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Abstract

Lavandula angustifolia Mill. and lavandin (Lavandula x intermedia Emeric ex Loisel) are
promising fragrant plants with medicinal, aromatic and ornamental properties. To obtain high quality
healthy planting material, in vitro cultures of valuable cultivars Belyanka, Record (lavender) and
Rabat, Snezhnyi Bars (lavandin) were derived. Obtained regenerants were cultured for 4-5 months
on Murashige and Skoog medium with 0.3 mg/l kinetin, 0.025 mg/l NAA u 0.25 mg/l GAj3 in
growth chamber at 25+1 °C under 16-h photoperiod and light intensity of 37.5 uM*m™2-sL. Intact
plants were studied during the growing season. In order to reveal plant morphogenetic capacity, bio-
chemical stress indicators, indexes of photosynthetic activity, maximum fluorescence (F,,), stationary
level of fluorescence (Fy) and water regime were determined. The proline content of lavender and
lavandin plants grown ex situ was rather high (6.67-21.59 ug/g). In in vitro micro-plants, although
there was considerable hydration of the plant tissues, the proline concentration was higher than that
in the intact plants (8.24-35.72 pg/g). Intact lavender and lavendin plants accumulated high amounts
of phenolic compounds (1033-1492 mg/100 g) and ascorbic acid (14.96-20.06 mg/100 g). In plants
under controlled conditions, the concentration of phenolic compounds and ascorbic acid was lower
(490-777 and 4.95-5.98 mg/100 g, respectively), which is caused by significant waterlogging of tissues
and lack of stress. Regardless of the growing condition, the level of phenolic compounds was higher
in the lavandin cultivars compared to lavandula plants. Open field cultivated plants were distin-
guished by high activity of catalase (18.13-36.97 g O, gl min’!) and superoxide dismutase (12.55-
14.82 a.u./g). Under the hydrothermal stress effect ex situ, relative photosynthetic activity and viabil-
ity index indicated minor decrease in assimilation processes in lavender cultivars but was within vital
limits. In in vitro culture, the catalase activity of lavender cultivars was higher than that of lavandin.
At the same time, SOD and PPO activity of lavender micro-plants in vitro was lower than that of
lavandin micro-plants. In open field cultivation, leaf tissue hydration of tested plants was 56-62 %,
with greater part of bound water. In plants cultured in vitro, the rate of hydration was high (70-77 %),
with the same trend of water fractional composition. Under the controlled conditions and nominal
heterotrophic nutrition type, photosynthetic activity was 0.28-0.55 a.u. with the maximum in the Rabat
cultivar. Values of chlorophyll fluorescence induction and vitality index indicated no photoinhibition.
It was found out the lavandin cultivars had better capacity for a wide use under various conditions.

Keywords: Lavandula sp., biochemical indicators, photosynthetic activity, water regime, in
vitro, ex situ

Lavandula (Lavandula L.) is a valuable essential-oil-bearing, aromatic,
decorative and medicinal culture. The main cultivated essential-oil-bearing
plants include true lavender (Lavandula angustifolia Mill.) and lavandin (La-
vandula % intermedia Emeric ex Loisel.). They contain essential oils used in
medicine, perfume, cosmetics and food industry [1]. Phenolic compounds,



which have a wide range of physiological effects, were also found in plant raw
materials [2]. Traditional vegetative reproduction of lavender and lavandin is a
complex, long-lasting and not always effective process. A high-quality planting
material of essential-oil-bearing plants can be obtained in vitro. Biotechnological
methods allow obtaining in the shortest possible time a significant amount of
healthy plants, which are genetically identical to the original species, variety or
form, in case of a lack of starting material [3. 4]. To study the adaptive capabili-
ties of the micro shoots grown in vitro, it is necessary to take into account the
functioning of the antioxidant system, which includes low-molecular protecting
compounds and specific antioxidant enzymes [5, 6].

