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Assessment of growth and development of cowpea varieties based
on phenological and morphological observations

Abstract. The search and selection of cowpea varieties with optimal economic characteristics is a key factor in the
development of cultivation technologies to increase yields. The purpose of the study was to determine the phenological
and morphological characteristics of cowpea varieties and establish the relationship between economically valuable
indicators and weather conditions. The leading approaches to studying this problem are field method - to assess
the growth and development of cowpea varieties; statistical - to conduct variance and correlation analysis of the
assessment of morphological features and economically valuable indicators of cowpea. Five cowpea varieties were
studied: Groik (Israel), Kafedralna (Ukraine), Gasson (Vietnam), American improved (USA), and U-Cha-Kontou (China).
It was found that the duration of phenological phases of cowpea varieties depended on weather conditions. Varieties
of cowpea were characterised by early maturation periods for the sum of effective temperatures of 192.0-207.5°C and
precipitation of 30.54-31.65 mm. Earlier maturation periods were the varieties American improved, Kafedralna, Gasson
with the duration of the period from germination to the beginning of harvesting ripeness of the pod - 58-62 days and the
duration of the period from germination to biological ripeness of seeds - 92-94 days. For the vegetable industry, bush
varieties Kafedralna and U-Cha-Kontou with a plant height of 48.5-54.9 cm were promising, which formed tender long
beans with a weak parchment layer (22.8-23.6 cm). Groik and Gasson varieties proved valuable for growing seedlings
due to the small light-coloured seeds with a plant height of 61.8-100.5 cm and the formation of a large number of short
beans on the plant (12.8-15.6 cm). A strong relationship between morphological features and economically valuable
indicators of cowpea has been established. The average bean yield had a direct strong relationship with the total number
of beans per plant (r=0.93) and a strong inverse relationship with the length of the bean (r=-0.88). As the length of the
beans increased, the average yield of beans and the number of beans on the plant decreased, as evidenced by a strong
inverse relationship between these indicators (r=-0.93). The materials of the paper are of practical value for increasing
the species diversity of vegetable crops and improving the provision of valuable food products to the population

Keywords: legumes, bean pods, flowering, harvesting ripeness, plant height, bean length, seeds
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INTRODUCTION

Vegetable growing in Ukraine has become a highly devel-
oped industry, the main task of which is to provide the
population with food. It is necessary to introduce new
technologies to intensify production. In turn, the criterion
for evaluating any crop cultivation technology remains
the yield, and its value must be economically justified and
energetically confirmed. Along with the growth of yields,
there is a constant expansion of vegetable diversity based
on Ukraine’s own production and imports. Among them,
legumes are very valuable (Bobos et al., 2022).

In the vegetable growing industry of Ukraine for 2022,
only a small number of species from the legume family
are grown (Fabaceae) (Bobos et al.,, 2022). These are mainly
vegetable beans, vegetable peas and, very rarely, vegeta-
ble beans. Even among these species, producers have not
yet fully used them for the vegetable industry, including
for obtaining unripe seeds, for green beans-pods, etc. The
world variety of cultivated vegetable legumes is very large
and includes more than 40 species. Vegetable farmers grow
quite a lot of types - kidney and lima beans, sugar peas,
dolichos, tetragonolobus, vegetable bean, trigonella (fen-
ugreek, mushroom grass), cowpea, etc. (Bobos et al., 2022).

In Ukraine, domestic varieties have not yet
been created for these species, and amateur veg-
etable growers widely grow local and accidentally
introduced forms. Almost all crops have not devel-
oped technologies for their cultivation, both for one-
time harvesting and for creating continuous production
for a long period in supermarkets (Sysh & Bobos, 2011).

One of the most promising low-spread legumes is
cowpea, which is valued for its content of easily acces-
sible protein and vitamins, and also accumulates all the
amino acids, calcium, phosphorus, and iron salts neces-
sary for humans.

Morphological features of cowpea are very similar to
beans. Genus Vigna (Vigna sp.) is characterised by a wide
variety, which is collected at the International Institute of
Tropical Agriculture of Nigeria (Sysh & Bobos, 2011). The
State register of plant varieties has already included the
first new climbing variety Kherson, which was created at
the Institute of Southern Vegetable and Melon Production
of the National Academy of Agrarian Sciences of Ukraine.
In the steppe and forest-steppe of Ukraine, there is a suf-
ficient sum of effective temperatures for growing cowpea
(Sysh & Bobos, 2011).

Cowpea is grown to produce ripe seeds, green
pods, and unripe “flageolet” seeds. In the United States,
high-quality seedlings are obtained from the seeds of
small-seeded varieties (Barros et al., 2021).

