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Summary
The value of herbal raw material guarantees the success of phytotherapy. However, the quality of raw material 
depends on many complex factors. This is a particular challenge in the era of climate changes. The progress 
of phytotherapy is possible thanks to work aimed at improving the adaptive capacity of plants in response 
to environmental changes. Biological and biotechnological methods are interesting techniques used in 
agriculture, leading to the induction of genomic mutations by chemical polyploidization using antimitotics. 
This could be a strategy that can prevent decline in crop production. The improvement of crop plants by 
obtaining higher effectiveness of varieties is an important task of world agriculture. The publication discusses 
genomic mutations and the occurrence of polyploidy in nature, classifications and mechanisms of polyploid 
mutations, characteristics of polyploids and the achievements of polyploid breeding. Chemical compounds 
used to induce polyploidization are listed (colchicine, oryzalin, methyl amiprophos). Techniques for 
inducing artificial polyploids are presented, including the use of biotechnological techniques (plant cell and 
tissue cultures in vitro) and polyploidization detection methods. The importance of polyploidization was 
emphasized, including the functional features of artificial polyploids (utility plants, fruit plants, ornamental 
plants, herbal plants). Examples of polyploids important in agriculture (50 species) are listed. Experimental 
achievements regarding herbal plants are described, indicating the main induced features of new plants, 
including phenotypic, anatomical and phytochemical characteristics. It was noted that the biotechnological 
approach may be a solution leading to the improvement of plant biomass parameters and an increase in the 
content of secondary metabolites of medicinal and cosmetic importance using in vitro breeding systems.

https://orcid.org/0000-0003-2305-3116
https://orcid.org/0000-0001-5290-6128
https://orcid.org/0000-0003-3088-6204
https://orcid.org/0000-0001-5601-7002
mailto:marcin.ozarowski@iwnirz.pl


Vol. 69 No. 4 2023

83Increasing the value of plant raw material by inducing genomic changes. Past and prospects for the varietal progress of medicinal plants

Key words: polyploidization, genomic mutations, biotechnology, phenotypic, anatomical 
and phytochemical characteristics

Słowa kluczowe: poliploidyzacja, mutacje genomowe, biotechnologia, charakterystyka feno-
typowa, anatomiczna i fitochemiczna

The progress of phytotherapy is determined by 
many factors, including the quality of plant raw 
material, which fluctuates due to observed climate 
changes and anthropogenic activities [1]. This 
affects ontogenetic development, gene expression 
and plant yield, as well as the content of biologically 
and pharmacologically active chemical compounds 
in plants, which are the source of herbal raw 
materials used in phytotherapy. In addition to the 
above-mentioned, the most important causes of 
changes in the content of active substances in herbal 
plants include: genetic diversity (within- and inter-
species); developmental variability; environmental 
diversity; post-harvest factors [2]. For this reason, 
Ruebenbauer’s [3] statement that the improvement 
of cultivated plants (including herbal plants) by the 
obtainment of more and more fertile varieties is a 
relevant task of world agriculture. In this regard, one 
of the biological and biotechnological methods used 
is the induction of mutations leading to mutation 
breeding, including polyploid breeding and radiation 
breeding, as a consequence of the development of 
plant genetics. According to Ruebenbauer [3], the 
observed development of cytogenetics has made a 
significant contribution to breeding practice, e.g. 
polyploid beets, tetraploid rye and triticale varieties 
of higher fertility have been obtained. 
	 Polyploidy, discovered in 1907, was defined as a 
hereditary increase in the number of genome copies 
[4]. The phenomenon of polyploidization, which 
involves a change in the number of chromosomes in 
cell nuclei typical for a given species, occurs widely 
in the plant world, plays an important role in the 
mechanisms of evolution in the plant world and 
affects their adaptive features [5-7].
	 The multiplication of the number of chromosome 
units leads to eupolyploidy (euploidy), when it 
concerns chromosomes of the same species, then 
autopolyploidy (autoploidy), and if the chromo
somes come from different species, it is called allo
polyploidy (alloploidy). Depending on the number 
of chromosome units present in the nucleus (n), 
polyploid plants (polyploids) are classified as follows: 
triploids (3n), tetraploids (4n), pentaploids (5n), 
hexaploids (6n), heptaploids (7n), octaploids (8n) 
etc. [8].

