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Abstract: Urban environments face escalating challenges, e.g. due to uncontrolled urbanization, 12 

rapid population growth or climate changes, prompting the exploration of sustainable solutions for 13 

enhancing urban green spaces (UGS). For this reason, poplars (Populus L.), due to their rapid 14 

growth, wide range adaptability to environmental conditions and versatility of use, would have 15 

emerged as very promising. This comprehensive review synthesizes current knowledge regarding 16 

poplar's application in urban landscapes, emphasizing its multifaceted contributions and benefits. 17 

However, challenges arise from the variable lifespans of different poplar cultivars, necessitating 18 

strategic management approaches. Selecting cultivars based on growth rates, root system character- 19 

istics, and adaptability to urban conditions is pivotal. Adaptive replanting strategies, incorporating 20 

species with varying lifespans, offer solutions to maintain continual greenery in urban landscapes. 21 

Collaborative efforts between researchers, urban planners, and policymakers are essential for de- 22 

vising comprehensive strategies that maximize benefits while addressing challenges associated 23 

with their variable lifespans. In conclusion, harnessing poplar's potential in urban greenery initia- 24 

tives requires a balanced approach that capitalizes on their benefits while mitigating challenges. 25 

Further research and adaptive strategies are crucial for sustained and effective utilization in creating 26 

resilient and vibrant urban landscapes. 27 
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 30 

1. Introduction 31 

Urbanization is rapidly transforming landscapes worldwide (e.g. urban densifica- 32 

tion, urban sprawl, landscape fragmentation and others), necessitating innovative ap- 33 

proaches to mitigate environmental degradation and enhance the quality of urban green 34 

spaces (UGS) [1-13]. 35 

Looking back into the past, knowledge about the incredibly beneficial role of green- 36 

ery in cities has quite distant origins. Throughout the 19th and 20th centuries, greenery 37 

was continuously incorporated into the urban structure of cities and has traditionally been 38 

utilized in aesthetic, ecological, and technical contexts (e.g. city squares, parks, public gar- 39 

dens, children's playgrounds, or numerous spa parks in health resorts). The research re- 40 

ferred to the topic also showed the beneficial role of urban greenery against climate 41 

change in cities, disruptions in water management, soil depletion, environmental pollu- 42 

tion, maintaining avifauna diversity and providing fauna habitats and other important 43 

issues, which became even more critical at the beginning of the 21st century [5, 14-44]. 44 
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Urban green spaces (USG) are frequently characterized by complex spatial artificial 45 

composition and heterogeneity. In comparison to natural forests, they are essential for 46 

enhancing microclimatic conditions, aesthetic appeal, and ecological diversity in urban 47 

environments, playing a crucial role, e.g. maintaining bird diversity and providing habi- 48 

tats despite facing challenges such as habitat loss and ecosystem fragmentation due to 49 

urbanization. However, to fulfill their much-expected functions effectively, urban green 50 

spaces (UGS) must be adequately designed, maintained, and protected for years. UGS are 51 

largely anthropogenic, meaning their durability and self-regulation capacity are limited 52 

compared to natural ecosystems. 53 

Trees especially play a crucial role in fostering sustainable urban ecosystems 54 

[7,8,10,14,45-53]. In urbanized and open landscapes, trees can provide a diverse range of 55 

ecosystem services - among others, the mitigation of environmental degradation or en- 56 

hancement of biodiversity. The impact of high greenery on cultural services is also inval- 57 

uable [30, 54-60]. Planting and maintaining trees in urban areas is widely recognized as 58 

environmental biotechnology (phytoremediation) - the simplest and most direct way to 59 

limit air, water and soil pollution and to increase carbon sequestration due to the vast 60 

biologically active surface area that trees can produce [5,18,32,46, 61-67]. 61 

Unfortunately, on average, in cities (downtowns), trees appear to feature gradually 62 

decreasing lifespan or health and safety quality. Because of anthropopression, large, ma- 63 

ture and old trees are declining (one large urban tree often provides benefits equivalent 64 

to a few dozen young, new plantings), and a percentage of new-planted trees which are 65 

failing to establish is significant [46, 68-72]. At the same time, the need arises to obtain the 66 

effect of planting healthy and mature trees as quickly as possible because only such spec- 67 

imens can provide the desired ecosystem services to face challenges like, e.g. global cli- 68 

mate changes [73-76]. 69 

In such a context, poplar trees (Populus L.) have garnered attention in previous dec- 70 

ades for their great potential to contribute significantly to the quality and quantity of ur- 71 

ban greenery. It is just worth mentioning that already before the II World War, and then 72 

from the 50s up to the end of 70s of the 20th century, in some European countries (e.g. 73 

Poland or Czech), the mass afforestation of urbanized, industrial and open landscapes 74 

was carried out with a significant share of poplars [77]. Difficult urban conditions make 75 

poplars valuable for the introduction to UGS because of their wide range of critical pre- 76 

dispositions, including: 77 

• achieving quite large dimensions connected to rapid growth and increase in biomass 78 

(e.g. LAI); 79 

• quick impact on the local microclimate, e.g. shading, transpiration, protection 80 

against wind and noise; 81 

• the phytoremediation abilities like filtration of particular matter (PM) or gas pollu- 82 

tions from air or absorption of heavy metals from water and soil; 83 

• the high adaptability to various soil and water conditions; 84 

• considerable tolerance to pollution of air, water and soil; 85 

• mass production of nursery material; 86 

• good planting efficiency with the minimum necessary maintenance. 87 

In general, the advantages of poplars making them a promising planting material for im- 88 

proving urbanized landscapes, are connected to their rapid growth (allowing them to ob- 89 

tain a large amount of plant biomass in a relatively short time), high adaptability to vari- 90 

ous soil conditions and diverse environmental benefits, they can provide [78-80]. 91 

On the other hand, the use of poplars in urban areas is limited due to some incon- 92 

venient features of these plants like relatively short lifespan, low wood resistance (which 93 

makes them affected more by storms), shallow root systems possibly damaging the infra- 94 

structure, potential production of root suckers, quite a long period of the leaf fall (clean- 95 

ing), relatively higher susceptibility to insect and fungal diseases or production seeds with 96 

cottony hairs polluting the environment in the spring (only female specimens) [77-81]. 97 
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Regarding the undoubted advantages of poplars (Populus L.) for diverse urban envi- 98 

ronments worldwide and keeping in mind their obvious limitations, the problem about 99 

to solve is how to conduct their optimal integration into urban green spaces (UGS) for 100 

maximizing their environmental benefits, mitigating potential challenges, and ensuring 101 

their sustainable use. This publication aims to synthesize and critically examine the use of 102 

poplars in urban landscapes, emphasizing their aesthetical, ecological, economic and so- 103 

cial significance. Our goal was also to consolidate existing knowledge on utilizing poplars 104 

in urban greenery, identify critical areas for further research, and advocate for their stra- 105 

tegic incorporation in urban planning for a more sustainable and resilient urban future. 106 

Here, we formulated our research thesis about the research goal we are trying to 107 

prove. The rational use of poplars in 21st-century cities worldwide, e.g. Europe, Middle- 108 

