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The review of previous studies on Paulownia spp. showed that these plants are valuable raw materials with 
polyfunctional use among which are medicinal, forage, energetic, etc. This study demonstrated the accumulation 
of selected biochemical components in the different parts of Paulownia tomentosa (Thunb.) Steud. genotypes plants 
by the end of vegetation collected from experimental collections of M. M. Gryshko National Botanical Garden of the 
National Academy of Sciences of Ukraine. The accumulation of selected nutrients in the leaves was the following: 
a dry matter of 24.09–29.44%, lipid content of 5.01–8.58%, total sugar content of 5.51–9.82%, mono sugar content 
of 1.73–6.17%, ash content of 1.09–8.96%, phosphorus content of 0.47–1.60%, calcium content of 1.41–3.43%, and 
heating value of raw material of 4,083.09–4,353.11 Kcal.kg-1. In the branches of investigated genotypes on average 
accumulated 37.5–46.0% of dry matter, 3.69–6.52% of lipids, 6.66–19.96% of total sugar content, 1.95–5.75% of mono 
sugar content, 1.43–2.93% of ash content, 0.38–0.89% of phosphorus content, 0.515–1.61% of calcium content, 
and 3,911.45–4,290.78 Kcal.kg-1of heating value. The trunks had 40.09–51.5% of dry matter, 2.0–6.14% of lipids, 
6.44–20.48% of sugars, 1.6–3.67% of mono sugars, 1.18–2.53% of ash, 0.22–0.40% of phosphorus, 0.37–0.63% of 
calcium, and 4,073.45–4,525.28 Kcal.kg-1 of heating value. A very strong correlation was found between sugars and 
mono sugars content in the leaves (r = 0.859), lipids and phosphorus (r = 0.864) in the branches, heating value, and 
calcium (r = 0.820) in the trunks. Due to the increasing interest in the growth and use of P. tomentosa during the last 
time, this study can be useful for further breeding work with this species as biofuel, forage, and medicinal plants.
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Research Article

Introduction
Paulownia tomentosa (Thunb.) Steud. belongs to the 
Paulowniaceae Nakai family, although numerous 
authors attribute this genus to Scrophulariaceae Juss. 
(Xia et al., 2019). This species is native to China and was 
introduced to Central Europe in 1834 as an ornamental 

plant (Kiermeier, 1977). This is a fast-growing and 
multi-purpose agroforestry tree, the leaves of which 
are used for domestic animal feeding and exhibit an 
antimicrobial effect (Bodnar et al., 2020). This tree is 
one of the few with a C4 path of photosynthesis and its 
leaves can be used as green fertilizer (Woźniak et al., 
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2018). Paulownia tree is a good adapted to a wide range 
of climate and soil conditions and possesses some 
indicators of invasiveness (Essl, 2007; El-Kader and 
El-Ghit, 2015). But this tree is used by horticulturalists 
and gardeners as an ornamental plant due to its 
attractive lavender blossoms (Snow, 2015). This is 
a deciduous tree with medicinal properties. Leaves, 
flowers, roots, and seeds in different countries such 
as China, and Korea are used in folk herbal medicine 
to treat hemorrhoids, carbuncles, inflammatory 
bronchitis, gonorrhea, bacteriological diarrhea, etc. 
Seeds can be used for diabetic complications (He et al., 
2016). According to Singh et al. (2018), the leaves of 
this tree contain ursolic acid and matteucinol, and raw 
demonstrates the cardioprotective and antioxidant 
potential.

Essential oil of fresh flowers of P. tomentosa exhibited 
antimicrobial activity and contains numerous 
compounds among which geranyl, geraniol, nonanal, 
heptadecane, pentacosane, etc. (Ibrahim et al., 2013). 
Also, the presence of flavonoids raw in these plants 
exhibited anticancer (Moon and Zee, 2001), antiradical, 
antioxidant (Shneiderová et al., 2013; He et al., 2016), 
and immunological (Yang et al., 2019) activities. Fruits 
of P. tomentosa demonstrated an anti-inflammatory 
effect (Ryu et al., 2017). Paulownia nitrogen content 
can be comparable with some leguminous that allows 
for use as green crops by farmers in China (Yadav et 
al., 2013), leaves of P. elongata can accumulate up to 
17.5% of proteins (Stewart et al., 2018; Al-Sagheer 
et al., 2019). Among essential amino acids prevailed 
histidine (4.8% of crude protein), leucine (4.6%), 
phenylalanine (4.4%), valine (4.3%), and among 
nonessential amino acids prevailed proline (13.6%) 
(Al-Sagheer et al., 2019). A tree has a large size of 
inflorescences and these plants relate to honey species 
(Yadav et al., 2013). P. tomentosa raw rich in dietary 
flavonoids and fruit extracts of it can reduce blood 
pressure (Shneiderová and Šmejkal, 2015). According 
to Stewart et al. (2018), lignin content in the leaves was 
10–22%, and the lowest content of lignin was found in 
P. elongata. Polysaccharides from this plant exhibited 
immunomodulatory activity (Chen et al., 2021). 