	 Plant polyploids usually differ from diploids 
both in terms of morphology (e.g. they develop 
larger leaves and flowers, stronger organs, a larger 
amount of vegetative mass, larger grains with greater 
resistance to lodging) and in terms of physiological 
characteristics (e.g. plants show greater resistance to 
low temperatures and a greater ability to inhabit new 
areas) [8, 9].
	 In horticulture, polyploidy is of great importance, 
especially for the development of new varieties with 
desired morphological features regarding the size 
and vigour of plants, including: enlarged flowers 
(with thicker crown petals) and leaves (with a more 
intense colour), or dwarfism [6]. Polyploid species 
are used for agronomic purposes, especially those 
that produce larger flowers, fruits, seeds, leaves, stems 
and roots [5]. The occurrence of polyploidy may also 
cause biochemical changes, which is important in 
herbal plants, because polyploids increase the level 
of secondary metabolites used in phytotherapy, e.g. 
α-bisabolol in flowers of tetraploid of Chamomilla 
recutita (L.) Rausch. [10-13]. Artificial polyploids 
(mainly synthetic tetraploids) are obtained as a result 
of mutational breeding using mainly diploid species 
in which a doubling of the number of chromosomes 
in somatic cells is induced [6]. Polyploidization (along 
with conjugation, transduction, transformation)  is 
a technique that does not lead to the genetic mo
dification of microorganisms and organisms and is a 
natural process [14].
	 Artificial polyploidization is a significant strategy 
in plant mutational breeding due to the fact that 
involves genome mutation compared to other major 
types of mutational breeding, for example gene 
mutations. A mutation involving the genome will 
result in greater variability in phenotypes, compared 
to a gene mutation [5].
	 The occurrence of polyploidy, the mechanisms of 
polyploid mutations, the characteristics of polyploids 
and the achievement of polyploid (polyploidization) 
breeding have been described previously [7, 15-22].
	 Various plant parts, such as seeds, apical me
ristems, flower buds and roots are used to induce 
polyploidization [6]. However, using biotechnological 
methods in in vitro plant cultures, apical parts of 
plants, nodal fragments (lateral buds), fragments of 
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Figure 1.

Chemical structure of colchicine

Figure 2.

Chemical structure of oryzalin

Figure 3.

Chemical structure of trifluralin

leaves and petioles as well as embryogenic calluses 
or calluses of floral origin are used [15, 23-33].
	 To induce mutations, mainly chemical substances 
from the antimitotic group are used, i.e. colchicine 
used since 1937 (Fig. 1) [5, 23, 25, 33-36], oryzalin 
(Fig. 2) [7, 33-35, 38, 39] and trifluralin (Fig. 3) 
[27], amiprophos-methyl [26, 40]. The latter three 
substances are herbicides.
	 Currently, the most common use in inducing 
polyploidy is colchicine, which is an alkaloid ob
tained from Colchicum autumnale L. Colchicine 

specifically disrupts the processes of cell division 
during mitosis or meiosis, causing the divided 
chromosomes not to divide into daughter cells, but 
remain within the mother cells [9]. For this reason, 
polyploidization is classified as mitotic (somatic) 
polyploidization and meiotic polyploidization 
[40].
	 When inducing sexual polyploidization, gametes 
with an unreduced number of chromosomes are 
produced [15]. It is known that colchicine is a 
tubulin inhibitor and can irreversibly inhibit the 
polymerization of tubulin and microtubule [41]. 
Microtubules are highly dynamic polymers that 
form the cellular cytoskeleton and play a role in 
many cellular functions, including cell division [42].
	 In addition, colchicine induces the depolymeri
zation of microtubules and thus blocks the formation 
of the mitotic spindle. In this way, chromosomes 
do not migrate to the poles of the cell during the 
metaphase of cell division [19, 42]. Moreover, 
colchicine is registered as a medicinal product used 
in the treatment and prevention of gout.
	 So far, many methods using colchicine have 
been developed (colchicine-induced polyploidy), 
including the following: 1) colchicination of seeds 
(soaking in a colchicine solution; germinating 
seeds in a colchicine solution), 2) colchicination 
of seedlings (immersion for several hours, soaking 
for many days), 3) colchicination of shoot ends 
(by sprinkling or applying cotton wool soaked in 
colchicine solution), 4) colchicination of roots 
(by immersing the roots in a colchicine solution), 
5) transplantation (grafting) method, 6) method 
of injection near the growth cone [23, 27, 36], 7) 
method using in vitro cultures [15, 23–33].
	 In many experiments, various colchicine 
methods with use of in vitro plant culture techniques 
are modified and combined, which allows for the 
effective multiplication of polyploids (Table 1). It 
should be noted that “domestic production of plants 
in in vitro cultures is one of the largest in Europe 
(hosta, lilies, hellebore, gerbera, roses, carnations, 
anthuriums, geraniums, azaleas, rhododendrons, 
magnolias, highbush blueberries, raspberries, haskap 
berries, strawberries, fruit roses, serviceberry, 
gooseberries, currants, miscanthus) [40].
	 According to current bibliography [15], in 
plants of industrial importance, soaking seeds 
in colchicine solutions at concentrations from 
0.05% to 1.5%, at various time intervals from 4 to 
96 hours, is often used. In some cases, colchicine 
was dissolved in DMSO. Routine procedures for 
determining the ploidy level in plants include flow 
cytometry, cytological analysis of chromosome 
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Table 1.