East, and Asia (important proper selection of species, adaptation to the habitat and func- 109 

tional and spatial conditions) is necessary for the quantitative and qualitative maintenance 110 

of healthy high greenery - trees and urban woodlots, which, together with the develop- 111 

ment of UGS, should be a response to the dynamic, ongoing climate change and the desire 112 

to improve the quality of life of the growing population of cities. 113 

2. Materials and Methods 114 

The first section of the presented review contains an extended literature search. It 115 

was conducted to explore and compile examples of the ecological characteristics and wide 116 

range of use of poplars essential for urban greening efforts. The combinations of keywords 117 

including: "urban green spaces", "green areas ", "urban environments", "climate changes", 118 

"trees' values", "poplars", and "phytoremediation", were used in searching online litera- 119 

ture databases, including Scopus, ISI Web of Knowledge, Websco and Google Scholar. 120 

The data collected at this research stage was from both the literature and the authors' pro- 121 

fessional, scientific, and practical experience concerning designing and maintaining tall 122 

greenery forms in urban spaces. Issues identified during the literature review led us to 123 

synthesize poplar's traits, making them unique for use in diverse urban settings. Regard- 124 

ing the general aim of the research, we formulated the following questions essential for a 125 

literature review on the application of poplars in urban environments: 126 

1. How do poplars characteristics impact their suitability for diverse urban settings? 127 

2. What specific environmental benefits could the use of poplar provide, and what 128 

role could they play in mitigating contemporary threats typical for urban areas? 129 

3. What are the most effective ways to use poplar's potential in urban settings to en- 130 

sure optimal growth, sustainability, and community acceptance while minimizing poten- 131 

tial risks regarding their presence in cities? 132 

Relying on the answers to the above questions, the authors identified the major issues 133 

related to maintaining city greenery. 134 

The second part of the research shows the results of field observation and investiga- 135 

tions by authors of woodlot forms consisting of various poplar taxons located in urban 136 

areas of various locations. Field studies used techniques of dendrological inventories and 137 

included, among others, taxonomic identification; spatial form of woodlots (the horizontal 138 

and vertical structure); measurements parameters of representative trees; determining the 139 

condition and health status; assessing the dates of planting and the age of representative 140 

trees; photographic documentation. The analysis of collected data allowed us to show es- 141 

pecially one representative cultivar of balsamic poplar (Populus ×berolinensis (K. Koch) 142 

Dippel for its up-and-coming use features in urbanized landscapes. 143 

The third section consists of cameral studies of multi-mixed methods, combining dif- 144 

ferent research methods and techniques from the interface of dendrology, urban ecology, 145 

graphical engineering, landscape architecture and urban forestry. 146 

Firstly, it consisted of a collection of archival photographs illustrating the Ziętek 147 

Promenade in Chorzów and Rakowiecka Street at the former headquarters of the Warsaw 148 

University of Life Sciences (WULS-SGGW) building and graphic processing of archive 149 
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materials in GIMP and Inkscape graphical applications. The analysis of the photos was as 150 

follows: 151 

1. Rakowiecka Street in Warsaw, Poland. Images from individual years (1925-2014) 152 

collected during the literature search were superimposed and aligned with the original 153 

1930 photograph of the first tree planting on the building, then scaled and aligned using 154 

perspective and grid tools in the GIMP graphics. The building's facade was measured us- 155 

ing a Nikon laser rangefinder (model Forestry Pro 2) for verification purposes. Then, the 156 

profile of the poplar at the entrance to the building was drawn in individual years, and 157 

the dimension was measured by reading the data from the grid. Subsequently, auxiliary 158 

illustrations were made showing the pattern of poplars in specific periods and the param- 159 

eters obtained. On this basis, the age of the trees was estimated. 160 

2. Ziętek Promenade in Chorzów, Poland. First, three pictures illustrating the view 161 

of the even row of Berlin poplar were selected from the query literature (the fifties of the 162 

20th century, the turn of the 50s and 60s of the 20th century, and the last one made during 163 

the documentation in 2014). Then, the length and height of characteristic elements in the 164 

field were measured with a rangefinder - lamps, the distance between the poplars in the 165 

alley (dimensions similar to those of previous years). These dimensions were plotted 166 

based on illustrations, and then the height and width of the tree bark in specific periods 167 

were estimated. Average values for plant growth for each year were used, i.e. 1959, 1965, 168 

2014. Subsequently, auxiliary illustrations were made showing the pattern of poplars in 169 

specific periods and obtained parameters. 170 

Secondly, we test the relationship between selected dendrometric parameters (e.g. 171 

height vs age) using Statistica 13.0 software. A representative group of 10 young Berlin 172 

poplars from a newly replanted section of Ziętek Promenade measured in 2016, 2021 and 173 

2023, as well as selected preserved poplars on Rakowiecka Street in Warsaw (data from 174 

2012 and 2024), were subjected to a statistical study (Sperman's rank correlation analysis). 175 

3. Results 176 

Our review of scientific databases has shown that, there are virtually very little of 177 

research devoted to the direct use of poplar cultivars in woodlots located in urban green 178 

spaces UGS. But indirectly some of these research indicate also the practical potential of 179 

poplars for use in anthropogenic environments. The conducted review of the literature 180 

revealed that poplars offer significant potential in current research for providing ecosys- 181 

tem services and mitigating pollutants in urban areas, recognized for their role in improv- 182 

ing air quality and acting as natural barriers for contaminant retention [77,83-87]. In cities, 183 

poplars are valuable trees for: 184 

• obtaining quick visual results in urban green spaces and cityscape itself; 185 

• reinforcing environment and shaping a favorable microclimate in a relatively short 186 

time; 187 

• covering and masking buildings and unattractive objects and views, e.g. ware- 188 

houses, landfills and heaps, etc. 189 

Integrating poplars into urban greenery initiatives presents challenges and opportu- 190 

nities that must be carefully navigated, including selecting species considering environ- 191 

mental impacts [88], managing potential trace metal contamination [89], ensuring long- 192 

term maintenance, addressing community concerns, and recognizing ecological and psy- 193 

chological benefits for sustainable urban environments. 194 

 195 

3.1. The contribution of poplars to urban environment 196 

As mentioned, urban landscapes in 21st century suffer from the deforestation, which 197 

stems from numerous factors. In context of global climate changes and the need of reach- 198 

ing sustainable urban environments, this phenomenon could be mitigated by comprehen- 199 

sive reforestation initiatives and development of urban green spaces [90-94] connected to 200 

the effective urban planning [92,93]. The expansion of urban areas and changes in land 201 

cover pose threats to urban vegetation, emphasizing the importance of sustainable 202 
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management [95]. In this case a strategic tree selection is one of a necessary comprehensive 203 

solutions that provides ecosystem services such as carbon sequestration, biodiversity sup- 204 

port, and air and water pollution mitigation. Poplars could stand out in this field due to 205 

their suitability for contemporary challenges of environmental urban and industrial envi- 206 

ronments [78-80]. 207 

 208 

  
Figure 1. Original group of Populus ×canadencis Moench (P. xeuroamericana Guiner) in the Pole 209 
Mokotowskie Park, 2019, Warsaw, Poland, exchanged into a new group of Populus ×canadencis 210 
'Koster' in 2020 (J. Łukaszkiewicz). 211 

