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found that water-soluble extracts of flowers of different states and elements of C. sativus
flowers do not have a significant effect on the morphometric and quality parameters of
wheat kernels during germination. Water-soluble secretions of flowers of different states
have an inhibitory effect on the development of the root system; secretions of the bud and
the bloomed flower inhibit the growth of coleoptiles. The effect of water-soluble secretions
of sowing saffron flowers elements has varietal peculiarities: for winter wheat seedlings of
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soluble secretions of flowers of different states and their elements, as well as the index of
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winter wheat varieties for joint cultivation and use of plant residues as biological stimulants
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INTRODUCTION

Crocus sativus L., or sowing saffron, is a rare crop that is
a source of the world’s most expensive spices and val-
uable compounds used in the official pharmacopoeia.
Due to the biological and ecological characteristics of
the plants and their economic importance, the crop is
promising for cultivation in Ukrainian agrocenoses. To
this end, it is necessary to study the safety of C. sativus L.
plant isolates on other crops and their role in soil toxin
formation.

Demand for saffron is growing globally due to
its use in cooking, medicine, and cosmetics, as well
as new health benefits (Cardone et al., 2020; Sharma
et al., 2020). According to the National Agricultural
Statistics Service (2017), in Iran, about 10-12% of the
total saffron area is cultivated under intercropping sys-
tems (including cumin, sunflower, and wheat), while
the remaining 88-90% of the C. sativus area is grown
in monoculture. Over the past decade, C. sativus L. (per-
ianth petals) largely has been studied for its by-prod-
ucts (perianth petals) in agriculture to increase yields
(Lahmass et al., 2018). According to L. Menghini et al.
(2018), about 90.0-92.6%, or 53 kg, of the production
of one kilogram of spices is accounted for by perianth
petals and 13.4% by stamens, which is equivalent to
150000-200000 flowers.

The perianth petals of the saffron flower contain
several bioactive compounds, such as minerals, an-
thocyanins, monoterpenoids, carotenoids, flavonoids
and flavonols (kaempferol) (Mykhailenko et al., 2019;
Belyagoubi-Benhammou et al., 2023). Therefore, it is
promising in the world to isolate biologically active
compounds from saffron by-products (petals) for their
use in the food, perfumery, and pharmaceutical indus-
tries (Mir et al., 2022; Serda-bernad et al., 2023). The
study of the allopathic properties of plants is a promis-
ing area of research worldwide (Kheirabadi et al., 2020;
Janusauskaite, 2023). Considering the biochemical com-
position of various organs of C. sativus L., its allopathic
activity has been studied for a long time. According to
the results of M. Kheirabadi et al. (2020), it is known
that saffron can be grown in one place for up to 12
years, but starting from 5-6 years, the yield of bracts
decreases. |. EL Aymani et al. (2019) found that the dura-
tion of cultivation of C. sativus L. also negatively affects
the number of endomycorrhizal fungal species.

A minor inhibitory effect, which depended on the
concentration of the filtrate, was found by Fallahi
et al. (2018) in the effect of aqueous extracts of leaves
and corms of C. sativus L. on seedlings of fenugreek
(Trigonella foenum-graecum L.), chickpea (Cicer ariet-
inum L)) and arugula (Eruca sativa Mill.) as promising
related crops. According to the results of a study by
M. Abbasi & A. Sepaskhah’s (2022) research on com-
bined winter wheat and saffron crops during 2013-
2017 in Iran, the benefits of growing intercrops in
production were found to be 74% higher, with a land
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equivalent ratio of 1.74. Farmers are recommended to
grow saffron in wide-row crops with winter wheat to
increase income and soil use efficiency.

In Ukraine, the effect of water-soluble secretions
from flowers of C. sativus L. of different states on the
germination of winter wheat has not been studied. In
connection with the possible expansion of the area un-
der C.sativus L., there is a need to study the interaction
of a new promising crop with traditional ones. Ukraine
is one of the largest exporters of wheat grain, so for
agricultural production, the study of the possibility of
growing saffron and winter wheat in joint crops and
establishing a place in the crop rotation, considering
the allopathic activity of C sativus L., is an important
direction of crop introduction. In addition, by-prod-
ucts (petals, flowers, pistils) from saffron production,
such as spices, can become a biological stimulant for
the germination of winter wheat seeds. The research
aims to determine the peculiarities of the influence of
water-soluble secretions of C. sativus flowers and their
elements on the germination of seeds of two varieties
of winter wheat.

MATERIALS AND METHODS

To establish the allelopathic activity of water-soluble
extracts of C. sativus L. flowers grown in the Northern
Black Sea region of Ukraine at the initial stages of on-
togeny of plants of different varieties of winter wheat,
field studies were conducted in November 2021 at the
experimental field of Mykolaiv National Agrarian Uni-
versity, and laboratory studies were conducted in the
laboratories of the Department of Plant Production and
Gardening.

