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Post-genomic technologies (in vitro, tissue  and cell culture) in the creation of 

intergeneric and interspecific hybrids of perennial cereal grosses 

 

I. Kondratskaya, V. Stolepchenko, T. Mazur,  O. Chizhik 

 

Department  of  Biochemistry and Biotechnology of Plant, Central Botanical Garden of NAS 

of Belarus, Minsk, Belarus 

e-mail: ikondratskaya@mail.ru 

 

During the intergeneric and interspecific hybrids of perennial cereal grasses creation the 

method of embryoculture from immature grains and microclonal propagation in vitro have been 

used. 

In the case of distant hybridization in order to overcome the pro- and postgamic 

incompatibility, during the flowering period a pollination was conducted. 

For interspecies hybrids Alopecurus pratensis L. × Alopecurus ventricorus Pers., Festuca 

pratensis × Festusa arundinacea and Lolium perenne L. × Lolium multiflorum L. creation the 

embryos were removed from immature caryopsis on the 14th day; for intergeneric hybrids of 

Agropyrron cristatum × Lolium transferred – on the 14-17th day, for Festulolium hybrid (the 

morphotype of Festusa arundinacea) – on the 15th day, for interspecies hybrid of Lolium perenne 

L.× Lolium multiflorum L. – on the 14 th day. 

A specially selected composition of nutrient media with all components for immature 

embryo’s cultivation provided all the necessary substances for the embryo development and 

replaced the endosperm. Thus the effectiveness of interspecific and intergeneric hybrids of 

perennial cereal grasses creation was  from 32% to 73%.  

In comparison with traditional breeding methods a microclonal propagation method has 

some advantages: the possibility to obtain a healthy plant material, the ability of isolated tissues to 

produce a wide range of secondary metabolites, the ability to choose resistant to unfavorable 

growing conditions genotypes.  

One of the main methods using in plant’s clonal micropropagation is the meristem’s 

activation by cytokinins adding in nutrient medium for shoots development.  

The morphogenesis induction is determined by the cytokinins and auxins ratio in the 

nutrient medium. The amount of exogenous growth regulators must to be in connection with the 

balance of endogenous phytohormones. 

Therefore the optimal content of physiologically active substances in the medium depends 

on the species and even on the plant variety. 

Besides nitrates in MS media an ammonium salts are present. Ammonium salts is necessary 

for morphogenic processes: the NH4
+ ion in the nutrient medium is important for morphogenesis 

induction. But it is necessary to regulate the ratio of ammonium and nitrate nitrogen in media.  

The interspecific hybrids of Alopecurus pratensis L. cultivation was carried out on MS 

medium containing 2 mg/l and 4 mg/l BAP, Festulolium intergeneric hybrids – on MS medium 

with 0.5 mg/l and 1 mg/l BAP.  

For ex vitro adaptation the regenerants were transferred from the culture vessels to the 

artificial Biona substrate. 

The postgenomic technologies which have been elaborated by the authors (in vitro culture, 

the cells and tissues culture) make it possible to cut down significantly the time of intergeneric and 

interspecific hybrids of perennial cereal grasses creation. 
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Radiation induced long-term changes in the non-pigmented compounds in 

leaves of the Arabidopsis thaliana (L.) Heynh. 
 

Sergey Litvinov, Marina Krivohizhaya, Namik Rashydov 

 

Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of 

Ukraine, Academician Zabolotny, 148, Kyiv 03143, Ukraine 

e-mail: slitvinov83@gmail.com 

 

The study of long-term effects of radiation on plants involves a comprehensive analysis of 

qualitative and quantitative structural and metabolic changes that occur over a long period of time 

after irradiation. 30 days after irradiation of model plants Arabidopsis thaliana Col-0 in a dose of 21 

Gy, which had been shown to be at the lower border of inhibitory doses interval, we observed 1.5-

fold decrease in the number of live rosette leaves of irradiated plants compared to the non-irradiated 

control. In order to analyze the biochemical composition of the leaves, the Fourier-transform 

infrared spectroscopy (FTIR) was used. Advantages of this method are the speed, simplicity, 

reliability and reproducibility of the results, the possibility of simultaneous measurement of the 

content of the most vital biochemical components of cells without violating the integrity of the 

object.  

On the basis of the analysis of FTIR spectrograms of the lyophilized rosette leaves of 

Arabidopsis 30 days after irradiation it can be concluded that there are significant changes in the 

content of polysaccharides, nucleic acids and proteins. In particular, in the leaves of irradiated 

plants the content of proteins and nucleic acids was greatly reduced, pectin and lignin were replaced 

by cellulose and hemicellulose, starch was accumulated. The composition of fatty acids in the cutin 

in the leaves of irradiated plants undergoes certain structural changes, as evidenced by the increase 

of the ratio of symmetric oscillations / asymmetric oscillations of C-H bond. Also, a slight increase 

in the ratio of the number of beta-sheets to the number of alpha-helix domains of proteins has been 

observed.  

The biochemical changes can be related to the induction of the biochemical response of 

plant cells to the stress caused by ionizing radiation, which leads to the degradation of DNA and 

RNA, modification of the cell wall, accumulation of starch, proteolysis and conformational changes 

in proteins. 
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of transgenic roots of Artemisia spp. plants after Agrobacterium rhizogenes-mediated 
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Shabunya P.3 

 
1 Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of 

Ukraine, Academician Zabolotny, 148, Kyiv 03143, Ukraine 
2 Central Botanical Garden, National Academy of Sciences of Belarus, Minsk, Belarus 
3 Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, Minsk, 

Belarus 

e-mail: hannashutava33@gmail.com 

 

The culture of transgenic roots was obtained by the A. rhizogenes-mediated transformation 

with pCB124 and pCB161 vectors that carried the human interferon-α2b gene (ifn-α2b) and the 

neomycin phosphotransferase II (nptII) gene, as well as a wild strain of A. rhizogenes А4. 

The roots of A. rhizogenes A4 were cultivated in vitro for 30 days at 24 ± 2 °C on 

Murashige and Skoog medium with a halved content of macrosalts. Then the plant material was 

freeze-dried. The plant material was extracted twice for 30 min with ethanol or ethanol acidified 

with HCl. 

The separation of sample components was carried out on a ZORBAX Eclipse Plus C18 (2.1 

× 150 mm, 1.8 µm) column at 40 °C using detection at 330 nm. A 0.15 %v acetic acid solution in 

deionized water (pH 3.5) was used as mobile phase A; 100% acetonitrile – as mobile phase B. The 

flow rate was 0.3 mL/min. A gradient elution mode was used. 