 212 

It is proved, that poplar trees can efficiently remove airborne particulate matter (PM) 213 

and associated metals through phytoremediation, contributing to urban air quality en- 214 

hancement, while their adaptation to adverse environments and fast growth make them 215 

an interesting alternative for urban landscaping [86,87]. Cultivars of poplars - if used 216 

properly (carefully selected e.g. in relation to spatial and site conditions) - could effectively 217 

improve air quality by capturing PMs, thereby reducing air pollution levels [96]. 218 

 219 
Figure 2. P. simonii Carrière 'Fastigiata' as urban street trees along pedestrian route - sheltering func- 220 
tions (J. Łukaszkiewicz 2018). 221 

 222 

Poplars could also be effective in carbon sequestration by accumulating trace ele- 223 

ments from polluted urban soils, serving as bioindicators for urban environmental pollu- 224 

tion assessment [97]. Furthermore, poplar trees can modify soil microbial communities, 225 

enhance soil stability, and provide valuable habitats for ground beetles and entomofauna, 226 

enriching urban biodiversity [98]. 227 

Because of their fast growth poplars could be pivotal in counteracting the urban heat 228 

island effect and improving urban microclimates. Urban tree cover supplemented with 229 

plantings of different poplar taxa could mitigate more quickly the urban heat island effect. 230 

Poplar trees enhance the urban thermal environment through transpiration, stimulating 231 

urban "cold islands" [99-104]. 232 
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 233 
Figure 3. Populus ×canadensis Moench 'Marilandica' planted in by-water shelterbelts of Żerański Ca- 234 
nal, Warsaw, Poland (J. Łukaszkiewicz 2016). 235 

 236 

Of course, also in the case of poplars in cities, their cultivation and maintenance is 237 

necessary. Considering diverse research findings to ensure optimal growth and sustaina- 238 

bility of poplars in urban settings while minimizing risks, effective maintenance practices 239 

such as pruning, soil amendment, and irrigation are crucial [105-112]. The challenges such 240 

as insect pests and heavy metal accumulation in poplar require careful management and 241 

selection of clones, especially when monoculture plantations are planned to be introduced 242 

[42,43,113,114,115]. 243 

 244 

 245 
Figure 4. Populus ×canadencis Moench (P. ×euroamericana Guiner) as a high greenery screen for multi- 246 
storey’s residential buildings - sheltering functions against the traffic, Sobieskiego Street, Warsaw, 247 
Poland (J. Łukaszkiewicz 06.2019). 248 
 249 

 250 
Figure 5. Populus nigra L. 'Italica' planted repeatedly in regular groups of four trees each, creating a 251 
green wall along the interior borders of "Field of Mars" - one of the most important interior of Silesia 252 
Park in Chorzów, Poland (B. Fortuna-Antoszkiewicz, 2014). 253 

 254 

3.2. The fast increments of poplars 255 

In the past decades, there was a lot of practical knowledge about the use of poplars 256 

in plantations or tree stands (eg. 81,116). For instance in central and east Europe - already 257 

before the II World War, and then in period from 1950s to 1970s - mass afforestation of 258 

urban, industrial and open landscape was carried out, motivated by economic purposes, 259 

counteracting environmental degradation and improving landscape values (e.g. technical 260 
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and shielding functions, phytoremediation, windbreaks, anti-snow, anti-erosion and oth- 261 

ers). In Poland for instance it is estimated, that at that time the share of various poplars’ 262 

taxa in shelterbelts and woodlots reached up to ¼ (25%) of total trees species amount [77, 263 

84, 117-119]. The obtaining objective was to achieve the desired effect in the possible 264 

shortest time! 265 

Traditionally poplars are considered to be one of fastest growing trees in Europe and 266 

Asia (similarly to some willow species), eg. P. alba L., P. nigra L. 'Italica' - increase in height 267 

± 1.7 m / year (juvenile life phase), reaching max. rate of shoots elongation ca. 17 - 25 cm / 268 

week (referenced to climate zone 6) [77,81,82,120]. 269 

The research from databases indicate, that the use of poplar species in urban greenery 270 

initiatives, including e.g. P. tomentosa, P.s alba 'Berolinensis', and P. nigra, is driven by their 271 

rapid growth, strong adaptability, and tolerance to environmental stressors [121,122,123]. 272 

These species are favored for their ability to thrive in diverse urban settings, offering ben- 273 

efits such as flood tolerance and resilience to adverse conditions [124,125]. 274 

Populus tomentosa exhibits rapid growth and ecological adaptability, making it ideal 275 

for establishing greenery in urban areas [121]. Similarly, the hybrid triploid P. alba 'Bero- 276 

linensis' demonstrates fast growth and high stress tolerance, suitable for urban forestry 277 

[122]. P. nigra's flood tolerance further enhances its suitability for urban settings, particu- 278 

larly in flood-prone areas [124]. However, susceptibility to diseases like leaf rust poses 279 

challenges [126]. Therefore to ensure long-term success, the general careful disease man- 280 

agement is crucial when selecting poplar cultivars for urban greenery projects. 281 

 282 

3.3. The short lifespan of poplars 283 

One of the controversies arisen in relation to poplars is the very short lifespan of these 284 

trees. Short-lived (few dozen years) is mainly characterized by taxa that are hybrids of 285 

botanical species or their varieties - cultivated varieties (cultivars, marked as 'cv'. or '×' 286 

preceding the name), e.g.: P. nigra L. 'Italica', P. simonii Carrière 'Fastigiata') or P. ×cana- 287 

dencis Moench (P. xeuroamericana Guiner) [77,82]. Definitely more durable reaching me- 288 

dium and long-lived (life expectancy of ±150(200) years in natural conditions) are: 289 

• typical botanical species, e.g . white poplar (P. alba L.) and black poplar (P. nigra L.); 290 

• the section of balsam poplars Tacamahaca and some cultivated varieties, e.g. P. 291 

simonii Carrière, P. maksymowiczii Henry, or balsam poplar hybrids, e.g.: P. ×bero- 292 

linensis Dippel) or hybrids like 'NE 49', 'NE 42' (Table 1.). 293 

Table 1. Selected examples of balsam poplar (Populus L.) species and hybrids used, among others, 294 
in afforestation of urban landscapes [authors elaboration based on: 117-119, 127,128] 295 

Balsam poplar section (Tacamahaca) 

Subsection Selected representative 

American balsam poplars 
P. balsamifera (syn. P. tacamahaca) 

P. trichocarpa 

Asian balsam poplars 

P. simonii 

P. maximowiczii 

P. laurifolia 
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Intra- and inter-sectional hy-

brids of balsam poplars 

Europe: 

P. ×berolinensis (K. Koch)Dippel 'Berlin' - Berlin poplar 

(male form) 

P. ×berolinensis (K. Koch)Dippel 'Petrowskyana' - Berlin 

poplar - so called “Tsar’s” (female); P. xberolinensis 

'Razumovskyana' (female form) 

USA (in 1920s by E.J. Schreiner and A.B. Stout - the so-

called Schreinerian hybrids): 

Populus 'NE 49' or 'Hybrid 194' (P. x 'Hybrid 194') 