The optimal time for harvesting young beans on
the cowpea pods falls on Day 7-10 after pollination.
Especially valuable are varieties with black seeds that
do not accumulate heavy metals — cadmium and lead.

Atthe Department of Indoor Vegetable Growing of the
National University of Life and Environmental Sciences of
Ukraine for the first time in the northern forest-steppe

during 2008-2010, samples of cowpea varieties were stud-
ied and evaluated, and their comparative assessment was
carried out by precocity, morphological characteristics,
productivity (Sysh & Bobos, 2011; Bobos et al., 2022). Valu-
able source material of cowpea was identified, which was
used in breeding work as parent forms and the first bush
plant of the Kafedralna variety was created. At the same
time, there was a need for a comparative assessment of
cowpea varieties by phenological and morphological char-
acteristics, considering changes in climatic conditions.
The main value of cowpea is its high drought, heat,
and salt resistance, which allows growing this crop for
seeds, green manure, feed, and vegetables (Sysh & Bobos,
2011; Barros, 2021). However, an increase in temperature
is associated with accelerated growth and the duration
of the phenological phases of the crop. Once in stress-
ful conditions, plants change their metabolism so as not
to disrupt their normal development. Acceleration of
development occurs due to the plant’s response to stress,
increased respiration (Schmidt et al., 2017). In this con-
text, studying how cowpea plants respond to increased
water scarcity and rising air temperatures, in the long
run, can help growers change their management prac-
tices to maintain sustainable production (Barros, 2021).
Cowpea can grow and develop in a wide tempera-
ture range, from 18 to 37°C, but the optimal temperature
value varies depending on the phenological stage of the
plant. Temperatures above 35°C cause abortivity of flow-
ers, stimulates the ageing of leaves, reducing photosyn-
thetic ability, which affects the productivity of beans and
cowpea seeds, since such an increase disrupts the phys-
iological and biochemical processes in plants (Zandalins
etal,, 2018). In response, plants reduce the chlorophyll
content, photosynthetic rate, and transpiration rate in an
attempt to reduce moisture loss (Taiz et al., 2017).
Climate change is becoming a challenge for food
security, as rising temperatures and changes in precipi-
tation distribution have a negative impact on agricultural
production (Gomes et al., 2019). In addition, forecasts for
the future indicate that water scarcity can significantly
affect plant growth and development on more than 50%
of agricultural land by 2050, which would reduce crop
yields worldwide (Deryng et al., 2011; Hasanuzzaman,
2019). Despite the fact that the main abiotic factor affect-
ing the water balance of plants is a lack of soil moisture,
the severity of this effect largely depends on air tempera-
ture (Jumrani § Bhatia, 2018; Havryliuk et al., 2022).
Numerous studies have shown that climate
change has adverse effects on food production and food
security, and the adverse effects are projected to increase
in the future (Hansen, 2011; lizumi et al., 2014). Climate
variability, such as being too wet or too dry, also affects
yields (lizumi & Ramankutty, 2015).
Thus, the analysis of literature sources indicates the
influence of climatic conditions on the economically
valuable indicators of cowpea and the need to study the
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variability of phenological and morphological features of
crop varieties for the introduction of adaptive to growing
conditions in production.

Purpose of the study is to determine the phenological
and morphological characteristics of cowpea varieties
and establish the relationship between economically val-
uable indicators and weather conditions.

MATERIALS AND METHODS

During 2014-2016, 5 varieties of cowpea were studied:
Groik (Israel), Kafedralna (Ukraine), Gasson (Vietnam),
American improved (USA), and U-Cha-Kontou (China).
The research was conducted on the collection sites of the
Department of Indoor Vegetable Growing in the Training
Lab “Fruit and Vegetable Garden” of the National Univer-
sity of Life and Environmental Sciences of Ukraine, which is
located in the northern part of the forest-steppe of Ukraine
on sod-medium podzolic soils. The field method was per-
formed according to one-factor experiment scheme (Bon-
darenko & Yakovenko, 2001). Repeatability - three times
with randomisation. The accounting area — 5 m2. The prom-
ising Ukrainian variety Kafedralna was taken as control.

Cowpea cultivation techniques are similar to those used
for vegetable beans in production (Sysh, 2011). The sowing
scheme was 70x25 cm. Seed embedding depth - 2-3 cm.

Seeds of the varieties under study and control were
sown simultaneously on May 13. Immediately after sow-
ing, the rows were mulched and the soil between the rows
was loosened. Plant care consisted of systematic loosen-
ing, and control of weeds, diseases, and pests.

