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The paper is devoted to the study of the allelopathic properties of the root environment of Castanea
sativa Mill. plants of different ages under the conditions of introduction. The objects of the research
were 10 and 40-year-old plants of C. sativa, which are growing in Forest-Steppe of Ukraine in M.M.
Gryshko National Botanical Garden of National Academy of Sciences of Ukraine. Rhizosphere soil
samples were collected at 0-30 cm layer. The fallow soil was used as a control. Allelopathic and
biochemical analyzes of root environment of C. sativa were conducted in dynamics during the growing
season. Allelopathic activity of the root environment was studied by direct bioassay method. The soil
redox potential (Eh) was measured by potentiometric technique. Phenolic compounds were extracted
from the soil by desorption method using an ion exchanger KU-2-8 (H"). Allelopathic analysis of the
root environment of chestnut plants showed phytotoxicity within the range of 19.9-61.9% compared
with control. Phytotoxicity increased under the influence of 40-year-old plants. The redox status of
the root environment of C. sativa was characterized by the predominance of reducing conditions, the
intensity of which increased under the influence of the older plants. The values of redox potential of
the rhizosphere soil were 1.2-3.5 times lower than control. This indicates the accumulation of mobile
organic compounds in the root environment of C. sativa. The content of phenolic compounds in the root
environment of C. sativa was 1.4-2.5 times higher than control. The accumulation of organic compounds
of phenolic nature caused obviously an increase in the phytotoxicity of the root environment of C. sativa
along with the age of the plants. Thus, the seasonal dynamics of allelopathic activity, redox conditions,
and the content of phenolic allelochemicals in the root environment of C. sativa depended on the age of
plants.
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Introduction

Sweet chestnut (Castanea sativa Mill., Fagaceae family) is a valuable food, ornamental, honey
and medicinal plant. C. sativa is a rich source of broad-spectrum bioactive compounds
and nutrients, that give it medicinal properties (Leonardi et al., 1996; Chiarini et al.,, 2013;
Fuente-Maqueda, 2018; Grygorieva et al.,, 2018; Cerulli et al., 2018; Esposito et al., 2019).
C. sativa exhibits antibacterial, antifungal, antioxidant and cardioprotective effects (Basile et
al,, 2000; Chiarini et al., 2013; Esposito et al., 2019). C. sativa pollen is highly prized for its
nutritional, healing and dietary qualities (Ziarovska et al., 2015). C. sativa is an important
source of commercially extracted tannins (Melicharovad and Vizoso-Arribe, 2012). C. sativa
is widely used for the commercial production of nuts, used both in fresh and in the form of
paste, puree, crumb, flour and confectionery (Demiate et al., 2001; Melicharova and Vizoso-
Arribe, 2012; Grygorieva et al,, 2017). Chestnut is a moderate heliophile species and has
rather high photosynthetic rates, contributing to its fast growth (Covone and Gratani, 2006).
In connection with this, C. sativa is cultivated for high-quality hardwood timber, used in the
furniture industry, as structural material for buildings, as well as for fences, parquets, shelves
for wine barrels and baskets (Melicharova and Vizoso-Arribe, 2012).

C. sativa grows in nature mainly in the Mediterranean and Atlantic regions of Europe, Asia
Minor and North Africa (Villani et al.,, 1994; Rubio et al., 2002; Conedera et al., 2004; Krebs
et al, 2004; Dengiz et al.,, 2011; Melicharova and Vizoso-Arribe, 2012; Miguez-Soto et al,,
2019). C. sativa is spread in Ukraine predominantly in the Precarpathian and Transcarpathian
regions. Recently, the economic efficiency of using of C. sativa in natural habitats significantly
reduced as a result of damage from pests and diseases, and the effects of global climate change
(Melicharova and Vizoso-Arribe, 2012; Conedera et al., 2016; Miguez-Soto et al.,, 2019).
Therefore, it is extremely important to cultivate C. sativa outside the natural range to preserve
its gene pool.

The success of the introduction of new plant species is largely determined by the allelopathic
factor, that regulates the processes of growth and development both in plantings of different
plant species and in monoculture (Zaimenko et al., 2017; Pavliuchenko et al., 2018). The study
of species interactions between C. sativa and Pseudotsuga menziesii (Mirb.) Franco showed,
that mixed plantations had a positive effect on the productivity of the chestnut (Nunes et al,,
2011). The ethyl acetate soluble fraction of the aqueous extract from C. sativa leaves showed
potent allelopathic effect on Raphanus sativus seed germination, root and epicotyl growth
(Basile et al., 2000).

The purpose of the work was to investigate the allelopathic properties of the root environment
of C. sativa plants of different ages under the conditions of introduction.

Material and methodology

Plant material and soil source

The objects of the research were 10 and 40-year-old plants of C. sativa, which are growing in
Forest-Steppe of Ukraine in M.M. Gryshko National Botanical Garden of National Academy of
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Sciences of Ukraine. Rhizosphere soil samples were collected at 0-30 cm layer. The fallow soil
was used as a control. The soil is a grey forest. Allelopathic and biochemical analyses were
conducted in dynamics on phases of plant development during flowering (1), fruit formation
(I1) and the end of the growing season (III).

Allelopathic activity

Allelopathic activity of the root environment was studied by direct bioassay method on cress
(Lepidium sativum L.) root growth (Grodzinskij et al., 1990).

