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Abstract. The introduction of new crops to agrophytocenoses, to which Crocus sativus belongs, should be preceded 
by research into their ecological safety and place in crop rotation. When harvesting raw materials for obtaining 
saffron, up to 90% of by-products remain, which during decomposition can have a negative effect on the soil and 
indirectly on the plants that are grown after saffron. Therefore, the aim of the research was to study the allelopathic 
activity of water-soluble and volatile secretions of Crocus sativus flowers in the agroclimatic conditions of the 
Northern Black Sea region. The research was conducted in 2021 according to the generally accepted methodology, 
freshly picked flowers were used, from which individual elements were extracted, and flowers of different stages 
of flowering. The following research methods were used: field, laboratory, computational and statistical. The 
results of the research established that the water-soluble secretions of Crocus sativus flowers and their parts 
stimulate the energy of germination and inhibit the growth of one-day seedlings of Lactuca sativum. Water-soluble 
secretions of Crocus sativus flowers have a negative allelopathic effect. The index of allelopathic activity under 
the action of water-soluble secretions of flowers ranges from -0.26 for a flower with all parts to -0.01 for petals. 
The highest stimulating effect of volatile secretions on the growth of Lactuca sativum roots and the allelopathic 
activity index value is characteristic of the flower that has just bloomed and the stamens, and the lowest - for the 
pistils. The allelopathic activity of the volatile secretions of Crocus sativus flower parts is set at the level of 6.4 
(pistil) and 28.8% (stamens). Substances that inhibit the germination of Lactuca sativum roots are found mainly 
in the stamens. It was determined that the volatile secretions of Crocus sativus flower parts reduce the energy 
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INTRODUCTION
In connection with climate change in Ukraine, by the 
end of the century, an increase in the number of days 
with high temperatures, more than 100 tropical nights 
and up to 135 summer days per year, and a decrease 
in precipitation in the summer period are predicted for 
the Southern Steppe of Ukraine (World Bank..., 2021). 
This will lead to a decrease in the yield of certain crops 
(barley, corn, sunflower). For the stability of the coun-
try’s agricultural production, it is important to study 
and attract new crops that would be adapted to rising 
temperatures in summer, increased aridity in the south 
and east of Ukraine, and other consequences of climate 
change. One of these crops is saffron (Crocus sativus L.), 
which belongs to the Crocus genus of the Crocoideae 
subfamily of the Iridaceae family (Cardone et al., 2020).

Crocus sativus L. is a herbaceous perennial mono-
cotyledonous plant that reaches a height of 20-25 cm. 
Underground, it forms a tuber with a diameter of 2.5-
3.0 cm, covered with mesh and fibrous scales and dark 
brown fibers from destroyed old scales. The leaves 
are linear 15-20  cm long and 2-3  mm wide with a 
longitudinal white stripe. Plants bloom for 7-10 days 
in October-November. The flowers are large, light 
purple with a strong aroma (Cardone et al., 2020). 
Crocus sativus is a sterile triploid (2n=3x=24), so it 
does not form fruits and seeds (Cardone et al., 2021). 
Cultivated mainly in Iran, Afghanistan, Morocco, In-
dia, Spain, Greece and Italy (Cardone et al., 2019). To-
day, Iran supplies about 90% of raw materials to the 
world market (Kheirabadi et al., 2020).

C. sativus was introduced into culture around 3000-
2300 BC., does not occur in the wild (Nemati et al., 
2020). Saffron is the most expensive spice, which is 
called “red gold”, has beneficial properties for human 
health. Saffron is grown on different types of well-
drained soils with a pH range from neutral to slightly 
alkaline (Ghanbari et al., 2019). According to the results 
of research (Mzabri et al., 2022), the productivity of 
the receptacles is affected by illumination: the highest 
productivity is observed at 30% shading. The culture is 
resistant to low and high temperatures and withstands 
their range from -22 to 40°C (Siney et al., 2020). Ac-
cording to O.O. Mykhaylenko (2019), to collect 1 kg of 
dry saffron, it is necessary to collect receptacles from 
about 167,000 flowers.