During the field experiments, the following pheno-
logical phases were noted: full shoots, the beginning and
full flowering, the beginning of harvesting ripeness of
pods and the economic ripeness of beans. Shoots were
noted by the appearance of cotyledons on the surface
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(Bondarenko § Yakovenko, 2001). In cowpea, the begin-
ning of maturation was noted by the maturation of the
predominant number of beans. The duration of the grow-
ing season was calculated from the date of sowing to
economic ripeness. The sowing-germination period for
selected varieties ranged from 12 to 17 days and took place
with an average sum of effective temperatures of 70.2-
105.7°C and precipitation of 42.8-56.8 mm.

Harvesting was carried out on all variants of the exper-
iment simultaneously with the onset of the economic ripe-
ness of beans — on September 6. Before harvesting, biom-
etric measurements were made, namely, the length of the
central stem was measured with a ruler and the number of
side shoots on the plants was counted. During harvesting,
the number and weight of beans per plant, the length of the
bean, and the number of seeds per bean were determined.
Simultaneously considering the yield, an average sample
was selected from all varieties according to the variants,
which was used to determine the weight 0f 1,000 seeds.

Variance (ANOVA) and correlation analysis were per-
formed using the XLSTAT add-in in MS Excel software
suite. The differences were considered significant for the
validity of a=0.95 (Nageswara, 2018).

RESULTS AND DISCUSSION

The study of phenological variability showed that cowpea
varieties were characterised by early maturation periods.
Earlier flowering was noted in the varieties Kafedralna,
Gasson, and U-Cha-Kontou, with the beginning of flow-
ering on 13.07. Late flowering dates were characterised
by the Groik variety (16.07), which affected the beginning
of harvesting ripeness of the pods, which was noted later
than other varieties 02.08. The variability of plant growth
and development affected the duration of phenological
phases of cowpea varieties (Fig. 1).

M Harvesting ripeness of pods -
biological ripeness of seeds
O Flowering - harvesting ripeness of pods

50

30
20

Duration of the period, days

40 52 46 46 40

[0 Germination - flowering
46 [J Planting - germination

10 " - =

15

Groik Kafedralna

(control)

Gasson

Variety name

American U-Cha-Kontou
improved

Figure 1. Duration of phenological phases of cowpea varieties, days (average for 2014-2016)

The shortest period from germination to flowering
was distinguished by the American improved variety (Day
40), the longest period was observed in such varieties
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as Groik (Day 52) and Gasson (Day 46). This period was
held at an average sum of effective temperatures of 436.6-
5497°C and precipitation of 45.83-68.28 mm (Fig. 2, 3)
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Figure 3. Influence of precipitation amount on the passage of phenological phases in cowpea varieties

The period from flowering to the beginning of har-
vesting ripeness of the pods was almost the same in all
varieties and ranged from 16 to 18 days. The average sum
of effective temperatures during this period was 192.0-
207.5°C and the amount of precipitation was 30.54-
31.65 mm. But it is the smallest in the control varieties
Kafedralna, U-Cha-Kontou, and Gasson (16 days).

The period from germination to the beginning of har-
vesting ripeness of the pods was the smallest in the Amer-
ican improved variety (58 days), which characterises the
variety with an early maturation period. This period took
place with an average effective amount of 652.1°C and
a precipitation amount of 76.4 mm. The longest period
was observed in the Groik variety - 69 days.

Kafedralna, American improved, and Gasson varie-
ties with a duration of 92-94 days from germination to
biological ripeness of seeds distinguished themselves by
their early maturation periods. The average sum of effec-
tive temperatures during this period was 1,034.6-1,047.0°C

)

and the sum of precipitation was 100.7-106.4 mm. The
duration of the period from germination to biological ripe-
ness of seeds in the Groik and U-Cha-Kontou varieties was
100-101 days, which indicates their average maturation
time. This period was held at an average effective amount
0f1,100.7-1,105.3°C and precipitation of 113.0-116.0 mm.