Summary of major studies inducing polyploidy in herbal plants and biological consequences

Plant species 
(alphabetically)

Material and antimitotic 
method Selected induced features Ref.

European 
blueberry 
(Vaccinium 
myrtillus L.)

– in vitro shoot culture; 
– incubation for seven days 
in the dark in propagation 
medium
– colchicine (125 mg l-1 and 
250 mg l-1) 
or APM (5 mg l-1 and 
10 mg l-1) in the medium

1) amiprophos-methyl (APM) and colchicine  in 
higher concentrations showed the highest poly
ploidization efficiency of 10.4% and 8.6%, res
pectively
2) the highest number of tetraploid plants was 
obtained after the application of colchicine at a 
concentration of 250 mg l-1 and after APM at a 
concentration of 10 mg l-1

3) the number of mixoploids was 3.5 times higher 
compared to tetraploids
4) flowers much larger by approximately 64% in 
autotetraploids compared to diploids
5) larger pollen tetrads by approx. 35%
6) the germination capacity of pollen tetrads was 
87.8% in tetraploids (although slightly lower than 
in diploids = 94.3%)

26 

Common hops 
(Humulus 
lupulus L.)

– culture of nodal segments 
on MS medium with oryzalin 
(1, 5 and 10 µM) – operation 
for 2 weeks or
– irrigation of nodal segments 
with oryzalin (10 and 20 µM) 
for 24 and 48 hours

1) the highest polyploidization efficiency was ob
tained after a 2-week culture on medium enriched 
with oryzalin (5 µM)
2) in the case of the method involving irrigation of 
nodal segments with oryzalin, the most effective 
conditions were achieved after applying 10 µM and 
20 µM of oryzalin for 24 and 48 hours, respectively
3) polyploidization efficiency in the first method 
was = 43.75% (tetraploids)
4) polyploidization efficiency in the second 
method was = 58.33% after oryzalin at a concen
tration of 20 µM acting for 48 hours

37

Common hops 
(Humulus 
lupulus L.)

– in vitro shoot culture of the 
hop variety “Sybilla”
– liquid MS medium with 
colchicine (0.01%, 0.05%, 
0.1%)
– in vitro apical fragments 
(explants) were immersed in 
colchicine medium for 24, 48 
or 72 hours (with rotation)

1) the most tetraploids (25%) were obtained after 
applying 0.05% colchicine for 48 hours and after 
applying 0.01% colchicine for 48 hours (22%)
2) the highest concentration of colchicine (0.1%) 
caused the highest explant mortality
3) polyploidization of the hop genome significantly 
influenced the morphological and chemical cha
racteristics of the “Sybilla” hop variety:
– most tetraploids had shorter and narrower 
leaves in the middle of the main and side shoots 
than diploid plants
– tetraploids had much thinner basal stems, pro
duced side shoots much shorter than diploids due 
to shorter internodal length
– lupulin glands were much longer in tetraploids 
than in diploids
– higher content of caryophyllene, limonene, hu
mulene, geraniol was found in tetraploids
– tetraploid plants were characterized by a reduced 
content of α-acids, myrcene, farnesan

52

number, assessment of morphological markers (size 
of stomata, pollen grains) [40] and observation of 
phenotypic and physiological features [6].