During the last time, Crocus sativus culture arouses 
the interest of Ukrainian farmers, but some elements of 
its agrotechnics of cultivation remain poorly studied. 
That is why the aim of the research was to establish 
the peculiarities of the allocation of generative organs 

of Crocus sativus in the climatic and soil conditions of 
the Northern Black Sea region in order to establish the 
safety of growing a new crop for the agrophytocenoses 
of Southern Ukraine. The peculiarity of the cultivation 
and processing of plant raw materials of the crop is 
that when harvesting Crocus sativus, other elements of 
flowers (petals, stamens) or blossomed flowers remain 
as a by-product, which can be found in the fields or 
disposed of (Mykolaichuk et al., 2021). Therefore, it be-
came necessary to determine the allelopathic activity 
of water-soluble and volatile secretions of elements of 
flowers and flowers of different flowering periods.

LITERATURE REVIEW
In Ukraine, commercial plantings of C. sativus for food 
purposes were established in 2015 in the Kherson re-
gion (Mykhaylenko, 2019). After that, cultivation of this 
crop was also started in other regions.

Recently, the demand for saffron has been increas-
ing, and this is due to the discovery of biologically ac-
tive substances in various plant organs that have phar-
macological properties (Jadouali et al., 2019; Chen et 
al., 2020). Extracts and pure substances from C. sativus 
have been shown to have antioxidant, antiparasitic, 
hypolipidemic, hypotensive, immunomodulatory, an-
timicrobial, antitumor, and antidepressant effects. The 
range of actions is determined by the composition of 
biologically active substances contained in the cap-
sules (Chen et al., 2020; Soukrat et al., 2019). Among 
the volatile aromatic substances, monoterpene al-
dehydes (isophorone, safranal and their isomers), as 
well as non-volatile compounds of various nature, are 
the main ones. Among which: crocetin, crocin, lyco-
pene, zeaxanthin, α, β, γ-carotene; p-coumaric, van-
illic, 3-hydroxy-4-methoxybenzoic acids, pyrogallol, 
gallic acid, mangi-crocin, emodin, 2-hydroxyemodin, 
safranal, β-pinene, 1,8-cineole, picrocrocin; crocus-
es; 3-hydroxy-β-ionone, sugars, calcium, potassium, 
phosphorus, etc. The composition of saffron essen-
tial oil includes pinnen, prineol, fatty oils, B vitamins, 
flavonoids, sugars, gums, etc. Freshly collected flow-
ers of C.  sativus contain the glycoside protocrocin, 
which, when dried, splits into crocin and picrocrocin. 
According to M.A. Shajari & P.R. Moghaddam (2022), 
crocin predominates in the receptacles, (Ghanbari et 
al., 2019) found mainly flavonoids in the petals and 
leaves. As a result of research (Ghanbari et al., 2019) it 
was established that the volatile organic compounds 
of the C. sativus flower, in addition to safranal, include 
11 compounds, including acetic acid, 2(5H)-furanone, 

of seed germination of the test plant. The practical value of the research is that the results of the research can 
be used when determining the place of the crop in crop rotation and the duration of its cultivation in one field
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isobutanal, a fragment of biogenic aldehyde, 4-ketoi-
soferon, acetaldehyde, butyrolactone.

During the last decade, intensive studies of the 
biochemical composition of C. sativus organs and 
their allelopathic activity have been conducted. It is 
known that C. sativus can grow in one place for up to 
12 years, but after 5-6 years the plantations thin out, 
the yield of the receptacles decreases (Ghanbari et 
al., 2019). Releases of C. sativus have an inhibitory ef-
fect on seedlings and tested plants. The main volatile 
substances of saffron that have an inhibitory effect 
are safranal, D-limonene and isophorone (Mardani 
et al., 2019). Safranal (2,6,6-trimethyl-1,3-cyclohex-
adiene-1-carboxaldehyde), which is the main com-
ponent of saffron volatile compounds, is known for 
its inhibitory effect on cell division (Mardani et al., 
2019). The stimulating effect of the water extract of 
the petals on the growth of eggplant seedlings was 
revealed (Khoulati et al., 2020). The prospect of using 
saffron by-products has been studied by a number 
of scientists (Lahmass et al., 2018; Shadmehri et al., 
2019). Saffron leaf and tuber extract has an allelop-
athic effect on germination and shoot and root length 
of Datura stramonium and depends on saffron pheno-
logical phases (Barkhordari et al., 2018).