The main protecting compounds of plants include proline, phenolic sub-
stances, and ascorbic acid. Proline is the source of energy, carbon and nitrogen
in case of resource shortages caused by stress, and a decrease in the activity of
synthesis enzymes [7]. Phenolic compounds and ascorbic acid are involved in
the basic processes of plant cells activity, i.e. photosynthesis, respiration, protec-
tion from stress factors [8, 9]. Enzymes of the antioxidant system, i.e. superox-
ide dismutase (SOD), catalase (CAT), as well as polyphenol oxidase (PPO),
bind excess amounts of reactive oxygen species (ROS), stop free radical chain
reactions and thereby regulate the oxidative processes occurring in plants [10-
12]. The activity of oxidation-reduction enzymes depends on the susceptibility of
the organism to the stress factors and on the stage of plant development [13].

The photosynthetic activity and the vitality index are also sensitive pa-
rameters of the change in the functional state of plants. The amplitude and
phase characteristics of the induction signal correlate with the physiological state
of the tissue. The higher the speed and the amount of the change in optical pa-
rameters, the higher the functional activity of the plant [14]. The resistance of
chlorophyll-containing tissues to excessive illumination is widely used in experi-
mental biology as an integral criterion of the functional state of plants and
adaptability to unfavorable environmental factors [15, 16]. The light-dark kinet-
ics is discussed in connection with the response of photosystems I and II to
changing conditions of cultivation [17, 18] and the effect of factors of abiogenic
nature [19, 20].

Adaptation to new conditions of cultivation, namely the transfer of plant-
ing material from the open ground to the conditions of aseptic culture (in vitro),
has a complex nature and is based on the lability and tolerance of biochemical and
physiological parameters, the limits of which are determined by the genetic nature
of the organism. Despite the high economic value of lavender and lavandin, data
about the adaptive potential of this culture in vitro is insufficient. This report, for
the first time, shows a comparative physiological and biochemical characteristics
of promising lavender and lavandin varieties under various cultivation conditions.

The purpose of this paper is to identify the adaptive ability of valuable
lavender and lavandin varieties in vitro and ex situ by determining their physio-
logical and biochemical parameters.

Techniques. The study was conducted using valuable varieties of true lav-
ender (Belyanka, Rekord) and lavandin (Rabat, Snezhnyy Bars) of the Nikitsky
Botanical Garden (NBS-NSC, Crimea) from the gene pool collection. Intact
plants in the phenological stage of technical maturity, grown ex situ on the
NBS-NNC collection plots, as well as micro shoots cultured in vitro, were in-
volved in physiological and biochemical studies. Samples were taken in the dec-
ades II and III of July 2016.

Apical meristems of auxiliary buds were used for in vitro tissue culture.
Micro shoots were cultured for 4-5 months on a modified Murashige and Skoog
medium with 0.3 mg/l kinetin, 0.025 mg/l a-naphthylacetic acid and 0.25 mg/l



gibberellic acid (Sigma, USA), 30 g/l sucrose and 8 g/l agar (Panreac, Spain). Ex-
plants in culture vessels were placed in an artificial climate chamber MLR-352-PE
(Panasonic, Japan) at a temperature of 25x1 °C, a 16-hour photoperiod and a
light intensity of 37.5 uM - m=2- 51,

Biochemical indicators were determined by conventional methods: pro-
line content was determined by the method of Chinard with ninhydrin reagent
[21], the amount of phenolic substances was determined spectrophotometrically
with Folin-Ciocalteu reagent (AppliChem GmbH, Germany) [22]. Calibration
curves for proline content evaluation were constructed with L-proline (Appli-
Chem GmbH, Germany), phenolic substances with gallic acid (Sigma, USA),
flavonols with rutin (Sigma, USA). The amount of ascorbic acid was determined
by iodometric titration [23], the catalase (CE 1.11.1.6) activity by the titrimetric
method [24], polyphenol oxidase (CE 1.14.18.1) activity was measured in the
presence of pyrocatechin (Sigma, USA) and p-phenylenediamine [25], superox-
ide dismutase (EC 1.15.1.1) by oxidation of quercetin (Sigma, USA) [26]. A spec-
trophotometer Evolution 220 UV/VIS (Thermo Fisher Scientific, USA) was used.