The determination of the allopathic activity of
water-soluble secretions of individual parts of C. sati-
vus L. flower on the growth of roots and coleoptiles of
seedlings of Ukrainian winter wheat varieties Vidrada
and Koshova was carried out according to the method
of A. Grodzinskiy et al. (1979). Seeds of the studied
soft winter wheat varieties were sown in sterile Petri
dishes on filter paper moistened with distilled water
and placed in a thermostat at +23-24°C for 24 hours.
To determine the allopathic activity of C. sativus L.
flower elements, freshly harvested flowers with fertile
and infertile parts were used (experimental variants:
“petals”, “petals + stamens”, “petals + pistil”). Stamens
weighed 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 a ratio of 1 g per 100 ml
(0.01%) and kept for 24 hours at a temperature of +23-
24°C. The choice of concentration was based on tests
conducted previously on watercress seeds (Mykolaichuk
et al, 2021). The solution was filtered through filter
paper No. 2. A day later, 25 wheat seeds with signs of
primary roots were transferred to filter paper in Petri
dishes and 4 ml of filtrate was added.




To determine the allelopathic activity of water-sol-
uble secretions of flowers of different states, buds,
a blooming flower, and a flower that bloomed 1 day
ago were used. The flowers were kept for a day in
100 ml of distilled water. Further development of the
seedlings took place in a Petri dish in a thermostat at
20°C. Seven days later, at the beginning of the seed-
ling development phase, the metric and qualitative
parameters of seeds were determined, and the maxi-
mum and total root length, the number of adventitious
roots, the length of the coleoptile and the root weight
were measured. To determine the effect of water-sol-
uble secretions of C. sativus L. flowers on the process
of grain swelling, metric (length, width, thickness, mm)
and qualitative (weight, g) parameters were measured
before the experiment and on day 7. The metric param-
eters were measured with a calliper with an accuracy
of 0.01 mm, the mass was determined using a balance
with an accuracy of 0.001 g. The experiment was car-
ried out in five replications.

Statistical processing of the results was carried out
using Microsoft Excel and Statistica 7.0. Graphs were
created using Excel 7.0. To quantify the allopathic ef-
fect, the allopathic activity index (Al) was used, which
was determined by the formula:

RI=1-C/T,
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where C - control values, T - test values. If RI>0, then
there is a stimulation effect, RI<0 indicates inhibition
(Williamson et al., 1988).

RESULTS AND DISCUSSION

As a result of laboratory studies, an increase in the mor-
phometric parameters of the grain: length by 1.87%, and
width and thickness - on the contrary — a decrease by 5.0
and 1.1% compared to the initial values - was found dur-
ing the period of germination of wheat seeds of Vidrada
variety in plants of the control variant. The increase in
kernel weight was 25.0% compared to the initial weight.
The same peculiarity was observed for the Koshova grains,
but the length increased by 6.4%,and the width and thick-
ness also decreased by 32.1 and 18.0%. The increase in
kernel weight was 33.3% compared to the initial weight.

Under the influence of water-soluble secretions of
C. sativus L. bud, the increase in the length of the grain
of Vidrada variety to the initial value was 4.0%, and to
the control 2.1%. For the width, a slight increase was
observed compared to the initial value, but more com-
pared to the control (1.0 and 6.6%, respectively). The
thickness, on the contrary, decreased by 2.5 and 1.5%,
respectively. At the same time, the weight of the kernel
increased by 50% compared to the initial and by 20%
compared to the control (Table 1).

Table 1. Influence of water-soluble secretions of C. sativus L. flowers of different states on morphometric and quality
parameters of winter wheat grains of different varieties during germination

Water extracts from flowers in different states (Factor B)

Initial variable Control Bud The blooming flower  The bloomed flower

Indicators Mim Mzm Mzm Mim Mim

min-max min-max min-max min-max min-max
Varieties (Factor A)
Vidrada
Lenath. mm 6.94%0.05 7.07%0.14 7.22+0.20 7.07+0.15 6.93+0.14
gth, 5.90-7.85 6.31-8.05 5.34-8.45 5.76-8.40 5.56-7.78
Width. mm 2.89+0.3 2.74*0.14 2.92+0.13 2.77*+0.09 2.69+0.13
’ 2.30-3.35 1.76-4.14 1.92-3.90 2.01-3.30 1.38-3.62
Thickness. mm 2.79%0.03 2.76%0.11 2.72*0.09 2.78+0.09 2.63%0.09
’ 2.30-3.12 1.77-3.66 1.96-3.25 1.57-3.51 1.74-3.07
Mass 0.04+0.00 0.05+0.00 0.06+0.00 0.05*0.00 0.05*0.00
9 0.02-0.04 0.03-0.08 0.03-0.09 0.03-0.08 0.02-0.07
Koshova

Lenath. mm 6.88+0.06 7.32%0.17 7.19+0.15 6.87%0.11 6.91%0.16
gth, 5.94-7.51 5.60-8.63 6.19-8.32 5.95-7.79 5.68-8.53
Width. mm 2.87%0.04 1.95+0.11 2.55%0.12 2.46%0.11 2.29%0.10
’ 2.04-3.44 1.00-3.04 1.70-3.41 1.69-3.66 1.56-3.05
. 2.67+0.17 2.19+0.11 2.55+0.11 2.27+0.09 2.28+0.08
Thickness, mm 2.36-3.03 125297 1.39-3.25 171-2.87 1.34-3.05
Mass 0.03+0.00 0.04+0.00 0.05+0.00 0.04+0.00 0.04+0.00
9 0.03-0.04 0.02-0.06 0.03-0.07 0.01-0.07 0.02-0.05