The derivatives of caffeic acid were identified by mass spectra which contained 

characteristic [M + H]+ ions with m/z 517 for dicopheylchin acids and m/z 679 for tricofeoilchinic 

acid. The mass spectra of these compounds contained also a characteristic fragment with m/z 163 

that appears when the caffeic acid is eliminated. 

The content of phenolic compounds varied considerably in the investigated lines of the 

"hairy" roots of Artemisia annua. The maximum accumulation (24.4 ± 4.9 mg/g) was observed in 

one of the lines where the synthesis of phenolic compounds was almost as effective as in plants in 

field conditions (28.4 ± 2.7 mg/g). The predominance of hydroxycinnamic acids in the composition 

of phenolic compounds is shown, while the content of flavonoids both in plants and in the culture of 

transformed roots was significantly lower. 

It was revealed that intact plants of Artemisia vulgaris accumulate more phenolic 

compounds in comparison with A. annua. For the investigated lines of the «hairy» roots of 

Artemisia vulgaris, a decrease in the content of phenolic compounds relative to the control (intact 

plant) was observed, the level of phenolic compounds in the lines of transformed roots was 2 to 4 

times lower. The difference in the levels of phenolic compounds in the transformed roots of A. 

tilessii (5 lines) was also found. Based on the HPLC analysis, it was shown that all the studied lines 

of the "hairy" roots of A. vulgaris are characterized by a low content of phenolic acids, their greatest 

accumulation is characteristic for the 6th line. The predominant component is chlorogenic acid and 

its isomers. 

In the model system with ABTS cation radicals, the extracts of the transformed roots of A. 

annua were most active. 

For A. vulgaris, the antiradical activity of the leaves and roots was not high, whereas the 

genetically transformed roots of this plant showed, in the main, a much more pronounced effect in 

the model system with the cation radicals of ABTS. This phenomenon was observed for individual 

lines transformed by strain A4, as well as for the lines additionally modified with the pCB124 

vector. 
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Electromagnetic radiation of low intensity as a factor of change in the 

biosynthesis of phenolic compounds 
 

S.N. Shysh1, H.G. Shutava1, Z.E. Mazets2, Е.V. Spiridovich1 

 

1Central Botanical Gardens, NAS of Belarus 
2Belarusian State Pedagogical University named M. Tank 

e-mail: svetlana.shysh@gmail.com 

 

As a protection against various stressors plants use protective mechanisms associated with 

the synthesis and accumulation of specific metabolites, called secondary. Of great importance for 

the performance of this function are phenolic compounds. The properties of phenolic compounds in 

the plant organism are numerous and varied. They are characterized by high physiological activity 

and antioxidant properties. Their content in the plant is determined by the type of plant, as well as 

by the conditions of growth, and, therefore, these substances are markers of stress conditions in 

plants. The influence of low-intensity electromagnetic radiation (EMR) on plants is studied by 

researchers from different countries for 50 years. However, the mechanism of its action is not yet 

fully understood, but it has already been established that the activation of the antioxidant system of 

plants, including low- and high-molecular components, occurs during the treatment of EMR. 

Therefore, the study of the state of this system, and in particular low-molecular antioxidants, is 

important for understanding the mechanism of the influence of EMP on plants. 

The object of our study is a medicinal plant Calendula officinalis L. variety 'Machroviy 

2000', Belarus. 

Microwave electromagnetic radiation in two frequency bands has been selected to study the 

physical effects on seeds: Mode 1 (processing frequency 53,57-78,33 GHz – wide range) with 20 

minutes of treatment exposure (R1), 12 minutes (R1.1), 8 minutes (R1.2) and mode 2 (64,00-66,00 

GHz processing frequency – narrow range), with the same 20 minutes of treatment exposures (R2), 

12 minutes (R2.1), 8 minute (R2.2). 

Seed treatment was carried out at the Institute for Nuclear problems of BSU. The 

experiment was conducted in the laboratory. Treated and control seeds were germinated by 100 pcs 

in a growth chamber on moistened filter paper at a temperature 20–21˚C in the dark and it placed on 

the intense light from the third day. The level of phenolic compounds (PC) were measured with the 

help of Folin-Ciocalteu reagent at a wavelength of 730 nm on spectrophotometer Agilent 8453. The 

results were processed using the statistical package M.Exсel and Stadia 8.0. 

An increase in the concentration of phenolic compounds after EMR treatment has been 

noted. In 7-day-old seedlings, the level of phenolic compounds was above the control value in R 1 

and R 1.1 by 22 and 80%, respectively, and lower in R 2.1 by 26% relative to control. It is noted 

that the concentration of phenolic compounds in the process of plant growth increases in all 

regimes. So by the 14th day, the level of phenolic compounds increases from 15 to 108% with 

respect to control, as much as it was in R 1.2 and R 2.2. The dependence between the quantitative 

content of phenolic substances and exposure was established. Thus, shifts in the accumulation of 

compounds of phenolic nature are one of the sides of the mechanism of interaction of millimeter-

wave electromagnetic radiation with plant objects. 
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Temporal dynamics of the de-epoxidation state of the xanthophylls cycle of 

winter wheat flag leaves to irradiance change under conditions of elevated 

temperature 
 

Galina Priadkina 

 

Department of physiology and ecology of photosynthesis/Institute of Plant Physiology and 

Genetics, Ukraine, 

e-mail: galpryadk@gmail.com 

 

Aim of the study: Secondary plant metabolites participate in their interaction with the 

environment, as well as in protective reactions. Of the vast group of plant carotenoids, pigments of 

the xanthophylls cycle (XC) play the most important role in protecting the photosynthetic apparatus 

of chloroplasts. The light-induced transformations of violaxanthin to zeaxanthin in the direct and 

back reactions of the xanthophylls cycle are important for the structure and conformational changes 

in the light-collecting complexes of the photosystem II. At the same time, the intensity of the solar 

radiation flux on a separate leaf in the field can fluctuate significantly due to movement of the sun, 

clouds, wind. Therefore, the speed of light-dependent transformations of this cycle pigments in 

response to a change in the level of illumination may indicate adaptive capabilities of 

photosynthetic apparatus. The purpose of this work was to study the features of the functioning of 

the primary links of the photosynthetic process in contrasting of yields winter wheat varieties 

