus heptaphyllus (HH), 

Peltophorum dubium (1) PD!), Lagerstroemia indica (LI), Tipuana tipu (TT), Lafoensia pacari (LP), REE - 

power grid, DVA - access road distance, TUB - pipelines, media (M). 

Source: authors 

 

 

4 DISCUSSION 

The urban arborization of the Positivo University car parking lots was 

characterized by the presence of native, native Brazilian and exotic species. Most 

species were native to Brazil, however, the presence of exotic species and the low 

representativity of native species of the Mixed Ombrophilous Forest (9% of the total), 

typical of the Curitiba region (IBGE, 2012), were notorious. According to MPPR (2018), 

Cupertino and Eisenlohr (2013) and Castro et al. (2011), urban arborization should 

consider the conservation of biological diversity and emphasize local native species. 

The Fabaceae family was the most representative with 36% of species and 39% 

of individuals, higher than the proposed one (SANTAMOUR, 2004), which ponders not 

to exceed more than 30% of the same family for good urban planning. 
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 It is reasonable to assume an imbalance in the distribution of the number of 

individuals between species, as Schinus molle and Koelreuteria paniculata represented 

about 42% of the total, the latter being exotic. Only Handroanthus albus and Lafoensia 

pacari are native to Curitiba's coverage region (IBGE, 2012). Parapiptadenia rigida, 

Anadenanthera macrocarpa, Schinus molle, Handroanthus heptaphyllus, Handroanthus 

avellanedae, Peltophorum dubium are native to Brazil and Koelreuteria paniculata, 

originating in East Asia, Lagerstroemia indica, India and Tipuana tipu, from Bolivia to 

Argentina 2003 (CARVALHO; et al., 2003). Locastro et al. (2017), assessed the 

sustainable use of urban arborization in Cafeara, Paraná and observed the 

predominance of native (52%), as well as Brianezi et al. (2013) who found 58% for 

these species in the Campus-Headquarters of the University of Viçosa, Viçosa, MG and  

they emphasize the importance of this distribution, as it contributes to the pathogens 

control and conservation. 

Amongst the exotic species found in the census, Koelreuteria paniculata and 

Tipuana tipu stood out. Similar proportion was verified by Pagliari and Dorigon (2013) 

in the urban arborization of Lageado, SC, with 36% exotic as well as Guilherme et al. 

(2018) in the urban arborization of Cassilândia, Chapadão do Sul, Costa Rica and 

Paranaíba, MS obtained 22% exotic, 69% native from Brazil and 9% native. For Soares 

and Pellizaro (2019) the exotic made up 86% of the urban arborization of Ampére, PR. 

Pouey et al. (2003) considered that exotic ones reduce ecological benefits and that 

investment is high, as they are more demanding on resources for their adaptation far 

from their origin. 

The species with the highest average height were naturally large, over 10 m, 

such as Handroanthus avellanedae (10 m to 50 m), Handroanthus heptaphyllus (8 m to 

35 m), Peltophorum dubium (10 m). 40 m), Koelreuteria paniculata (10 m and 15 m, 

reaching 20 m) (LORENZI et al., 2000; CARVALHO, 2003). In addition to these, 

Parapiptadenia rigida is usually tall, but in adverse situations its size may be small (4 m 

to 20 m), such as Schinus molle (3 m to 12 m), Handroanthus albus (3 m to 30 m) and 

Lafoensia pacari (5 m to 15 m). Anadenanthera macrocarpa can range from medium to 

large (8 m to 20 m), Lagerstroemia indica is small (3 m to 5 m) and Tipuana tipu large 
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 (12 m to 15 m) (LORENZI et al., 2000; CARVALHO, 2003). Faleiro and Amâncio-Pereira 

(2007) studying road arborization on the campus of the Federal University of 

Uberlândia, MG, identified a prevalence of tall trees (64%). Soares and Pellizaro (2019) 

observed that most individuals had a height lower than 6 m (96%) and that 

Handroanthus heptaphyllus, Parapiptadenia rigida, also found in this study and, Persea 

americana were the highest. 

The average by species of morphological inversion point met the 

technical criteria established for urban arborization. Individuals used in urban 

arborization of cities should have an average morphological inversion point 

greater than 1.8 m, as a way to reduce damage by vandalism, vehicle shocks, 

less need for pruning throughout the tree's life cycle, generating greater 

economy. Municipal Public Agencies and reducing the incidence of pests and 

diseases (MPPR, 2018). Soares and Pellizaro (2019) consider that seedlings 

when broken or damaged give off new shoots and will generally have the height 

of the first fork equal to the height of the damaged point. 