Source: compiled by the authors

Koshova wheat grain was characterised by an in-
crease in length of 4.5% compared to the initial one,

but a decrease in this indicator by 1.8% compared to the
control. There was also a decrease in width by 11.2%
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compared to the original, but an increase of 30.8% com-
pared to the control. The same trend is observed for
thickness: a decrease of 4.5% compared to the initial
and an increase of 16.4% compared to the control. An
increase in kernel weight was recorded by 66.7% com-
pared to the initial and 25% compared to the control.
The water-soluble secretions of the blossoming
flower of C.sativus L. affect the morphometric parameters
of the grain of the Vidrada variety: compared to the ini-
tial length, it increased slightly by 1.87%, compared to the
control, there was no increase. The width and thickness
are characterised by a decrease of 4.2 and 0.4% compared
to the initial values. Compared to the control, there was
a slight increase of 1.1 and 1.5%, respectively. Compared
to the initial weight of the grain, there was an increase
of 25%, but compared to the control, the weight did not
increase. For the Koshova variety, there was a slight de-
crease in all morphometric parameters compared to the
initial ones: length - by 0.2, width - by 14.3, thickness -
by 15.0%. Compared to the control, the length of the
grain decreased by 6.2%, and other morphometric param-
eters increased: width - by 26.2, thickness - by 3.7%.
The water-soluble secretions of the blossoming flow-
er of C. sativus L. affected all morphometric parameters

of Vidrada grain and were lower than the initial ones:
length - by 0.2%, width - by 6.9%, thickness — by 5.7 %,
respectively. Compared to the control, a slight decrease
in all morphometric parameters was observed: length -
by 2.0, width - by 1.0, and thickness - by 4.7%, respec-
tively. For Koshova grains, the length slightly increased
by 0.4% compared to the initial one. Under the influ-
ence of water-soluble secretions, the weight increased
by 33.3% compared to the initial weight. At the same
time, width and thickness decreased by 20.2 and 14.6%,
respectively. Compared to the control, the length of the
kernel is 5.6% shorter, and the width and thickness are
174 and 4.1% larger, respectively. The grains of both
varieties are characterised by a 25% increase in weight,
which, in our opinion, is associated with the process of
swelling during germination.

The analysis of the effect of water-soluble secre-
tions of C. sativus L. flower elements on the germina-
tion of wheat kernels of the Vidrada variety shows the
following: compared to the initial indicators, a slight
increase in the length of the control variant kernels by
1.9% was observed, while a slight decrease in width
and thickness (5.2 and 1.1%, respectively) was ob-
served, while the weight increased by 33.3% (Table 2).

Table 2. Influence of water-soluble secretions of C. sativus L. flower elements on morphometric and qualitative
parameters of winter wheat kernels of different varieties during germination

Water extracts from flowers in different states (Factor B)

Initial variable Control Petals Petals + stamens Petals + Stamens

Indicators Mm Mm Mm Mm Mm

min-max min-max min-max min-max min-max
Varieties (Factor A)
Vidrada
Lenath mm 6.94+0.05 7.07%0.14 7.00+0.18 7.02+0.15 7.09%0.16
gth, 5.90-7.85 6.31-8.05 5.67-8.65 5.66-8.35 5.78-8.26
Width 2.79%0.03 2.76%0.11 2.73*0.10 2.57+0.08 2.64%0.06
idth, mm 2.30-3.12 1.77-3.66 2.14-3.65 1.96-3.37 2.20-3.08
Thickness. mm 0.04+0.00 0.05+0.00 0.05%0.00 0.05+0.00 0.06+0.00
’ 0.02-0.04 0.03-0.08 0.03-0.08 0.03-0.07 0.03-0.08
Mass 6.94+0.05 7.07%0.14 7.00+0.18 7.02+0.15 7.09%0.16
9 5.90-7.85 6.31-8.05 5.67-8.65 5.66-8.35 5.78-8.26
Koshova

Lenath mm 6.88+0.06 7.32%0.17 7.02%0.13 7.18*0.12 7.32%0.11
gtn, 5.94-7.51 5.60-8.63 6.12-8.27 5.955-7.91 6.62-8.55
Width. mm 2.87%0.04 1.95+0.11 2.23%0.11 2.17+0.09 2.23%0.11
’ 2.04-3.44 1.00-3.04 1.34-2.93 1.28-2.75 1.34-2.93
. 2.67%0.17 2.19+0.11 2.24+0.12 2.29%0.08 2.24%0.12
Thickness, mm 2.36-3.03 125297 112-2.99 162-2.85 112-2.99
Mass 0.03+0.00 0.04+0.00 0.04+0.00 0.04+0.00 0.04+0.00
9 0.03-0.04 0.02-0.06 0.02-0.06 0.03-0.07 0.02-0.06