Material and Methods: The studies of photosynthetic apparatus parameters of flag leaves of 

winter wheat were performed on two varieties contrasting of yield: high-yielding Favoritka (2005) 

and low-yielding Mironovskaya 808 (1963). Studies with these varieties were carried in small plot 

experiments (Kiev, Ukraine). Doses of fertilizers consisted of 110 kg of nitrogen (by active 

substance) and 100 - phosphorus and potassium per 1 hectare (N110P100K100). Changes in lighting 

conditions were created artificially - by shading plants with several layers of paper or closing under 

a black cloth. Determination of XC pigments content in flag leaves (triple replication with 5 flag 

leaves in each) was carried at milk-waxy ripeness. The samples for identification of xanthophylls 

cycle pigments frozen in liquid nitrogen and for later determination by HPLC system. The de-

epoxidation state of the xanthophylls cycle pigments was calculated from equation: DEPS = (Z+0.5 

A)/(Z+A+V), when Z - zeaxanthin, A - antheraxanthin, V - violaxanthin. 

Results:  

The intensity of sunlight at noon on the day of measurements at the phase of the milk-waxy 

ripeness ranged from 1500 to 1700 µE/m2, the air temperature exceeded the norm by 7.80C. DEPS 

of the flag leaves of plants of the variety Favoritka under the black cloth was 0.11±0.01, 5 minutes 

after the removal of the tissue (i.e., leaf lightening for 5 minutes) it increased to 0.26±0.01 and 

remained at the same level after 15 minutes of illumination - 0.25±0.03. The DEPS of the variety 

Mironovskaya 808 under such conditions was, respectively, 0.18±0.01, and 0.27±0.06 and 

0.34±0.01. 

DEPS of the flag leaves of the plant of the variety Favoritka that were in bright light was 

0.34 ±0.03. In 5 minutes after a 10-fold decrease in illumination (from 1700 to 170 µE/m2), it 

changed unreliable (0.31 ±0.01), and after 15 decreased to 0.27±0.02. DEPS of the variety 

Mironovskaya 808 with a decrease in the intensity of illumination changed insignificantly during 

the 15-minute time interval, respectively, 0.33±0.02, 0.34±0.02 and 0.30±0.02. The ratio of DEPS 

in 15 minutes after the change in light conditions in both, direct and back, cycle reactions in the 

highly productive variety was higher (by 2.3 and 1.3 times) than in the low-yield (in 1.9 and 1.1) . 

Consequently, a highly productive variety was characterized by a more rapid adaptation of the 

photosynthetic apparatus to light conditions. Since photoinhibition and recovery after it are 

associated with significant energy losses, a faster response of the pigment apparatus to a change in 

irradiation can improve the efficiency of photosynthesis. 
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Peculations of the correlation of proline accumulation and water content in pea 

seedlings under combination of stress factors 
 

Olena Nesterenko1, Viera Majercikova2, Katarina Klubicova2, Namik Rashydov1. 
 

1 Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of 

Ukraine, Academician Zabolotny, 148, Kyiv 03143, Ukraine 
2 Institute of Plant Genetics and Biotechnology, Plant Science and Biodiversity Center, 

Slovak Academy of Sciences, Akademicka 2, P.O. Box 39A, Nitra 95007, Slovakia 
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Nowadays the high attention is paid to understanding the pathways and interconnections of 

signal systems and searching for specific and nonspecific aspects of plant response during 

adaptation process to different stress factors and their combination due to the current unstable 

ecological situation in the world. Abiotic stress is considered to be one of the main reason for lose 

of more than 50% yields of different crops worldwide.  

Combination of the response strategies of the living organisms to different factors may lead 

to crosstalk of signal systems. To detect it we suggest an array of experiments. Basing on 

morphometrical measurements and changes in proline accumulation level and water content we 

intended to identify respective stressors combinations and time frames, that would be analyzed to 

determine the role of each signal system on an example of stress proteins’ spectrum and 

concentration. Proline is one of the most universal and multifunctional stress metabolite in plant. 

Currently it is considered, that in addition to well established osmoprotective function in living 

cells, proline may have chaperone, antioxidant signal-regulating and other behaviors.  

The aim of our research is to study the influence of abiotic stress factors combination on 

formation of plant’s response, using morphometrical measurements and detection of proline 

accumulation in parts of pea seedlings. This data can integrally characterize molecular, genetic, 

structural and metabolic changes in pea seedlings, on their initial growth phase. Acute gamma 

irradiation was selected as a method of acting on plants to determine the modifying effect of 

ionizing radiation on the response to the salinity and high temperature stresses.  

Samples of plant roots material were taken after stressors, then weighed, dried and weighed 

again. For the determination of free proline concentration in plant the ninhydrin method was used 

(Carillo et al., 2008). Proline was extracted from a dry sample. The amino acid concentrations in the 

seedlings groups (mg/ml) were compared with % of the water content of the pea seedling. To 

determine the level of plant objects response to the stress factors, we decided to use the relationship 

between water content and proline as a criterion. For this purpose, the correlation values of proline 

amount between water content in seedling were calculated on the 2nd, 13th, 22nd and 34th day of 

the experiment (after the stress factors influence). 

The water content in the roots of pea that didn’t undergo stress was relatively high – 90-

92%. Throughout the duration of the experiments, water level in the roots of pea seedlings varied 

from 82 to 94%, depending on plant's age and applied stress factors. Calculating the content of 

proline in dry mass of plant let us eliminate the deviation, caused by differences in root tissues 

hydration in control and experimental plants. It showed that in first several days the plants 

accumulated up to 20 times more proline, than in 34th  days after the stress. 

The fluctuations in both proline and water content in pea seedlings may be explained by the 

fact, that after the influence of stress factors, the organism undergoes changes in its hormonal 

status. This leads to inhibition of growth, and the organism’s needs of water somewhat reduced. 