The total water content in the leaves, the fractional composition of wa-
ter, and the water deficiency were evaluated as physiological criteria characteriz-
ing the water regime when cultivating plants in the open ground [27]. The pa-
rameters of photosynthetic activity were measured using a portable fluorometer
(Institute of Cybernetics named after V.M. Glushkov of the National Academy
of Sciences of Ukraine) [28]. The maximum (F,,) and stationary (F) fluores-
cence values after the darkness adaptation were recorded as components of
Kautsky's fluorescence induction kinetics. The viability index and photosynthetic
activity were calculated [15].

The experiments were arranged in 3-fold biological and 3-fold analytical
replications. The data obtained was processed using Statistica 6.0 software (StatSoft,
Inc., USA). The tables show the average values of the indicators (M) and their
standard deviations (=SD). The significance of differences between the variants
was evaluated by the arithmetic mean and variation coefficient at p < 0.05.

Results. The Rekord variety of true lavender was obtained by the method of
inbreeding. The plants are large, 55-60 cm high, semi-spreading. The variety is
mead-season, winter hardy, high-yielding and high oleic. The content of essen-
tial oil is 1.8-2.0% of the raw mass of the inflorescences. The main components
are linalool (34.6%), linalyl acetate (31.2%) and 1.8-cineol (3.7%). The Belyanka
variety is a recessive form of the Rekord variety, isolated by individual selection.
The plants are compact, 50-55 cm high. The variety is early-season and low-
yielding. The content of essential oil in the inflorescences is up to 1% of the raw
weight. The main components are linalyl acetate (14.3%), linalool (63.7%), cine-
ole (2.7%), camphor (2.1%). The Snezhnyy Bars variety is a recessive form of
lavandin of the Pervenets variety of clonal selection. The bush is compact, 80-
90 cm high. The variety is winter hardy, high-yielding. The yield is 75-85 c/ha,
the yield of essential oil is 225-240 kg/ha, the content of essential oil is 3% of the
raw biomass. The main components: linalool (41.8%), linalyl acetate (19.4%), ter-
pineol (7.4%), camphor (4.9%). The Rabat variety is an allotriploid hybrid, ob-
tained by the method of distant hybridization of true lavender with spike lavender.
The plants are compact. The yield is 110-120 c/ha, the yield of essential oil is 341
kg/ha, the content of essential oil is 3.1% of the raw mass. The main components
are linalool (36.7%), linalyl acetate (32.1%), camphor (5.6%), 1.8-cineol (3.7%).

In the decades II and III of July 2016, the average daily air temperature
was 27.0 °C (maximum air temperature was 31.0 °C). Relative air humidity was
51%, the minimum was 47%. The temperature on the soil at the time of sample



collection reached 57.5 °C, at a depth of 10 cm was 30.0 °C. As per the instru-
mental determination of the soil moisture, the reserves of productive moisture in
a one-meter layer of soil were up to 22 mm (14% of the lowest moisture capaci-
ty). The rainless period that preceded the date of the analysis lasted 18 days.
During this period, 6 days with conditions corresponding to dry hot wind were
observed (relative air humidity dropped to 40%, the average daily air tempera-
ture was above 25 °C, wind gusts reached 15 m/s, average values were 5-8 m/s).

In open ground, the proline content in lavender and lavandin plants has
a variety-specific nature (Table 1).