	 So far, polyploidy is the most important in 
horticulture [6, 16]. Examples are as follows: polyploid 
pear tree, apple tree, house plum, lubaszka plum, 
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Common hops 
(Humulus 
lupulus L.)

– in vitro shoot culture
– liquid MS medium with 
colchicine (0.01%, 0.05%, 
0.1% and 0.5%),
apical buds of in vitro plants
were immersed in colchicine 
medium for 24, 48, 72, 96 or 
120 hours (with rotation)

1) the highest percentage of tetraploid induction 
was obtained after applying 0.05% colchicine for 
48 hours (25.6%)
2) application of 0.01% colchicine (48 h), 0.05% 
colchicine (24 h, 96 h) and 0.1% colchicine (24 h)
also generated a significant number of tetraploids 
(>20%) and the results did not differ significantly 
from testing 0.05% colchicine for 48 hours
3) cold pretreatment increased tetraploid indu
ction for 0.05% colchicine for 48 hours to 35.3% 
from 25.6%

53

Purple 
coneflower 
(Echinacea 
purpurea (L.) 
Moench)

– in vitro plant culture
– root fragments from plants 
in vitro
– the roots were soaked in a 
solution of 0.05% colchicine 
for 5 hours and then in 
ethanol with acetic acid (3: 1) 
for 20 hours at 4°C

1) most of the aneuploids obtained had signi
ficantly longer leaf petioles, thicker and shorter 
roots 
2) most aneuploids had a higher content of chi
coric acid and chlorogenic acid 
3) aneuploids had a relatively lower rate of random 
bud regeneration

30

Smooth licorice 
(Glycyrrhiza 
glabra var. 
glandulifera 
(Waldst. & Kit.) 
Boiss.)

– in vitro seeds 
– seeds in liquid MS medium 
supplemented with colchicine 
(0.03%, 0.05%, 0.08%, 0.1%) 
in vitro for 24 and 48 hours

1) presence of tetraploids among seedlings 
after seed treatment with 0.08% colchicine and 
mixoploids after treatment with 0.1% colchicine
2) after 24 hours, no serious side effects were 
observed, but after 48 hours of colchicine action 
– toxic effects and a reduction in the growth rate
3) the obtained tetraploids had a significant 
number of larger stomata after treating the seeds 
with 0.1% colchicine for 24 hours
4) there was a significant increase in DNA content 
in seedlings treated with 0.05% colchicine for 24 
hours and 0.1%, 0.03% colchicine for 48 hours
5) the thickness of shoots and leaves increased 
while their length decreased

32

Thyme
(Thymus 
vulgaris L.)

– in vitro shoot culture – 
nodal fragments on MS 
medium supplemented with 
oryzalin (0.346; 1.73; 3.46 
mg l−1) for 2 weeks in vitro 
(method I) 
– soaking node fragments in 
oryzalin solutions (1.73; 3.46; 
5.19; 6.92; 8.65 mg l−1) for 24 
hours in vitro (2nd method) 
– in vitro shoot regeneration

1) lethal concentrations of oryzalin = 3.46 mg 
l−1 (method I) and 5.19; 6.92; 8.65 mg l−1) (2nd 
method) 
2) 44.44% of tetraploids were obtained (as a result 
of clonal multiplication of single chemically 
induced tetraploids) 
3) effective concentrations of oryzalin = 0.346 and 
1.73 mg l−1 
4) the essential oil of tetraploids showed greater 
toxicity to experimental insects 
5) higher content of thymol, carvacrol and trans-
caryophyllene was found in the oil of tetraploids

25

Edible passion 
fruit 
(Passiflora 
edulis f. 
flavicarpa 
O.Deg.)

– seedlings in vitro 
– hypocotyls on MS medium 
supplemented with colchicine 
(25, 250, 1,250 µM) or 
oryzalin (5, 15, 30 µM) for 15 
days in vitro 
– in vitro shoot regeneration 
and hydroponic breeding

1) autotetraploids regenerated in vitro were indu
ced with colchicine (25 µM) and oryzalin (15 µM) 
2) the sizes of the stomata of autotetraploids 
were much larger than those of their diploid 
counterparts, 
3) the frequency of stomata occurrence was signi
ficantly reduced. 
4) the number of chloroplasts increased signi
ficantly

33
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Common 
marigold 
(Caledula 
officinalis L.)