Schinus molle was the only species that was not characterized by 

deciduality. Koelreuteria paniculata, Handroanthus spp., Peltophorum dubium, 

Lagerstroemia indica, Tipuana tipu are deciduous species and Lafoensia pacari, 

Anadenanthera macrocarpa and Parapiptadenia rigida semideciduous. 

Characteristic that justifies the verification of dry branches and sparse foliage 

with abnormal coloration, considering that the sampling was performed in the 

fall, when these species lose their leaves. Lagerstroemia indica was the only 

species with single leaves, the others presented composed leaves (CARVALHO, 

2003; LORENZI et al, 2003; RODERJAN; BARDDAL, 1998).  

The presence of fruit was superior to flowering, considering the overall 

species. Pagliari and Dorigon (2013) found that 8% of the specimens presented 

leaves and flowering, 0.4% of the plants presented leaves and fruit, 3.6% of the 

specimens presented leaves and seeds, 0.4% of the individuals presented 

leaves, fruit and seeds. Marchiori (2004) points out that phenological 

information, such as limitation and extension of the leaf deciduous period and 
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 delimitation of the flowering or fruiting period, constitute the basis for the 

planning of urban arborization, for the plastic modeling of the vegetation, since 

it requires thorough knowledge of the biological rhythms of plant species, 

aiming at good aesthetic compositions. 

In general, the observed phenology aligned with that described by Carvalho 

(2003) and Roderjan and Barddal (1998). Koelreuteria paniculata and Peltophorum 

dubium presented flowers, Parapiptadenia rigida and Handroanthus avellanedae, fruit 

and Anadenanthera macrocarpa, Handroanthus heptaphyllus and Lafoensia pacari, 

flowers and fruit. 

For some species, the phenology was different than expected. According to 

Carvalho (2003), Schinus molle blooms from August to December and have fruit from 

December to February, but flowers and fruit were observed. Lagerstroemia indica, 

according to Roderjan and Barddal (1998) have fruit in May, but no flowers or fruit 

were observed and Tipuana tipu presented flowers and fruits, but the period of having 

fruit and flowers is in August and November, respectively. In urban arborization the 

phenological knowledge of species that live under physiological stress may indicate, 

according to their rhythm of phenophases in a natural situation, the presence or 

absence of regularity and, in this case, turns to be the basis for the planning of 

silvicultural actions that allow better adaptation of species to the urban environment 

(BRUN et al, 2007). 

Xylophagous agents and presence of mistletoes were found in Schinus molle, 

Tipuana tipu and Lagerstroemia indica as well as in Parapiptadenia rigida. According to 

Carvalho (2003), in pure massifs this species is attacked by fungi and root borers, 

which may justify the presence of these criteria, even though in low proportion, 

considering that urban arborization presents low species diversity, constituting a pure 

massif. Koelreuteria paniculata showed some rot, which is possibly related to weak and 

poorly resistant wood (SANCHÉZ, 2019). Soares and Pellizaro (2019) found that, as 

regards plant health, most trees were healthy, although with a common presence of 

termites (11.5%). According to Teixeira (1999), it is recommended that the frequency 

of a single species should not exceed 0.15, for both, aesthetic and phytosanitary 
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 reasons, and the number of species and proportionality of use should be established. 

Pouey et al. (2003) also relates the incidence of xylophagous agents to low diversity, 

considering that in mixed plantings the attacks are widespread, besides the problem 

concerning the lack of resources as nutrients. 

Schinus molle, Lagerstroemia indica and Peltophorum dubium presented epicornic 

sprouting. For Carvalho (2003), Schinus molle presented branching and formation of 

mult trunks and Peltophorum dubium was able to emit lateral buds and also could be 

used in micropropagation. In the same way that Lagerstroemia indica has had dull 

shoots that appears at the base from the roots (LORENZI et al., 2003). 

Lafoensia pacari was of the climax ecological group and the others species were 

pioneers, with fast growth, that require high light intensity for their development, 

have a short life cycle and are not demanding (SWAINE; WHITMORE, 1988; BROKAW, 

1985). Carvalho (2003) affirms that Anadenanthera macrocarpa is widely used in 

landscaping, however, due to its short life cycle and size, it is not recommended for 

urban arborization. The same can be regarded for the other pioneer species found, 

often planted in urban arborization, as they are undemanding in terms of resources 

and therefore easily adaptable, although it is necessary to be replaced in a relatively 

short period or may present phytosanitary problems, indicating end of the cycle and 

thus increasing the risk of fall and damage. 