During the production of saffron, for each kilo-
gram of spices produced, about 53  kg of perianth 
leaves remain, which is up to 90% of the by-products 
that end up in waste (Menghini et al., 2018). Scientific 
studies have proven that some water-soluble metabo-
lites of perianth leaves have a positive effect on plant 
growth, influencing the activity of photosynthesis 
(Lahmass et al., 2018).

A study of the biochemical composition of saffron 
grown in Ukraine showed that in terms of the content of 
the main compounds (crocin, picrocrocin, saffron), the 
raw material meets the international standards of ISO 
3632 and belongs to category I (Mykhaylenko, 2019). 
Research on the allelopathic activity of saffron flow-
ers in Ukraine was conducted on the basis of Mykolaiv 
National Agrarian University. The stimulating effect of 
water-soluble secretions of individual parts of C. sativus 
flowers of different concentrations on the germination 
energy of L. sativum seeds was established. The high-
est indicators of allelopathic activity of water-soluble 
secretions of flowers were found at a concentration of 
0.02% (Mykolaichuk et al., 2021).

MATERIALS AND METHODS
To establish the allelopathic activity of water-soluble 
and volatile secretions of C. sativus flower parts of flow-
ers of different flowering periods, laboratory studies 
were carried out in the laboratories of the department 
of plant breeding and horticulture of the Mykolaiv Na-
tional Agrarian University in 2021. C. sativus was grown 
in accordance with recommendations, the plot was 
planted in 2019 on at the base of the branch of the 

department with coordinates 46°58′31″ north latitude 
31°59′37″ east longitude, at an altitude of 42 m above 
sea level. The material for research was collected in 
the third decade of October 2021.

To study the allelopathic activity of flower parts, 
freshly picked flowers were used, from which the gen-
erative organs (stamens and pistil) were removed in ac-
cordance with the recommendations for the collection 
of saffron raw materials.

Determination of the allelopathic activity of wa-
ter-soluble and volatile secretions of individual parts of 
the flower of C. sativus, the energy of germination and 
growth of the roots of seedlings of the biotester plant 
was carried out by the bioassay method of A.M. Grodz-
insky (1991). The test object was L. sativum seeds, 
which were sown in sterile Petri dishes on filter paper 
moistened with distilled water and placed for 24 hours 
in a thermostat at a temperature of +23-24°C. Seed-
lings of L. sativum whose root length reaches 2 mm are 
considered suitable for research.

To detect the allelopathic activity of the generative 
organs of C. sativus flowers, fertile and sterile elements 
were separated (variants of the experiment: “petals”, 
“flower”, “petals+stamens”, “petals+pistil”). The mass of 
stamens was 0.025±0.003  g, pistils – 0.035±0.002  g, 
petals – 0.376±0.013, and flowers – 0.435±0.016  g. 
They were placed in distilled water in the ratio of 1 g 
of the studied material per 100 ml (0.01%) of water and 
kept for 24 hours at a temperature of +23-24°C in a 
thermostat (Fig. 1). The solution was filtered through 
filter paper No. 2. After a day, 100 seedlings of L. sa-
tivum were transferred to filter paper in Petri dishes 
and 3-4 ml of filtrate was added.

