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Abstract: The main objective of this study was to assess the growth of the established Paulownia cotevisa plantation 
during an extended time period and compare it with values reviewed in the literature. Seven years after planting, mean 
diameter at breast height and height of  the aboveground part of P. cotevisa 2® (P. cotevisa) plantation were similar 
to values reported in the literature and they reached 21.5 cm and 11.2 m, respectively. Besides the crown damage caused 
by wind, development of the P. cotevisa plantation established in the Danubian Lowland was not affected by any other 
harmful environmental factor or biological pest. The results suggest that P. cotevisa could be used to a  larger extent 
in diversification of biomass production on abandoned arable lands of the Danubian Lowland.
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In Slovakia, current climate change as well as on-
going extension of restrictions related to nature con-
servation make the production of main commercial 
tree species with cutting age exceeding 80 years 
more difficult (Kovalčík et  al. 2012; Hlásny et  al. 
2021). Thus, the demand for a stable and safe source 
of wood biomass provokes interest of land manag-
ers also in the cultivation of plantations with mark-
edly shortened production period (Dimitriou, Rutz 
2015; Yavorov et al. 2015). In the lowlands of Slova-
kia, the attention was focused primarily on the na-
tive tree species including poplars and willows and 
utilization of  the maximum production potential 
of these tree species through hybridisation (Bartko 
2011; Kohán 2012). However, a distinctively more 
efficient mechanism of  carbon integration during 

photosynthesis ensuring the ability to  reach a  di-
ameter of 27.3–39.6 cm and a height of 9.9–13.2 m 
within the 10-year period (Wang, Shogren 1992) 
makes from non-native Paulownia sp. one of  the 
most prominent objects of  interest (Yavorov et al. 
2015; Jankovič et al. 2016). Regarding its high adap-
tation ability to a wide range of climatic conditions 
as  well as  its still non-invasive character (Franz 
2007; Buzan et al. 2018), Paulownia sp. is also con-
sidered suitable for the improvement of abandoned 
agricultural lands or for land rehabilitation, where 
the main intention is not focused on  the biomass 
production (Yadav et al. 2013; Buzan et al. 2018).

Thus the establishment of a  Paulownia plantation 
in  the Danubian Lowland in  2015 offers a  unique 
opportunity to  study the production characteristics 
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of  this non-native tree species in  the new environ-
ment. The main objective of this study was to assess 
the growth of  the established Paulownia cotevisa 2® 
(P. cotevisa) plantation during an extended time period 
and compare it with values reviewed in the literature.

MATERIAL AND METHODS

The study site was situated in  the SW of  Slova-
kia, cadastral area of the Búč municipality (47.79°N, 
18.45°E) located in the Danubian Lowland. The plan-
tation was established in the spring 2015 on a flat site 
at an altitude of 108 m a.s.l. that had been cleared 
of natural vegetation and ploughed. The soil of  the 
study site is classified as sandy loam Calcari-Haplic 
Chernozem (FAO 2015). Mean annual air tempera-
ture at  the study site is 10.4  °C and mean monthly 
temperature for the warmest month (July) is 20.8 °C 
and for the coolest month (January) –1.1 °C. Annual 
precipitation averages 540 mm and is evenly distrib-
uted across the seasons (SHMI 2021b).

Air temperature and precipitation over seven 
consecutive years of plantation monitoring were re-
corded daily by a meteorological station of the Slo-
vak Hydrometeorological Institute in  Hurbanovo 
(SHMI 2021a) situated approximately 15  km  NW 
of the study site at the similar altitude.

 Two hundred one-year-old containerized seedlings 
of  the hybrid P. elongata × fortunei (P. cotevisa 2®) 
(iPaulownia, Sueca, Spain) obtained from a  private 
nursery were planted in rows at spacing of 4 × 4 m 
(625 seedlings·ha–1). One year after planting, seed-
lings were cut to  the ground in  order to  recruit 
one straight healthy stem from among the multiple 
sprouts that emerge from the stump at the start of the 
second growing season. Post-planting care includ-
ed ploughing and disking of  soil between the lines 
of trees twice a year (spring and autumn). No protec-
tion of the plantation from damage by game (fencing, 
individual protection) was installed.

The established plantation was evaluated after 
the fifth, sixth and seventh year from outplanting. 
Recorded data included diameter at  breast height 
(DBH), tree height (H) and visual assessment of dam-
age (biotic/abiotic factors). Collected data for DBH 
and H were sorted into diameter (interval: 2 cm) and 
height (interval: 2  m) classes, and histograms for 
DBH and H of the Paulownia plantation were con-
structed. DBH and H increments were calculated 
as a difference between the mean values of selected 
growth parameter for each consecutive year.

RESULTS AND DISCUSSION

In this study, the plantation of P. cotevisa estab-
lished in  the Danubian Lowland reached mean 
DBH 21.5 cm and mean H 11.2 m seven years after 
planting (Figure 1). Dimensions of  the largest in-
dividuals exceed 28  cm for DBH and 12  m for H, 
the smallest individuals had DBH lower than 16 cm 