1. The content of protective substances in the plants of lavender (Lavandula angustifo-
lia Mill.) and lavandin (Lavandula % intermedia Emeric ex Loisel.) of different
varieties (M£SD, 2016)

. .. . Ascorbic Phenolic compounds,
Variety Conditions Proline, pg/g acid, mg/100 g me/100 ¢
Belyanka Ex situ 7.69£0.23 20.0610.58 1033+26

Cv, % 8.5 8.2 7.1
In vitro 8.2410.24 5.61£0.16 64517
Cv, % 8.2 8.1 7.5
Rekord Ex situ 12.95+0.37 18.92+0.54 1181+31
Cv, % 8.1 8.0 7.4
In vitro 33.751£0.99 5.94+0.17 490+ 14
Cv, % 8.3 8.1 8.1
Rabat Ex situ 6.6710.20 19.1410.55 1305134
Cv, % 8.5 8.1 7.4
In vitro 35.721£1.04 4.95+0.13 66819
Cv, % 8.2 7.4 8.0
Snezhnyy Bars  Ex situ 21.59+0.63 14.96+0.44 1492140
Cv, % 8.3 8.3 7.6
In vitro 35.32+£1.05 5.98+0.17 777122
Cv, % 8.4 8.0 8.0

N ote. Cv — coefficient of variation at p < 0.05.

It is known that proline performs osmoregulatory functions and takes
part in gene expression [29]. Proline content in plants grown in vitro, despite high
water content tissues (56-62%), was significantly higher than in intact plants. This
suggests that free proline has an effect on the growth and differentiation of lav-
ender and lavandin cells. In vitro conditions are not stressful for plants because
they are selected for optimal development of micro shoots and are characterized
by constant temperature, humidity, and illumination.

Intact lavender and lavandin plants accumulated high amounts of phe-
nolic compounds and ascorbic acid. An increase in the phenolic compounds, as
a rule, is a response to the stress factors [30]. The content of phenolic com-
pounds and ascorbic acid in the analyzed samples of the plants grown under con-
trolled conditions was significantly lower, which is due to considerable water con-
tent in the tissues (56-62%) and the absence of stress. The content of phenolic
compounds in lavandin varieties cultivated in the open ground was significantly
greater than in lavender varieties.

Ex situ plants are characterized by high activity of catalase and superox-
ide dismutase (Table 2). In in vitro culture catalase activity in lavender varie-
ties was 2 times higher than in lavandin. At the same time, the activity of SOD
and PPO in lavender was lower than in lavandin. Comparative analysis showed
that the minimum values of the catalase and polyphenol oxidase activity are typ-
ical for lavender and lavandin varieties grown in vitro. The decrease in enzyme
activity is due to a high water content in tissues, a low content of ascorbic acid
and phenolic compounds, and the absence of stress factors. The activity of SOD
in lavandin varieties grown in the in vitro culture is similar to that in plants
grown ex situ, and in lavender varieties in the in vitro culture, such activity was
50% lower than in intact plants.



2. Activity of oxidation-reduction enzymes in the plants of lavender (Lavandula an-
gustifolia Mill.) and lavandin (Lavandula % intermedia Emeric ex Loisel.) of dif-
ferent varieties (M*SD, 2016)

Variety | Conditions | Catalase, g O, g’ !-min’!| SOD,c.u/g [PPO,c u.-g!-s!
Belyanka Ex situ 30.68+0.87 12.98+0.32 0.524+0.013
Cv, % 8.0 6.9 7.1
In vitro 7.65£0.19 5.62+0.14 0.103%£0.002
Cv, % 7.0 7.1 5.5
Rekord Ex situ 18.13+0.45 13.60£0.33 0.628+0.016
Cv, % 7.0 6.9 7.2
In vitro 6.80%0.16 6.12%0.20 0.101£0.003
Cv, % 6.7 9.2 8.4
Rabat Ex situ 31.45+0.77 12.55%+0.32 0.600£0.015
Cv, % 6.9 7.2 7.1
In vitro 3.68+0.09 12.431+0.31 0.1124+0.003
Cv, % 6.9 7.1 7.6
Snezhnyy Bars  Ex situ 36.97+0.92 14.82+0.38 0.377£0.008
Cv, % 7.0 7.3 6.0
In vitro 2.98+0.08 10.48+0.28 0.124+0.004
Cv, % 7.6 7.6 9.1

Note. SOD — superoxide dismutase, PPO — polyphenol oxidase; c. u. — conditional units. Cv — coefficient of
variation at p < 0.05.