The species used in the parking lots arborization have high ornamental 

potential. However, one must consider the characteristics of the species, such as size, 

architecture, purpose and place of planting. Koelreuteria paniculata is very ornamental 

due to the chromatic impact of its yellow flowering during the summer months, crown 

aspect, fruit persistence in winter and reddish and yellow bud in autumn (REHMAN; 

PARK, 2000; SÁNCHEZ, 2019). However, it does not respond well to pruning, so 

considering its size, it should be planted in large areas, as recommended by Rehman 

and Park (2000). 

Carvalho (2003) considers that Handroanthus albus, besides being very 

ornamental due to yellow inflorescence, is resistant to urban pollution. Guilherme et 

al. (2018) confirm that species of this genus are indicated for use in arborization, 
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 noted that 81% were in good physical condition and Pagliari and Dorigon (2013) 49%, 

with vigor and health. According to Carvalho (2003), Handroanthus avellanedae is a 

botanical synonym of Handroanthus heptaphyllus, however, Lorenzi et al. (2003), 

regard as it as being a distinct and very ornamental species due to pink inflorescence, 

as adopted in this study. 

Lorenzi et al (2003) consider that Tipuana tipu is widely used in urban 

arborization throughout the national territory and is recommended for large sites. 

Schinus molle presented inclination in the trunk which may be characteristic of 

the species itself, as Carvalho (2003) described its trunk as branched, inclined and 

crooked. It was the most frequent species in the sampling carried out in Lages, Santa 

Catarina (PAGLIARI; DORIGON, 2013). It is very ornamental and often used in squares 

and parks, but can cause allergic reactions, so it should not be planted in places of 

intense flow of people (VAN DER JAGT; LAWRENCE, 2019; MPPR, 2018; PAGLIARI; 

DORIGON, 2013; OAK, 2003). 

Criteria such as reaching branches on the access road, hollow branches, the 

need pruning  or presence of the inadequate pruning, verified in the crown, lesion, 

crack in the trunk, mowing damage, injuries to the base and exposed root, and 

restriction to the curb, as well as cavities in various structures of the evaluated 

individuals, are related to the lack of management of arborization, including 

environmental monitoring and education. Locastro et al (2017) also pointed out that 

the lack of planning regarding the species to be planted, situations such as pavement 

uplift, wiring damage or the presence of stumps that hinder the movement of 

passers-by become common. 

These problems are intensified when a tree species is large and thus requires a 

larger three-dimensional space, such as Parapiptadenia rigida, Koelreuteria paniculata, 

Anadenanthera macrocarpa, Handroanthus spp., Peltophorum dubium, Lagerstroemia 

indica and / or tree architecture also requires differentiated space, such as Schinus 

molle and Tipuana tipu (CARVALHO, 2003; LORENZI et al, 2003; RODERJAN; BARDDAL, 

1998). 
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 Faleiro and Amâncio-Pereira (2007) found that 54% of the trees presented 

conflicts with the pavement with severe damage. They considered that Caesalpinia 

peltophoroides, species of the same family and profile as Parapiptadenia rigida, 

Anadenanthera macrocarpa and Peltophorum dubium, when verified at work, was 

responsible for 63% of the conflicts, due to inadequate planting and insufficient 

beds, because the species requires large free area, as well as observed in the 

results of this research for large species. According to these authors, in relation 

to the quality of the canopy, 55% were vigorous, where 38% showed signs of 

yellowing, abnormal leaf and branch drop, leaf size reduction, dry hands, 

whether or not associated with diseases or pests and 7% with a profusion of 

shoots or branches. Regarding the phytosanitary state, 50% had dead branches, 

13% had parasites, 14% had insect parasites and 8% had rust, and emphasized 

the importance of species diversity as a natural control. 

In order to solve problems the branches reaching on the access road, 

criterium verified in the canopy analysis and which occurred mainly in 

Anadenanthera macrocarpa and Tipuana tipu, Soares and Pellizaro (2019) 

observed that 27% of trees had no pruning during or near the evaluation 

period, 57% had pruning and 14% drastic pruning and that 63% of the plant 

specimens had contact with the electric network, which among them, Schinus 

molle, Handroanthus albus, Tipuana tipu, present in this work. However, in 

Schinus molle, Tipuana tipu and Platanus Acerifolia, the pruning performed was 

drastic, being the cause of the individuals’ mortality.  

