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Abstract

Begonia grandis is a unique representative of the genus Begonia inhabiting the temperate zone. The mechanisms 
of adaptation of this plant to low temperatures, in particular under the influence of physiologically active 
substances, are of great interest. The effects of the product of straw processing, ecotol, on the dynamics of the 
parameters of physiological state of Begonia grandis plants introduced in West Siberia (Novosibirsk), in a 
greenhouse and at an open ground were studied during air temperature drops at the end of the growing season. 
The concentrations of chlorophylls a and b, carotenoids, anthocyanins, flavones (luteolin, orientin) and flavonols 
(quercetin, kaempferol, hyperoside, isoquercitrin, and astragalin) were determined, and the ratios chlorophyll a/b, 
chlorophyll (a + b)/carotenoids, chlorophyll (a + b)/anthocyanins) in the leaves were calculated. With a decrease 
in the diurnal temperature to 10  oC and a short-term drop to negative temperatures, the open-ground plants 
treated with ecotol retained a higher proportion of the leaves (59.9 % of their initial number) compared to the 
control ones (5.8 %), and the concentrations of chlorophyll and antioxidants (carotenoids, anthocyanins, isoquercitrin) 
in them was more significant (up to 3.1, 1.2, 12.8 and 11.2 mg/g, respectively) than in the leaves of control plants 
(up to 1.4; 0.5; 1.8 and 7.0 mg/g). The properties of ecotol as a complex stimulator of plant resistance were 
confirmed. Under low-temperature stress, it provided a higher physiological state of B. grandis plants during 
their transition to dormancy. 
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Introduction 

Adaptation of plants to the low-temperature 
stress plays the most important part under the 
conditions of moderate climate, which is charac-
terized by substantial changes of air temperature 
during spring and autumn. A unique representa-
tive of Begonia genus, Begonia grandis Dryander 
occurs in the zone of moderate climate [1]. In the 
sites of natural growth (the south-western part of 
China) the plants are protected from frost-killing 
under the conditions of low temperature by pass-
ing into the dormant state, which is accompanied 
by a complete loss (abscission) of shoots. During 
autumn and winter, with temperature drop to 

5 °C, the plant forms a bulbus under the ground 
at a depth of 3–7 cm. This bulbus conserves vital-
ity at a temperature down to –20 °C [2]. Investi-
gation of the dynamics of parameters related to 
the physiological state of B. grandis plants with a 
decrease in air temperature is important to un-
derstand the adaptation of this rare taxon and to 
enhance the efficiency of begonia introduction in-
doors and outdoors. The most informative param-
eters of the physiological state of plants charac-
terizing the stability under stress conditions are 
the concentrations of chlorophylls, various anti-
oxidants (carotenoids, anthocyanins, flavons and 
flavonols) and some specific relations between 
the concentrations of pigments [3–7].
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Photosynthetic pigments (chlorophylls and ca-
rotenoids) are parts of the system providing the 
transformation of solar energy into the energy of 
plant growth and development. Their content 
characterizes the intensity of assimilation pro-
cesses [8]. Carotenoids, along with anthocyanins, 
serve as the protective components of the photo-
synthetic apparatus [9]. The content of these 
compounds increases during any deviations from 
optimal conditions, including a decrease in air 
temperature [10–13]. A similar accumulation of 
flavons and flavonoids was also revealed [4, 14]. 

In the leaves of shade-enduring plants, includ-
ing B. grandis, anthocyanins provide scattering of 
excessive solar radiation [4]. Though the participa-
tion of anthocyanins in adaptation to low-tempera-
ture stress was also established for some plants, the 
results of the majority of experiments do not con-
firm their decisive role in adaptive reactions [15].

We studied the dynamics of photosynthesizing 
pigments, anthocyanins and other flavonoids in 
the leaves of B. grandis during cultivation out-
doors and indoors in the Novosibirsk Region previ-
ously [16, 17]. The periods of adaptation to the 
low-temperature stress were characterized by the 
lower content of the sum of chlorophylls (a + b), 
the ratio of the concentrations of chlorophylls (a + 
b)/carotenoids and chlorophylls (a + b)/anthocya-
nins in comparison with favourable periods, and 
higher content of flavons and flavonols, the major 
of which are C-glycosyl flavon (orientin) and O-
glycosides of quercetin [16, 18–20]. With a decrease 
in air temperature, the composition of O-glyco-
sides and free aglycons changes. Four O-glycosides 
including isoquercitrin were revealed only in the 
leaves of the plants growing outdoors [16]. 