When grown in the open ground, the water content in the leaves was 56-
62% (Table 3), the proportion of bound water was 78-93% of its total content.

3. Parameters of the water regime and the relative quantum efficiency of the photo-
system-2 in lavender (Lavandula angustifolia Mill.) and lavandin (Lavandula *
intermedia Emeric ex Loisel.) of different varieties (M£SD, 2016)

. L. Variety
Indicator Conditions Belyanka | Rekord | Rabat [Snezhnyy Bars
Total water content,% Ex situ 61.1£3.0 57.9+2.5 56.3t4.8 62.3+2.1
Cv, % 13.9 12.2 24.1 9.5
In vitro 76.1£3.3  72.3£29 77.0+2.5 74.4+3.2
Cv, % 12.3 11.4 9.2 12.2
Fraction of bound water, % of total water Ex situ 78.3£4.9  90.6+3.5 82.1+4.3 93.2+1.3
content Cv, % 17.7 10.9 14.8 39
In vitro 69.5t4.1 58.1+2.2 68.3t4.8 49.416.1
Cv, % 16.7 10.7 19.9 34.9
Water deficiency, % Ex situ 269+1.4 248429 23.1£29 29.1+1.2
Cv, % 14.7 33.1 35.5 11.6
Relative photosynthetic activity, (Fy,-Fg)/F, In vitro 0.68+0.09 0.70+0.05 0.75+0.10 0.71+0.05
Ex situ 0.28+0.10 0.45+0.05 0.55%0.08 0.45+0.09
Viability index, F,/Fg In vitro 2.61+£0.50 2.51+£0.61 3.18%0.52 2.94140.70
Cv, % 54.2 68.7 46.2 67.3
Ex situ 1.41+£0.03 1.71+£0.12 2.36%0.37 2.001+0.36
Cv, % 6.0 19.8 44.3 50.9

Note. F, and Fg — the maximum and stationary values after darkness adaptation, respectively. Cv — coefficient
of variation at p <0.05.

After a long (18 days) drought period, the total water content in the veg-
etative organs decreased, while the proportion of bound water increased. The
maximum water-retaining capacity was typical for tissues of vegetative organs of
the Snezhnyy Bars and Rekord varieties due to the bound water fraction. The
degree of water deficiency in the leaves of lavender and lavandin varieties varied
from 23% to 29%. The water content in the leaves of in vitro micro shoots was
higher in lavandin varieties (74-77%); there were no significant differences be-
tween varieties for this parameter. However, the smallest variability of water
content in micro shoots during cultivation and the maximum ratio of bound and
free water fraction maks it possible to highlight the Rabat and Belyanka varieties.

Changes in the water regime to a greater extent affected the photosynthet-
ic activity of lavender varieties. They were characterized by the decrease in the
relative quantum activity of photosystem II, photochemical reactions and the effi-
ciency of energy capture by open reaction centers. The viability index of all stud-
ied varieties is within the standard, but in lavandin of the Rabat variety, it is sig-



nificantly higher.

The apical meristem in the in vitro conditions after 5-6 subculturings
formed 2-5 micro shoots of 23-82 mm in height, each micro shoot had 10-26
leaves, the leaves were lanceolar, 9-15 mm in length. The micro shoots leaves
showed high photosynthetic activity. When cultivating under controlled condi-
tions in vitro and at a relatively heterotrophic nutrition, the viability index was
also normal, its values were of a variety-specific nature. Parameters of the func-
tional state of the studied in vitro plants indicate the absence of photoinhibition,
the normal functioning of photosystems both during the operation of light-
harvesting systems and at the moment of oxidation of electron donors in the re-
action center of the photosystem I1.