Figure 1. Setting up an experiment with water-soluble 
secretions of C. sativus flowers

Source: developed by the authors

To determine the allelopathic activity of volatile 
secretions of the flower and its separate parts, they 
were removed from the flower and placed on a plastic 
rise in a Petri dish. At the same time, the flower and 
its parts did not touch the surface of the filter paper, 
which was moistened with 3-4  ml of distilled water 
and where 100 seedlings of L. sativum were transferred 
(Fig. 2). Petri dishes were placed for 24 hours in a ther-
mostat at a temperature of +23-24°C. The experiment 
was carried out in five repetitions.
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To determine the allelopathic activity of volatile secre-
tions of flowers of different ages, buds, a blooming flower,  

and a faded flower that bloomed 1 day ago were used. 
The experiment was carried out in five repetitions (Fig. 3).

Figure 2. Setting up an experiment with volatile secretions of C. sativus flower parts
Source: developed by the authors

During the day, the growth length of the roots of the 
seedlings was measured with the help of a caliper. To 
determine the energy of germination, the percentage of 
L. sativum seeds with developed roots was calculated af-
ter one day of exposure to volatile extracts of C. sativus.

Germination energy was determined as the ratio 
between the number of germinated seeds and their 
total number in percentage. The statistical analysis 
of the obtained results (the length of the roots of the 
seedlings of the biotester plant) was performed using 
Microsoft Excel and Statistica 7.0 programs. The aver-
age, minimum and maximum length of the roots were 
determined. The degree of trait variability was deter-
mined according to the method of S.A. Mamaev (1972): 
very low at <7%, low 8-12%, medium 13-20%, elevated 
21-30%, high 31-40% and very high >40%. Graphs were 
constructed using Excel 7.0 software.

Allelopathic activity was determined according to 
the method of A.M. Grodzinsky (1991) as the ratio be-
tween the length of the roots in the experiment to the 
length of the roots of L. sativum in the control (on dis-
tilled water), expressed as a percentage.

The allelopathic activity index (RI) was used to 
quantify the allelopathic effect, which was determined 
by the formula: RI=1-C/T,

where C are control indicators, T are indicators ob-
tained in the experiment. If RI>0, then there is a stimu-
lation effect, RI<0 indicates inhibition.

RESULTS AND DISCUSSION
As a result of the research, it was established that the 
water-soluble and volatile secretions of C. sativus flow-
ers are allelopathically active. Taking into account that 
during the collection of C. sativus receptacles, other 
morphological elements of flowers (petals, stamens) re-
main as a by-product, it became necessary to determine 
the allelopathic activity of water-soluble secretions of 
flowers and their elements, which in the future can be 
washed by water into the soil and affect other types 
of plants and crops in crop rotation. Considering the 
results of research by O. Mykhaylenko (2019) regard-
ing the quality of saffron plant raw materials obtained 
in Ukraine, it meets international standards ISO 3632 
and belongs to category 1, the content of safranal, cro-
cin and picrocrocin does not differ from the standards.

According to the research results, it was found that 
the water-soluble secretions of C. sativus flowers inhib-
it the growth of L. sativum root length, compared to the 
control (Table 1).

Among the variants of the experiment, the largest 
indicators of root length were registered in the “petal” 
variant, and the smallest – in the “flower”. Statistically 
significant differences are typical for the variants “flow-
er” with control, “petals+pistil” and “petals” (p<0.05). The 
coefficients of variation in the length of roots of L. sa-
tivum range from high (“petals+pistil”) (38.9%) to very 
high (>40%), which is characteristic of other variants.  

Figure 3. Setting up an experiment with volatile secretions of C. sativus flowers of different ages
(a – wilted, b – blossomed flower, c – faded flower)

Source: developed by the authors

a) b) c)
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Water-soluble secretions of the flower of C. sativus and their 
parts do not affect the energy of seed germination of the 

biotestor plant. The germination energy is slightly lower 
in the “petals+pistil” variant compared to other variants.