At the next stage of the investigation, it ap-
pears interesting to study the changes in the 
adaptive response of photosynthesizing pigments 
and flavonoids to low-temperature stress of dif-
ferent intensities in the presence of ecotol. Ecotol 
(a natural complex of compounds) is a product of 
aerobic treatment of plant raw material (straw, 
leaves) by microorganisms and fungi; it contains 
lignins, the derivatives of benzene and furan, 
quinones,  indoles, biogenic amines, melanins [21–
23]. A positive effect of this multicomponent 
preparation was demonstrated for the growth of 
young tree plants of Acer platanoides L. at in-
creased temperatures, as well as for the param-
eters of physiological state (chlorophyll fluores-
cence in the bark of young sprouts, protein con-
tent in the leaves) of Fraxinus pennsylvanica and 
Sorbus aucuparia in the case of lead excess in soil 

[22]. In addition, an increase in the stability of 
spring wheat to drought was detected, which was 
expressed in a substantial increase in the crop 
productivity [23].

The goal of the study was to investigate the 
effect of ecotol on the dynamics of the content of 
pigments and phenolic compounds, as well as the 
ratios of the concentrations of chlorofylls a/b, 
chlorophylls (a + b)/carotenoids and chlorophylls 
(a + b)/anthocyanins in the leaves of B. grandis 
plants the indoor and outdoor conditions under 
air temperature decrease at the end of vegetation 
period. 

Experimental

Materials and methods 

The samples were the leaves of B. grandis 
Dryander subsp. grandis (syn. Begonia discolor R. 
Brown, Begonia evansiana Andrews, B. grandis 
subsp. evansiana (Andrews) Irmsch.) plants intro-
duced under greenhouse conditions and outdoors 
at the Central Siberian Botanical Garden SB RAS 
(CSBG SB RAS) growing during the vegetation 
period of the year 2018. Table 1 shows the dy-
namics of air temperature and visual evaluation 
of the state of plants. The samples for the deter-
mination of biochemical parameters were the 
fragments of the central part (between large 
veins) of mature leaves of the medium floor, 
without any signs of damage. To determine pig-
ments, the fragments of leaves collected from 
every five of 25 plants were brought together. 
The resulting 5 average samples were homoge-
nized with the help of a mortar and pestle, and 
used for analysis immediately. To study phenolic 
compounds, the samples were prepared similarly 
from the leaves dried in the air and homogenized 
with the help of electric coffee grinder Bosch 
MKM 6004 (Robert Bosch GmbH, Slovenia).

Ecotol was manufactured under laboratory 
conditions. The straw of Khakasskaya wheat 
dried to the air-dry state was ground, placed into 
a bioreactor 50 L in volume, poured with water at 
a ratio of 1 : 1, and switched to the aerator with 
air flow rate of 35 L/min [23]. The process was 
run till the completion of aerobic fermentation. 
The concentrations of extractives in the prepara-
tion during treatment was 0.5 mg/mL. The treat-
ment of plants with ecotol was performed since 
early September under the conditions of night 
temperature higher than 7 °C (see Table 1). The 
treatment with ecotol by means of wetting 
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(200 mL per one plant) at the root was carried out 
with 25 plants at the stage of active growth in 
the greenhouse and 25 plants growing outdoors. 
Wetting was carried out three times at an inter-
val of 5 days. Untreated plants cultivated under 
the corresponding conditions served as reference. 

Novosibirsk is situated in the forest-steppe 
zone with continental climate. Frost-free period 
142 days long on average lasts from May to Au-
gust [24]. The period of B. grandis vegetation 
starts from the moment of tuber sprouting in the 
greenhouse in the first decade of February, con-
tinues through blossoming (August–September) 
and then perishing of aboveground parts. The 
cache-pots with plants are brought outdoors dur-
ing the third decade of May, and the transition to 
dormancy occurs in the third decade of Septem-
ber – October. In the greenhouse, dormancy 
starts at the end of November. 