Due to the high productivity of this plant, it can be 
used for biofuel goals (Rodríguez-Seoane et al., 2020; 
Jakubowski, 2022). The wood chemical composition of 
P. tomentosa (up to 3 years) showed 40% of cellulose, 
36% of hemicellulose, and 24% of lignin content 
(Esteves et al., 2021). 

Along with other tree Paulownia species can be used 
for phytoremediation purposes due to their tolerance 

to high concentrations of metals (Drzewiecka et al., 
2021). In total, the sequential biorefinery of plant raw of 
Paulownia species allows using different plant parts for 
various purposes such as medicinal, biofuel, forage, etc. 
(Rodríguez-Seoane et al., 2020). According to Youseff 
et al. (2020), the optimization of micropropagation 
of P. tomentosa using proline can improve the salinity 
tolerance of this plant. 

This study aimed to determine the biochemical 
composition of different parts of P. tomentosa plants of 
various genotypes as a potential source of raw material 
for energetic value. 

Material and methodology

Plant material
The fresh leaves, branches, and trunks of Paulownia 
tomentosa Steud. genotypes such as f. PSA, f. PL, f. PB, f. 
PN, f. PO, f. PKS were studied. Plant raw was collected 
from an experimental collection of the Cultural Flora 
Department of M.M. Gryshko National Botanical 
Garden of the National Academy of Sciences of Ukraine 
in October 2020–2021. 

Biochemical analysis 
Dry matter determination

Plant samples were dried in a drying oven at 105 °C till 
constant weight in aluminum boxes. Results are given 
in percentages (Hrytsajenko et al., 2003). 

The total content of sugars and mono sugars 
determination

The total content of sugars was investigated by 
Bertrand‘s method in water extracts. 4 g of fresh mass 
was mixed and homogenized with distilled water 
(approximately 50 ml) in the 100 ml test-tubes and 
heated in the water bath at 70 °C during 15–20 min. 
After cooling in the obtained mixtures added 1 ml of 
the phosphate-oxalate mixture. After this was added 
1.5 ml of lead acetate. The obtained mixture brings 
to the mark (100 ml) with water. After filtration from 
obtained solution took 50 ml and mixed with 8 ml 
of 20% HCl (at 70 °C in a water bath for 5 min) after 
cooling was neutralized by 12% NaOH and brought 
to the mark by distilled water (100 ml). 3 ml of the 
obtained solution was mixed with 6 ml of Fehling’s 
solution reagent (6 min boiling in the water bath). The 
obtained mixture was analyzed for the total content of 
sugars. The monosugar content was determined from 
the solvent without the inversion procedure following 
adding Fehling’s solution reagent. In this case, 3 ml 
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of water extracts were mixed with 6 ml of reagent 
(Fehling’s solution). The following procedure is the 
same as with the total content of sugars. Results are 
given by percentages (Hrytsajenko et al., 2003). 

The total content of lipids 
The total content of lipids is determined in the Soxhlet 
apparatus (Yermakov et al., 1972). The low-boiling 
petroleum ether (40 °C) was used as an extractor. The 
difference in masses before and after the extraction 
process is used to calculate the total lipid content.

The heating value of raw
The procedure of caloricity measurement was 
conducted using a calorimeter IKA C-200 (Germany). 
0.1–0.2 g of dried plant raw material was combusted in 
an oxygen bomb for approximately 15 minutes. 

The total content of ash
The total content of ash is determined by combustion 
in the muffle oven at 200–500 °C for 3 days considering 
the mass before and after combustion (Hrytsajenko et 
al., 2003).

Statistical analysis
The results are expressed as mean values of three 
replications ± standard deviation (SD); hierarchical 
cluster analyses of similarity between samples were 
computed based on the Euclidean similarity index. Data 
were analyzed with the ANOVA test and differences 
between means were compared through the Tukey-
Kramer test (p <0.05).

Results and discussion
The study of the biochemical composition of the 
whole crop and selected parts of the plant should be 
considered in the evaluation of raw. The partitioning of 
biomass may significantly change the biofuel quality, for 
example, stems of switchgrass (Panicum virgatum L.) 
and Miscanthus spp. showed better higher biochemical 
component content than leaves (Monti et al., 2008). 
The biochemical composition of plants, especially dry 
matter content, ash content, mineral composition, and 
calorific value of energetic plants is a very important 
parameter for evaluating raw (Vergun et al., 2022). 
One of the widely used parameters of plant species 
for energetic purposes is dry matter content. This 
parameter depends on the period of growth and dry 
matter accumulated during the vegetation period. 

In this study, the dry matter content of leaves, branches, 
and trunks of P. tomentosa genotypes was 24.09–
29.44%, 37.5–46.0%, and 40.09–51.5%, respectively, 
depending on genotypes (Figure 1). As showed the 
results, the highest content of dry matter was found in 
the trunks and the lowest in the leaves. 

According to Al-Sagheer et al. (2019), paulownia leaf 
meal had 88.12% of dry matter. The dry matter content 
closely relates to total biomass productivity and some 
growth characteristics (Greco and Cowagnaro, 2005).