Table 1. The effect of water-soluble secretions of the flower of C. sativus on root growth (mm)
and germination energy (%) of L. sativum (N=100)

Source: developed by the authors

Option M±m min-max Cv, % The energy of 
germination RI

Control
(distilled water) 8.18±0.49 2.0-18.0 52.5 100 -

Flower 6.48±0.36 2.0-13.0 49.5 100 -0.26

Petals + pistil 7.75±0.37 2.0-18.0 38.9 99 -0.06

Petals + stamens 7.29±0.41 2.0-15.0 45.8 100 -0.12

Petals 8.10±0.42 2.0-15.0 45.7 100 -0.01

The index of allelopathic activity indicates that the 
water-soluble secretions of C. sativus flowers have neg-
ative indicators ranging from -0.26 for the flower with all 
elements to -0.01 for the petals. It was established that 
the allelopathic activity of the water-soluble secretions 
of the C. sativus flower and its elements is in the range 
from -21.4% (“flower”) to -1.0%, which is typical for 
the petals (Fig. 4). Comparison of allelopathic activity  

indicators with the index of allelopathic activity of the 
elements of the C.  sativus flower confirms that, with 
different approaches to their determination, which we 
used, the water-soluble secretions of the flower and its 
individual elements are allelopathically active. Analyz-
ing the obtained results, it can be assumed that the sub-
stances that cause inhibition of the growth of the roots 
of L. sativum seedlings are found mainly in the stamens.

flower petals+pistil petals+stamen petals
Line 1 -21.4 -5.3 -10.9 -1
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Figure 4. Allelopathic activity of water-soluble extracts of C. sativus flower, %
Source: developed by the authors

According to the research results, it was estab-
lished that the volatile secretions of individual parts of 
the flower of C. sativus have a stimulating effect, and 
their allelopathic activity ranges from 6.4% for the vol-
atile secretions of the pistil to 28.8% for the volatile 
secretions of the stamens compared to the control.

Volatile secretions of individual parts of the C. sa-
tivus flower have a slight stimulating effect on the 
growth of L. sativum roots compared to the control. The 
length of seedling roots exceeded the control in all var-
iants, but the highest values ​​were observed under the 
influence of volatile secretions of stamens and flowers 
(28 and 37%, respectively). The smallest increase in 
length is characteristic under the influence of volatile 

secretions of the pistil (6%). Statistically significant dif-
ferences are characteristic of the “stamen” and “flower” 
options with the control (p<0.05), there is no signifi-
cant difference between the other options. The length 
of the roots in all variants has high variability, it is 
characterized by a coefficient of variation that is >40%.

Volatile secretions of individual parts negative-
ly affect the germination energy of L.  sativum seeds, 
which is in the range from 57.6% (stamens) to 72.2% 
(pistil) and is less than the control by 42.4 and 27.8%, 
respectively (Table 2). The results obtained by us co-
incide with the results (Mardani et al., 2019) regarding 
the inhibitory effect of volatile extracts of C. sativus on 
the growth of root length of seedlings.
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The index of allelopathic activity of volatile secre-
tions of individual parts of the flower indicates that 
they have a stimulating effect and range from 0.06 
(pistil) to 0.24 (flower).

According to the results of research, it was estab-
lished that the volatile secretions of individual parts of 
the flower of C. sativus plants grown in the Northern Black 

Sea region have a stimulating effect, which ranges from 
insignificant – 6.4% (pistil) to medium – 37.0% (flower) 
(Fig. 5). The low allelopathic activity of the volatile secre-
tions of the uterus is due to the fact that it contains the 
largest amount of physiologically active substances (sa-
franal, D-limonene and isophorone (Mardani et al., 2019; 
Shadmehri et al., 2019), which have an inhibitory effect.