For the experiment, all the plants were plant-
ed in identical cache-pots 3 L in volume. The soil 
mixture was composed of leafy and garden soil 
with the addition of peat and sand. One group of 
plants was arranged in greenhouses (gable-roofed 
reinforced concrete structures closed with poly-
carbonate) on shelves 1 m high. Another part of 

plants was arranged outdoors at the experimental 
plot on identical shelves. Under natural condi-
tions, B. grandis grows under the forest canopy, 
so in both cases, the curtains made of waterproof 
cloths were stretched above the plants to prevent 
them from bright sunrays and rainwater. Illumi-
nation under the artificial curtain in both ver-
sions of the experiment varied from 500 to 
2000 lux. So, the differences between indoor and 
outdoor plants in all the major ecological param-
eters except temperature mode were excluded. 

The smallest difference between day and night 
temperatures is observed outdoors in July (up to 
10  °C). Since August, diurnal temperature varia-
tions become more substantial, and they may reach 
20 °C in September. Air temperature in greenhous-
es during the operation of stationary warming sys-
tem (October–April) is 20 °C on average. Since May 
till September, air temperature is substantially de-
pendent on weather conditions. Temperature varia-
tions in the greenhouse are 5–10 °C [25].

During the time of the investigation, diurnal 
air temperature in the greenhouse decreased 
since 31.08 till 18.09, and then increased by 18.10 
(see Table 1). Outdoors, the conditions at the end 
of August were similar to indoor conditions, but 

TABLE 1

Air temperature and visual evaluation of the state of Begonia grandis plants during the study (2018)

Date Greenhouse Outdoors

Temperature, 
°С 

State of plants; development phase 
(leaves, % of their initial number)

Temperature, 
°С*

State of plants; development phase 
(leaves, % of their initial number)

E– (reference) E+ E– (reference) E+

03.09 14 Healthy plants 
without any signs 
of necrosis; vegeta-
tion (100.0±0.0)

Healthy plants 
without any signs 
of necrosis; vegeta-
tion (100.0±0.0)

10 (7) Healthy plants 
without any signs 
of necrosis; vegeta-
tion (100.0±0.0)

Healthy plants 
without any signs of 
necrosis; vegetation 
(100.0±0.0)

13.09 13 The same; budding 
(100.0±0.0)

30 % of the leaves 
became yellowish; 
blossoming 
(95.2±4.0)

7 (1) 30 % of the leaves 
became yellowish; 
blossoming 
(85.6±4.1)

The majority of 
leaves are yellow, 
20 % of leaves are 
with necrosis along 
the edges; blossom-
ing (89.4±7.6)

18.09 10 The same; 
blossoming  
(96.2±3.8)

10 % of the leaves 
became yellowish; 
blossoming, fruiting  
(93.6±5.8)

7 (–1) 30 % of the leaves 
are yellowing; 
blossoming, fruiting 
(52.3±2.4)

All leaves became 
brown; blossoming, 
fruiting (77.1±4.5)

18.10 18 The same; fruiting 
(90.0±4.3) 

20 % of the leaves 
became yellowing; 
fruiting (91.0±3.5)

2 (–3) Stems with sole 
leaves; aboveg-
round parts perish 
(5.8±0.6)

Leaves are brown, 
about 5 % of the 
leaves are with 
necrosis along edges; 
aboveground parts 
perish (59.9±5.8)

Note. E–, E+ – without treatment and after treatment with ecotol, respectively.

* Diurnal air temperature; temperature at the night preceding the observation is shown in parentheses.
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in September a gradual decrease in the bight and 
average diurnal temperature occurred. A drop of 
air temperature at night to 1 °C was observed on 
13.09, to –1 °C on 18.09, and to –3 °C on 18.10.

Evaluation of the physiological state of plants 
was carried out over the following criteria: visual 
estimation of the number and state of leaves; the 
sequence of development phases (blossoming, 
fruiting, the transition to dormancy); the content 
of the sum of chlorophylls a and b (chlorophylls 
(a + b)). The criteria of stress and adaptation that 
were determined in experiments included the 
content of carotenoids and anthocyanins; the ra-
tios of chlorophylls (a + b)/carotenoids and chlo-
rophylls (a + b)/anthocyanins; the sum of phe-
nolic compounds and the basic flavonoid compo-
nent (orientin), as well as the content of the sum 
of O-glycosides (hyperoside and isoquercitrin). 