Biochemical analyses

The redox potential (Eh) was measured in soil suspension modelling soil solution at the soil
to distilled water ratio as 1 : 1 by potentiometric technique (Labuda and Vetchinnikov, 2011;
Fiedler et al., 2007). Phenolic compounds were extracted from the soil by desorption method
using an ion exchanger KU-2-8 (H") (Grodzinskij et al., 1988).

Data analysis

Experimental data were statistically analyzed using the software package Microsoft Excel.

Results and discussion

Allelopathic analysis of the root environment of chestnut plants showed phytotoxicity within
the range of 19.9-61.9% compared with control (Figure 1). Phytotoxicity increased under the
influence of 40-year-old plants. The allelopathic activity of the root environment was maximal
at the end of the growing season, which is obviously due to the release of organic compounds
from plant residues.
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Figure 1 Allelopathic activity of the root environment of Castanea sativa (bioassay - root growth of

Lepidium sativum L.) (%) control
a - 10-year-old plants; b - 40-year-old plants

The degradation of toxic organic compounds depends on their innate chemical properties and
environmental conditions (Fiedler et al., 2007). Thus, anaerobic conditions can enhance the
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solubility of toxic forms of organic compounds (Fiedler et al., 2007). Therefore, it is extremely
important to know the nature of oxidation-reducing processes in the root environment.

The biochemical status of the root environment of C. sativa was assessed by the values of the
redox potential. The redox status of the root environment of C. sativa was characterized by the
predominance of reducing conditions, the intensity of which increased under the influence of
the older plants (Figure 2).
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Figure 2 The redox potential (Eh) of Castanea sativa rhizosphere soil (mV)

a - 10-year-old plants; b - 40-year-old plants; ¢ - control

At the same time, weakly oxidizing conditions in the control were detected. The values of the
redox potential of the rhizosphere soil were 1.2-3.5 times lower than control. This indicates
the accumulation of mobile organic compounds, which may have allelopathic properties.

It is known that phenolic compounds are one of the main classes of allelochemicals, since
they influence on various physiological and biochemical processes of plants, regulate species
interactions in both mixed and pure plantations (Li et al., 2010). Therefore, it was necessary
to analyze the content of phenolic allelochemicals in the root environment of C. sativa.

The content of phenolic compounds in the root environment of C. sativa was 1.4-2.5 times
higher than control (Figure 3). The concentration of phenolic compounds was higher in the
root environment of the older C. sativa plants. The dynamics of accumulation of phenolic
compounds in the rhizosphere soil has shown a tendency to gradually increase their content
during the growing season.

Litterfall, wood, and leaves of C. sativa are an important source of organic matter and nutrients
for the soil (Leonardi et al, 1996; Nunes et al,, 2011). However, secondary metabolites,
including phenolic nature, from different tree organs can also be released into the rhizosphere
soil of C. sativa through root exudates, leaching, and decay. C. sativa contains a significant pool
of phenolic compounds, in particular tannins and flavonoids (Chiarini et al., 2013; Fuente-
Maqueda, 2018; Esposito et al., 2019). Tannins and phenolic compounds characterized
in C. sativa bark, including ellagic acid, gallic acid, and ellagitannins (vescalin, castalin,
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vescalagin, and castalagin), were reported (Chiarini et al., 2013). Other minor compounds
from C. sativa bark, detected in trace levels, 5-o-galloylhamamelose (3.5-dimethoxy-4-
hydroxyphenol)-1-o0-f-D-(6-0-galloyl)-glucoside isomer, m-digallic acid, kurigalin isomer,
and chestanin were reported (Chiarini et al., 2013). Glucose esters with gallic acid (-mono,
-di, and -trigalloylglucose), ellagitannins (vescalagin/castalagin), phenolic acids (gallic,
ellagic, protocatechuic, chlorogenic acid), flavonoids (apigenin, quercetin, and quercetin
3-0-glucoside) has been identified in chestnut burs (Esposito et al., 2019). A methanol extract
ofthe leaves of C. sativa contained as main compounds crenatin, chestanin, gallic acid, cretanin,
5-0-p-coumaroylquinic acid, p-methyl gallic acid and quercetin-3-0-glucoside (Cerulli et al.,
2018). HPLC analysis of ethyl acetate fraction of C. sativa leaf aqueous extract identified the
following flavonoids: rutin, hesperidin, quercetin, apigenin, kaempferol, morin, galangin,
and naringin (Basile et al., 2000). The ethyl acetate extract from C. sativa leaves and therein
identified apigenin, rutin, quercetin inhibited seed germination, root and epicotyl growth of
Raphanus sativus (Basile et al., 2000).
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Figure 3 Phenolic compounds content in the root environment of Castanea sativa (mg/kg)

a - 10-year-old plants; b - 40-year-old plants; c - control

In connection with the foregoing, it can be stated that the accumulation of phenolic
allelochemicals obviously leads to increased phytotoxicity of the root environment of the
older C. sativa plants.

Conclusions

The accumulation of organic compounds of phenolic nature caused obviously an increase in
the phytotoxicity of the root environment of C. sativa along with the age of the plants. Thus,
the seasonal dynamics of allelopathic activity, redox conditions, and the content of phenolic
allelochemicals in the root environment of C. sativa depended on the age of plants.
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