Populus 'NE 42' or 'Hybrid 275' (P. x 'Hybrid 275') 

Populus 'NE 44' or 'Hybrid 277' (P. x 'Hybrid 277') 

Populus 'Androscoggin', 'Geneva', 'Oxford' 

 296 

3.4. The use of Berlin poplar in afforestation of urban landscapes - field research 297 

Regarding the literature on the use of poplars in urban conditions [117-119, 127,128], 298 

our field research (chapter 2.) focuses on one selected cultivar - the Berlin poplar (chapter 299 

3.3.). Our choice to study this particular cultivar is dictated by its many interesting char- 300 

acteristics, making it, in the past, a good choice for planting in cities. Therefore, by exam- 301 

ining selected locations in Poland, we wanted to determine how the Berlin poplar per- 302 

formed in urban conditions. This cultivar was bred around 1870 in the botanical garden 303 

in Berlin as the male form of Populus ×berolinensis (K. Koch)Dippel 'Berlin'. Then, at the 304 

end of the 19th century, at the Petrovsko-Razum Agricultural Academy near Moscow, 305 

female forms were bred: P. ×berolinensis (K. Koch)Dippel 'Petrowskyana' (the so-called 306 

Tsar’s poplar) and P. ×berolinensis(K. Koch)Dippel 'Razumovskyana'. It tolerates dry ur- 307 

ban environments and dry soil very well; it has also been successfully tested on a gravel- 308 

sand base with an inaccessible groundwater level. It grows well even on sloping localities. 309 

Conversely, P. ×berolinensis (K. Koch)Dippel is susceptible to cancer as it is planted in lo- 310 

cations with high groundwater levels, flooded or with high air moisture levels. This cul- 311 

tivar is suitable for urban areas due to its narrow oval crown, which will keep even old. It 312 

has a straight, continuous trunk. That is why it is recommended especially for planting in 313 

lines or rows, e.g. along streets or avenues. Berlin poplar wood is stronger than other pop- 314 

lar species and cultivars. That is why these trees growing in the alleys do not suffer much 315 

from fractures in the canopy. Despite inhibiting factors of the urban environment, this 316 

poplar can grow very fast, reaching up to 30 m in height and a trunk diameter at breast 317 

height (DBH) of 1,0 m. Leaves can also accumulate PM from the air, so Berlin poplars 318 

possess phytoremediation abilities too. 319 

Berlin poplar’s lifespan varies, and, in good health, it can easily reach over 60 years 320 

and even more (as indicates our observations). However, exchanging overmatured trees 321 

over 40 years old for younger specimens is sometimes advisable in urban areas. Such a 322 

policy of exchanging older generations of trees is similar to how urban plantations are 323 

maintained. A distinctive feature of the female forms of the Berlin poplar is the production 324 

of seed down, which is abundantly secreted by the trees in May. In the context of use, 325 

especially in streets, avenues and squares, this is a very undesirable factor, which may 326 

result in abandoning the use of female forms in urban areas. Attention should also be paid 327 

to the shallow root systems of these trees, which may cause damage to paved surfaces 328 

and, in consequence, should be planted in locations that allow sufficient space for rooting 329 

(e.g. wide grassy sections along streets, etc.). During past decades, Berlin poplars were 330 

used in urban locations in Central European countries, like Czech or Poland.  331 

Because, among many other species and cultivars, Berlin poplars are much better 332 

suited for planting in cities, our research was focused on two representative locations in 333 

Poland where such trees were used in the context of the urban environment. The first 334 
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research area is Rakowiecka Street in Warsaw, and the second is the great Ziętek Prome- 335 

nade in Silesia Park in Chorzów. 336 

 337 

Example 1. The research area of Rakowiecka Street in Warsaw, Poland 338 

Rakowiecka Street in Warsaw began to be intensively built in the second half of the 339 

19th century, and this process culminated in the 1950s. The characteristic number 8 build- 340 

ing of the WULS-SGGW headquarters was partially put into service in 1929. In 1930, 341 

Rakowiecka Street was upgraded with road infrastructure with green belts planted with 342 

Berlin poplars (Populus ×berolinensis (K. Koch)Dippel 'Petrowskyana'); young trees were 343 

3.5 m high, with spacing of 8.0 - 10.0 m in each row [129]. 344 

 345 
Figure 6. The magnificent streetside row of Populus ×berolinensis (K. Koch)Dippel 346 

'Petrowskyana' along Rakowiecka Street, Warsaw, Poland - visible the adjusted size of the 347 

trees to the street scale! (J. Łukaszkiewicz, 2017). 348 

 349 

The street buildings and rows of poplars survived the destruction of World War II. 350 

Already in the 1940s, trees were large enough to provide shade for the SGGW building 351 

and protection against noise and pollution from the street [129] (Figure 7). However, in 352 

the late 1970s, specific problems were already noticed related to the collision of rapidly 353 

growing trees with the infrastructure of buildings and the traction network [130]. In ad- 354 

dition, the problem was the shallow root system of poplars that lifted the paving slabs. 355 

Trees were planted too shallow, and permeable surfaces were not used then. One of the 356 

significant inconveniences of lining the street with the female form of Berlin poplar (Pop- 357 

ulus ×berolinensis (K. Koch)Dippel 'Petrowskyana') was the annual abundant release of 358 

seed down (cotton-like), which disturbed people and caused much littering of the street 359 

and apartments in nearby houses. In the following years, the Berlin poplars gradually fell 360 

out during infrastructure modernization or due to weather anomalies. In 2024, only a few 361 

trees remain from the avenue that existed in past decades, which are the subject of our 362 

further measurements and analyses. 363 

 364 
Figure 7. The cross section of Rakowiecka Street in Warsaw - eastwards direction (a), lined 365 
with two-sided rows of Populus ×berolinensis (K. Koch)Dippel 'Petrowskyana' (1973), and a 366 
view of Rakowiecka Street near the WULS-SGGW headquarters builing (b) in 1973 [129]. 367 
 368 
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We analyzed historical iconographic materials [130,131] and made field measure- 369 

ments, i.e. measurements of trees, the street and the facade of the WULS-SGGW building. 370 

The results are presented in Figures 6-8 and Table 2. Figure 8a from 1925 shows the meas- 371 

ured heights of the building's floors during field tests. Based on the analysis of the remain- 372 

ing illustrations (Figure 8B-H), it can be concluded that the trees planted at the turn of the 373 

1920s and 1930s were homogeneous plant material with equal parameters (height of ap- 374 

proximately 3.5 m). The trees reach the windows of the high ground floor of the WULS- 375 

SGGW building (Figure 8B). In 1937, it can be seen that the trees reached the windows of 376 

the first floor of the SGGW building, reaching a height of approximately 8.5 m (Figure 377 

8C). In 1939, the trees reached the windows of the second floor of the WULS-SGGW build- 378 

ing, reaching a height of approximately 11.0 m (Figure 8D). In the illustration from 1947, 379 

the trees reach the roof of the SGGW building, reaching a height of approximately 20 m 380 