To determine the content of chlorophylls and 
carotenoids, the homogenate of fresh leaves was 
weighted and extracted with 96 % ethanol. The 
optical density of the extract was measured at 
the wavelength of 470, 649 and 664 nm with the 
help of UV-Vis spectrophotometer Agilent 8453 
(Agilent Technologies, USA). The calculation was 
carried out using equations 
С
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, А
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 are 

optical densities of the extract measured at 664, 
649 and 470 nm, respectively [26].

For the quantitative estimation of anthocya-
nins, the weighted portion of the homogenate 
was extracted with a 1 % aqueous solution of HCl 
until the extractant was colourless. The optical 
density of the extract was measured at the wave-
length of 529 and 650 nm. The content of the sum 
of anthocyanins was calculated using the molar 
extinction coefficient of cyanidine-3-rutinoside in 
a 1 % aqueous solution of HCl, which is equal to 
28 840 [27]. A correction for the content of chlo-
rophylls and the products of their degradation 
was taken into account using the equation
A = A

529
 – 0.288A

650

where A
529

 and A
650

 are the optical densities of the 
extract measured at 529 and 650 nm, respectively [28].

The composition and content of phenolic com-
pounds in the leaves were studied by means of 
high-performance liquid chromatography 
(HPLC). An exact weighted portion of the plant 
material (0.1 g) was thoroughly extracted with 

70 % ethanol on a water bath at a temperature of 
60–70 °C. The analysis was carried out with an 
Agilent 1200 liquid chromatograph (Agilent 
Technologies, USA), equipped with a Zorbax SB-
C18 column (4.6 mm × 150 mm × 5 µm; Agilent 
Technologies), a detector with the diode matrix 
and ChemStation system for chromatographic 
data processing. The eluents were 0.1 % aqueous 
solution of H

3
PO

4
 (eluent A) and methanol (eluent 

B). Chromatographic separation was carried out 
in the gradient mode under the following condi-
tions: 0–27 min 32–33 % B, 28–38 min 33–46 % B, 
39–50 min 46–56 % B, 51–54 min 56–100 % B, 
55–56 min 100–32 % B. The volume of the sample 
introduced into the chromatograph was 10 µL; 
column temperature 25 °C; the flow rate of the 
solvent 1 mL/min. Detection was carried out at 
255, 270, 290, 325, 340, 350, 360 and 370 nm. Iden-
tification of the known compounds was carried 
out by comparing retention times and UV spectra 
of the analyzed peaks with the peaks of standard 
samples of quercetin, kaempferol, orientin, luteo-
lin (Sigma-Aldrich, USA), hyperoside, isoquerci-
trin, astragalin (Fluka, Sigma-Aldrich Chemie 
GmbH, Germany). 

Calculation of the content of non-identified 
components was carried out relying on the stand-
ard areas of the peaks of gallic acid (for phenol-
carboxylic acids) and hyperoside (for flavonoids). 
The class of compounds was determined accord-
ing to the spectral characteristics of the peaks 
(the number of absorption peaks, wavelengths of 
maxima, the ratio of their intensities).

The content of pigments and phenolic com-
pounds was measured three times in each of 5 
extracts, the arithmetic mean and standard error 
were calculated over 15 parameters of biological 
and analytical repetitions [29]. The content of the 
components was calculated in 1 g of absolutely dry 
mass. Statistical treatment was performed using 
the Statistica 7.0 software (Statsoft Inc., USA).

Results and discussion

Within 10 days after the treatment with eco-
tol, 10 to 30 % of the leaves got yellow. A definite 
part of leaves was observed to keep the yellow 
colour in the treated greenhouse plants (E+) till 
the end of the experiment. Untreated plants (E–) 
looked healthy during the entire period. The frac-
tions of fallen leaves with respect to their initial 
number on the treated and reference plants in 
the greenhouse did not exhibit any significant 
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difference from each other and did not change 
significantly during the whole time of the inves-
tigation. Chlorophyll (a + b) content in the leaves 
of greenhouse plants decreased from the start to 
the finish of the experiment, and it was reliably 
higher (3.9 mg/g) in the leaves of the plants 
treated with ecotol in comparison with the leaves 
of reference samples (2.8 mg/g) (Fig. 1, a).