Source: compiled by the authors

Koshova grains are characterised by a 6.4% in-
crease in length in the control variant compared to
the original, but other indicators decrease in width
by 32.1% and thickness by 18.0%, respectively, while
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weight increases by 33.3%, indicating intensive germi-
nation processes. The water-soluble secretions of C. sa-
tivus L. petals slightly affected the length of the grain
of wheat variety Vidrada, the increase of this indicator




was 0.9% compared to the initial one, other morpho-
metric parameters were characterised by a slight de-
crease: width - by 1.04, thickness - by 2.2%. Compared
to the control, there was a slight decrease in length and
thickness by 1.0 and 1.1%, respectively, and an increase
in width by 4.4%. The weight of the grain increased by
25% compared to the initial weight, and no increase
was observed compared to the control. Koshova grains
were also characterised by a slight increase in length by
2.0%,but a decrease in width and thickness (by 22.3 and
16.1%, respectively). The increase in weight compared
to the initial weight was 33.3%, while no increase was
observed compared to the control variant.
Water-soluble secretions of petals and stamens
of C. sativus L. slightly affected the length and width
of the kernels of Vidrada variety compared to the in-
itial ones (1.2 and 0.7%, respectively), but the kernel
thickness decreased by 7.9%. Compared to the control,
there was a slight decrease in length and thickness

Mykolaichuk & Korkhova

by 0.7 and 6.9%, but an increase in width by 6.2%. Un-
der the influence of water-soluble secretions of pet-
als with stamens, the weight of the grain increased
by 25% compared to the initial one, but there was
no increase compared to the control. Kernels of the
Koshova variety were characterised by an increase in
length only, by 4.4% compared to the initial one, while
other parameters showed a decrease in width by 24.4
and thickness by 14.2%.

Thus, no significant effect of water-soluble secre-
tions of flowers of C. sativus L. of different states and
elements of flowers grown in the Northern Black Sea
region of Ukraine on the morphometric and qualitative
parameters of wheat grains of the two studied varie-
ties was found. The study of the effect of water-soluble
secretions of C.sativus L. flower elements on the devel-
opment of the root system of seedlings of the studied
varieties indicates that it has varietal characteristics of
the reaction (Table 3).

Table 3. Influence of water-soluble secretions of C. sativus L. flowers of different states on morphometric
and qualitative parameters of winter wheat roots of different varieties

Varieties (factor A)

Water extracts from saffron

flower elements Vidrada
(Factor B) Max length, mm Overall length, mm Number of roots Mass, g
Control 91.15%2.65 233.35%6.37 3.45%0.15 0.05%0.00
75.00-114.00 166.00-296.00 3.00-5.00 0.03-0.08
Flower state
Bud 81.65%7.23 196.25%21.61 3.35+0.14 0.04+0.00
39.00-141.00 94.00-392.00 3.00-5.00 0.01-0.08
The blooming flower 92.89%7.15 254.32%27.82 3.89%0.19 0.05%0.01
9 22.00-134.00 46.00-437.00 3.00-5.00 0.01-0.11
The bloomed flower 106.25%5.76 284.48+18.98 3.40%0.11 0.04%0.00
50.00-135.00 108.00-405.00 3.00-4.00 0.02-0.08
Flower elements
Petals 104.20£7.23 277.65%21.64 3.55%0.15 0.05%0.01
35.00-142.00 90.00-410.00 3.00-5.00 0.01-0.10
124.30%£10.88 309.75%11.79 3.75%0.10 0.04%0.00
Petals + stamens 73.00-321.00 172.00-415.00 3.00-4.00 0.02-0.06
Petals + stamens 99.10%7.58 266.25%22.51 3.70%0.18 0.04%0.00
25.00-145.00 70.00-404.00 3.00-5.00 0.02-0.08
Koshova
Control 121.75%3.63 311.25%9.23 3.25%+0.12 0.05%0.00
84.00-145.00 226.00-375.00 3.00-5.00 0.02-0.08
Flower state
Bud 75.89%+8.94 174.79%25.67 3.21*#0.12 0.03+0.00
15.00-130.00 17.00-388.00 3.00-5.00 0.01-0.07
The blooming flower 119.35%5.00 298.10%14.63 3.20%0.09 0.04%0.00
9 68.00-150.00 148.00-410.00 3.00-4.00 0.02-0.06
The bloomed flower 124.65%3.22 302.95%£6.49 3.15%0.08 0.04%0.00
97.00-144.00 233.00-370.00 3.00-4.00 0.03-0.07
Flower elements

Petals 114.80+6.17 281.60+16.34 3.40%0.13 0.05+0.00
55.00-153.00 130.00-362.00 3.00-5.00 0.02-0.08
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Table 3, Continued

Varieties (factor A)

Water extracts from saffron

flower elements Vidrada
(Factor B) Max length, mm Overall length, mm Number of roots Mass, g
Petals + stamens 99.55%9.00 239.75%26.13 3.10£0.07 0.04+0.00
68.00-150.00 35.00-393.00 3.00-4.00 0.02-0.06
Petals + stamens 112.80+8.05 281.15+20.82 3.15%0.08 0.04+0.00
38.00-153.00 102.00-419.00 3.00-4.00 0.02-0.08

Source: compiled by the authors

The water-soluble bud secretions harmed the root
indices of Vidrada seedlings, especially on the total root
length (-15.9%) and the number of roots (-2.9%). The
negative effect on the seedlings of the Koshova variety
was greater — -43.8% for the total length of roots and
-1.2% for their number. The influence of water-soluble
secretions of the blossoming flower on the parame-
ters of roots of seedlings of the Vidrada plant variety
has a slight stimulating effect, with the highest values
also characteristic of the total length of roots, and the
lowest - for the maximum length (9.0 and 1.9%, re-
spectively). Seedlings of the Koshova variety are char-
acterised by a negative effect on all root parameters
compared to the control, with the greatest effect on the
total length and a lesser effect on the number of roots
(-7.1 and -1.5%, respectively). The water-soluble secre-
tions of the faded flower stimulate the development of
roots, especially the total length, with a smaller effect
on their number (21.9 and 1.5%, respectively). A posi-
tive effect on the maximum length of roots (2.4%) was
found for seedlings of the Koshova variety, but a slightly
negative effect on other indicators (-2.7% for the total
length of roots and -1.5% for the number of roots). The
weight of roots of seedlings of Vidrada variety is char-
acterised by a negative effect of water-soluble secre-
tions of flowers of different states on the growth com-
pared to the control: bud and bloomed flower - by 20%,
and secretions of the bloomed flower have no effect.