(Figure 8E). In 1955, the trees obscured the SGGW building and reached a height of ap- 381 

proximately 21 m (Figure 8F). In 1975, the trees were already mature and reached a height 382 

of approximately 22-25 m (Figure 8G). At the beginning of the 21st century, the poplars 383 

remaining from the original forest cover had already reached their maximum size; in 2012, 384 

their height was 24.0 m; in 2017 - 28.0 m; and 2024 - 30.5 m. Due to collisions with buildings 385 

and technical infrastructure, the trees were cut, and their shape was deformed. The illus- 386 

tration from 2017 shows partial losses in the street trees, and the trees in the planted ave- 387 

nue are getting old and falling out (Figure 8H). 388 

Field measurements showed that Populus ×berolinensis (K. Koch)Dippel 'Petrowsky- 389 

ana' planted at the turn of the 1920s and 1930s of the 20th century along Rakowiecka Street 390 

in Warsaw (section Boboli Street - Niepodległości Av.) achieved in 2013 average trunk 391 

girths 220 - 235 cm (measured at 1.3 m - breast’s high), and in 2024 an average of 241.3 cm 392 

(Table 2). Tree age parameters were calculated and correlated with illustrations in indi- 393 

vidual years and heights (Figure 9). On this basis, it was estimated that in 1930, the trees 394 

were approximately three years old; in 1937 - approximately. 8-10 years, 1937 - 12 years, 395 

1947 - 20 years, 1955 - 28 years, 1975 - 48 years, and 2017, already approx. 90-95 years, and 396 

now in 2024 - approx. 97-102 years. The figure shows averaged values or rounded to the 397 

upper or lower values for better data visualization. 398 

 399 
Figure 8. The sequence of illustrations (A-I) of Rakowiecka Street in Warsaw showing the growth 400 
of Populus ×berolinensis Dippel 'Petrowskyana' (1925-2024) near the WULS-SGGW former headquar- 401 
ters building [authors own elaboration based on historical photos of Rakowiecka street in Warsaw 402 
(photos [131] and own photo: Łukaszkiewicz, 23.02.2024). 403 
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 404 

Table 2 shows the descriptive statistics of average measurements of tree height and 405 

trunk circumference at a height of 1.3 m and compares the significance of differences in 406 

the average values of these measurements. In order to compare the significance of differ- 407 

ences between the average values of tree height and trunk circumference at a height of 1.3 408 

m, the student's t-test was used (after performing a test of compliance with the normal 409 

distribution using the Shapiro-Wilk test). In the case of data from 2024, the number of 410 

trees (n=12) was lower than in 2012 (n=16) because some trees fell due to weather anoma- 411 

lies, poor health, or infrastructure modernization. Based on the results obtained, it can be 412 

concluded that in the tested sample, both the trunk circumference and the height of the 413 

trees increased over the 12 years, but statistically significant growth was only observed in 414 

the case of height. 415 

 416 
Table 2. Descriptive statistics of the parameters of the studied Berlin poplars near the SGGW of 417 
Rakowiecka Street in Warsaw in 2012 and 2024. 418 

Parameter Year Age 

[years] 

Descriptive statistics t test 

Mean (+/- SD) Me Min-Max 

height [m] 2012 [n=16] 85 23.87 (1.86) 224.00 20.0-27.0 p=0,0175 

t=-2.536 2024 [n=12] 97 25,5 (1.40) 25.60 23.5-27.5 

circumfer-

ence [cm] at 

1.3 breast 

height 

2012 [n=16] 85 225.87 (50.98) 224.00 116.00-321.00 p=0.4341 

t=-0.794 2024 [n=12] 97 241.33 (50.93) 244.50 146.00-339.00 

 419 

It was also checked whether the increase in tree height and circumference depended 420 

on the spacing between the examined trees; Spearman's rank correlation analysis was 421 

used. The average spacing between the examined trees was 10.3 m, the smallest distance 422 

between them was 8.0 m, and the largest was 16.0 m (SD = 2.25 m). A negative relationship 423 

was observed in the case of height, but despite the coefficient value r = 0.64 indicating a 424 

relatively significant relationship, it was statistically insignificant (r = -0.64; t = -2.21; p = 425 

0.0627). In the case of trunk circumference, a similar direction of relationship was ob- 426 

served, which was also statistically insignificant, but the strength of this relationship was 427 

much weaker (r=-0.14; t=-0.36; p=0.7256). This direction means that as the distance be- 428 

tween trees decreases, the value of the analyzed parameters increases. 429 
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 430 
Figure 9. The schematic habits and estimated height of Populus ×berolinensis (K. Koch)Dippel 431 
'Petrowskyana' along Rakowiecka Street in Warsaw in chosen years of period 1930-2024, located 432 
near the WULS-SGGW former headquarters building. The authors' elaboration based on pictures 433 
from Figure 8. photo A-I ([131] and own photo: Łukaszkiewicz, 23.02.2024). 434 

 435 

Example 2. The research area of Ziętek Promenade in Silesia Park in Chorzów, Poland 436 

 437 

Figure 10. The form of a high, even wall of Populus ×berolinensis (K. Koch) Dippel 'Berlin' in Silesia 438 
Park’s Ziętek Promenade, Chorzów, Poland (B. Fortuna-Antoszkiewicz, 2014). 439 

Silesia Park (The Voivodship Park of Culture and Recreation in Chorzów, Poland) 440 

with a total area of ca 600 ha, was established on land of poor quality, partially degraded 441 

by mining and metallurgy industries. The main objective was to improve the quality of 442 

life for residents of Silesia by creating the bulk enclave of greenery combined with a ver- 443 

satile programme for active recreation in this partially degraded area. After many years, 444 

the Silesia Park has become an example of a successful restoration and naturalization of 445 

the anthropogenic landscape [132,133]. 446 

The Ziętek Promenade in Silesia Park is a main, wide walkway connecting the most 447 

attractive park programme elements and is the backbone of Park composition. Regular 448 

tree arrangements, such as multi-row bosquets in a checkerboard pattern, are the leading 449 

theme of the spatial composition. The original design, including vegetation, is preserved 450 

and visible. The main feature of that Park's section is a magnificent double-row of Berlin 451 

poplar's male form (Populus ×berolinensis (K. Koch)Dippel 'Berlin'). It runs along the banks 452 

of the Park's great pond, constituting a uniform "living wall" which ideally fits the scale 453 

of the vast Park's interior. In 2016, at the end of the promenade near Al. Główna, the 454 
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section of an old poplar row, was exchanged for plantings of new trees of the same spec- 455 

imen [46, 146, Fortuna et al. 2017; Łukaszkiewicz et al. 2022]. 456 

In the first step we analyzed iconographic materials and made field measurements. 457 

The results are presented in Figures 11 and 12 and Tables 3 and 4. Based on the data ob- 458 

tained, it can be concluded that the trees planted in the 1950s on the Park's promenade 459 

reached a height of 4.5 m at the end of the 1950s (the estimated year was 1959), which was 460 

equal to the height of the park lamp (Figure 11a). On this basis, the remaining parameters 461 

were estimated: width equal to 2.0 m and spacing equal to 6.0 m. Next, the average height 462 

of poplars at the turn of the 1960s and 1970s was estimated (the estimated year was 1965), 463 

which was already 9.0 m, and the width of the crown was 6.0 m because the trees touched 464 

each other with their crowns, building a homogeneous wall like the row of trees (Figure 465 