With a decrease in temperature to positive 
values (from 10 to 0 °C) after 13.09 we also ob-
served yellow colouring of the leaves of plants 
growing outdoors, and the regions with necrosis 
appeared. Under the action of negative tempera-
tures, the majority of leaves became brown. 
However, the plants treated with ecotol kept a 
substantially higher percentage of leaves during 
the whole time of the experiment in comparison 
with the reference plants. By the end of the ob-
servation period, the percentage of leaves with 
respect to their initial number was much higher 
in the treated plants (59.9 %) than in reference 
samples (5.8 %) (see Table 1). The general view of 
the plants growing outdoors, both treated with 
ecotol and untreated ones, is shown in Fig. 2 at 
the beginning (a and b, respectively) and at the 
end of the experiment (c and d, respectively). 
With a decrease in temperature, chlorophyll con-
tent in the leaves of outdoor plants decreased in 
both versions of the experiment (see Fig. 1, b). 
During almost the whole period of investigation 
(excluding the last chill on 18.10), chlorophyll 
content in the leaves of untreated plants was 
higher in comparison with the plants treated with 
ecotol. However, the plants treated with ecotol 
survived the last chill, which was critical for 
plant vitality outdoors, better than the reference 
plants: chlorophyll content in the leaves of the 
treated plants (3.1 mg/g), similarly to the green-
house conditions, was higher than in the leaves of 
untreated samples (1.4 mg/g).

The ratio of chlorophylls а/b in the leaves of 
greenhouse and outdoor plants varied insignifi-
cantly (Fig. 3, a, b), with the exception of the 
point of observation on 13.09 for the leaves of 
untreated plants in the greenhouse. The content 
of the sum of chlorophylls at this observation 
point in the leaves of reference plants increased 
substantially, mainly due to chlorophyll b.

Carotenoid content in the leaves of greenhouse 
plants increased with a decrease in temperature, 
and then, after having achieved the optimal condi-
tions at the end of September – October, it again 
decreased to the values characteristic of early 
September. At all observation points except 18.09, 

the leaves of untreated plants contained a sub-
stantially lower amount of carotenoids, and on that 
day the values under investigation differed from 
each other insignificantly in the two versions of 
the experiment (see Fig. 1, c). The dynamics of 
carotenoid content were similar in the plants 
growing outdoors: the amount of carotenoids de-
creased by the end of the experiment, and the 
decrease was especially significant in the leaves of 
reference samples. The leaves of the plants treated 
with ecotol were characterized by more smoothed 
dynamics of carotenoid content (see Fig. 1, d).

The content of anthocyanins in the leaves of 
greenhouse plants treated with ecotol was higher 
than their content in the leaves of reference sam-
ples during the entire experiment (see Fig. 1, e). 
Outdoors, till temperature drop on 18.09, anthocya-
nin content in the leaves of plants treated with eco-
tol was lower than in the leaves of reference sam-
ples. However, during the chill period, the content 
of anthocyanins in the leaves of reference plants 
increased critically (to 1.8 mg/g), while in the leaves 
of treated plants it decreased substantially (up to 
12.8 mg/g) (see Fig. 1, f).

The ratios of chlorophylls (a + b)/carotenoids 
(see Fig. 3, c, d) and chlorophylls (a + b)/
anthocyanins (see Fig. 3, e, f) were decreasing 
from the start till the end of the experiment, 
excluding the observation point on 13.09 in the 
leaves of untreated greenhouse plants. The 
dynamics of both ratios were similar to each 
other. However, by the end of the period of 
observations, the differences between ecotol-
treated and reference plants outdoors were 
higher than those with respect to the ratio of 
chrolophylls/carotenoids.