The water-soluble secretions of C. sativus L. flowers
of different states negatively affect the root weight of
seedlings of the Koshova variety compared to the control,
with a greater effect on the bud (-40%),and a negative ef-
fect on the root weight (-20%) for the bloomed and faded
flowers. The water-soluble secretions of C. sativus L.

flower elements have a positive effect on the growth of
maximum and total root length (14.3 and 19.0%, respec-
tively), as well as on the number of roots (2.9%) of seed-
lings of Vidrada plants. Root weight did not differ from
the control. For seedlings of plants of the Koshova variety,
water-soluble petal secretions negatively affect the max-
imum and total length of roots compared to the control
(-5.7 and -9.5%, respectively), but positively — the number
of roots (4.6%), no effect on root weight was found.

Water-soluble petal and stamen secretions also
have a positive effect on the growth of the maximum
and total root length of seedlings of the Vidrada variety
(36.4 and 32.7%, respectively), and the number of roots
(8.7%), but the root weight was 20% less. Water-soluble
secretions of petals and stamens negatively affect all
indicators of roots of seedlings of the Koshova variety:
the greatest effect is observed on the total length of
roots (23.0%), the least — on the number of roots (4.6%).
The water-soluble secretions of petals and pistils have
a positive effect on the growth of roots of seedlings
of Vidrada plants compared to the control. The highest
values are characteristic of the total length (14.1%), the
lowest - for the number of roots (7.3%). In seedlings
of the Koshova variety, a negative effect on the total
length of roots (-9.4%) and the number of roots (-3.1%)
was observed. The root weight of seedlings of both va-
rieties is characterised by a negative effect of-20%. The
effect of water-soluble secretions of the blossoming
flower of C. sativus L. on the maximum and total length
of roots of both wheat varieties is significant, the effect
on the number of roots is insignificant. The water-solu-
ble secretions of C. sativus L. flowers of different states
negatively affect the length of the coleoptile of plants
of the studied winter wheat varieties (Table 4).

Table 4. Influence of water-soluble secretions of C. sativus L. flower of different state and flower elements on
morphometric and qualitative parameters of collyoptile of winter wheat seedlings

Varieties (Factor A)

Vidrada Koshova
Water extracts from saffron flower elements
(Factor B) length, mm mass, g length, mm mass, g
Mzm Mim Mzm Mim
min-max min-max min-max min-max
Control 55.15%+1.43 0.06%0.00 58.50£1.81 0.06%0.00
45.00-67.00 0.04-0.08 50.00-74 0.04-0.08
Flower state Bud 42.50%4.52 0.04%0.00 39.47+5.88 0.04%0.01
13.00-75.00 0.02-0.09 3.00-82.00 0.01-0.09
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Table 4, Continued

Varieties (Factor A)

Vidrada Koshova
Water extracts from saffron flower elements
(Factor B) length, mm mass, g length, mm mass, g
Mim Mim Mzm Mim
min-max min-max min-max min-max
The blooming flower 51.84%4.62 0.05%0.00 53.05%2.81 0.05%0.00
9 12.00-76.00 0.01-0.08 25.00-69.00 002-0.07
Flower state

The bloomed flower 59.20+2.88 0.05%0.00 63.95+1.86 0.05%0.00
35.00-81.00 0.03-0.08 44.00-75.00 0.04-0.07
Petals 54.05+3.27 0.06%0.00 61.00+3.56 0.06%0.00
18.00-78.00 0.02-0.10 20.00-79.00 0.02-0.08-
Flower elements Petals + stamens 58.05%2.67 0.06%0.00 52.15%5.15 0.05%0.00
26.00-71.00 0.03-0.07 6.00-79.00 0.01-0.08
Petals + stamens 53.80%3.60 0.06%0.00 56.90£14.02 0.05%0.00
15.00-77.00 0.02-0.08 18.00-75.00 0.03-0.07

Source: compiled by the authors

The Vidrada variety is characterised by an intensive
decrease in the length of the coleoptiles under the in-
fluence of water-soluble secretions of the bud and the
bloomed flower by -22.9 and -6.0%, respectively, com-
pared to the control, while the water-soluble secretions
of the bloomed flower have a slight positive effect of
7.3% compared to the control. There is also a negative
effect on the weight of coleoptiles,ranging from-33.3%
for bud secretions to -16.7% for bloomed and faded
flowers. For coleoptiles of seedlings of the Koshova va-
riety, the corresponding indicators range from -32.5%,
which is typical for bud secretions, to -9.3%, which is
typical for a bloomed flower, but the secretions of a
bloomed flower have a slight positive effect compared
to the control (9.3%). There is also a negative effect of
water-soluble secretions on the weight of the coleop-
tile compared to the control by -33.3% for the bud se-
cretions and by-16.7% for other variants.