– marigold seeds – soaking 
the seeds in colchicine 
solutions (400, 800, 1200, 
1600 and 2000 ppm) for 1, 2, 
3 or 4 hours

The effect on germination, vegetative growth and 
yield of marigold flowers was assessed and it was 
found:
1) increasing the weight of fresh and dry shoots 
and roots, the number of flowers on the plant and 
flower diameter, extending the flowering period
2) colchicine (1200 ppm) combined with a 4-hour 
soaking time resulted in better seed germination 
(93.35% and 89.01%), while at a concentration of 
800 ppm for 4 hours it caused the development 
of the largest number of flowers and the largest 
flower diameter
3) the earliest flowering time was determined after 
soaking the seeds in colchicine at a concentration 
of 800 ppm for 1 hour
4) molecular diversity between treatments was 
assessed using ten SRAP marker combinations 
and showed that the percentage of polymorphism 
ranged from 79 to 100%

51

Common 
chamomile 
(Chamomilla 
recutita (L.) 
Rausch)

– plants in the rosette stage 
with 10-15 leaves, seeds. 
– colchicine (0.5%, 1.0%)

1) approx. 60% higher weight of 1000 seeds in te
traploids compared to diploids 
2) approximately 60% greater mass of inflores
cences in tetraploids 
3) approx. 10-15% larger diameter of inflorescen
ces in tetraploids 
4) approximately 25% larger diameter of pollen 
grains in tetraploids 
5) approximately 40% larger stomata in tetraploids 
6) twice the average number of chloroplasts per 
cell in tetraploids 
7) average content of α-bisabolol 10.7% in tetra
ploids, 1.7% in diploids

10-12

Ginseng 
(Panax ginseng 
C.A.Mey.)

– culture of adventitious 
roots in vitro (culture in a 
bioreactor) 
– colchicine (100, 200 and 
300 mg·l−1) in MS liquid 
medium acting for 1, 2 or 3 
days in the dark, with rotation

1) greater and faster root growth 
2) ginsenoside biosynthesis increased in all mu
tant lines (even 4.8-fold higher than in the con
trol), including the level of ginsenoside Rb1, Rb2, 
Rg3, Rh2, Re, Rg1, Rg2 
3) the expression of some ginsenoside biosynthetic 
enzymes was increased in the mutant lines 
4) some lines showed a higher increase in fresh 
biomass

55

Fenugreek 
(Trigonella 
foenum-
graecum L.)
Milk thistle 
(Silybum 
marianum L.)

– seeds 
– oryzalin (0.001 – 0.0005%)
– in vitro plant cultures were 
established from seeds treated 
with oryzalin

1) the antioxidant activity of the produced poly
ploid plants was higher in all cases compared to 
the diploid reference plants
2) HPLC analyzes of methanolic extracts of me
dicinal plants showed that they differed in the 
qualitative and quantitative composition of phe
nolic compounds. 
3) SPME-GC analyzes showed that the diploid 
and formed polyploid forms differed not only 
in the quantitative composition, but also in the 
qualitative composition of volatile compounds 
4) the presence of chlorogenic acid was found in 
polyploid milk thistle plants