The content of the sum of phenolic compounds 
(phenolic acids, O-glycosides of flavonols and C-gly-
cosylflavones) increased, with a decrease in air tem-
perature, in the leaves of outdoor plants, both treat-
ed with ecotol and untreated (see Fig. 1, h). In the 
leaves of untreated plants, an increase in the content 
of phenolic compounds proceeded to a higher extent 
due to orientin (Fig. 4, a), while in the case of treat-
ment with ecotol it was mainly due to O-glycosides 
(see Fig. 4, b). It did not change substantially in the 
leaves of greenhouse plants (see Fig. 1, g).

Isoquercitrin content in the leaves of green-
house plants was insignificant at all observation 
points (and much higher in the leaves of outdoor 
plants) and increased multiply with a decrease in 
temperature; this increase was most significant in 
the leaves of the plants treated with ecotol (see 
Fig. 1, i, j). 
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Fig. 1. Content of the sum of chlorophylls (a + b) (a, b), carotenoids (c, d), anthocyanins (e, f), the sum of phenolic compounds 
(g, h) and isoquercetrin (i, j) in the leaves of Begonia grandis plants growing in the greenhouse (a, c, e, g, i) and outdoors (b, d, 
f, h, j) treated with ecotol (E+) and nontreated with ecotol (E–), during the period of air temperature decrease and chill (2018).
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A decrease in temperature under the natural 
growing conditions serves as a factor regulating 
the cross adaptation and the vital activity of the 
plant itself and its progeny [30]. The versions of 
the experiment demonstrate the effect of ecotol 
on B. grandis plants during two periods of hard-
ening, which precede the period of dormancy un-
der natural conditions, when negative tempera-
tures follow low positive ones. Preliminary investi-
gation of the dynamics of the parameters of 
physiological state of B. grandis for several years 
allowed us to estimate the state of plants treated 

with ecotol and to reveal the signs of stress and 
adaptation in them. The state of B. grandis plants 
under optimal conditions is characterized by the 
following ranges of pigment concentrations: chlo-
rophylls 4–8 mg/g, carotenoids 1–1.5 mg/g, and 
anthocyanins 2–4 mg/g. The ratios of chlorophylls 
(a + b)/carotenoids and chlorophylls (a + b)/an-
thocyanins are 4–6 and 2.5–4, respectively. In the 
state of stress and adaptation, the content of ca-
rotenoids and anthocyanins in the leaves increases, 
and the values of the indicated ratios become 
lower than 4 and 2.5, respectively [17]. 

Fig. 2. General view of ecotol-treated and reference Begonia grandis plants growing outdoors, immediately after the treatment with 
ecotol 03.09 (a and b, respectively) and at the end of the experiment after the night chill on 18.10 (c and d, respectively) (2018).
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An increase in the content of carotenoids and 
anthocyanins is considered as the major indices of 
the stress and adaptation states [3, 31, 32]. An 
increase in the content of carotenoids and antho-
cyanins accompanying a decrease in the sum of 
chlorophylls was revealed in the leaves of green-
house plants after the treatment with ecotol even 
by 13.09. This is the evidence of the formation of 
the adaptation state in the treated greenhouse 
plants. A similar state in the reference samples 
was recorded only on 18.09 (see Fig. 1, a, c, e). 
Under the conditions of permanently decreasing 
air temperature outdoors, a decrease in the con-
tent of the sum of chlorophylls and an increase in 
the content of carotenoids and anthocyanins in 
the leaves of ecotol-treated and untreated plants 
were almost synchronous. This suggests the ab-

sence of the signs of stress caused by the treat-
ment with ecotol in outdoor plants.

A decrease in carotenoid and anthocyanin 
content in the damaged leaves of reference plants 
(down to 0.5 and 1.8 mg/g, respectively) as a re-
sult of their destruction under the effect of the 
chill on 18.10 deserves attention too. Their con-
centrations were substantial at the beginning of 
observation: 1.2 and 12.8 mg/g, respectively (see 
Fig. 1, d, f). It was demonstrated previously that 
the state of adaptation in B. grandis plants is pro-
vided by an increase in anthocyanin content only 
within the limit of insignificant temperature dif-
ference, while a more substantial temperature 
drop causes a decrease in their concentration with 
an increase in the concentration of flavonols [12]. A 
decrease in the content of anthocyanins after the 