11b). In turn, the analysis of photos and own field tree inventory from 2014 shows that 466 

their parameters were, on average, as follows: height - approx. 24.0 m, crown width - ca. 467 

8.0 m, mean trunk girth at 1.3 m: ca ± 197 cm [132]. 468 

 469 
Figure 11. The analyzed sequence of historical photographs of the Silesia Park in Chorzów, Poland 470 
showing the double row of Berlin poplars (Populus ×berolinensis (K. Koch)Dippel 'Berlin)' in the Park 471 
in Chorzów (the authors' elaboration): A) view of the promenade from the late 1950s [134], B) view 472 
of the promenade from the turn of the 1960s and 1970s [135], C) view of the avenue of adult poplars 473 
in 2014 (photo by J. Łukaszkiewicz, 2014) [132]. 474 

 475 

On this basis, the age of the trees was assessed approximately: ±3 years in 1959, ±10 476 

years in 1965 and ±65 years in 2014 (Figure 12). Knowing the poplars average height of 477 

individual years, it can be concluded that these trees, having favourable conditions for 478 

development (city park space), achieved the most significant growth of 8.5 times in ap- 479 

proximately 6-10 years (between 1959 and 1965) and relatively slower during the mature 480 

phase of life - over the next ca. fifty years (between 1965 and 2014) equal only 2.5 times. 481 

For better data visualization, the following figure uses average values or extreme ranges 482 

(Figure 12). 483 

 484 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 February 2024                   doi:10.20944/preprints202402.1542.v1



Land 2024, 13, x FOR PEER REVIEW 14 of 26 
 

 485 
Figure 12. The increase in the height and spacing of the crown of historic Berlin poplars (Populus 486 
×berolinensis (K. Koch)Dippel 'Berlin)' in the Silesia Park in Chorzów in the years 1955 - 2014 [authors 487 
elaboration based on: 132, 134,135]. 488 

 489 

Due to the ageing of the original poplars and for safety reasons, the gradual replace- 490 

ment of trees in the Ziętka Promenade began in 2016. Following the original project as- 491 

sumptions, new Berlin poplars of the same variety were planted instead of the old trees. 492 

In the first section of the poplar row, replaced on April 2016, 37 new young poplars were 493 

planted (planting material of girth 12-14 cm).  494 

 495 
Figure 13. The perfect condition of young trees (a) of Berlin poplars (Populus ×berolinensis (K. 496 
Koch)Dippel 'Berlin') planted in exchange of one section of Ziętka Promenade in Chorzów in 2016 497 
together with general view (b) on promenade’s main way (J. Łukaszkiewicz 2018). 498 

 499 

Our next step was to value descriptive statistics, estimated for measurements col- 500 

lected on ten newly planted Berlin poplars (Populus ×berolinensis (K. Koch)Dippel 'Berlin') 501 

in 2016, 2021 and 2023. Based on the results obtained, it should be concluded that with 502 
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age, there is a systematic increase in all the parameters examined (height, trunk circum- 503 

ference, crown width). 504 

 505 
Table 3. Descriptive statistics of the parameters of young studied Berlin poplars from Ziętek Prom- 506 
enade in Silesia Park in Chorzów in 2016, 2021 and 2023. 507 

Parameter Year Age [years] Descriptive statistics 

Mean (+/- SD) Me Min-Max 

height [m] 

 

2016 [n=10] 3 4.96 (0.10) 5.0 4.8-5.1 

2021 [n=10] 8 8.40 (0.51) 8.5 7.6-9.5 

2023 [n=10] 10 13.90 (0.42) 14.0 13.5-14.5 

circumference [cm] 

at 1.3 breast height 

2016 [n=10] 3 12.90 (0.87) 13.0 12.0-14.0 

2021 [n=10] 8 63.65 (6.11) 62.0 57.0-76.0 

2023 [n=10] 10 79.80 (5.12) 82.0 74.0-86.0 

crown average di-

ameter [m] 

2016 [n=10] 3 2.17 (0.26) 2.0 2.0-2.5 

2021 [n=10] 8 4.50 (0.33) 4.5 4.0-5.0 

2023 [n=10] 10 7.90 (0.26) 8.0 7.5-8.2 

 508 

Next, the average annual increase in the studied parameters and the strength of the 509 

relationship between age and the average growth rate of the studied trees was estimated. 510 

Sperman's rank correlation analysis was used to estimate the strength of the relationship, 511 

and the growth rate was estimated using the obtained average values of the studied char- 512 

acteristics and dividing by the appropriate number of years. Table 3 summarizes the re- 513 

sults of these analyses. They show that between the fifth and eighth year of life of Berlin 514 

poplars, the trunk circumference grows most intensively, while in the following years, the 515 

trunk growth slows down in favour of the crown growth (Table 4). 516 

 517 
Table 4. Descriptive statistics of the parameters of the examined poplars in Zietka Avenue in Chor- 518 
zów Park in 2016, 2021 and 2023. 519 

Age Parameter growth/1 year Correlation 

R(X.Y) t p 

2-8  height [m] 0.69 0.9740 16.1 <0.0001 

circumference 1.3 [cm] 10.15 0.9831 20.1 <0.0001 

crown diameter [m] 0.66 0.9689 14.6 <0.0001 

8-10 height [m] 0.83 0.9853 20.8 <0.0001 

circumference 1.3 [cm] 5.38 0.8146 5.1 <0.0002 

crown diameter [m] 1.33 0.9837 19.8 <0.0001 

 520 

4. Discussion 521 

4.1. Poplar in cities as suitable and forgotten trees in urban greenery 522 

Using poplars (Populus L.) in urban environments offers a spectrum of ecological benefits 523 

crucial for sustainable urban development. Rapid growth and adaptability to diverse con- 524 

ditions have been highlighted in studies by Ghezehei et al. [136] and Fabg et al. [137], 525 

showcasing their potential for air quality improvement and carbon sequestration 526 

[138,139]. However, the variable lifespans of different poplar species present challenges 527 

for sustained urban greenery initiatives. Research by Khurana [140] and Konijnendijk 528 
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[141] emphasized the shorter lifespans of certain species, necessitating frequent replanting 529 

and raising concerns about green spaces' continuity in urban landscapes. 530 

Strategic species selection and management practices are pivotal in maximizing the 531 

benefits of poplars while mitigating challenges associated with their shorter lifespans. 532 

Miller et al. [142] discussed the importance of selecting species based on growth rates and 533 

root system characteristics for better adaptability to urban conditions. Adaptive replant- 534 

ing strategies offer a potential solution, as suggested by Miller et al. [142] and McCarthy 535 

et al. [143], involving a mix of species with varying lifespans. These strategies allow for 536 

continual greenery while accommodating the changing environmental dynamics in urban 537 

settings, aligning with findings from studies by Brancalion [144] and D'Amato [145]. 538 