Water-soluble petal secretions stimulate the growth
of coleoptiles of Vidrada plants by 4.3%, and water-sol-
uble secretions of petals and stamens and pistils in-
hibit growth compared to the control by 10.8 and 2.7%.
For plants of the Koshova variety, a slight inhibition
of growth under the influence of water-soluble petal
secretions by -2.0% and stimulation by water-soluble

secretions of petals with stamens and pistils compared
to the control by 5.3 and 1.5%, respectively, is charac-
teristic. There was no negative effect of water-soluble
secretions of C.sativus L. flower elements on the weight
of coleoptiles in seedlings of the Koshova variety, in
contrast to the weight of coleoptiles of seedlings of the
Vidrada variety, which is characterised by the absence
of influence of water-soluble petal secretions and the
inhibitory effect of water-soluble petal secretions and
stamens and pistils (-16.7%).

The effect of water-soluble secretions on the
length and weight of coleoptile of seedlings of the
studied wheat varieties is significant. A high correlation
(p<0.05) between the total length of the roots and the
length of the coleoptile is characteristic of seedlings
of the Vidrada variety in variants with the influence of
water-soluble secretions of flowers of all states and
elements of the flower (petals and petals with pistil).
For seedlings of the Koshova variety, there is also a re-
lationship between the total length of the roots and
the length of the coleoptile under the influence of wa-
ter-soluble secretions of buds and a blooming flower.
The correlation between these parameters under the
influence of water-soluble secretions of petals stamens
and pistils is not very high and inverse (Table 5).

Table 5. Correlation between root length and coleoptile length of winter wheat seedlings of different varieties under
the influence of water-soluble secretions of C. sativus L. flowers of different states and their elements

Aqueous extracts of saffron flower elements (Factor B)

Varieties (Factor A)

Vidrada Koshova

Control -0.0209 0.2794

Bud 0.9276 0.9612

Flower state The blooming flower 0.9298 0.3151
The bloomed flower 0.7981 0.6933

Flower elements Petals 0.7803 0.2863
Petals + stamens 0.0195 -0.2672

Flower elements Petals + stamens 0.7677 -0.0585

Source: compiled by the authors
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For a complete assessment of the allelopathic ac-
tivity of water-soluble secretions of C. sativus L. flow-
ers of different states and flower elements on winter
wheat, the index of allelopathic activity was used. The
main indicators are the effect of C. sativus L. flower ex-
tracts on the maximum and total length of roots and

colioptile of seedlings of the studied varieties. It was
found that there is a negative effect of water-soluble
secretions of C. sativus flower buds on the total and
maximum root length of seedlings of the Vidrada variety
and the total root length of seedlings of the Koshova
variety (Table 6).

Table 6. Index of allelopathy of water-soluble secretions of C. sativus L. flowers of different states and flower elements
on the metric parameters of roots of plants of different winter wheat varieties

Varieties (Factor A)

Vidrada Koshova

Aqueous extracts of saffron flower elements

(Factor B) Max length, nm  Overall length, mm Max length, mm  Overall length, mm
Mim Mim Mim Mim
min-max min-max min-max min-max
Bud -0.12 -0.19 0.6 -0.78
Flower state The blooming flower 0.02 0.1 -0.02 -0.04
The bloomed flower 0.14 0.18 0.02 -0.03
Petals 0.13 0.16 -0.06 -0.11
Flower elements Petals + stamens 0.27 0.25 -0.22 -0.3
Petals + stamens 0.08 0.12 0.08 -0.11

Source: compiled by the authors

The water-soluble secretions of the bloomed and
faded flowers have a stimulating effect on these indi-
cators of seedlings of the Vidrada variety. For the roots
of seedlings of the Koshova variety, the inhibitory effect
of water-soluble secretions of the bloomed flower and
the opened flower, but the stimulating effect of secre-
tions of the opened flower was established. The study

of the influence of water-soluble secretions of C. sativus
flowers and their elements on the coleoptile length of
the studied winter wheat varieties shows certain pecu-
liarities: the secretions of buds and bloomed flowers
have an inhibitory effect on the coleoptile of seedlings
of both varieties and the bloomed flower, on the con-
trary, has a stimulating effect (Table 7).

Table 7. Index of allelopathy of water-soluble secretions of C. sativus L. flowers of different states
and their elements on the development of coleoptiles of plants of different winter wheat varieties

Varieties (Factor A)

Vidrada Koshova

Aqueous extracts of saffron flower elements

(Factor B) Max length, mm Overall length, mm Max length,mm  Overall length, mm
Mim Mim Mim Mim
min-max min-max min-max min-max
Bud -0.30 -0.48 -0.30 -0.48
Flower state The blooming flower -0.06 -0.10 -0.06 -0.10
The bloomed flower 0.07 0.09 0.07 0.09
Petals -0.30 0.48 -0.30 0.48
Flower elements Petals + stamens -0.06 0.10 -0.06 0.10
Petals + stamens 0.07 0.09 0.07 0.09