Thus, the content of phenolic compounds, ascorbic acid, and the activity
of catalase, superoxide dismutase, and polyphenol oxidase are maximal in the
plants of lavender and lavandin in the open ground. There are no significant dif-
ferences between varieties of lavender and lavandin in terms of these parameters.
The content of proline in the in vitro micro shoots is higher, and the content of
phenolic compounds, ascorbic acid, and enzymatic activity is lower than in in-
tact plants. Changes in the water regime of the studied varieties to a greater ex-
tent affect the photosynthetic activity of lavender varieties. The viability index is
normal, there is no photoinhibition. The adaptive potential of lavandin varieties
under different cultivation conditions is determined to be higher than that of
lavender varieties.

REFERENCES

1. Libus' O.K., Rabotyagov V.D., Kut'ko S.P., Khlypenko L.A. Efiromaslichnye i pryano-
aromaticheskie rasteniya |Essential oil and spicy aromatic plants]. Kherson, 2004 (in Russ.).

2. Torras-Claveria L., Jauregui O., Bastida J., Codina C., Viladomat F. Antioxidant activity and
phenolic composition of Lavandin (Lavandula x intermedia Emeric ex Loiseleur) Waste. J.
Agric. Food Chem., 2007, 55: 8436-8443 (doi: 10.1021/jf070236n).

3. Mitrofanova I., Brailko V., Lesnikova-Sedoshenko N., Mitrofanova O. Clonal micropropagation
and some physiology aspects of essential oil roses valuable cultivars regeneration in vitro. Agri-
culture and Forestry, 2016, 62(4): 73-81 (doi: 10.17707/AgricultForest.62.4.09).

4. Mitrofanova 1.V., Chirkov S.N., Lesnikova-Sedoshenko N.P., Chelombit S.V., Zakubanskiy A.V.,
Rabotyagov V.D., Mitrofanova, O.V. Micropropagation of Lavandula angustifolia Mill. 'Record'
and 'Belyanka'. Acta Hortic., 2017, 1187: 37-42 (doi: 10.17660/ActaHortic.2017.1187.4).

5. Mittler R. Oxidative stress, antioxidants and stress tolerance. Trends Plant Sci., 2002, 7: 405-410
(doi: 10.1016/S1360-1385(02)02312-9).

6. Mullineaux Ph., Baker N. Oxidative stress: antagonistic signaling for acclimation or cell death?
Plant Physiol., 2010, 154(2): 521-525 (doi: 10.1104/pp.110.161406).

7. Kavi Kishor P.B., Sangam S., Amrutha R.N., Laxmi P.S., Naidu K.R., Rao S., Reddy K.J.,
Theriappan P., Sreenivasulu N. Regulation of proline biosynthesis, degradation, uptake and
transport in higher plants: Its implication in plant growth and abiotic stress tolerance. Current
Science, 2005, 88(3): 424-438.

8.  Smirnoff N. Ascorbic acid: metabolism and functions of a multifacetted molecule. Curr. Opin.
Plant Biol., 2000, 3: 229-235.

9. Zaprometov M.N. Fenol'nye soedineniya: rasprostranenie, metabolizm i funktsii v rasteniyakh.
Moscow, 1993 (in Russ.).

10. Araji S., Grammer T.A., Gertzen R., Anderson S.D., Mikulic-Petkovsek M., Veberic R.,
Phu M.L., Solar A., Leslic C.A., Dandekar A.M., Escobar M.A. Novel roles for the polyphenol
oxidase enzyme in secondary metabolism and the regulation of cell death in walnut. Plant Phys-
iol., 2014, 164(3): 1191-203 (doi: 10.1104/pp.113.228593).

11. Alscher R.G., Erturk N., Heath L.S. Role of superoxide dismutases (SODs) in controlling oxi-
dative stress in plants. J. Exp. Bot., 2002, 53(372): 1331-1341 (doi: 10.1093/jexbot/53.372.1331).

12. Racchi M.L. Antioxidant defenses in plants with attention to Prunus and Citrus spp. Antioxi-
dants, 2013, 2: 340-369 (doi: 10.3390/antiox2040340).