The varied lifespan of poplars presents an intriguing aspect in the context of the gen- 539 

erally reduced lifespan of all trees in urban areas and cities. Urban environments often 540 

face challenges that limit the longevity of trees, such as pollution, compacted soils, limited 541 

space for root growth, and susceptibility to damage from construction and urban activi- 542 

ties. 543 

Poplars, known for their relatively shorter lifespans than some tree species, offer an 544 

advantageous perspective in this scenario. Their faster growth rates and adaptability en- 545 

able quicker introduction and establishment within urban landscapes. This characteristic 546 

becomes particularly relevant in the pressing need for expedited tree plantings to combat 547 

urban heat, improve air quality, and enhance overall environmental resilience [146-149]. 548 

Urban environment and anthropopression tend to shorten trees' lifespan due to var- 549 

ious stressors. The quicker growth and establishment of poplars allow for rapid greening 550 

of areas that may otherwise remain devoid of green cover for extended periods. Despite 551 

their shorter lifespans, introducing poplars is a practical strategy for swiftly introducing 552 

tree canopy cover, contributing to immediate benefits such as shade provision, air quality 553 

enhancement, and visual aesthetics within urban spaces [150,151,152]. 554 

Their ability to adapt to diverse soil conditions and climates further positions poplars 555 

as a viable choice for urban greening initiatives, offering flexibility in replanting and 556 

adaptability to changing urban environments. While the variable lifespans of poplars 557 

might necessitate more frequent replanting cycles, their quick growth and establishment 558 

align with the urgency of creating green spaces in urban areas, addressing immediate en- 559 

vironmental concerns, and fostering a more sustainable and livable urban landscape 560 

[153,154,155]. 561 

Implications for sustainable urban development. Integrating poplars into urban land- 562 

scapes has significant implications for sustainable urban development. Their contribu- 563 

tions to air quality improvement, carbon sequestration, and soil stabilization align with 564 

the objectives of creating resilient cities, as highlighted by research from Aitchison et al. 565 

[156] and Goodarzi et al. [157]. However, the challenges of variable lifespans necessitate 566 

holistic approaches to urban planning. Collaborative efforts between researchers, urban 567 

planners, and policymakers, as advocated by Miller [142], are crucial for devising com- 568 

prehensive strategies that maximize poplar's benefits while addressing challenges associ- 569 

ated with their shorter lifespans. 570 

Integrating poplars into urban greenery initiatives presents a pathway towards sus- 571 

tainable urban development. Nevertheless, their variable lifespans require innovative 572 

management strategies and adaptive replanting approaches to ensure sustained and ef- 573 

fective utilization in creating resilient and vibrant urban landscapes. Continued research 574 

efforts, collaborative partnerships, and adaptive planning strategies are pivotal in har- 575 

nessing the full potential of poplars for the future of urban development. 576 

According to the texts mentioned above, we can summarize that in this context, spe- 577 

cific species selection, management practices, and comprehensive strategies can play a key 578 

role in poplar's application in urban green spaces (UGS).  579 

In conclusion, using poplars in urban areas offers various advantages, including their 580 

ability to provide ecosystem services, improve air quality, and suitability for urban land- 581 

scaping. However, the potential accumulation of pollutants and susceptibility to insect 582 
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pests in urban settings are essential considerations that need to be addressed to maximize 583 

the benefits of poplar use in urban areas while minimizing potential risks. 584 

However, over time, several myths and misunderstandings have arisen around using 585 

poplars in cities, which means that currently - despite their apparent advantages - their 586 

use is reluctantly recommended. One of them is the belief that these trees are short-lived. 587 

In summary, poplar plantations alleviate the urban heat island effect by reducing 588 

land surface temperature, providing shading, and enhancing urban microclimates. Vege- 589 

tation transpiration, water bodies, and urban forestry are pivotal in mitigating the urban 590 

heat island effect and cooling urban areas.  591 

Especially short-lived taxons, planted en masse in the post-war years in Europe, have 592 

just reached the senile phase and pose increasing maintenance problems and threats. As 593 

a result, poplars are wrongly perceived as low-value trees in general, which leads to the 594 

massive removal of poplars from the landscape around the country. 595 

Trees in cities live shorter and shorter! Therefore, the so-called short lives of poplars 596 

are not a disadvantage in cities. In conditions of intense urbanization and anthropopres- 597 

sure, poplars - exceptionally short-lived Canadian poplars - should be used in cities as a 598 

kind of forecrop - removed at the age of approximately 30-40 years, i.e. when they reach 599 

their full size and replaced with new plantings. Due to the permanent loss of trees in cities 600 

and open areas and the changing conditions of the natural environment, a "renaissance" 601 

of poplars in urban and open landscapes is necessary. 602 

 603 

4.2. Problems of poplars Database Analysis in Poland 604 

The field observation of old poplars from Warsaw Rakowiecka Street and Aleja Ziętka in 605 

Chorzów shows that in favourable conditions, poplars might withstand a lot of benefits 606 

in the city. Surprisingly, the age of the oldest specimens from Warsaw Rakowiecka Street 607 

may reach up to 100 years. This example preserved a collection of trees on Rakowiecka 608 

Street; most trees planted in the 1930s have already crumbled/fallen out. Secondly, field 609 

studies have shown that Berlin poplars are still strong after several decades (40-60 years), 610 

as in the case of Chorzow (example 2). On the other hand, in the case of Warsaw (example 611 

1), where trees are exposed to difficult urban conditions, as well as proximity to buildings, 612 

technical infrastructure (traction network, impermeable surfaces, including cutting the 613 

root system for the modernization of the pavement, etc.), it turns out that they die as early 614 

as at the age of 40, and gradually, with increasing age, more and more of them fall out. 615 

Only a few trees survive to the age of 100.  616 

Based on the results of the statistical analyses carried out based on the measurements 617 

of tree height, trunk circumference and crown growth, it was concluded that in the first 618 

years of the tree's life (Aleja Ziętka in Chorzów), they change in a statistically significant 619 

way, and the correlation between the age of the trees and the increase in the value of the 620 

analyzed parameters is very strong. In the case of definitely older trees from Rakowiecka 621 

Street in Warsaw, whose age was determined to be about 100 years, there was also an 622 

increase in the mean values of both the height of the tree and the circumference of its 623 

trunk, but a statistically significant increase was observed only for the height. If we com- 624 

pare the values of the r coefficients for the relationship between the measurements ana- 625 

lyzed and the age of the trees, we see that they are very high in the first years of life and 626 

growth of the poplar, which indicates a very intensive growth rate, both in height and, 627 

between the third and eighth years of life of the plant, in the circumference of the trunk. 628 

Then, between the eighth and tenth year of the tree's life, the trunk's growth slows con- 629 

siderably. If we look at trees of advanced age, i.e. those that are at the end of their life, this 630 

tendency to increase in height remains, but the rate is much lower and is around 0.1 631 

m/year, in the case of changes in the girth of the trunk the rate is 1.3 cm/year. In the case 632 

of these trees, we also checked whether the distance between them affected their growth 633 

rate and obtained a somewhat surprising result, which indicates that the smaller the dis- 634 

tance between the trees and Rakowiecka Street, the more intensive their growth rate, 635 
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especially for height, although for both height and girth, these correlations were statisti- 636 

cally insignificant. These trends can be explained by competition between plants [158]. 637 