Source: compiled by the authors

Water-soluble extracts of petals and petals with
stamens of C.sativus L. flowers have an inhibitory effect
on the length of the coleoptiles of Vidrada plants, but
petals with pistils have a stimulating effect. Water-sol-
uble extracts of all elements of C. sativus L. flowers
have a stimulating effect on the length of coleoptiles
of seedlings of the Koshova variety. As a result of the
studies, both stimulating and inhibitory effects were
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found from the treatment of seeds of different varieties
of winter wheat with water-soluble secretions of the
flower and parts of the flower of saffron seed. Other
scientists (Murimwa et al., 2019) focused their research
on the identification and development of plant growth
inhibitors as an alternative to the use of chemicals.
Studies (Godlewska, 2019) have shown that ex-
tracts of organs of other plants, in particular saffron




flowers, can be used in agriculture as natural biostimu-
lants. Thus, A. Khoulati et al. (2020) found a stimulating
effect of the aqueous extract of the perianth (petals)
of C. sativus L. at a dose of 2 mg/ml on the growth of
eggplant seedlings. The improvement in plant height in
this study suggests that perianth extract may act as a
plant growth promoter. Higher levels of these antioxi-
dant compounds tend to disrupt the physiological bal-
ance of the recipient plants, resulting in a correspond-
ing inhibition of growth.

Y. Tkachova et al. (2022) studied the effect of
the allopathic activity of aqueous extracts of hyssop
leaves, stems and flowers on the growth of watercress
roots, and determined the optimal concentration of
aqueous extracts of the culture with a stimulating and
inhibitory effect. It was found that the highest pos-
itive allopathic activity was observed in the variant
with the use of hyssop flowers of the second year of
vegetation at a concentration of 1:10. Thus, aqueous
extracts of flowers of essential oil and medicinal crops
can have both stimulating and inhibitory effects on
other plants. However, the scientific literature contains
almost no results of studies on the effect of water-sol-
uble flower secretions, their state (bud, bloomed and
faded flower) and parts of flowers (petals, petals + sta-
mens, petals + pistil) of saffron on the germination
of winter wheat seeds. Therefore, these studies were
conducted for the first time.

Earlier studies by V. Mykolaichuk et al. (2022) de-
termined that saffron flowers of different flowering
stages had both inhibitory and stimulating effects on
the growth of watercress roots. The highest stimulatory
indicators were recorded with water-soluble secretions
of the newly bloomed flower and stamens, and the low-
est - from the pistils. In the experiments with the winter
wheat test crop, the aqueous extract from the bloom-
ing saffron flower had a greater stimulating effect, the
length of roots and colloid of seedlings of the studied va-
rieties increased by 2.4-19.9% and 7.3-9.3%, respectively.
M. Alam et al. (2018) suggest that different rice varieties
grown in the Tanjung Karang region of Malaysia contain
allelochemicals that differ in type and concentration,
which is why the productivity of rice varieties varied sig-
nificantly. M. Korkhova and V. Mykolaichuk (2021) deter-
mined the varietal response of water extracts from the
rhizosphere of the soil of different winter wheat varieties
to watercress seed germination.

The study of the influence of water-soluble extracts
of C. sativus L. flowers on the development of the root
system of winter wheat seedlings confirms the differ-
ent reactions of the studied varieties. It was determined
that the aqueous extract from petals and stamens of
sowing saffron flowers stimulated root growth of win-
ter wheat seedlings of the Vidrada variety by 36.4%, but
inhibited root growth of the Koshova variety by 18.2%.
This study is unique, as there is no scientific data on
the reaction of water-soluble secretions from different
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states of saffron flower and its parts to the germination
of seeds of different winter wheat varieties.

CONCLUSIONS

The results of studies of the effect of water-soluble
secretions of C. sativum flowers of different states and
elements of flowers grown in the Northern Black Sea
region of Ukraine do not significantly affect the mor-
phometric and qualitative parameters of Vidrada and
Kosova grains during germination. No significant effect
of water-soluble secretions of C. sativum flowers and
their elements on the number of roots of seedlings of
both varieties was found.

The maximum and total length of roots of soft
winter wheat seedlings is influenced by varietal char-
acteristics: water-soluble secretions of the bud inhib-
it the development of roots of both varieties, and the
bloomed flower stimulates the development of roots
of seedlings of the Vidrada variety but inhibits the de-
velopment of roots of seedlings of Koshova variety;
water-soluble secretions of the bloomed flower stim-
ulate the development of roots of seedlings of Vidrada
variety, and in the roots of seedlings of Koshova va-
riety stimulates only the maximum length. The wa-
ter-soluble secretions of flowers of all C. sativus states
negatively affect the weight of the crowns of seed-
lings of the Koshova variety, while the secretions of
the bud and flower have such an effect on seedlings
of the Vidrada variety.

The water-soluble secretions of C. sativus flower
petals have a stimulating effect on the parameters of
the roots of seedlings of the Vidrada variety but inhibit
the parameters of the roots of the Koshova variety. Wa-
ter-soluble secretions of petals and stamens, as well
as petals and pistils also have a positive effect on the
roots of seedlings of Vidrada plants and a negative ef-
fect on the roots of Koshova plants. Seedlings of the
Vidrada variety are characterised by a high correlation
between root length and coleoptile in most variants,
except for the influence of water-soluble secretions of
petals and stamens. The coleoptile and root length of
seedlings of the Koshova variety are characterised by a
high correlation under the influence of water-soluble
secretions of the bud and the blooming flower, for other
variants it is low, direct, or inverse.