The cell metabolism is transferred to resting mode, and energetic processes switch to sustaining the 

plant’s integrity (homeostasis) and reparation. It may be suggested, that over time after overcoming 

the effects of stress, both indicators will reach the values, typical for the plants of the control 

groups. 
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Secondary Metabolites, Their History of Learning, Biosynthesis and 

Application of 
 

Ramazan Mammadov 

 

Pamukkale University,Faculty of Science & Art, Department of Biology, Kınıklı, Denizli,  

20017, Turkey 

e-mail: rmammad@yahoo.com 

 

Secondary metabolites are produced by biosynthetic pathways from primary metabolites 

(protein, fat, carbohydrate) in plants. Primary metabolites are found in all individuals of the plant 

kingdom, while secondary metabolites are limited. This property distinguishes primary metabolites 

from secondary metabolites. The main tasks of secondary metabolites are pollination, compliance 

with environmental conditions, helping to protect chemical against predators such as herbivore and 

microorganism, to counter environmental factors such as ultraviolet, drought and salinity, to attract 

animals to facilitate seed distribution or to move away animals to protect the seed etc. The 

formation of the secondary metabolites is mostly at the cell level, produced in the cytosol and 

plastids and either deposited in vacuoles or used directly for the purpose. Many medicines are 

composed of secondary metabolites, secondary metabolites in the fight against illnesses such as 

malaria, cancer and amenable dysentery, which are the problems of our time, have the most 

important places and the value of these substances comes to the forefront. Terpenoids, phenolic 

compounds and alkaloids form secondary metabolites. Especially volatile oils, alkaloids and 

phenolic compounds, which are characteristic of taste and odor, are used to sell more of the product 

in the food industry. With more preference for synthetic antioxidants, the shelf life of products that 

can be quickly degraded, especially meat, milk, fruit, vegetables and seafood, is prolonged. With 

more preference for synthetic antioxidants, the shelf life of products that can be quickly degraded, 

especially meat, milk, fruit, vegetables and seafood, is prolonged but the diseases caused by 

synthetic antioxidants have led scientists to work with natural antioxidants and to isolate natural 

active substances from plants. Since the very beginning of human history, all the plants used in 

ethnobotany have actually served as secondary metabolites, in their areas of use; make pomade or 

gruel, extract the essence etc.  from plants and  secondary metabolites from plants a variety way in 

different areas are using. 

Keywords: Secondary metabolite, Primary metabolite, Ethnobotanic, Alkaloid. 
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Increase of fructanes content in transgenic plants Nicotian tabacum with human 

gene inf-α2b after biotic and abiotic stress 
 

Andrii Potrokhov 

 

Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of 

Ukraine, Academician Zabolotny, 148, Kyiv 03143, Ukraine 

e-mail: AlexGSMster@gmail.com 

 

Genetic engineering is the most widely used for plants transformation. However, the impact 

of the transformation still little studied. The phenomenon of transformation can affect the 

accumulation of organic substances in plants and can provide to adaptive characteristics affect. As 

an example, the sugars accumulation in a plant organism. Carbohydrates make up 85-90% of the 

total organic matter content in plants. In plants carbohydrates are found in structural material. It’s 

well knows the positive role of increasing the amount of sugars in plant tissues under the influence 

of various adverse environmental factors (salinization, drought, high temperatures, low 

temperatures, pathogens etc.). The aim of our work was to identify changes in the accumulation of 

fructans in transgenic Nicotiana tabacum plants with human ifn - α2b gene caused by abiotic stress 

(cold stress) and biotic stress (tobacco mosaic virus). 

Materials and methods. Agrobacterium tumefaciens GV3101 with a vector construct 

carrying the human ifn - α2b gene and nptII was used to obtain transgenic plants. Extracts from 

experimental and control plants were obtained for colorimetric studies. The test material was 

weighed, homogenized and centrifuged for 15 min. at 15 thousand g. After extraction, the necessary 

aliquot of the supernatant was taken for analysis. 

Results. It was established that at room temperature the content of fructans was higher in 

plants with the interferon gene and was up to 15 ± 1 mg/g wet weight, while in control non-

transformed plants their content was 7 ± 1 mg / g wet weight. The accumulation of sugars in plants 

of wild type tobacco and tobacco expressing the interferon gene increased to 22 ± 3 mg / g and 15 ± 

1 mg/g under the influence of cold stress. After viral infection it was established no significant 

differences in accumulation of fructan compared to their content in the uninfected untransformed 

plants. The fructan content was up to 10+2.2 mg/g and up to 30+1.8 mg/g weight in infected control 

and transgenic plants. It was shown that genetic transformation resulted to an increase of fructan 

accumulation in transgenic plants. Fructan content was more in TMV-infected transgenic plants 

than in infected non-transgenic plants. Probably, this increase is one of the reactions of tobacco 

plants on the viral infection as biotic stress factor. This reaction is similar to plant responses to 

abiotic stress which resulted in fructans content increasing in plants. 
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Ionizing irradiation of seeds as a method of increasing the pharmaceutical 

efficiency of medicinal plants  
 

Svitlana Pchelovska  

 

Institute of Cell Biology and Genetic Engineering, National Academy of Sciences of 

Ukraine, Academician Zabolotny, 148, Kyiv 03143, Ukraine 

e-mail: svetapchel@gmail.com 

 

Ionizing radiation can be used as a method for pre-sowing seed treatment of different crops 

in order to increase the yield, germination energy, and the total biomass increase. Active work in 

this direction was carried out in the 70-80's [1, 2].  

The idea of our work is to work the seeds of medicinal plants with X-ray and 

gammairradiation in order to achieve the most beneficial effect, which will combine the increase of 

productivity (on the increase of biomass), stimulation of flowering, increase of resistance to 

stressful influences, and as the main expected result - increase of output into the extracts of 

secondary metabolites of the plants under study. The realization of this idea lies in the presowing 

irradiation of seeds of medicinal plants (Matricāria chamomīlla, Hypericum perforatum, Bidens 

tripartite) with X-rays in the range: 5 Gy, 10 Gy, 20 Gy, 35 Gy, 50 Gy (dose rate 1,42 cGy/s). 

Previously, the effect of stimulating the action of X-ray irradiation of medicinal plant 

Matricāria chamomīlla on yields per unit sown area and yielding ethanol (40%) extracts of the 

amount of flavonoids in terms of routine was already obtained [3]. Analysis of the concentration of 

the sum of flavonoids in Matricāria chamomīlla flowers extracts showed an increasing in the 

relative mass fraction of flavonoids in the dry material from seeds irradiated with dose 10 Gy. Due 

to radiostimulation of flowering and increasing average weight of Matricāria chamomīlla flowers 

we have achieved increased general yield of flavonoids extract per plant and per unit area of crop. 