According to the Curitiba Forest Code (Law 9806/2000), “Art. 24, is prohibited 

excessive or drastic pruning of public or private arborization, which significantly 

affects the natural development of the crown. The Federal Law no. 9605/98, 

Environmental Crimes Law, reinforces the need to consider the available space and 

the characteristics of each species to avoid future problems. Guilherme et al. (2018) 

observed that 10% of individuals had conflicts and related to the planting of large 

species under spinning, without planning and maintenance pruning. According to 
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 Silva et al. (2008), the contact of trees with electricity wiring raises concerns due to the 

incompatibility between afforestation and urban road elements. 

Regarding the trunk, Soares and Pellizaro (2019) noticed that most of the trees 

had straight trunk (81%) or a little bent (11%), not disturbing the pedestrian crossing 

and 6% of the trees caused intense obstruction, although they did not evaluate the 

tree health, according to this study. 

Exposed root was intensely observed in Anadenanthera macrocarpa and Schinus 

molle, Paglian and Dorigon (2013) found that 5% of the specimens had apparent roots 

affecting the sidewalk 

As Marchiori (2004) claims, the root outcrop is identified by presenting 

underground roots that display themselves in an aerial form under environmental or 

endogenous pressure or under incorrect management, that is, in a natural and 

balanced way the plant does not exhibit outcrop. For Santos and Teixeira (2001), this 

is triggered by a free area absence, which generates stem strangulation, hindering the 

sap circulation. They claim that  in  sidewalks an absence of free area takes place, thus 

favoring root outcrops in order to seek these essential elements for root 

development, so the roots exert pressure, causing an impact in the floor, leading to 

cracks in fences and walls, usually visible in the sidewalks of urban areas. Soares and 

Pellizaro (2019) found that 41% of the species did not have free area for an adequate 

growth and, as a result, 23% outcropped in a free area and 8% affected sidewalk, curb 

or walls. 

Only Koelreuteria paniculata showed little conflict with the criteria considered for 

the surroundings, such as electricity grid, distance from the access road and pipes. 

Regarding the implantation of urban arborization, this environment was 

contemplated. However, the specific characteristics and needs of the species were 

not. 

The local where most of trees is located in the streets is inhospitable to their 

growth, health and longevity, contributing to their mortality, thus limiting the diversity 

of species adaptable to these conditions. Trees suffer effects of air pollution, heat 

island, drought, flood, inadequate soil compaction and volume, lack of balance, 
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 nutritional deficiencies, winter and improper pruning (COWETT; BASSUK, 2017). They 

also consider even if the species are adapting to urban conditions, it may not be 

suitable for this purpose due to growth and branching habits, such as Acer 

saccharinum, that is fast growing, tolerant to wet and dry soils and easy to transplant. 

However, it is prone to rot, thus, with the risk of falling branches or the tree itself. 

These conditions can reach people and urban infrastructure. 

Brianezi et al. (2013) observed that 57% of individuals were healthy and 

suggested that due to low tree heterogeneity, more conscious and permanent 

planning is needed in order to better exploit the characteristics and benefits linked to 

each species and to reduce the spread of pathogenicities. They recommend that 

individuals with poor phytosanitary status should be replaced. According to Van Der 

Jagt and Lawrence (2019), improper management of urban arborization can lead to 

problems such as high voltage wire disruption, power supply interruptions, sewage 

clogging, traffic obstacles and accidents involving pedestrians, vehicles and buildings. 

Pagliari and Durigon (2013) reinforce the need for planning, as the use of 

inappropriate species can present hazards and damage to society (PAGLIARI; 

DURIGON, 2013) 

Despite the knowledge regarding the benefits brought by urban arborization 

and the need for its management, in order to minimize conflicts with the urban area, 

most countries have unsustainable and ineffective practices. Funding constraints are 

considered to be a widely reported barrier in Northern Global countries (STOBBART; 

JOHNSTON 2012; DRISCOLL et al. 2015; KRONENBERG, 2015), except Scotland 

(RANDRUP et al., 2017). Those responsible for urban arborization generally do not 

have a comprehensive view of trees and their conditions (STOBBART; JOHNSTON 

2012; KRONENBERG 2015). For instance, in Toronto, Canada, the team demonstrated 

limited knowledge of tree pests, diseases and planting strategies to minimize risks 

(CONWAY; VANDER VECHT 2015). 

As claimed by Pouey et al. (2003), regarding the management of urban 

arborization, the tree specimens should be mapped and registered, which 

should be permanently updated, not to mention the development of an annual 
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 planning and forecasting of resources for its execution and that Municipal 

Seedling Production Centers should be established and preserved along with 

campaigns concerning permanent tree planting, education and ecological 

awareness. 