Lipids are one of the most important components 
of plant cells and act as signaling and energy storage 
compounds (Suh et al., 2015; Hou et al., 2016). The 
content of lipids in the plant is one of the most essential 
parameters that determine the nutritional value of 
raw and varies depending on the species and part of 
the plant (Vergun et al., 2017; Vergun et al., 2020). 

Figure 1 The dry matter content of raw Paulownia tomentosa (Thunb.) Steud. genotypes at the end of vegetation; different 
superscripts in each column indicate the significant differences in the mean at p <0.05 
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The content of lipids in raw P. tomentosa genotypes 
was from 5.01 to 8.58% in the leaves, from 3.69 to 
6.52% in the branches, and from 2.0 to 6.14% in the 
trunks (Figure 2). 

According to Stewart et al. (2018), the content of lipids 
was from 1.9 to 3.8%, and in leaves 2.87%. Angelova-
Romova et al. (2011) determined the content of oil in 
the seeds of P. tomentosa of 20.3%. 

Sugars play an important role in plant metabolism and 
they are substrates of energetic processes. They also 
play a regulatory role in photosynthesis and modulate 
gene expression (Eckstein et al., 2012). The sugars also 
influence plant growth (Onto et al., 2001; Lastdrager 
et al., 2014). According to Ende (2014), a minimal 
sucrose dose is required for lateral bud outgrowth. 

The level of sugars in plant parts depends on complex 
factors such as conditions of growth, stress factors of 
the environment, and physiological peculiarities of 
development (Ciereszko, 2018). The total content of 
sugars in leaves of P. tomentosa was 5.51–9.82%, in the 
branches 6.66–19.96%, and 6.44–20.48% in the trunks 
depending on genotypes (Figure 3). 

According to Rakhmetova et al. (2020), the total content 
of sugars in the above-ground part of another energetic 
plant Panicum virgatum was 4.44–9.15% depending on 
genotype and stage of growth. 

Along with the total content of sugars was studied 
mono sugars content in different organs of investigated 
plants (Figure 4). We found 1.73–6.17% of mono 

Figure 2 The lipid content of raw Paulownia tomentosa (Thunb.) Steud. genotypes at the end of vegetation; different 
superscripts in each column indicate the significant differences in the mean at p <0.05 
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Figure 3 The total sugar content of raw Paulownia tomentosa (Thunb.) Steud. genotypes at the end of vegetation; different 
superscripts in each column indicate the significant differences in the mean at p <0.05
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sugars in the leaves, 1.95–5.75% in the branches, and 
1.6–3.67% in the trunks. 

The study of monosaccharide content of Paulownia 
fortunei (Seem.) Hemsl. showed that the most prevailed 
of them was galactose (Wang et al., 2019).

The study of thermochemical properties of plant raw 
such as heating value is an important parameter of 
biofuel evaluation (Senelwa and Sims, 1999). The 
heating value of leaves of P. tomentosa genotypes was 
in ranges from 4,083.09 to 4,353.11 Kcal.kg-1, from 
3,911.45 to 4,290.78 Kcal.kg-1 in the branches, and from 
4,073.45 to 4,525.28 Kcal.kg-1 in the trunks (Figure 5). 
The recalculation of obtained data allowed us to find 

results in MJ.kg-1: 17.09–18.22 in leaves, 16.37–17.96 
in branches, and 17.05–18.94 in the trunks.

Stewart et al. (2018) found 18.6–19.6 kJ.kg-1 of heating 
value in leaves. According to Yavorov et al. (2015), the 
heating value of P. elongata raw was 17,970 kG.kg-1 
which corresponds 4,292 Kcal.kg-1 and is close to our 
results. Qi et al. (2016) found 4,521.5, 4,593.3, 4,114.8, 
and 4,258.4 Cal.g-1 of heating value for stems, branches, 
leaves, and barks, respectively. The heating value of 
one-year leaves of this species was 15.9–18.7 MJ.kg-1 
(or 3,798–4,467.4 Kcal.kg-1) as reported Jacek and 
Litwińczuk (2016).

Figure 4 The total mono sugar content of raw Paulownia tomentosa (Thunb.) Steud. genotypes at the end of vegetation; 
different superscripts in each column indicate the significant differences in the mean at p <0.05
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Figure 5 The heating value of raw Paulownia tomentosa (Thunb.) Steud. genotypes at the end of vegetation; different 
superscripts in each column indicate the significant differences in the mean at p <0.05
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One of the important parameters of the nutritional 
composition of plant raw is the assessment of ash 
content (Godočiková et al., 2019). The total ash content 
in raw P. tomentosa genotypes was from 1.09 (f. PO) to 
8.96 (f. PN) % in the leaves, from 1.43 (f. PKS) to 2.93 
(f. PO) % in the branches, and from 1.18 (f. PN) to 2.53 
(f. PKS) % in the trunks (Figure 6). 