Table 2. Effect of volatile secretions of flower parts of C. sativus on root growth (mm)
and germination energy (%) of L. sativum (N=100)

Source: developed by the authors

Option M±m min-max Cv, % The energy  
of germination RI

Control 
(distilled water) 5.66±0.31 2,0-13.0 42.7 100 -

Stamens 7.29±0.67 2,0-15.0 53.5 57.6 0.22

Pistil 6.02±0.54 2.0-14.0 58.5 72.2 0.06

Petals 6.51±0.54 2.0-13.0 51.3 66.1 0.13

Flower 7.75±0.37 2.0-18.0 58.0 62.3 0.24
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Figure 5. Allelopathic activity of volatile secretions of flower parts С. sativus, %
Source: developed by the authors

The analysis of the effect of volatile secretions of 
flowers at different stages of flowering (from the bud 
to the flower that has bloomed) shows their stimu-
lating effect on the growth of the roots of biotester 
plants, compared to the control. The increase in seed-
ling root length ranged from 46.2% (open flower) to 
65.9% (bud) compared to the control. Statistically sig-
nificant differences are characteristic of the options 

“blossomed flower” and “bloomed flower” with con-
trol and “bud” with “bloomed flower” (p<0.05), there is 
no significant difference between other options. The 
volatile secretions of the C. sativus flower bud have a 
greater stimulating effect on root growth, compared 
to the control and other variants (Table 3). The coef-
ficients of variation of root length for all variants are 
very high (>40 %).

Table 3.  Effect of volatile secretions of C. sativus flowers at different stages of flowering 
on root growth (mm) and germination energy (%) of L. sativum (N=100)

Option M±m min-max Cv, % The energy of germination RI

Control 5.64±0.43 2.0-20.0 81.3 100 -

Bud 6.43±0.36 2.0-19.0 55.1 58.8 0.33

A blossomed flower 7.75±0.37 2.0-18.0 58.0 62.3 0.24

A bloomed flower 7.29±0.41 2.0-17.0 56.4 57.0 0.27

Source: developed by the authors
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Volatile secretions of C. sativus flowers of different 
stages of flowering negatively affect the energy of seed 
germination, which was lower than the control and 
ranged from 43% (bloomed flower) to 36.7% (bloomed 
flower) compared to the control (Table  3). The re-
sults obtained coincide with the results of research by 
H. Mardani (2019), regarding the inhibitory effect of vol-
atile secretions of C. sativus flowers on certain processes 
in L. sativum. At the same time, the index of allelopathic  

activity of volatile secretions of flowers, which was de-
termined by the increase in the length of the roots of 
the seedlings of the test plant, has positive indicators 
and ranges from 0.24 (blooming flower) to 0.33 (bud).

Volatile secretions of flowers of different degrees 
of flowering are allelopathically active, their effect 
is stimulating, and the values ​​are in the range from 
30.7% (bloomed flower) to 48.2% (bud), compared to 
the control (Fig. 6).
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Figure 6. Allelopathic activity of volatile secretions of С. sativus flowers at different stages of flowering, %
Source: developed by the authors

It is known that the main factors causing the allel-
opathic effect are the content of volatile substances in 
the flowers of C. sativus, among which safronal and other 
compounds are isolated. We assume that the content of 
these compounds is the lowest in flower buds, compared 
to blooming and faded flowers, therefore the indicators 
of allelopathic activity of volatile secretions of buds pre-
vail over the control and other variants of the experiment.

Research results confirm the presence of biologi-
cally active substances in C. sativus flowers that have 
allelopathic properties, this is also confirmed by the re-
search of other scientists (Mardani et al., 2019).

According to the results of research (Khoulati et al., 
2020) it was established that the water-soluble secre-
tions of the perianth of C. sativus plants grown in Moroc-
co, the activity of water-soluble secretions also depends 
on the concentration of biologically active substances: 
at a dilution of 2 mg/ml, it stimulates plant height and 
chlorophyll content, but reduces the antioxidant prop-
erty and content of malondialdehyde. When the con-
centration is increased to 3 mg/ml, the opposite effect 
is observed: inhibition of plant growth and an increase 
in the concentration of ascorbic acid. Based on this, the 
authors suggest taking these phenomena into account 
and using aqueous extracts at a dilution of 2 mg/ml of 
perianth (petals) as biostimulants. The water-soluble 
secretions of the petals of C. sativus, which were grown 
in the Northern Black Sea region of Ukraine, when di-
luted to 1  g/100  ml of distilled water, have a slight 
inhibitory effect on the seedlings of biotester plants. 
At the same time, they do not affect the energy of seed 
germination of the biotestor plant. This indicator is 
slightly lower in the “petals+pistil” variant compared 

to other variants. The obtained results coincide with 
the results of studies (Abbasi-Alikamar et al., 2007), 
which established that the petals of C. sativus flowers 
do not significantly affect the germination of plants.