In conclusion, although the studied material was not numerous and studies of the 638 

growth tendency of these trees were limited to the first twelve years of the life of the trees, 639 

as well as the twelve-year growth of trees at the end of their development, the analyses 640 

carried out allowed to capture specific directions. They mainly concern the rapid increase 641 

in the size of trees in this species' first years of life, which allows us to conclude that in a 642 

relatively quick time, they can replace older trees subject to felling or so-called fallout 643 

(drying, overturning during storms, etc.). Taking into account the overall lifespan of Ber- 644 

lin poplars of about 100 years, an analysis of tree height would suggest that, with growth 645 

trends from the first eight years (0.69 m/year), the young trees would be able to replace 646 

the average 100-year-old tree of this species in about 37 years. On the other hand, if one 647 

considers the average circumference of a 100-year-old tree, it would take about 24 years. 648 

It means that, in a relatively short period, it is possible to achieve a similar level of tree 649 

activity (respiration, etc.) as with the maintenance of older trees of this species, whose 650 

maintenance costs can be much higher (treatment of abscesses, dried out parts of the 651 

crown, fractures due to reduced wood strength, etc.). However, it is worth mentioning 652 

here that even in urban areas, where tree development conditions can generally be defined 653 

as poor, trees of this species subjected to appropriate and sustained care can reach an ad- 654 

vanced age in relatively good condition, which is expressed by the increase in both height 655 

and girth of the trunks of the trees studied in Rakowiecka Street. 656 

Although the girth is an interesting parameter and worth analyzing at any stage of 657 

development, it is growing all the time, whereas the crown may break (as in the case of 658 

the trees on Rakowiecka), and these parameters are no longer so reliable. In addition, 659 

when measuring the circumference, the measurement is more precise (measurement in 660 

centimetres), and when measuring the distance between the crowns, in practice, it is often 661 

measured in two steps, which gives a more general picture of the growth of the trees, or 662 

for some time, and also in the case of our studies - a distance meter. There may (though 663 

not necessarily) be a risk of measurement errors. So, to summarise, the measurements of 664 

the circuits are precise and always well measured and should always be carried out when 665 

assessing the growth of trees. 666 

In selected examples, we see the possible applications. Poplars in Silesia Park in 667 

Chorzów (cultivars well selected) will fulfil their functions perfectly, and in this way also, 668 

street promenade trees of these poplars might be planted in the future. When choosing 669 

the right example of the Berlin variety, some of them might be successfully transferred to 670 

other cultivars adapted to the area site's natural, historical and cultural conditions, e.g. in 671 

Rakowiecka Street in the future. 672 

Thus, tree species selected for the right conditions could also fulfil their ES properly. 673 

It should be noted that in the past, many mistakes were undoubtedly made in the selection 674 

of poplars for spatial and habitat conditions. Therefore, they did not work and caused 675 

some problems, as our article highlights as well. 676 

Moreover, we observed during field research that there are problems and shortcom- 677 

ings. On the one hand, the rapid growth causes infrastructure damage, and trees need to 678 

be planted using ecological surfaces. Also, monitoring their condition should be done reg- 679 

ularly. On the other hand, it is possible to get a rapid tree wall in a very short time, as we 680 

observed in the period of 50-70 in Polish cities as well. Of course, there is no need to use 681 

poplars in each area in cities. However, some promenades or streets due to rapid growth 682 

might be selected. It is essential to exchange the trees after 60 years old for new ones due 683 

to their wrong conditions after the age of 70, as in both cases in Poland we can observe as 684 

well.  685 

It is not worth getting too attached to various poplar species, even if it reaches a con- 686 

siderable size. As the example of Chorzów shows, keeping them for a long time is possi- 687 

ble. However, when the time comes that they are overripe and start to get old (60 years), 688 

it is necessary to take them out and plant young ones, and it is the next ones that usually 689 
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fill the gap quickly due to rapid growth. In this way, the example presented in the article 690 

shows that replacing the same species based on Chorzów Silesia Park might be a great 691 

solution. In spite of this, planting other slow-growing noble species (such as lime, syca- 692 

more or maple, etc.) would not give such quick results of growth, and removing all these 693 

trees would be a significant loss for the environment of the promenade or park in a city.  694 

Finally, it is impossible to take a rigid approach to old trees, which is unfortunately 695 

common practice in Poland. The example of Western countries, e.g. Germany, Czech Re- 696 

public or France), only if there is such a need can it be considered that they should be 697 

replaced with similar and the same ones as alternatives to other common species used 698 

currently in urban greenery. 699 

 700 

5. Conclusions 701 

• The following conclusions highlight the complex interplay between the ad- 702 

vantages and challenges of integrating poplars into urban landscapes, em- 703 

phasizing the need for holistic and adaptive approaches to urban greening 704 

initiatives. 705 

• The diverse genus Populus sp. presents a promising avenue for enhancing 706 

urban greenery due to its rapid growth, adaptability, and contributions to 707 

environmental quality. 708 

• Despite their ecological benefits, the variable lifespans of different poplar 709 

species pose challenges that necessitate strategic urban planning and man- 710 

agement practices. 711 

• Poplars contribute significantly to air quality improvement, carbon seques- 712 

tration, soil stabilization, and biodiversity enhancement, enhancing the eco- 713 

logical resilience of urban areas. 714 

• Proper species selection, planting techniques, and maintenance strategies are 715 

crucial for maximizing the benefits of poplars while addressing concerns re- 716 

lated to their shorter lifespans. 717 

• The shorter lifespan of certain poplar species presents challenges and oppor- 718 

tunities, allowing for faster adaptation to changing urban conditions but re- 719 

quiring careful replanting and maintenance efforts. 720 

• Concerns surrounding allergenic tendencies, invasive characteristics, and 721 

the need for community acceptance highlight the complexities of integrating 722 

poplars into urban landscapes. 723 

• The integration of poplars in urban greenery initiatives necessitates compre- 724 

hensive planning considering species diversity, spatial distribution, and 725 

long-term maintenance to ensure sustainability. 726 

• The dynamic nature of urban environments calls for innovative approaches 727 

that leverage the benefits of poplar while addressing challenges, allowing for 728 

adaptable and resilient green spaces. 729 

• Continued research is essential to develop comprehensive strategies that op- 730 

timize the benefits of poplars in urban settings while mitigating risks associ- 731 

ated with their variable lifespans and ecological characteristics. 732 

• Collaboration between researchers, urban planners, policymakers, and com- 733 

munities is crucial for harnessing poplar's potential in urban environments, 734 

fostering sustainable and livable cities for future generations. 735 

• Poplars, because of their rapid growth, the enormous mass of these leaves 736 

and the rapid attainment of large sizes, have a positive impact on the city 737 

and the urban environment for phytomedicinal purposes (cleaning the sur- 738 

face with plants), shading, evaporation, oxygen production, cooling the at- 739 

mosphere, providing a series of ecosystem services. 740 

• Polish examples of Berlin poplars show that the male form does not produce 741 

seeds in the ground and is practically a much better specimen for the city. 742 

This relationship confirms that if we choose a suitable variety of poplar for 743 
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the proper purpose, we might quickly get very good results in biomass pro- 744 

duction and ascetic values of urban greenery. 745 
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