As reported Prochnow et al. (2009), between the 
heating value and ash content of energetic plants, 
exists the correlation. Plants with low content of ash 
have the highest heating value. In this study, minimal 
values of ash in the leaves were found for f. PO, in the 
branches for f. PKS, and in the trunks for f. PN. The 
study of a trihybrid variety of P. elongata × fortunei × 

tomentosa showed that the content of ash was 8.9 g.kg-1 
which was less than that of the initial species (López 
et al., 2012). In our study leaves of plants of f. PO had 
close value and was the less. According to Yavorov et al. 
(2015), the ash content of P. elongata raw was 1.03% 
which is close to P. tomentosa f. PO leaves in our study. 
As reported Stewart et al. (2018), the ash content of 
P. elongata during the growth period was from 6 to 9%, 
and in the leaves 7.67%. According to Al-Sagheer et al. 
(2019), paulownia leaf meal had 8.85% of ash which 
was close to our results related to f. PSA and f. PN. Qi et 
al. (2016) determined ash content in leaves and barks 
of 6.0 and 2.89%, respectively. As reported Ganchev et 
al. (2019), the ash content of the leaves of P. elongata 

Figure 6 The total ash content of raw Paulownia tomentosa (Thunb.) Steud. genotypes at the end of vegetation; different 
superscripts in each column indicate the significant differences in the mean at p <0.05 
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Figure 7 The total phosphorus content of raw Paulownia tomentosa (Thunb.) Steud. genotypes at the end of vegetation; 
different superscripts in each column indicate the significant differences in the mean at p <0.05
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was 14.94% which was higher than in the leaves 
of P. tomentosa in our study. Özelçam et al. (2020) 
determined the mean value of 9.21% of ash content in 
the leaves of this plant.

One of the most essential components of ash is 
phosphorus which plays an important role in enzyme 
regulation, biosynthesis of nucleic acids, is a key 
element in some plant physiological processes (like 
photosynthesis and transpiration), etc. (Lambers, 
2022). We determined 0.47–1.60% of phosphorus in 
the leaves, 0.38–0.89% in the branches, and 0.22–0.40% 
in the trunks of investigated genotypes of P. tomentosa 
(Figure 7). The minimal values of phosphorus were 
found in the trunks of investigated plant parts. 

Our results were 3–10 times higher compared 
with Al-Sagheer et al. (2019) who reported about 
phosphorus content of leaves (0.16%). In the study by 
Özelçam et al. (2020), this parameter in the leaves of 
Paulownia spp. was on average 0.49% which is close to 
f. PO in our study.

Calcium is an important nutrient that is required for 
numerous roles in plant organisms on a cellular level 
and adequate concentration in plant natural habitats 
varied from 0.1 to 5% of dry weight (White and Broadley, 
2003). The calcium content in the leaves, branches, 
and trunks of P. tomentosa varieties was 1.41–3.43%, 
0.515–1.61%, and 0.37–0.63%, respectively (Figure 8). 
The minimal accumulation of calcium was fixed in the 
trunks of investigated raw. 

As resulted Al-Sagheer et al. (2019), the content of 
calcium in the leaf meal of P. tomentosa was 0.36% 

which was less than in our study. According to Özelçam 
et al. (2020), the calcium content in the leaf raw of this 
plant was 1.74% which is close to the leaves of f. PO in 
our study. 

The study of the relationship of biochemical compound 
accumulation allows determining the level of 
relationship of studied parameters. Use of coefficient of 
Pearson can be used in biochemical studies to describe 
some regularities considering as many as possible 
parameters (Ngamdee et al., 2016). In this study, a very 
strong correlation was found between sugars and 
mono sugars content in the leaves (r = 0.859), lipids and 
phosphorus (r = 0.864) in the branches, heating value 
and calcium (r = 0.820) in the trunks (Table 1). The 
strong correlation was determined between heating 
value and dry matter (r = 0.759), ash and phosphorus 
(r = 0.744), dry matter and phosphorus (r = 0.643) in 
the leaves, between sugars and phosphorus (r = 0.609), 
mono sugars and phosphorus (r = 0.600), heating value 
and dry matter (r = 0.511) in the trunks. A moderate 
correlation was found between ash and calcium (r = 
0.578), sugars and calcium (r = 0.489) in the branches, 
and between phosphorus and heating value (r = 0.461) 
in the leaves. 

It should be noted that a very strong negative correlation 
was found between lipid content and heating value (r = 
-0.903) in the branches, between sugars and calcium 
content (r = -0.856), sugars content and heating value 
(r = -0.852) in the trunks, between lipids and ash 
content (r = -0.741), calcium content and heating value 
(r = -0.727) in the leaves. 

Figure 8 The total calcium content of raw Paulownia tomentosa (Thunb.) Steud. genotypes at the end of vegetation; different 
superscripts in each column indicate the significant differences in the mean at p <0.05
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The ratio of different biochemical parameters may 
be unaffected by geographical variation due to 
accumulation selectivity (Garten, 1976). But some 
investigations showed that the correlation coefficient 
depends on many factors such as species and genotypes, 
periods of growth, and studied parameters (Singh et 
al., 2011; Dinc and Unay, 2021). 