According to (Serrano-Díaz et al., 2013), inhibition 
or stimulation of plant growth by water-soluble secre-
tions of parts of the flower of C. sativus depends on the 
content of various compounds (amino acids, fibers and 
necessary minerals) that stimulate growth.

Research (Feizi et al., 2018) showed that the allel-
opathic activity of C. sativus plants is determined not 
only by the concentration of solutions, but also by 
plant organs (flower, bulb, leaves). The research results 
showed that the leaves and bulbs of C. sativus had an 
inhibitory effect on the germination and vital activity 
indicators of safflower and sugar beet seeds. Increasing 
the concentration of the extract reduced all germina-
tion characteristics, including the percentage and rate 
of germination, hypocotyl, seedling and root length, 
seedling and root weight, as well as seed viability in-
dex of the studied crops. Therefore, there is a possibili-
ty of allelopathic action of all plant organs of C. sativus 
on plants cultivated in crop rotation with it.

(Barkhordari et al., 2018) determined that aqueous 
and alcoholic extracts of flavonoids of various organs 
of saffron, regardless of the phase of plant growth and 
development, have allelopathic potential, influencing 
the germination characteristics of Datura stramonium 
seeds. Thus, saffron concentration and phenological 
stage had a significant effect on Datura stramonium 
germination percentage, but the main effect of organ 
type on this trait was insignificant. The aqueous extract 
of saffron had no significant effect on the germination 
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of Datura stramonium at the stage of formation of new 
bulbs at a concentration of 2 g/l, but at a concentration 
of 4 g it significantly reduced seed germination.

Research results (Kheirabadi et al., 2020) estab-
lished that C. sativus bulbs also have substances that 
cause allelopathic effects. Thus, the allelopathic activ-
ity of bulb bulb residues and soil water extracts on the 
germination of lettuce seeds showed that the highest 
inhibition was associated with bulb extract. The mini-
mum germination percentage (82.0% and 86.5%) was 
obtained in extracts with a concentration of 75% and 
100%, respectively. The average time of germination of 
lettuce seeds was significantly increased with respect 
to different concentrations of aqueous bulb extract. The 
combination of activated carbon and tuber bulb resi-
dues reduced the average germination time. However, 
there were no significant differences in the average 
seed germination time. The length of the root and hy-
pocotyl did not show significant fluctuations according 
to different concentrations of the solutions. The allel-
opathic effect of saffron tuber residues caused growth 
imbalance between the lettuce shoot and roots. Accord-
ing to biochemical analyses, the use of adsorbents in-
creased the content of carotenoids and the chlorophyll 
index of lettuce by 23.33% and 5.25%, respectively.

The obtained results indicate that in the conditions of 
the Northern Black Sea region of Ukraine, water-soluble 
and volatile secretions of C. sativus plants have allelopath-
ic properties. Further research should establish the influ-
ence of the introductionr’s secretions on crops common in 
the agrocenoses of Ukraine, the possibility of reducing the 
negative impact on them, and the study of the phenome-
non of soil fatigue on perennial plantations of С. sativus.

CONCLUSIONS
Research on the allelopathic activity of water-soluble 
and volatile secretions of flowers of C. sativus plants 
grown in the agroclimatic conditions of the Northern 
Black Sea region of Ukraine was conducted for the first 
time, so the results obtained are original. It was es-
tablished that the water-soluble secretions of flowers 
and their elements do not have a negative effect on 
the germination energy of L. sativum seeds, but it was 

found that they inhibit the growth of the roots of seed-
lings of the biotester plant. The highest inhibition rates 
are characteristic of water-soluble secretions of a flow-
er with all morphological elements, the lowest – for 
petals (-21.4 and -1.0%, respectively).