Cowpea varieties differed in morphological char-
acteristics from each other (Table 1). Among the cow-
pea assortment that was tested, dwarf bush varie-
ties with plant heights up to 50 cm and more than
50 cm are distinguished. Among the dwarf varie-
ties, Kafedralna and American improved stand out.
The average height of plants of these varieties reached
46.1-48.5 cm. Groik and Gasson varieties were char-
acterised by intensive growth of the main and lateral
shoots, due to which they can be grown on supports.
The height of these varieties was 61.8-100.5 cm with
the shortest length of beans - 12.8-15.6 cm. These vari-
eties formed a large number of beans on the plant
(34.6-58.3 pcs.), which affected their seed productivity.
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Table 1. Evaluation of cowpea varieties by morphological parameters

Plant height, cm Number of beans per plant, pcs. Bean length, cm
Variety name years g years @ years @
' o o
(] (] (]
2014 | 2015 | 2016 z 2014 | 2015 | 2016 z 2014 | 2015 | 2016 z
Groik 987 | 964 | 1064 | 1005 | 342 | 362 | 334 | 346 | 152 | 165 | 151 | 156
Kafedralna | o | 473 | 481 | 485 | 247 | 261 | 248 | 252 | 245 | 231 | 232 | 236

(control)

Gasson 609 | 589 | 656 | 61.8 | 579 | 60.1 | 569 | 583 | 13.1 | 125 | 12.8 | 12.8
American | o5 | 452 | 459 | 461 | 134 | 125 | 125 | 127 | 272 | 264 | 259 | 265
improved

U-Cha-Kontou| 53.8 | 55.6 | 553 | 549 | 161 | 155 | 161 | 159 | 23.1 | 204 | 243 | 228
LSD,, 5.36 1.93 1.59

Source: based on the conducted research

The main feature of pods is the absence of a parch-
ment layer and fibres in the seams. The best qual-
ity vegetable varieties are those in which the beans
do not thicken for a long time and are not character-
ised by a tendency to form a parchment layer and fibre
during the entire harvesting period. Kafedralna and
U-Cha-Kontou varieties were characterised by a plant
height of 48.5-54.9 cm. In the Kafedralna variety, a larger
number of beans were formed on the plant (25.2 pcs.)
with strong peduncles and long beans (23.6 cm) (Fig. 4).

They are characterised by the establishment of a weak
parchment layer and fibre, especially in conditions of
high air temperature and delayed harvesting. However,
the disadvantage of the Kafedralna and U-Cha-Kon-
tou varieties is that the long beans (22.8-23.6 cm),
which are laid on the soil, are polluted and therefore
require mulching with straw. At the same time, the
U-Cha-Kontou variety formed a small number of beans
on the plant (15.9 pcs.) with a small number of seeds,
which affected the low seed productivity of plants.

Figure 4. Kafedralna beans

A small number of beans on the plant was also estab-
lished by the American improved variety, which on aver-
age for three years revealed the smallest plant height
of 46.1 cm with fewer beans on the plant (12.7 pcs.) and
alonger bean length (26.5 cm), which affected the pro-
ductivity of plant seeds.

Groik and Gasson varieties belong to cereals. Their
height is more than 50 cm. The beans are short with
awell-defined parchment layer, which makes it impossi-
ble to use them to produce unripe pods. At the same time,
these varieties are very valuable for growing seedlings
due to the small light-coloured seeds. Semi-bush cowpea
varieties Gasson and Groik do not need supports. Despite
the high ability to form a large number of lateral shoots,
they form a crop on strong vertical peduncles.
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Using correlation calculations, the relationship
between morphological features and economically valu-
able indicators of cowpea is established (Table 2).

Calculation of the correlation coefficient showed
that the average bean yield has a direct strong relation-
ship with the total number of beans per plant (r=0.93)
and a strong inverse relationship with the bean length
(r=-0.88). As the length of the beans increased, the aver-
age beanyield decreased. At the same time, as the bean
length increased, the number of beans decreased, as evi-
denced by a strong inverse relationship between these
indicators (r=-0.93).

In this study, the productivity of ripe seeds of a sin-
gle plant has a strong direct relationship with the num-
ber of beans per plant (r=0.96) and the average yield over

a
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three years (r=0.91) and the inverse strong relationship
with bean length (r=-0.79). There is a clear pattern: vari-
eties with a longer bean length produce fewer seeds,
which affected the lower productivity of ripe seeds. The

same pattern exists for the yield of ripe seeds, which has
a strong direct relationship with the number of beans
on the plant (r=0.96), the average yield over three years
(r=0.91), and the length of the bean (r=-0.78).