Conclusions
This study demonstrated comparable biochemical 
composition of different parts of Paulownia tomentosa 
at the end of vegetation that accumulated high content 
of dry matter, lipids, total sugar and monosugar 
content, ash, and their components calcium and 
phosphorus. The heating value of investigated plant 
parts not differed significantly but had high values 
that characterized biofuel plants. Among investigated 
genotypes were fixed the highest values of investigated 
parameters: dry matter for leaves f. PB (51.5%), lipids 
for leaves f. PB (8.58%), total sugar content for trunks 

f. PSA (20.48%), monosugar content for f. PKS (6.17%), 
heating value for trunks f. PKS (4,525.28 Kcal.kg-1), ash 
content for leaves f. PN (8.96%), phosphorus content 
for leaves f. PSA (1.61%), and calcium content for 
leaves f. PB (3.43%). A very strong correlation was 
found between sugars and mono sugars content in the 
leaves (r = 0.859), lipids and phosphorus (r = 0.864) in 
the branches, heating value, and calcium (r = 0.820) in 
the trunks. Due to the increasing interest in the growth 
and use of P. tomentosa last time, this study can be 
useful for further breeding work with this species as 
biofuel, forage, and medicinal plants. 
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Table 1 Correlation between investigated parameters of Paulownia tomentosa (Thunb.) Steud. genotypes
Parameter Dry matter Lipids Sugars Mono sugars Heating value Ash P 

Leaves
Lipids 0.318* 1 -0.462* 0.097 0.052 -0.741** -0.299
Sugars 0.021 -0.462* 1 0.097 -0.216 0.058 0.050
Mono sugars -0.024 0.097 0.859** 1 -0.422* -0.181 -0.118
Heating value 0.759** 0.052 -0.216 -0.422* 1 0.038 0.461*
Ash -0.018 -0.741** 0.058 -0.181 0.038 1 0.744**
P 0.643* -0.299 0.050 -0.118 0.461* 0.744** 1
Ca -0.225 0.348 0.026 0.447* -0.727** -0.046 -0.077

Branches
Lipids 0.146 1 0.094 -0.292 -0.903** 0.087 0.864**
Sugars -0.678* 0.094 1 0.330* -0.107 0.386* -0.020
Mono sugars -0.139 -0.292 0.330* 1 -0.038 -0.388* -0.261
Heating value -0.359* -0.903** -0.107 -0.038 1 0.296 -0.673*
Ash -0.844** 0.087 0.386* -0.388* 0.296 1 0.302*
P -0.076 0.864** -0.020 -0.261 -0.673* 0.302 1
Ca -0.423* 0.103 0.489* -0.545* 0.148 0.578* 0.101

Trunks
Lipids -0.361 1 -0.161 -0.234 0.445 0.042 -0.175
Sugars -0.671* -0.161 1 0.600* -0.852** -0.327 0.609*
Mono sugars -0.272 -0.234 0.600* 1 -0.466 -0.230 0.104
Heating value 0.511* 0.445 -0.852** -0.466 1 0.288 -0.303
Ash -0.268 0.042 -0.327 -0.230 0.288 1 -0.289
P -0.189 -0.175 0.609* 0.104 -0.303 -0.289 1
Ca 0.397 0.586* -0.856** -0.731** 0.820** 0.159 -0.522

Note: ** Correlation is significant at p ≤0.01; * correlation is significant at p ≤0.05



ISSN 2585-8246– 188 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(2): 180–190

Aknowledgements
This publication was prepared with the active 
participation of researchers in the International 
Network AgroBioNet.

References
Al-Sagheer, A., El-Hack, M.E., Alagawany, M., Naiel, M.A., 

Mahgoub, S.A., Badr, M.M., Hussein, E.O.S., Alowaimer, 
A.N., & Swellum, A.A. 2019. Paulownia leaves as a new 
feed resource: chemical composition and effects on 
growth, carcasses, digestibility, blood biochemistry, and 
intestinal bacterial populations of growing rabbits. In 
Animals, 9, 95. https://doi.org/10.3390/ani9030095

Angelova-Romova, M., Koleva, A., Antova, G., Zlatanov, M., 
Stoyanova, M., Dobreva, K., Denev, P., Damianova, S., 
Angelov, B., & Stoyanova, A. 2011. Lipid composition of 
Paulownia seeds grown in Bulgaria. In Trakya University 
Journal of Sciences, 13(2), 101–111.

Bodnar, A., Steiler, J., Szabo, R.T., Poti, P., Egerszegi, I., & 
Pajlor, F. 2020. Feeding experiences of Paulownia spp. 
leaves: potential forage source for domestic animals. 
In International Journal of Zoology and Animal Biology, 
3(1), 1–4. https://doi.org/10.23880/izab-16000212

Chen, X., Jin, J., Hao, F., Yang, H., Sun, H., & Jiang, C. 2021. 
Paulownia tomentosa flower polysaccharides as an 
effective immunopotentiator to enhance immune 
responses for Newcastle disease vaccine in mice. In 
Italian Journal of Food Science, 33(4), 11–20.
https://doi.org/10.15586/ijfs.v33i4.2107

Ciereszko, I. 2018. Regulatory roles of sugars in plant growth 
and development. In Acta Societatis Botanicorum 
Poloniae, 87(2), 3583.
https://doi.org/10.5586/asbp.3583

Dinc, S., & Unay, A. 2021. Correlation and path coefficient 
analysis of agronomic quality characters and growth 
parameters on seed yield in canola (Brassica napus L.). 
In Journal of Scientific and Engineering Research, 8(10), 
47–51.