Volatile secretions of C. sativus flowers inhibit the 
energy of germination of L. sativum seeds by 42.4 and 
27.8% compared to the control in variants of exposure to 
stamen and pistil secretions. However, the volatile secre-
tions of individual elements of the flower have a stimulat-
ing effect on the growth of roots, which are in the range 
of 6-28.8%. The index of allelopathic activity of volatile 
secretions of individual parts of the flower indicates 
their stimulating effect and is in the range of 0.06-0.24.

Water-soluble secretions of flowers have a stimu-
lating effect on the germination energy of L. sativum 
seedlings, but an inhibitory effect on the growth of the 
roots of test plants and have a negative allelopathic 
effect and index of allelopathic activity.

It was established that the volatile secretions of 
C. sativus flowers of different stages of flowering inhibit 
the energy of seed germination, the blossomed flower 
and bud have a greater inhibitory effect compared to the 
control, the indicators of which are 43.0 and 36.7% less 
than the control. However, they stimulate the growth of 
seedling roots compared to the control from 46.2% (open 
flower) to 65.9% (bud). The index of allelopathic activ-
ity ranges from 0.24 (blossomed flower) to 0.33 (bud).

Water-soluble and volatile extracts of C. sativus flowers 
grown in the Northern Black Sea region are allelopathically 
active. Their effect is stimulating and inhibiting on the ger-
mination energy and root growth of L. sativum seedlings.

Further studies of the allelopathic activity of C. sati-
vus plants should establish their influence on common 
field crops of Southern Ukraine, primarily winter wheat.
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Алелопатична активність водорозчинних та летких виділень квіток 
Crocus sativus L. (Iridaceae) в Північному Причорномор’ї
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Анотація. Введенню в агрофітоценози нових культур, до яких належить Crocus sativus, повинні передувати 
дослідження їх екологічної безпечності та місця в сівозміні. При збиранні сировини для отримання 
шафрану залишається до 90% побічних продуктів, які при розкладанні можуть негативно впливати на 
ґрунт і опосередковано на рослини, які вирощуються після шафрану. Тому метою досліджень було вивчення 
алелопатичної активності водорозчинних та летких виділень квіток Crocus sativus в агрокліматичних 
умовах Північного Причорномор’я. Дослідження проводили у 2021 р. за загальноприйнятою методикою, 
використовували свіжозібрані квітки, з яких вилучали окремі елементи, та квітки різного ступеню 
квітування. Використовували такі методи досліджень: польовий, лабораторний, розрахунковий та 
статистичний. Результатами досліджень встановлено, що водорозчинні виділення квіток Crocus sativus та їх 
частин стимулюють енергію проростання та пригнічують приріст однодобових проростків Lactuca sativum. 
Водорозчинні виділення квіток Crocus sativus мають негативну алелопатичну дію. Індекс алелопатичної 
активності за дії водорозчинних виділень квіток знаходиться в межах від -0,26 для квітки з усіма 
частинами до -0,01 для пелюсток. Найвища стимулююча дія летких виділень на приріст коренів Lactuca 
sativum та значення індексу алелопатичної активності характерна для квітки, яка щойно розквітла, та 
тичинок, а найменша – для маточок. Алелопатична активність летких виділень частин квітки Crocus sativus 
встановлена на рівні 6,4 (маточка) та 28,8% (тичинки). Речовини, які інгібують проростання коренів Lactuca 
sativum знаходяться переважно в тичинках. Визначено, що леткі виділення частин квітки Crocus sativus 
знижуюють енергію проростання насіння тест-рослини. Практична цінність досліджень, полягає в тому, що 
результати досліджень можуть бути використані під час визначення місця культури в сівозміні і тривалості 
вирощування її на одному полі

Ключові слова: алелопатія; квітування; елементи квітки; інгібування; стимулювання
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