38
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blackthorn plum and polyploid chrysanthemums, 
tulips, roses, dahlias, orchids, hyacinths, begonias, 
primroses, pansies, irises [16], Japanese barberry 
(Berberis thunbergii var. atropurpurea Chenault) 
[35], sweet cherry, sour cherry [40, 43, 44], lilies 
[39, 45], safflower (Carthamus tinctorius L.) [32], 
Fortune’s rhododendron (Rhododendron fortunei 
Lindl.) [27], daylilies (Hemerocallis sp.) [46], apple 
tree varieties (Malus × domestica Borkh.) [47, 48], 
black currant (Ribes nigrum L.) [47], alder-leaf 
(Amelanchier alnifolia (Nutt.) Nutt. ex M . Roem.) 
[24], garden tulip (Tulipa gesneriana L.) [49], 
grapevine (Vitis vinifera L.) [23], or the Australian 
succulent (Echeveria ‘Peerless’) [50].
	 Previously, the results of polyploid breeding 
were also described, which led to the production 
of tetraploid varieties of crop plants, including 
hemp, flax, barley, turnip, beetroot and rye [9]. 
Currently, polyploidization is important in many 
industrial crops, e.g. hemp (Cannabis sativa L.) 
[29], fine tobacco (Nicotiana tabacum L.), common 
cotton (Gossypium hirsutum L.), giant grasshopper 
(Miscanthus x giganteus J.M.Greef, Deuter ex Hodk., 
Renvoize), peanut (Arachis hypogaea L.), sugar cane 
(Saccharum officinarum L.), beetroot (Beta vulgaris 
L.) [15], Chinese tea (Camellia sinensis (L.) Kuntze)) 
[4], Brazilian rubber tree (Hevea brasiliensis (Willd. 
ex A.Juss.) Müll.Arg.) [28].
	 Experimental studies on the induction of poly
ploidy were also carried out for herbal plants, 
including artificial polyploids obtained in medicinal 
plants, such as passionflower (Passiflora edulis f. 
flavicarpa O. Deg.) [33], smooth licorice (Glycyrrhiza 
glabra var. glandulifera (Waldst.&Kit.) Boiss.) [32], 
marigold (Caledula officinalis L.) [51, 38], common 
hop (Humulus lupulus L.) [37, 52-54], thyme 
(thyme, Thymus vulgaris L.) [25], datura (Datura 
stramonium L.) [36], Chinese tea (Camellia sinensis 
(L.) Kuntze) [4], purple coneflower (Echinacea 
purpurea (L.) Moench) [30], blueberry (Vaccinium 
myrtillus L.) [26], ginseng (Panax ginseng C.A.Mey.) 
[31, 55], as well as fenugreek (Trigonella foenum-
graecum L.) and milk thistle (Silybum marianum L.) 
[38].
	 It should be noted that research on the induction 
of tetraploids of chamomile (Chamomilla recutita) 
using colchicine was carried out at the Research 
Institute of Medicinal Plants (currently the Institute 
of Natural Fibres and Medicinal Plants National 
Research Institute in Poznań). The method of 
colchicination of seeds and seedlings led to the 
production and registration of two varieties of 
chamomile, which are characterized by, among 
others: doubled weight of inflorescences, many 

times higher α-bisabolol content and a higher 
weight of the obtained seeds (the weight of 1000 
seeds increased by 60%) [10-12].
	 This allows to conclude that method of induced 
polyploidization can also increase the qualitative 
and quantitative value of other herbal plants, leading 
to the production of valuable plant raw material. 
Table 1 summarizes the most important methods 
and effects of artificial (chemically induced) poly
ploidization of known medicinal plants.
	 Moreover, already in the 1970s, detailed radia
tion breeding using induced radiation mutagenesis 
was described, along with description of obtained 
mutants for corn, wheat, soybean and tobacco. 
Additionally, in the case of vegetable, fruit and 
ornamental plants, the yield of beans and peas 
increased; improving the quality and shortening 
the ripening period of tomatoes; increasing 
onion resistance to diseases; changing the colour 
and shape of tulip, hyacinth and rose flowers; 
strengthening the red colour and increasing apple 
fruit; improving the fertility of pears [56]. Both 
natural and artificial polyploidization significantly 
increases the vigour of species, which is especially 
important in the era of climate change, which results 
in global warming. Climate change has exacerbated 
biotic and abiotic stress on plants, leading to 
declines in crop production, and increasing the 
risk of food insecurity, which is associated with 
socioeconomic problems. Therefore, induced 
polyploidization should be adopted as a strategy to 
improve the adaptive capacity of plants by creating 
genetic variation in response to environmental 
changes [5].
	 According to Lee et al. [55], mutagenesis (using 
colchicine) is an effective strategy for inducing 
desirable, valuable features, such as production of 
secondary metabolites in plants, and is particularly 
applicable to ginseng. Mutational induction  of 
ginseng adventitious roots contributed to 
the improvement of biomass parameters and 
ginsenoside content in in vitro breeding systems.
	 Mutant roots, characterized by rapid growth 
and high production of secondary metabolites, 
can improve the efficiency of industrial production 
systems, among others: food, pharmaceutical pro
ducts and cosmetic compounds. Currently (since 
2023), at IWNiRZ-PIB research on the development 
and evaluation of methods for inducing polyploidy 
using chemical mutagens (antimitotics) for milk 
thistle is carried out. The study is financed by special-
purpose subsidy of the Ministry of Agriculture and 
Rural Development.
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