Fig. 3. The ratios of chlorophylls a/b (a, b), chlorophylls (a + b)/carotenoids (c, d) and chlorophylls (a + b)/anthocyanins 
(e, f) in the leaves of Begonia grandis plants growing in the greenhouse (a, c, e) and outdoors (b, d, f) treated with ecotol 
(E+) and non-treated with ecotol (E–) during the period of air temperature decrease and chill (2018).
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chill on 18.10 in the leaves of reference plants con-
firms these results. It was detected that the con-
tent of anthocyanins increased substantially in the 
leaves of the samples treated with ecotol (see 
Fig. 1, f). Therefore, ecotol caused a modification 
of the adaptive response of plants through the ac-
cumulation of anthocyanins in the leaves under 
the conditions of a substantial decrease in air tem-
perature. Similar differences were revealed also in 
the dynamics of carotenoid content in the leaves of 
outdoor plants (see Fig. 1, d). In this situation, un-
like for anthocyanins, the content of carotenoids in 
the leaves of ecotol-treated plants decreased after 
18.09, however, this decrease was not so substan-
tial as that in the leaves of reference samples. So, 
the effect of ecotol with respect to carotenoids 
may be called protective.  

It is known that the action of chill causes also 
changes in the ratio of chlorophylls a/b. However, 
the role of different groups of chlorophylls in the 
stability against chill has not been fully revealed 
yet. An opinion exists that chlorophyll a partici-
pates in adaptation to low temperature. However, 
the response of plants to cooling not always in-
volves a more intense decrease in the content of 
chlorophyll a in comparison with chlorophyll b 

and a decrease in the ratio of chlorophylls a/b. In 
some cases cooling causes an increase in the 
content of chlorophyll a and the ratio of chlorophylls 
a/b [33]. A decrease in temperature in both 
versions of the experiment promoted a more 
substantial decrease in the content of chlorophyll a 
in comparison with chlorophyll b and a decrease in 
their ratio (see Fig. 3, a, b). This corresponds to the 
data reported in [34] concerning a more substantial 
contribution from chlorophyll a into a decrease in 
the concentration of the sum of chlorophylls at low 
temperature, which usually affects both its forms 
[35]. The values of this ratio were at the boundary 
or above the level of optimal values for shade-
resistant plants (2.1–2.6) during the whole period 
of investigation in all versions of the experiment 
[17]. However, a decrease in the ratio of chlorophylls 
а/b was not significant even in outdoor plants, and 
the treatment with ecotol did not have a substantial 
effect on the change of this value. 

Not very high values of the ratio of chlorophylls 
(a + b)/carotenoids (<4) provide evidence of the 
formation of the state of stress and adaptation in 
all plants after 13.09 or 18.09, and the values of 
the ratio of chlorophylls (a + b)/anthocyanins 
(<2.5) confirm the presence of stress in plants 
since the start of observation on 03.09 (excluding 
the reference plants in the greenhouse on 13.09). 
An increase in the ratio of chlorophylls (a + b)/
carotenoids and chlorophylls (a + b)/anthocyanins 
in the leaves of reference plants in the greenhouse 
by 13.09 was likely to be caused by the preparation 
for blossoming (all other plants had been already 
blossoming by that moment). A decrease in air 
temperature could serve as one of the stimuli for 
blossoming for outdoor plants. Ecotol might have 
manifested a similar effect on the plants in the 
greenhouse [36]. 

The content of the sum of phenolic compounds 
(phenolic acids, O-glycosides of flavonols and C-
glycosylflavones), similarly to our previous investi-
gation [16], increased substantially with a decrease 
in air temperature. The most substantial increase 
in their sum was observed in outdoor plants, both 
treated with ecotol and reference ones (see Fig. 1, 
h). This points to a substantial role of phenolic 
compounds in the formation of the state of plant 
adaptation to decreased temperature. Ecotol modi-
fied the response of plants through an additional 
increase in the content of O-glycosides of flavonols 
including isoquercitrin (see Fig. 1, j).