Drzewiecka, K., Gąsecka, M., Magdziak, Z., Budzińska, 
S., Szostek, M., Niedzielski, P., Budka, A., Roszyk, E., 
Doczekalska, B., Górska, M., & Mleczek, M. 2021. The 
possibility of using Paulownia elongata S. Y. Hu × 
Paulownia fortune hybrid for phytoextraction of toxic 
elements from post-industrial wastes with biochar. In 
Plants, 10, 2049.
https://doi.org/10.3390/plants/10102049

Eckstein, A., Zieba, P., & Gabrys, H. 2012. Sugar and light 
effects on the condition of the photosynthetic apparatus 
of Arabidopsis thaliana cultured in vitro. In Journal of 
Plant Growth Regulation, 31, 90–101. 
https://doi.org/10.1007s00344-011-9222-z

El-Kader, A.E.M., & El-Ghit, H.M.A. 2015. In vitro growth 
behavior of Paulownia kawakamii hybrid under nutrient 
media and plant growth regulators effect. In Biolife, 3(4), 
910–916. https://doi.org/10.17812/blj.2015.3426

Ende, W.V. 2014. Sugars take a central position in plant 
growth, development, and stress responses. In Frontiers 
in Plant Science, 5, 313, 1–3.
https://doi.org/10.3389/fpls.2014.00313

Essl, F. 2007. From ornamental to detrimental? He incipient 
invasion of Central Europe by Paulownia tomentosa. 
In Preslia, 79, 377–389. 

Esteves, B., Ferreira, H., Viana, H., Ferreira, J., Domingos, I., 
Cruz-Lopes, L., Jones, D., & Nunes, L. 2021. Termite 
resistance, chemical and mechanical characterization 
of Paulownia tomentosa wood before and after heat 
treatment. In Forests, 12, 1114. 
https://doi.org/10.3390/f12081114

Ganchev, G., Ilchev, A., & Koleva, A. 2019. Digestibility and 
energy content of Paulownia (Paulownia elongata S. Y. 
Hu) leaves. In Agricultural Science and Technology, 11(4), 
307–310. https://doi.org/10.15547/ast.2019.04.051

Garten, C.T. 1976. Correlations between concentrations 
of elements in plants. In Nature, 261, 686–688. 
https://doi.org/10.1038/26168a0

Godočikova, L., Ivanišová, E., Noguera-Artiaga, L., Carbonell-
Barrachina, A.A., & Kačaniová, M. 2019. Biological 
activity, antioxidant capacity and volatile profile of 
enriched Slovak chokolates. In Journal of Food and 
Nutritional Research, 58(3), 283–293.

Greco, S.A., & Cowagnaro, J.B. 2005. Growth characteristics 
associated with biomass production in three varieties 
of Trichloris crinita (Poaceae), a forage grass native to 
the arid regions of Argentina. In Rangeland Journal, 27, 
135–142. https://doi.org/10.1071/RJ05011

He, T., Vaidya, B.N., Perry, Z.D., Parajuli, P., & Joshee, N. 2016. 
Paulownia as medicinal plant: traditional uses and 
current advanced. In European Journal of Medicinal 
Plants, 14(1), 1–15. 
https://doi.org/10.9734/EJMP/2016/25170

Hou, Q., Ufer, G., & Bartels, D. 2016. Lipid signaling in 
plant responses to abiotic stress. In Plant, Cell and 
Environment, 39, 1029–1048. 
https://doi.org/10.1111/pce.12666

Hrytsajenko, Z.M., Hrytsajenko, V.P., & Karpenko, V.P. 2003. 
Metody biologichnyh ta agrohimichnyh doslidgen roslyn 
i gruntiv [Methods of biological and agrochemical 
investigations of plants and soils]. Kyiv : Nichlava, 320 
p. Available at: 
http://lib.udau.edu.ua/handle/123456789/1547
[In Ukrainian].

Ibrahim, N.A., El-Hawary, S.S., Mohammad, M.M.D., Faraid, 
M.A., Nayera, A.M., & Refaat, E.S. 2013. Chemical 
composition, antimicrobial activity of the essential 
oil of the flowers of Paulownia tomentosa (Thunb.) 
Steud. growing in Egypt. In Journal of Applied Sciences 
Research, 9(4), 3228–3232. 

Jacek, B., & Litwińczuk, W. 2016. The selected biomass 
properties of Paulownia tomentosa strains cultivated 
for energy purposes in the first two years of vegetation. 
In Annals of Warsaw University of Life Sciences, 
Agriculture, 68, 61–66.