The effect has been observed for all doses from 5 to 50 Gy with a maximum at 10 Gy. Data were 

also obtained on the increase in the content of the amount of flavonoids in extracts from the 

pharmaceutically valuable raw materials of Hypericum perforatum and Bidens tripartite. Based on 

observations and calculations (over three years, in experiments in laboratory conditions and in open 

soil conditions), we have grounds to argue that the use of ionizing radiation (X-ray and gamma-

irradiation) is used to increase the productivity of medicinal plants both in relation to the growth of 

biomass - pharmaceutically valuable raw materials and in terms of the release of the amount of 

flavonoids in ethanol extracts.  
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Salinity stress is a critical environmental factor to crop productivity, especially in arid and 

semiarid regions (Munns, 2005; Witzel et al. 2009). There were 4.7 million hectares of saline soils 

in Ukraine as on 2013, that is estimated more than 14% of the agricultural area of Ukraine 

(Makeeva, 2013). Salinity caused by using of sodium chloride in cities during winter, is also a 

significant problem for tree plants. High concentrations of salts in soils cause ion stress of plants, 

associated with the incoming of a large number of ions Na + or Cl- into the plant. To counteract of 

the toxic effects of salts, plants accumulate a significant amount of protective substances: sugars, 

amides, organic acids. The synthesis of these substances is under genetic control (Munns, 2005; 

Deinlein et al., 2014; Marco et al., 2015), so the plants resistance to salinity can significantly vary 

not only for different species of plants, but also for different clones of the same species. 

Poplars and willows are fast growing energy crops, which characterized by wide range of 

adaptations to environment. They are not halophytic plants, but some clones are relatively salt-

tolerant. The application of biotechnological methods, such as the cultivation of plants in vitro 

conditions, make it possible to regulate the strength of the stress factor under controlled physical 

and chemical parameters and allows to work independently on weather conditions and seasons.  

In vitro cultivated plants of two poplar (Populus tremula; P. tremula x P. alba) and one 

willow (Salix alba) clones were planted on MS media with adding 25 mM, 50 mM and 100 mM 

NaCl. Control plants were grown on NaCl-free media. The intensity of stem and root growth were 

estimated on the 10th, 30th and 60th days of cultivation in experimental and control plants.  

The clones studied showed different levels of tolerance to sodium chloride salinity. Plant 

growth of P. tremula x P. alba was strictly depressed under 50 mM, thus P. tremula demonstrated 

less damage under the same concentration. S. alba was the most tolerant, and even under 100 mM 

plants were able to survive with some damage. Results obtained should be taken into account when 

growing plants on saline areas. Willow (S. alba) may be also recommended for landscaping, 

because this clone has fast growth and survival rate and high rooting ability. 
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Β-Glucosidases (EC. 32.1.21) are classified as hydroxylhydrolases and involved in cleavage 

reactions of β-glycosidic bonds in different olygo-, alkyl- and arlylglucosides. Various β-

glucosidases have broad substrate specificity and participate in hydrolysis of glycolipids, 

cyanogenic glycosides, saponins, alkaloids and flavonoids. But number of plant β-glucosidases 

demonstrates high specificity to cleavable substrates. Β-Glucosidases are able to localize in 

vacuoles, cytoplasm, and chloroplasts of plant cells and exist even in cell wall-bound state. 

Earlier in pea seedlings we discovered a specific glycoside identified as isosuccinimide-β-

glycoside whose aglycon was a cyclic form of nonproteinogenic aminoacid GABA (Ershova, 

1986). It was shown that two molecular forms of β-glucosidase were involved in IS-glucoside 

metabolisation – cytoplasmic and cell wall-bound (Ershova et al., 2004). After the extraction 

method of high purified enzyme forms was proved the physical and chemical properties including 

electrophoretic mobility, substrate specificity, thermo- and acid tolerance and a number of kinetic 

parameters of the enzyme were tested.  

Enzymatic preparations of cytoplasmic and cell wall-bound β-glucosidases were extracted 

from pea seedlings leaves according to the developed method while salting out by ammonia sulfate 

and gel chromatography on Sephadex G-25 and G-100. The purity of isolated preparations was 

determined with p-NPG according to the amount of released p-nitrophenol or by glucooxidative 

method accompanied by other substrates and accounted on mg of protein. Kinetic parameters of Km 

and Vmax for analyzed substrates were identified by Michaelis-Menten method. 

Applied multi step purification resulted in extraction of enzymatic preparations of 

cytoplasmic β-glucosidase with cleanliness rate of 80.7 and specific activity of 1477.7 U/mg of 

protein and cell wall-bound β-glucosidase with cleanliness rate of 57.9 and 451.7 U/mg of protein 

respectively. Native electrophoresis confirmed homogeneity of extracted enzymatic preparations. 

Cytoplasmic β-glucosidase showed its maximum activity under pH 5.6 and a temperature of +30⁰C. 

Thermal optimum for cell wall-bound β-glucosidase was higher (+ 37⁰C) and optimal pH was 

shifted to acid range (4.6). 

Both molecular forms of enzyme hydrolyzed β-glycosidic bonds as in glucopyranosides (IS-

glucoside, p-NPG, methyl-β-D-glucopyranoside, salicin) as in di- (β-gentibiose, cellobiose) and 

polysaccharides (laminarin) but with different speed. Laminarin was not cleaved by the cytoplasmic 

enzyme form but cell wall-bound β-glucosidase did it relatively active. Salicin reduction speed was 

lowest for cell wall-bound β-glucosidase of pea plants but for cytoplasmic form it was common for 

β-gentobiose presence. Besides p-NPG and IS-glucoside both β-glucosidase forms cleaved other 

compounds containing 1→4 and 1→6 β-glucosidic bonds like cellobiose, β-gentobiose, and methyl-

β-D-glucopyranoside. Both cytoplasmic and cell wall-bound β-glucosidases performed specificity 

to aglycon and hydrolyzed specific for pea plants IS-glycoside under highest speed (Кm 0.58 and 

0.74 mM) but were able to cleave other aryl- and alkylglucopyranosidic bonds, di- and 

polysaccharides. Herewith they possess absolute specificity to cleavable glycosidic bond type and 

cleaved only β-D-glucopyranosidic bonds but not α- and β-D-galactopyranosidic ones compare to 

other β-glucosidases. This fact indicates that extracted molecular forms of pea β-glucosidase 

demonstrated absolute specificity to the type of cleavable bond (β-configuration) but not to aglycon. 

The obtained results about β-glucosidase properties of different cell localization in pea 

plants expand our understanding about β-glucosidases role in plant metabolism including their 

involvement in transformation of different glycosides. 
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For many years, the cultural flora department has accumulated extensive experience in 

researching a huge gene pool of useful plants (over 2,000 taxa). On their basis, about 100 adaptive 

varieties have been created, which are included in the State Register of Plants Varieties of Ukraine. 