13. Baranenko V.V. Tsitologiya, 2006, 48(6): 465-474 (in Russ.).

14. Budagovsky A., Budagovskaya O., Budagovsky I. Biological structure as a converter of coherent
radiation. In: Biophotonics and coherent systems in biology. Springer, NY, 2006: 53-70 (doi:
10.1007/978-0-387-28417-0).



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

Romanov V.A., Galelyuka I.B., Sarakhan Ie.V. Portable fluorometer Floratest and specifics of
its application. Sensor Electronics and Microsystem Technologies, 2010, 7(3): 39-44.

Stirbet A., Govindjee J. On the relation between the Kautsky effect (chlorophyll a fluorescence
induction) and photosystem II: basics and applications of the OJIP fluorescence transient. J.
Photoch. Photobio. B, 2011, 104: 236-257 (doi: 10.1016/j.jphotobiol.2010.12.010).

Ralph P.J., Gademann R. Rapid light curves: a powerful tool to assess photosynthetic activity.
Aquat. Bot., 2005, 82(3): 222-237 (doi: 10.1016/j.aquabot.2005.02.006).

Strizh 1.G., Neverov K.V. Photoinhibition of photosystem 2 in vitro: spectral and kinetic analysis.
Russian Journal of Plant Physiology, 2007, 54(4): 439-499 (doi: 10.1134/S1021443707040024).
Camejo D., Jimenez A., Alarcon J.J., Torres W., Gomez J.M., Sevilla F. Changes in photosyn-
thetic parameters and antioxidant activities following heat-shock treatment in tomato plants.
Funct. Plant Biol., 2006, 33(2): 177-187 (doi: 10.1071/FP05067).

Khan N.A., Singh S., Nazar R. Activities of antioxidative enzymes, sulphur assimilation, photo-
synthetic activity and growth of wheat (Triticum aestivum) cultivars differing in yield potential
under cadmium stress. J. Agron. Crop Sci., 2007, 193(6): 435-444 (doi: 10.1111/j.1439-
037X.2007.00272.x).

Andryushchenko V.K., Sayanova V.V., Zhuchenko A.A. Izvestiva AN MSSR, 1981, 4: 55-60 (in
Russ.).

Gerzhikova V.G. Metody tekhnokhimicheskogo kontrolya v vinodelii |Technological control in
winemaking|. Simferopol’, 2002 (in Russ.).

Rikhter A.A. Trudy Gosudarstvennogo Nikitskogo botanicheskogo sada, 1999, 108: 121-129 (in
Russ.).

Voskresenskaya O.L., Alyabysheva E.A., Polovnikova M.G. Bol'shoi praktikum po bioekologii
[Practical works on biolecology]. loshkar-Ola, 2006 (in Russ.).

Ermakov A.l. Metody biokhimicheskogo issledovaniya rastenii [Methods of plant biochemistry].
Leningrad, 1987 (in Russ.).

Kostyuk V.A., Potapovich A.L., Kovaleva Zh.V. Voprosy meditsinskoi khimii, 1990, 2: 88-91 (in Russ.).
Ross J. The radiation regime and architecture of plant stands (Tasks for vegetation science, v. 3
book series). Springer, Dordrecht, 1981 (doi: 10.1007/978-94-009-8647-3).

Braion O.V., Korneev D.Yu., Snegur O.0., Kitaev O.1. instrumental'ne vivchennya fotosintetich-
nogo aparatu za dopomogoyu induktsii fluorestsentsii khlorofilu: Metodichni vkazivki dlya studentiv
biologichnogo fakul'tetu |Instrumental study of photosynthetic system based on chloropphyl fluo-
rescwnce]. Kiiv, 2000.

Lyers S., Caplan P. Products of praline catabolism can induce osmotically regulated genes in
rice. Plant Physiol., 1998, 116: 203-211.

Mazid M., Khan T.A., Mohammad F. Role of secondary metabolites in defense mechanisms of
plants. Biology and Medicine, 2011, 3(2): 232-249.