Figure 1. P. cotevisa plantation after 5th, 6th and 7th year 
after planting in  the locality of  Búč, Danubian Lowland 
(Slovakia) (photo: Jankovič)
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and H not exceeding 10 m (Figures 1 and 2). In the 
fifth, sixth and seventh year, the annual average 
increment reached 3.4 cm for DBH and 2.3 m for 
H. The standard 10-year period used for the cul-

tivation of  Paulownia in  the country of  origin, 
China, enables trees to  develop H 8–12  m and 
DBH 30–40 cm, with crown radius 3–5 m (Wang, 
Shogren 1992). In Europe, the ability of Paulownia 
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Figure 2. Diameter at breast height and stem height distribution of individuals of P. cotevisa after 5th, 6th and 7th year after 
planting in the locality of Búč, Danubian Lowland (Slovakia)
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with the preservation of  established plantations, 
when  the overall survival of  Paulownia planta-
tions did not exceed 30% seven years after plant-
ing. Weak performance of  Paulownia plantations 
reviewed in Table 1 was attributed predominantly 
to unusual weather events (low freezing tempera-
tures, drought and strong winds) or diseases during 
the early years of plantation development. Accord-
ing to Olave et al. (2015), especially freezing tem-
peratures during exceptionally cold winters might 
be the most important factor limiting the success-
ful growth of Paulownia sp. in northern latitudes. 
In  this study, the lowest daily winter temperature 
of –13 °C was recorded in January 2017 two years 
after planting. Except of winter 2017/2018, winter 
temperatures (December–February) ranged only 

to  exhibit similar field performance has been ob-
served in  several studies, but only on  sites locat-
ed in  southern parts of  the continent (Table  1). 
In  Romania, 30-years-old individuals reached 
H 15–16 m and DBH 40–58 cm (Buzan et al. 2018). 
Similarly, Ayrilmis and Kaymacki (2013) reported 
that samples of wood used in their study were from 
an  8-years-old solitaire of  P. elongata with DBH 
65  cm (Table 1). On  the other hand, Paulownia 
plantations established in  the USA on  an  aban-
doned agricultural field in Virginia (Johnson et al. 
2003) or  in the Southern Appalachians in  North 
Carolina (Bergman 2003; Berg et al. 2020) as well 
as  in Ireland (Olave et  al. 2015) showed much 
worse results (Table 1). Johnson et  al. (2003) and 
Berg et  al. (2020) described serious problems 

Table 1. Growth of Paulownia sp. plantations under various conditions

Site 
location

Mean air 
temperature (°C) Mean annual 

precipitation 
(mm)

Species Age 
(years)

DBH 
(cm)

H 
(m) Reference

warmest 
month

coldest 
month

China – – – Paulownia sp. 10 30.0–40.0 8.0–12.0 Wang and 
Shogren (1992)

Romania 0.0 25.0 623 Paulownia sp.
4 7.7 6.2 Buzan et al. 

(2018)30 40.0–58.0 15.0–16.0

Ireland 6.8 16.9 715

P. elongata

3 NA

1.5

Olave et al. 
(2015)

P. fortunei 1.5
P. elongata × fortunei 1.0

P. elongata × fortunei × tomentosa 0.4

New 
Zealand 13.8 22.6 625 P. tomentosa 5 30.7–34.0 11.3–11.5 Barton et al. 

(2007)

Turkey 2.9 27.2 510 P. elongata 2 30.0 6.0–7.0 Ates et al. 
(2008)

Turkey 1.7 30.9 693 P. elongata 8 65.0 NA Ayrilmis and 
Kaymacki (2013)

USA 
(North 
Carolina)

2.3 22.5 1 214
P. tomentosa

9
2.5–28.7 10.4–12.0

Berg et al. 
(2020)P. elongata 3.0–28.7 2.1–14.0

P. fortunei 1.0–34.0 2.0–14.5

USA 
(Virginia) –4.3 16.1 787 P. tomentosa 7 7.8–9.1 3.8–4.0 Johnson et al. 

(2003)

Italy 
(Sardinia) 14.3 30.8 428 P. tomentosa 2 4.4 4.3 Puxeddu et al. 

(2012)

Albania 4.0 29.0 723
P. tomentosa 13 38.0–40.0 10.0 Icka et al. 

(2016)P. tomentosa 1 5.2 4.3

DBH – diameter at breast height; H – height; NA – not assessed
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from –8 °C to +8 °C during plantation monitoring, 
without any negative effect on the Paulownia plan-
tation development (Figure 3).

Observations of Berg et al. (2020) suggested that 
strong winds might also be another factor affecting 
the development of Paulownia plantation. Barton 
et al. (2007) observed that the breakage of young 
stems and branches of  Paulownia trees occurred 
when the wind speed exceeded 40  km·h–1. High-
er susceptibility of  Paulownia to  damage caused 
by wind was observed partially also in our study. 
Five years after planting almost 25% of  planted 
individuals of  Paulownia showed signs of  crown 

damage (broken branches or central stem). How-
ever, the observed level of damage had no marked 
effect on  further development of  assessed Pau-
lownia individuals. Besides the registered crown 
damage caused by wind, the individuals of P. cote-
visa in  this study were not affected by  any other 
negative environmental factor (high temperatures, 
water shortage) or biological pest (insect, rodents, 
ungulates etc.).

In lowlands of  Slovakia, Kohán (2012) reported 
that the most commonly used fast-growing hybrids 
of  poplars can reach H 20  m and DBH ranging 
from 19 cm to 26 cm already after a 10-year period. 
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The ability of  the assessed P. cotevisa individuals 
to reach approximately similar values of evaluated 
growth characteristics in  this study indicates that 
this tree species could contribute to the expansion 
of  the wood biomass resource base, without any 
considerable production losses.

CONCLUSION

The preliminary results of  this study suggest 
that the hybrid P. cotevisa 2® could be  used for 
the  purpose of  wood production in  conditions 
of the Danubian Lowland. Seven years after plant-
ing, mean DBH and H of  the assessed P. cotevisa 
plantation reached 21.5 cm and 11.2 m, respective-
ly. Besides the crown damage caused by wind, de-
velopment of  the evaluated plantation established 
in the Danubian Lowland was not affected by any 
other harmful environmental factor or  biological 
pest. However, the results presented in  this study 
are restricted only to  the examined material and 
described conditions of  the selected site and fur-
ther research including comparison of different en-
vironmental scenarios or experimental treatments 
is needed.
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