Comprehensive studies were carried out to study the accumulation of primary and secondary 

metabolites in the process of ontogenesis in the most prospective representatives of individual plant 

groups, depending on botanical affiliation (family, genus, species, forms, variety), ecological 

conditions of growth, agrotechnological cultivation and the influence of mineral, organic fertilizers , 

growth regulators and other factors. 

Specific features of the accumulation of primary and secondary metabolites depending on 

the morphological and anatomical structure of plants are determined, and the limits of their 

resistance to biotic and abiotic stress factors are elucidated. Biological-ecological and biochemical 

mechanisms of plant adaptation have been established, and on this basis the most important 

elements of cultivation and use of raw materials of new economically valuable plants for the 

production of medicines, food, feed and biofuels have been developed. 

In the process of introduction plants fall into new conditions for them, which are not always 

good in terms of optimal for the individual development of the plant organism. Under these 

conditions, various mechanisms of plant adaptation are included. Among others, physiological and 

biochemical mechanisms that contribute to an increase in the resistance of the organism to the 

disruptive influence of biotic and abiotic stress-factors are of great importance. As a result, there is 

an increase or decrease in the level of accumulation of both primary and secondary metabololites. 

Using the potential of introductions, acclimatization, adaptation, as well as selection-genetic and 

physiological-biochemical methods, it is possible to select valuable producers of different 

metabolites. 

From the moment of seed germination to maturing, during the individual development of the 

organism, and after the organic remains are dying out, decomposing and mineralizing, the plant 

releases various substances into the environment through which it creates its information field 

through which it affects other components of the ecosystem. This influence can be mutual positive, 

mutual or one-sided positive or negative. In this exchange, secondary metabolites are particularly 

important. The peculiarities of the accumulation of phenolcarboxylic acids, fulvic acids, free amino 

acids and other substances have been established on the basis of an example of a multifaceted 

interaction of some plants with other microorganisms or after the action of plant residues on the 

microflora, biochemical composition and biological activity of the soil. 

On the other hand, investigating different groups of useful plants - medicinal, spices, 

еssential oil plants and vegetables, energy, fodder, sideral, etc., we determined the patterns of 

accumulation of both primary and secondary metabolites at different periods of development of 

introductions. In general, many plants are estimated for more than 20 biochemical indicators, 

among which can be noted substances such as protein, amino acids, lipids, fatty acids, BES 

(nitrogen-free extractives), sugars, fiber, tannins, lignins, phenolic carboxylic acids, fulvic acids, 

flavonoids, steviosides, vitamins, essential oils and others (D.B. Rakhmetov, E.N. Vergun, L.A. 

Kotyuk, N.Ya. Levchik, V.V.Fishchenko). 

As a result of many years of research, the composition of essential oils and phenolic 

compounds in individual aromatic plants - species of the genus Artemisia, Tanacetum, Serratula of 

the Asteraceae family (I.V. Ivashchenko, D.B. Rakhmetov) was determined. General polyphenols 

of plants of the genus Astragalus L. and Elsholtzia Willd under the conditions of introduction (A.P. 

Bondarchuk, M.V. Ris, D.B. Rakhmetov) were studied. 
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Secondary metabolism products play an important role in the process of regulating 

physiological processes at the organism level, as well as the relationships between individual 

individuals within the species and determines the degree of its interaction with the environment. In 

this respect, the NBG both in historical aspect and today is one of the leading scientific centers for 

the study of various interactions and after-effects of plants. One of the founders of the science of 

allelopathy, which was revealed by various mechanisms of these mutual influences, is academician 

A.M. Grodzinsky. For many years in the Botanical Garden, his followers have been conducting 

comprehensive studies of different groups of introduced plants in terms of their allelopathic activity 

and interaction with other components of the phytocenosis. In determining the degree of interaction 

and aftereffect of plants between themselves and the environment, the secondary metabolic 

products play a crucial role. 

When the biomass of plants is decomposed, phenolic acids are formed, the source of which 

is lignin and tannins contained in plants in large quantities. They have an allelopathic effect on 

plants, and are also precursors to the formation of humic substances in the soil. 

The influence of both individual plants and their communities on the biochemical and 

agrochemical indices of the soil, on the microflora and biological activity of the soil environment 

has been established. The patterns of interaction and aftereffect of plants of one- and many-year life 

cycle of development in one-species and joint crops are determined. The role of the allelopathic 

factor in the regulation of plant growth and development, the formation of productive parameters, 

and the improvement of quantitative and qualitative indices of phytocoagulant in single- and 

multicomponent cultivated phytocenoses have been established. 

Thus, as a result of years of research in the NBG, the most important data on the role of 

secondary metabolism in the adaptation of introduced plants were obtained. The most valuable 

plant sources of accumulation of secondary metabolites have been discovered. Different 

mechanisms of influence on the process of secondary metabolism in introducent plants are 

determined depending on their origin, botanical affiliation and the influence of biotic and abiotic 

stress factors. The role of secondary metabolites in allelopathic interaction and aftereffect of plants 

as the most important factor in determining the regulation of the degree of these relationships at the 

organismic, species, population, and ecosystem level is shown. 
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The large areas have been strong contaminated with radioactivity isotopes for long term. 

Some of the territories have naturally increased level of radionuclide contaminated areas of native 

radioecological anomalies, but others were polluted as a result of nuclear weapon testing, nuclear 

waste leakage, and nuclear power plants disasters, such as Chernobyl nuclear power plant (CNPP) 

and Fukushima. Despite more than thirty years aftermath the explosion of the CNPP accident, the 

problems coming from the high radionuclide contamination of the environment and the effects of 

chronic radiation on living organisms still remain relevant. Our research addressing the effects of 

chronic ionizing radiation on plants, the ongoing success of plants adaptation and transgeneration 

changes in radio-contaminated Chernobyl area was revealed. The focus our investigation is on a 

role of the small dose chronic radiation due to plant metabolic processes because it is a common 

adverse environmental stress factor. In order to characterize proteomes of plants adapting to 

biochemical metabolic pathways at radio-contaminated Chernobyl area and non-radioactive 

contaminated experimental fields was established.  