In the investigation of the dynamics of the 
chemical composition of leaves during the years 
2013–2015, isoquercitrin was not detected in the 

Fig. 4. Content of orientin (a) and a sum of hyperoside and 
isoquercitrin (b) in the leaves of Begonia grandis plants 
growing outdoors, treated with ecotol (E+) and non-treated 
with ecotol (E–) during the period of air temperature decrease 
and chill (2018). 
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leaves of greenhouse plants [16]. However, in the 
current experiment, it was determined in a low 
concentration in the leaves of greenhouse plants 
during the whole period of observations (0.6–
1.3 mg/g) (see Fig. 1, i).

So, the results of the investigation provide evi-
dence that a definite stress effect of ecotol on the 
plants manifests itself only under temperature 
conditions that are optimal for vegetation. It is 
similar to a decrease in temperature in its conse-
quences; most probably, it is necessary for passing 
to blossoming. This demonstrates the possibilities of 
blossoming regulation both by decreasing air tem-
perature and by the treatment with ecotol. The 
treatment with ecotol is especially important in 
greenhouses where the plants from different eco-
logical groups are grown simultaneously together, 
and a decrease in air temperature for the plants 
tolerant to cooling may kill the species that are more 
heat-loving species.

Under the conditions of low-temperature 
stress, the treatment with ecotol does not lead to 
additional stress response, but adaptation re-
sponse is modified providing better physiological 
state of the plants when passing to dormancy, 
namely the conservation of the larger percent-
age of leaves, prevention of the destruction of 
carotenoids in them, and accumulation of antho-
cyanins, flavones and flavonols.

Most probably, this action was the reason 
for an increase in the vitality of bulbs of treat-
ed plants and promoted their sprouting, which 
started at the next vegetation period of 2019 
two weeks earlier than in untreated plants. 
The plants from these bulbs passed to blossom-
ing in the second decade of July, which was 
much earlier than the terms averaged over 
many years (August). Investigation of the ef-
fect of ecotol on the generative organs of B. 
grandis is the future task.

The positive effect of ecotol on the physiologi-
cal state of B. grandis under the conditions of 
low-temperature stress agrees with its similar ef-
fect on woody plants at increased temperatures 
and increased content of lead in soil [22], as well 
as on the spring wheat plants under the condi-
tions of drought [23]. This is the evidence that the 
production of ecotol is promising as a complex of 
physiologically active components activating the 
adaptive possibilities of plants with the help of 
ecologically safe technology of processing the 
wastes from agriculture and municipal facilities 
(straw and leaves).

Conclusion

We investigated the effect of the product of 
straw processing (ecotol) on the dynamics of the 
parameters of the physiological state of B. gran-
dis plants, namely the content of the sum of chlo-
rophylls (a + b), carotenoids, anthocyanins, fla-
vones and flavonols, as well as the ratios of chlo-
rophylls a/b, chlorophylls (a + b)/carotenoids and 
chlorophylls (a + b)/anthocyanins in the leaves of 
B. grandis subsp. grandis plants introduced in 
West Siberia (Novosibirsk), with a decrease in air 
temperature at the end of vegetation period un-
der the conditions of greenhouse and outdoors. 

After the treatment with ecotol, the adaptive 
response of the plants to the low-temperature 
action was modified, which provided a higher 
physiological status of plants during the transition 
to dormancy in comparison with untreated plants. 
The treated plants conserved more leaves with a 
higher content of the sum of chlorophylls (a + b), 
carotenoids, anthocyanins and O-glycosides of 
flavonols, in particular isoquercitrin. These 
properties, along with the previously described 
positive effects on the physical state of plants 
during adaptation to high-temperature stress and 
technogenic pollution, characterize ecotol as a 
complex preparation that causes an increase in 
the adaptivity potential of plants.

The work was carried out within the State 
Assignments to the CSBG SB RAS No. 
АААА-А17-117012610051-5 “Evaluation of the 
morphogenetic potential of plant populations of 
Northern Asia using experimental methods” and No. 
АААА-А17-117012610053-9 “Revelation of the routes 
of plant adaptation to the contrast growing conditions 
at the population and organism levels”. 

The materials from the Bioresource Scientific 
Collection of the CSBG SB RAS “Collections of living 
plants indoors and outdoors” UNU No. USU 440534 
were used in the preparation of the publication.
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