ISSN 2585-8246– 189 –

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(2): 180–190

Slovak University of Agriculture in Nitra
www.uniag.sk

Jakubowski, M. 2022. Cultivation potential and uses of 
Paulownia wood: a review. In Forests, 13, 668. 
https://doi.org/10.3390/f13050668

Kiermeier, P. 1977. Erfahrungen mit Paulownia tomentosa 
(Thunb.) Steud. im Rheingau [Experiment with 
Paulownia tomentosa (Thunb.) Steud. in Rheingau]. In 
Mittelungen der Deutschen dendrologischen gesselschaft 
[Communications of the German Dendrological Society], 
69, 11–22. [In German]

Lambers, H. 2022. Phosphorus acquisition and utilization in 
plants. In Annual Reviews of Plant Biology, 73, 17–42. 
https://doi.org/10.1146/annurev-arplant-102720-125738

Lastdrager, J., Hanson, J., & Smeekens, S. 2014. Sugar signals 
and the control of plant growth and development. 
In Journal of Experimental Botany, 65(3), 799–807. 
https://doi.org/10.1093/jxb/ert474

López, F., Pérez, A., Zamudio, M., Alva, H.E., & Garcia, J.C. 2012. 
Paulownia as raw material for solid biofuel and cellulose 
pulp. In Biomass and Bioenergy, 45, 77–86. 
https://doi.org/10.1016/j.biombioe.2012.05.010

Monti, A., Virgilio, N., & Venturi, G. 2008. Mineral composition 
and ash content of six major energy crops. In Biomass 
and Bioenergy, 32(3), 216–223. 
https://doi.org/10.1016/j.biombioe.2007.09.012

Moon, H.I., & Zee, O.P. 2001. Anticancer compound of 
Paulownia tomentosa. In Natural Product Sciences, 7(1), 
21–22.

Ngamdee, P., Wichoi, U., & Jimyangyuen, S. 2016. Correlation 
between phytochemical and mineral contents and 
antioxidant activity of black glutinous rice bran, and its 
potential chemopreventive property. In Food Technology 
and Biotechnology, 54(3), 282–289. 
https://doi.org/10.17113/ftb.54.03.16.4346

Onto, M., Onai, K., Furukawa, Y., Aoki, E., Araki, T., & Nakamura, 
K. 2001. Effects of sugars on vegetative development 
and floral transition in Arabidopsis. In Plant Physiology, 
127, 252–261. https://doi.org/10.1104/pp.127.1.252

Özelçam, H., Ipçak, H. H., Özüretmen, S., & Canbolat, Ö. 
2021. Feed value of dried and ensiled paulownia 
(Paulownia spp.) leaves and their relationship to rumen 
fermentation, in vitro digestibility, and gas production 
characteristics. In Revista Brazileira de Zootecnia, 50, 
e20210057. 
https://doi.org/10.37496/rbz5020210057

Prochnow, A., Heiermann, M., Ploche, M., Amon, T., & Hobbs, 
P.J. 2009. Bioenergy from permanent grassland – 
a review: 2. Combustion. In Bioresource Technology, 100, 
4945–4954.
https://doi.org/10.1016/j.biortech.2009.05.069

Qi, Y., Yang, C., Hidayat, W., Jang, J,-H., & Kim, N.-H. 2016. Solid 
bioenergy properties of Paulownia tomentosa grown in 
Korea. In Journal of Korean Wood Sciences, 44(6), 890–
896. http://dx.doi.org/10.5658/WOOD.2016.44.6.890

Rakhmetova, S.O., Vergun, O.M., Kulyk, M.I., Blume, R.Y., 
Bondarchuk, O.P., Blume, Y.B., & Rakhmetov, D.B. 
2020. Efficiency of switchgrass (Panicum virgatum L.) 
cultivation in the Ukrainian Forest-Steppe Zone and 

development of its new lines. In The Open Agricultural 
Journal, 14, 273–289. 
https://doi.org/10.2174/1874331502014010273

Rodríguez-Seoane, P., Díaz-Reinoso, B., Moure, A., & 
Dominguez, H. 2020. Potential of Paulownia sp. for 
biorefinery. In Industrial Crops and Products, 155, 
112739. 
https://doi.org/10.1016/j.indcrop.2020.112739

Ryu, H. W., Park, Y. J., Lee, S.U., Lee, S., Yuk., H. J., Seo, K. H., 
Hwang, B. Y., & Oh, S R. 2017. Potential anti-inflammatory 
effects of the fruits of Paulownia tomentosa. In Journal of 
Natural Products, 80, 2659–2665. 
https://doi.org/10.1021/acs.jnatprod.7b00325

Schneiderova, K., Šlapetová, T., Hrabal, R., Dvorákova, H., 
Procházková, P., Novotná, J., Urbanová, M., Cvačka, J., & 
Šmejkal, K. 2013. Tomentomimulol and mimulone B: 
two new C-geranylated flavonoids from Paulownia 
tomentosa fruits. In Natural Product Research: Formerly 
Natural Product Letters, 27(7), 613–618. 
http://dx.doi.org/10.1080/14786419.2012.683002

Schneiderová, K., & Šmejkal, K. 2015. Phytochemical profile 
of Paulownia tomentosa (Thunb) Steud. In Phytochemical 
Review, 14, 799–833. 
https://doi.org/10.1007/s11101-014-9376-y

Senelwa, K., & Sims, R.E.H. 1999. Fuel characteristic of short 
rotation forest biomass. In Biomass and Bioenergy, 17, 
127–144. 
https://doi.org/10.1016/S0961-9534(99)00035-5

Singh, S., Pokharel, A.D., & Cyriac, K.S. 2018. Review on 
cardio protective and antioxidant activity of Paulownia 
tomentosa plant. In Journal of Emerging Technologies 
and Innovative Research, 5(9), 547–558. 