Plants were exposed to chronic radiation at radionuclides contaminated sites have 

characteristic such biodiversity processes: decrease seed yield and changing prolonged flowering 

term, early senescence. Plant response to ionizing radiation is characterized primarily by damage of 

molecular structures and reactive oxygen species induces premature differentiation of the floral 

meristem and dynamic response of the metabolic pathways. The genes expression change during 

sensitive phases of plant ontogenesis, as well as flowering, senescence, DNA repair and 

transcription, folding protein synthesis, etc. are the main networks biodiversity under influence 

chronic irradiation. Our recent data demonstrated that chronic ionizing radiation affects gene 

expression that caused considerable adjustments in protein synthesis. Experiments with soybean 

and flax plants in Chernobyl alienated zone have revealed changes in expression of genes involved 

in signal systems, protein synthesis, protein folding, and de novo synthesis of proteins related to 

stress response. The research is aimed to study expression of genes involved in flowering, DNA 

repair, folding protein synthesis during plant adaptation to chronic ionizing irradiation. Using two- 

dimensional electrophoresis and tandem mass spectrometry, we comparatively analyze on yearly 

basis proteomes of developing seeds harvested from both experimental fields. More detailed 

analyses revealed changes in protein glycosylation, phosphorylation along with alteration of carbon 

assimilation during seed development that resulted into modification of fatty acid composition and 

total oil content. The data methylation-sensitive comet assay revealed that chronic irradiation as 

stress factor alterations in genome stability and the methylation pattern, which are likely to 

contribute to the adaptation potentialof plants. 

The results of this study are being continuously deposited into online database 

http://www.chernobylproteomics.sav.sk. 
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The conservation of biodiversity and broadening of assortment of species and cultivars for 

account of alien crops so far is relevant as they characterized by complex of useful economical and 

biological asset for further usage. The Vitex L. genus representatives are among the big variety of 

spicy plants, which are perspective for introduction in the conditions of left bank forest-steppe of 

Ukraine. They have important officinal, nutritional, spicy, aromatic, melliferous, industrial and 

ornamental characteristics and can be used in the numerous sectors of national economy (in 

particular in pharmacy and food industries, cosmetology and landscape design). 

As a result of long-lasting fruitful job, the employees of Department of Сultivated Flora of 

M.M. Gryshko National Botanical Garden of NAS of Ukraine have been create the type culture 

collection of Vitex L. genus representatives enter in the specification of aromatic plants of botanical 

garden which is national patrimony (in according with Cabinet of Ministers of Ukraine order 

№ 59˗р, dated 28 January 2015). Three species of collection have been chosen for scientific research: 

V. agnus-castus, V. cannabifolia end V. negundo. 

The identification of biochemical components in the top vegetative and generative organs of 

Vitex L. genus representatives have large value and is one of the key element in the cognition of 

physiological process, which arises in the vegetable organism during its transit into the new adverse 

environment. Dynamics of life-and-death nutrient accumulation in new ground˗climatic conditions in 

accordance with phenological stage and period of ontogenesis, characterize the resistance of plant to 

diverse factors of environment. 

Secondary metabolism is feature of vegetable organism along with photosynthesis. In 

introduction conditions it is important to research localization of secondary metabolism in plant, its 

change in ontogenesis process and function of secondary metabolism in plant’s vital functions. 

Alkaloids, phenolic compound, essential oils are the most distributed. This metabolism, in opposed 

to primary metabolism, has importance on the level of whole organism but not on the cell level [4]. 

High changeability of phenolic compounds is the evidence of their adaptive function [3]. 

Thereby, the phenolic compounds make possible for introduced plant to adapt oneself as much as 

possible to new environment inside the areal, as well as outside [1]. This gives possibility to 

consider the species with high level of phenolic compounds as perspective for introduction. 

The least quantity of flavonoids observed in the flowering stage in plants V. cannabifolia 

(0,714±0.006 mg/g) and V. negundo (0,896±0,011 mg/g) young generative age. The maximum 

value of the content of flavonoids reached at the end of the vegetation period in plants of all age 

states. 

In V. agnus-castus (1,894±0,023 mg/g) and V. cannabifolia (1,823±0,009 mg/g) tended to 

the accumulation of flavonoids in the plants of medium of generative age in comparison with the 

plants young and old generative age, regardless of the phases of vegetation. This is because young 

plants tend to have more intensive level of metabolism so they tend to accumulate more flavonoids. 

The highest content of flavonoids, was recorded in almost all phases of the growing season in plants 

of V. agnus-castus middle of generative age. 

It was identified, that quantitative content of flavonoids in researched Vitex plants, depends 

on numerous interconnected factors connected with the metabolism process, inside rhythm of 

plant’s development and wet assurance during vegetation period. It was identified that plants of 
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spices V. agnus-castus and V. сannabifolia independently from age have tendency to accumulate 

more quantity of flavonoids than V. negundo, and this is their spice’s peculiarity. 

It was identified, that growth of flavonoids number accompanies accumulation of tanning 

agents. Tanning agents, according to A.M. Groznenskyi [2], have strong bactericidal activity; they 

participate in growth regulation and strengthening of plant’s immunity. Consequently the content of 

flavonoids and tanning substance is formed bygrowing’s phases and activity of ferments of 

oxidation-reduction complex and all plant’s metabolism, as well as the weather conditions. 

Thanks to organic acids, the necessary reaction of plant’s internal environment is sustained 

[2]. Quantitative composition of organic acids depends on plant’s species and age, as well as on 

phases of their vegetation. In general the dynamic of organic acids content in the plant’s top of 

Vitex L. genus representatives have take place with two peaks in the flowering period and at the end 

of vegetation. The only exception is middle generative age V. agnus-castus, where peak content of 

organic acids was in the beginning of vegetation. Potential to accumulation of organic acids is a few 

higher in the plant of young or middle generative age versus with old generative plants. 

The peak of content organic acids (4,73±0,04 %) was recorded in the young generative plant 

V. negundo, a few lower (4,24±0,12 %) ‒ in the same age V. agnus-castus and (4,02±0,27 %) ‒ in 

the middle age V. cannabifolia. 