According to Cowett and Bassuk (2017), planting conditions for trees can be 

improved by selecting the appropriate species, considering above and below ground 

conditions, watering of freshly planted seedlings during establishment and also 

during  the heat periods, converting continuous trenches of the soil and using 

structural soil to promote root growth under paving in adjacent lawn areas. For MPEP 

(2018), planting locations should be appropriate to the size of the trees (crown height 

and canopy diameter) and the typology of the streets (width of the runway and 

sidewalks), according to the available three-dimensional space, bearing in mind the 

position of overhead, underground service networks (electrical system, water supply, 

sewage etc.) and the distance from buildings and signs to define the appropriate size 

of species and planting position. 

Locastro et al (2017) found that the studied of arborization showed some 

progress. According to representatives of public management, the municipality has 

been concerned with issues of vegetation management, proven by the intensification 

of planting native species, constant maintenance of pruning and use of vegetation as 

a way to attract natural predators of Aedes aegypt (Linnaeus). In addition, residents 

emphasized that through management, arborization has become a reference for the 

city and region, regarding that care with pruning and central beds goes beyond 

natural beautification and promote quality of life to residents. In order to train 

technicians, the municipality has partnerships with municipal schools and state 

projects.  

Van Der Jagt and Lawrence (2019) consider that a systemic shift should take 

place for a new, broad sense and shared responsibility towards urban tree 

management, actions that when well executed, increase the number of support and 

resources available which can be initiated, regardless of institutional constraints. 
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 The MPEP (2018) considers that the proper formulation and execution of the 

Municipal Urban Arborization Plan is essential not only for the planning of actions and 

initiatives related to the diagnosis, implementation, maintenance and monitoring of 

its substantial measures, but also proves crucial for the exercise of police procedures 

regarding the licensing and authorization of eventual pruning, felling and replacement 

of trees. 

 

 

5 CONCLUSION 

The study of the urban arborization of Positivo Ecoville University Campus 

parking lots can be a basis of information for municipalities urban arborization. The 

species observed are widely used for this purpose not only in this country but in other 

countries as well, so the potential and conflicts evaluated are common in other 

studies in different municipalities of Brazil and abroad. 

The origin of species should be considered for planting, regarding the use of 

naturally occurring species in the region of the site, in this case, species of Mixed 

Ombrophilous forest, as they are better adapted to the environment just as the 

diversity, following technical and landscaped criteria for urban urbanization. 

The deciduality is another factor to be pondered in the landscaping 

composition of the urban arborization; in this case, the fact that only Schinus molle is 

not deciduous, compromises the aesthetics, since the vast majority will be left without 

leaves in the unfavorable period. Likewise, the phenology should be included in the 

planning, seeking to put in the period of fruiting and flowering of species, aiming at 

landscape effects. 

The presence of xylophagous agents, presence of mistletoes and rot is related 

to resource deficiency and low species diversity. These criteria are verified in larger 

proportions in species that have, as characteristic, weak and little resistant wood, such 

as Koelreuteria paniculata. 
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 Species that produce epicornic shoots require additional management and 

investment to control regrowth, such as Schinus molle, Lagerstroemia indica and 

Peltophorum dubium. 

The species used in the parking lots arborization were from the pioneer 

ecological group, so the life cycle is shorter, except for Lafoensia pacari, which is 

climax. Regarding the difficulty of managing tree individuals in urban arborization, the 

life-cycle factor should be considered, as it implies the replacement of individuals, 

demanding human and economic resources, the time for growth in the replaced 

individual and obtaining the benefits offered through it. 

In the management of arborization, which includes the choice and production 

of seedlings, planting, monitoring (canopy, trunk, base and roots) and environmental 

education in a broad way, the characteristic size and architecture of the species in 

relation to the three-dimensional space must be considered. As noted, the lack of 

management intensifies the problems of large species, reflected in conflicts with the 

infrastructure and, on the other hand, also compromises the phytosanitary conditions 

of trees. 

The observed conflicts and phytosanitary conditions of trees are due to the flow 

of vehicles and passersby, generating pressure on the trees in inhospitable urban 

environments. 

The majority of the tree individuals showed mowing damage. The team which 

performs this work should be oriented, otherwise, the arborization of the parking lots 

is impaired, causing damage to the trees and financial loss.  

Gradual replacement of Schinus molle and Tipuana tipu is recommended as the 

size, root type and canopy pattern are suitable for parks and squares, but not for 

space constrained locations. In addition to that, Schinus molle may generate allergic 

reactions in passersby. 

The methodology used, considering the census and the defined criteria 

evaluation for the trees of the arborization parking lots of the Positivo University, can 

be used elsewhere as a tool for the elaboration of urban arborization management 

plans, aiming at its effectiveness and public safety. 
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