Singh, A.V., Prasad, B., Shah, S. 2011. Influence of phosphate 
solubilizing bacteria for enhancement of plant growth 
and seed yield in lentil. In Journal of Crop and Weed, 
7(1), 1–4.

Snow, W.A. 2015. Ornamental, crop, or invasive? The history 
of the empress tree (Paulownia) in the USA. In Forest, 
Trees and Livelihoods, 24(2), 85–96. 
http://dx.doi.org/10.1080/14728028.2014952353

Stewart, W.M., Vaidya, B.N., Mahapatra, A.K., Terrill, T.H., 
& Joshee, N. 2018. Potential use of multipurpose 
Paulownia elongata tree as an animal feed resource. 
In American Journal of Plant Science, 9, 1212–1227. 
https://doi.org/10.4236/ajps.2018.96090

Suh, M.C., Hahne, G., & Liu, J.R. 2015. Plant lipid biology 
and biotechnology. In Plant Cell Reports, 34, 517–518. 
https://doi.org/10.1007/s00299-015-1780-2

Vergun, O., Rakhmetov, D., Bondarchuk, O., Rakhmetova, S., 
Shymanska, O., & Fishchenko, V. 2022. Biochemical 
composition of Vigna spp. genotypes. In Agrobiodiversity 
for Improving Nutrition, Health and Life Quality, 6(1), 
41–48. https://doi.org/10.15414/ainhlq.2022.0005

Vergun, O., Rakhmetov, D., Fishchenko, V., Rakhmetova, S., 
Shymanska, O., Druz, N. & Bogatel, L. 2017. The lipid 
content in the seeds of Brassicaceae Burnett family. In 
Agrobiodiversity for Improving Nutrition, Health and 



ISSN 2585-8246– 190 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 6, 2022(2): 180–190

Life Quality, 1, 493–497. http://dx.doi.org/10.15414/
agrobiodiversity.2017.2585-8246.493-497

Vergun, O., Rakhmetov, D., Rakhmetova, S., Fishchenko, 
V., & Shymanska, O. 2020. Content of nutrients in 
different parts of Ipomoea batatas L. (Lam.). In 
Agrobiodiversity for Improving Nutrition, Health and 
Life Quality, 4, 101–111. https://doi.org/10.15414/
agrobiodiversity.2020.2585-8246.101-111

Wang, Q., Meng, X., Zhu, L., Xu, Y., Cui, W., He, X., Wie., & Zhu, 
R. 2019. A polysaccharide found in Paulownia fortunei 
flowers can enhance cellular and humoral immunity 
in chickens. In International Journal of Biological 
Macromolecules, 130, 213–219. 
https://doi.org/10.1016/j.ijbiomac.2019.01.168

White, Ph., & Broadley, R. 2003. Calcium in plants. In Annals 
in Botany, 92, 487–511. 
https://doi.org/10.1093/aob/mcg164

Woźniak, M., Gałązka, A., Grządziel, J., & Frąc, M. 2018. 
Microbial diversity of Paulownia spp. leaves – a new 
source of green manure. In BioResources, 13(3), 
4807–4819.

Xia, Z., Wen, J., & Gao, Z. 2001. Does the enigmatic Wightia 
belong to Paulowniaceae? In Frontiers in Plant Science, 
10, 528. https://doi.org/10.3389/fpls.2019.00528

Yadav, N.K., Vaidya, B.N., Henderson, K., Lee Frost, J., Stewart, 
W.M., Dhkney, S.A., & Joshee, N. 2013. A review of 
Paulownia biotechnology: a short rotation, fast growing 
multipurpose bioenergy tree. In American Journal of 
Plant Sciences, 4, 2070–2082. 
http://dx.doi.org/10.4236/ajps.2013.411259

Yang, H., Zhang, P., Xu, X., Chen, X., Liu, Q., & Jiang, Ch. 2019. 
The enhanced immunological activity of Paulownia 
tomentosa flower polysaccharide on Newcastle disease 
vaccine in chicken. In Bioscience reports, 39, 1–9. 
https://doi.org/10.1042/BSR20190224

Yavorov, N., Petrin, ST., Valchev, I., & Nenkova, S. 2015. 
Potential of fast growing poplar, willow and paulownia 
for bioenergy production. In Bulgarian Chemical 
Communications, 47, A, 5–9. 

Yermakov, A.I., Arasimovich, V.V., Smirnova-Ikonnikova, M.I., & 
Yarosh, N.P. 1972. Metody biohimicheskoho issledovaniia 
rastenii [The methods of biochemical investigations 
of plants]. Leningrad: Kolos, 456 p. [In Russian]

Youseff, N.M., Hashish, K.I., & Taha, L.S. 2020. Salinity 
tolerance improvement of in vitro propagated Paulownia 
tomentosa using profile. In Bulletin of the National 
Research Centre, 44, 90. 
https://doi.org/10.1186/s42269-020-00345-5