It was identified, that qualitative composition of essential oils is species-specific 

characteristic of plants Vitex L. genus representatives independently of growing region while 

component percentage some change over a period vegetation. 1,8-cineole, sabinene, limonene and 

α-pinene are dominant in V. agnus-castus essential oil, β-caryophyllene, caryophyllene-oxide, 

sabinene are dominant in V. cannabifolia and V. negundo essential oil. Our researches show that 

introduction conditions doesnʼt influence on the volatile-oil-bearing of plants Vitex and on the 

essential oil qualitative composition. Calculate that maximum number of essential oil (0,24-0,65 %) 

produce V. agnus-castus,  а less (0,06-0,31 %) ‒ V. cannabifolia, the least (0,04-0,13 %) ‒ 

V. negundo. Maximum content of essential oil observed in the flowering‒ fruiting period and the 

vegetation finishing. 

It was find out that product of secondary metabolism, which accumulate in the plant’s top 

and radical soil, condition allelopathy behaviour Vitex, growth soil oxidation-reduction potential, 

growth soil phytotoxic with maximum content in the vegetation finishing. Plants V. negundo realize 

less toxic action. In additionс, essential oil has high level fungicidal and fungistatic activity on 

Aspergillus niger van Tiegh, Alternaria alternatа (Fr.) Keisser, Fusarium culmorum (Sm.) Sacc. 

Аctivity level depend on plant vegetation phase and molecular concentration essential oil. 

Microculture Alternaria alternatаis the most resistant for toxic action of essential oil. Different 

microorganism groups function in the soil under the influence Vitex. Number of microorganisms 

varieties depended on species differences, age and plant growth phase. Biogenic of microbiota in 

young and middle age Vitex plants is higher than in old one. 
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The Astragalus L. genus is largest genera of seed plants of world flora widespread into realms 

are the Holarctic, Neotropical, Palaeotropical (Syitin, 2009). According to the international database 

of "The Plant List" includes about 2500 species. Research various of Astragalus species focuses 

primarily on the study of the content of secondary metabolism substances (saponins, alkaloids, 

flavonoids, etc.) to assess of medicinal properties (Lysiuk et al., 2015). In the USA, Canada, the 

Russian Federation, China etc., accrued a great deal of experience in the use of Astragalus as forage 

crops. It is consider that these species are not inferior in their nutritional values of clover, sainfoin, 

and alfalfa plants (Belous, 2005). 

Into flora of Ukraine there are accrued 50 species of this genus, including 19 are under 

protection (Mosyakin, 1999). This percentage rare of Astragalus is primarily due to the 

anthropogenic load on natural biocenoses, since mass is harvested by the population as a 

pharmaceutical raw material. 

Involvement of the introduction process of a large number of taxa of local and world flora 

will allow assessing the qualitative and quantitative composition of plants in crop conditions, 

selected valuable genetic material for selection and developing a concept for zoning created forms, 

varieties and hybrids. The result of this work will complement traditional raw materials (medicinal, 

fodder, green manure, nectar productivity and biofuels) crops that meet the needs of the population 

and reduce the burden on the environment. 

The collection fund of the department of Cultivated flora has about 20 taxa of Astragalus 

genus of which are 7 rare for the flora of Ukraine. The above-ground phytomass (leaves, stems, 

inflorescences) and root system of these plants is characterized by active accumulation products of 

secondary metabolism. Into plant material found alkaloids, triterpenoids, phenols, steroids, 

polysaccharides, vitamins (Yang et al., 2013), that make them valuable for research of ex situ. The 

since level of these substances allows not only to trace their resistance to the environment of 

introduction and also to determine the most promising direction for industry use. 

It is established that A. galegiformis, A. cicer, A. glycyphyllos, A. ponticus, A. falcatus and 

A. dasyanthus at introduction into Right-Bank of Forest-Steppe of Ukraine are characterized by 

high productivity of above-ground phytomass (4.5–13.0 kg/m2) and phytochemical composition in 

the flowering phase (Rakhmetov et al., 2017). The results of the screening of secondary metabolites 

are given in recalculation dry matter. The determination of dry matter was conducted by drying to 

constant mass; total content of saccharides – by Bertrand method in water extracts; ascorbic acid – 

by 2.6-dichlorophenol-indophenol titration of acid extracts; carotene – by spectrophotometric 

method in petrol extracts; polyphenols – by spectrophotometric and HPLC methods alcohol 

extracts. It’s found that level of dry matter was in a range from 19.78% (A. cicer) to 22.96% (A. 

falcatus), total content of saccharides – from 3.27% (A. galegiformis) to 20.00% (A. glycyphyllos), 

lignin – from 3.49% (A. ponticus) to 4.74% (A. galegiformis), ascorbic acid – from 102.44 mg% (A. 

cicer) to 398.45 mg% (A. ponticus), carotene – from 0.072 mg% (A. glycyphyllos) to 2.580 mg% 

(A. ponticus), polyphenols – 1.6817% (A. dasyanthus). 

Thus, the obtained results for the content of secondary metabolites can be used as a marker 

for the success for zoning of species, since their dynamics depends on the stress factors of the area 

of introduction. 
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The most important problem of mankind and, in particular, botanical gardens is the 

conservation and enrichment of the plant's natural fund of the planet, especially rare and vanishing 

species. This list includes plants of the genus Crambe L. of the family Brassicaceae, which has 

about 25 species. Representatives of the genus have a great economic and industrial potential, are 

used as technical, food, silage, honey and decorative plants. Certain species of Crambe L. are 

cultivated as fatty oils containing plants. 

The purpose of our research was to establish the allelopathic activity of water-soluble 

compounds of the above-ground part of plants and rhizosphere soil of selected species of the genus 

Crambe L. of the collection of the NBG.  

It was found that the above-ground part of the studied hybrid forms contains biologically 

active compounds, the water extracts of which exhibit allelopathic activity on seedlings of test 

cultures, which manifests itself both in their significant inhibition and in stimulation. The maximum 

level of inhibition is observed for all the samples under investigation at the solution concentration 

of 1:10. 

Test plants of amaranth and cucumber were more susceptible to the inhibitory effect of 

crambe compounds. It should be noted that the cucumber and amaranth sprouts under the influence 

of water-soluble compounds of the above-ground part of three forms under investigation and the 

radish under the action of two from forms from these only the inhibition with a maximum of 35.4%, 

which was amplified with increasing concentration of solution in direct proportionality. Instead, 

water soluble of one of the forms stimulated the growth of radish seeds, whose effect increased to 

142.7% with a decrease in concentration in inverse proportionality. 

The root system of Crambe emits the biologically active compounds in the rhizospheric soil, 

which have a chemical effect on the surrounding plant groups. In the seedlings of the amaranth, the 

insignificant inhibitory activity of such compounds was noted in the range from 85.8% to 91.9%. 
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