The allelopathy index of the effect of water-sol-
uble secretions of buds and bloomed flowers on the
length of the coleoptile for plants of both varieties has
an inhibitory effect, and the secretion of the bloomed
flower - a stimulating effect. There is a difference in
the index of allelopathy of water-soluble secretions of
flower elements: for seedlings of the Vidrada variety,
the secretion of petals and petals with stamens has a
stimulating effect, and petals and pistils have an in-
hibitory effect; for coleoptiles of seedlings of Koshova
variety, it has a stimulating effect. Thus, seedlings of the
Vidrada variety compared to seedlings of the Koshova
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variety are more resistant to the effects of water-sol-  generative organs of C. sativus in the Northern Black
uble flower secretions of C. sativus L. The results ob-  Sea region of Ukraine.

tained indicate that it is necessary to carefully select

winter wheat varieties for compatible sowings with ACKNOWLEDGEMENTS

saffron and consider their reactions to water-soluble  None.

flower secretions. Further research will be aimed at

studying the influence of weather conditions on the CONFLICT OF INTEREST

formation of allopathic activity of vegetative and None.
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AHoTauis. Y 383Ky 3i 3MiHO KNiMaTy NOCTA€ HEOOXIAHICTb Yy 3ayYEHHI A0 CiNIbCbKOrOCNoAapCbKOro BUPOOHULTBA
YKkpaiHu HOBUX Ky/lbTyp, Cepen SKMX YinbHe Micue Moxe 3anHatu Crocus sativus L. - TpaBaHMcTa GaratopivHa
6ynbboLMOYIMHHA POCIMHA, aNenonaTUYHi BNACTUBOCTI IKOi BUBYEHO HEL0CTaTHbO. TOMY, METOK A0CNiAXeHb Byno
BCTAHOBJ/IEHHS BMIMBY BOLOPO3YMHHUX BUAINEHD KBITOK Ta OKPEMMX iX €NeMEHTIB Ha NOYaTKOBI €Tanu NPOpPOCTaHHSA
HacCiHHS ABOX COpPTiB MweHuui makoi o3umoi (Bigpaga Ta Kowosa). Y xoadi mocnigpkeHHs OynM BUKOPUCTaHI
3aranbHONPUIHATI MeToam: nabopaTopHe AOCNIAKEHHS, aHaNi3, CMHTE3 Ta CTAaTUCTUMYHMIA. Byno BcTaHoBNEHO, WO
BOAOPO3UYMHHI BUAINEHHS KBITOK Pi3HOr0 CTaHy Ta eneMeHTiB KBiToK C. sativus He MakoTb iCTOTHOrO BNAMBY HA MOPdo-
METPUYHI Ta SKICHI MOKA3HWKM 3EPHIBKM MLLEHUL NP NPOPOCTaHHi. BOAOPO3YMHHI BUAINEHHS KBITOK Pi3HOrO CTaHy
MatoTb iHribytovy A0 Ha pO3BUTOK KOPEHEeBOi CUCTEMM; BUAINEHHS OYTOHY Ta PO3KBITNOI KBITKM MPUrHiYyOTb picT
Koneontune. Bnane BOAOPO3YMHHUX BUAINEHb €NEMEHTIB KBITOK LadpaHy MOCIBHOrO MaE COpPTOBi 0COBAMBOCTI:
009 NPOPOCTKiB MWeHuULi 03uMoi copTy Bigpaga xapakTepHa CTUMyNIOYa AiS NEeNCTOK HA 3arajsibHy OO0BXUHY
KOPEeHIB Ta ix Macy; 4n9 NpopocTkiB copTy KowoBa cnocTepira€TbCcs 3BOPOTHIM BNAMB. BOAOPO3UYMHHI BUAINEHHS
NesiloCToK | TMYMHOK MaTb CTUMYIOKOYY Ait0 Ha KONeonTune pocinH copty Bigpaaa,a ans npopocTkis copTy KowoBsa
CTUMY/IIOKOYY A0 MaloTb BOAOPO3YMHHI BUAINEHHS NentocToK. Kopensuis Mix LOBXWHOK KOPEeHIB Ta KoseonTune 3a
BMN/IMBY BOAOPO3YMHHUX BUAINEHD KBITOK Pi3HOrO CTaHy Ta iX €1eMEeHTIB, a TaKOX iHAEKC anenonaTii MalTb COPTOBI
ocobnuBocTi. OTpMMaHi HayKOBi pe3ynbTaTi CNpuSTUMYTb po3po0bLi arpoTexHiYHMX 3aX0AiB WOAO0 BUPOLLYBAHHS
wadpaHy nocieHoro B YKpaiHi, niabopi copTiB MWeHMLi 03MMOI AN CYMICHOrO BMPOLLYBAHHS Ta BMKOPUCTAHHSA
POC/IMHHUX 3a/MLLKIB, K BiONOriYHUX CTUMYNATOPIB

Kntouosi cnosa: Crocus sativum; Triticum aestivum; anenonaTtuyHi BAACTUBOCTI; NPOPOCTKU; 3€PHIBKK; anenonaTMyHun
iHOeKc
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