Table 2. Matrix of correlations between morphological features and economically valuable indicators of cowpea

— 00 © &0
1 ° © -
£ a £ pay. i .g- € = ﬁ
S 2 S ° S a cs 3 o
- & » N — @ "'6 r-% el (73
e v 8 £ za g8 ) @ S
i 5 23 B gf 23 g2 8 8
Indicator ° 5 £ § 29 - z° g =
2 g3 < ge | 838 | 58 = “6
(O 2 g ?.P &‘ o T n “6 =
a E a 3= E 23 e ®
> a9 o ]
2 Z 2 Q 2 3
Plant height, cm 1
Number of beans per plant, pcs. 0.38 1
Bean length, cm -0.66 -0.93 1
Average bean yield for three years, t/ha 0.46 0.93 -0.88 1
Number of seeds in a bean, pcs. -0.25 0.18 0.00 -0.06 1
Productivity of ripe seeds per one plant, g 0.14 0.96 -0.79 0.91 0.26 1
Yield of ripe seeds, t/ha 0.13 0.96 -0.78 0.91 0.26 1.00 1
Weight of 1,000 seeds, g -0.82 -0.82 0.96 -0.77 -0.04 -0.63 -0.63 1

Source: based on the conducted research

In addition, a direct strong relationship was estab-
lished between the weight 0of 1,000 seeds and the length
of the bean (r=0.96) and an inverse relationship with the
height of plants (r=-0.82), the number of beans per plant
(r=-0.82), and the average yield of beans (r=-0.77).

Significant differences were found between the
weight of 1,000 seeds and the length of the bean (r=0.96)
and the productivity of ripe seeds of one plant with the
number of beans per plant (r=0.96).

The results of the study show that abiotic factors play
avery important role in the growth and development of
cowpea. The results of the analysis of agrometeorological
conditions during cowpea cultivation indicate that the
duration of interphase periods depends on environmen-
tal factors such as heat and moisture. As a general pattern,
it can be noted that at the beginning of the growing sea-
son of the studied crop, the rate of onset of development
phases is significantly affected by the amount of precip-
itation. Knowledge of the duration of the growing season
is necessary primarily to get an idea of the early ripening
of the variety and establish the possibility of its cultivation
in a particular soil and climatic zone.

Research conducted by J.L. Hatfeld and J.H. Prue-
ger (2015) also shows that plant growth and development
depend on temperature and that each variety has a char-
acteristic temperature range expressed by minimum,
maximum, and optimum. According to L.F. Oliveira (2018)
individual phenological phases, such as flowering and for-
mation of cowpea beans, largely depend on the availabil-
ity of soil moisture. In addition, temperatures outside the
optimal value can affect seed germination up to the final
stage of development (Sehgal et al., 2018). For cowpea, the

reproductive stage is most sensitive to rising tempera-
tures, which leads to the loss of flower buds and beans, and
reduces seed productivity (Singh et al,, 2010). Therefore, the
selection of tolerant varieties in this context will be crucial
to minimise losses due to climate change (Barros et al., 2021).

Anincrease in the temperature regime leads to an
increase in vegetative development, since the optimal
temperature for vegetative development is higher than
the optimal temperature for reproductive development
(Hatfeld & Prueger, 2015). Leaves adapt to high temper-
atures due to effective thermal resistance mechanisms
that allow leaf temperature control through transpiration
during periods with elevated temperatures (Sehgal et al,,
2018). Plants tend to channel their resources to overcome
heat stress by limiting photosynthesis, which is essen-
tial for reproductive development. Therefore, exposure
to high temperatures on plants during the grain devel-
opment phase, even for a short period, can accelerate
leaf ageing, reduce the number and weight of seeds, and
reduce crop yields (Sita et al., 2018). In addition, the root
system is more sensitive to the stress effects of high tem-
peratures than the aboveground part of plants, as indi-
cated by an increase in the ratio of vegetative mass to
roots (Barros et al., 2021).

The weight of 100 seeds is one of the most impor-
tant marketing characteristics, since the heavier the seeds,
the higher the price for them. During processing, the weight
of seeds is also important information for designing appro-
priate processing machines that can process the maximum
weight of seeds (Gondwe et al., 2019). Seed size in cowpea
plays a key role, because it directly indicates the yield of
the variety and, together with colour standardisation,
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determines the corresponding grain quality (Gunathilake
etal, 2016). Seed size also reflects seed quality indicators,
and therefore, plant growth is affected by the size of the
seed that was sown (Ambika et al., 2014). Under appro-
priate conditions, germination and subsequent growth
of varieties with large seeds will definitely provide more
seedlings compared to small seeds, which may contrib-
ute to increased crop productivity (Krisnawati et al., 2015).

Protein accumulation in cowpea increases signifi-
cantly from 10 to 20 days after flowering and the maxi-
mum content is observed during the period of full ripe-
ness, as aresult, farmers often cannot recognise the phase
of increasing nitrogen content in cowpea seeds for better
protein intake. Ishikawa et al. (2021) note that to increase
protein intake from green beans, a visual method has
been developed to determine bean elongation, namely,
the relative length of beans, which allows estimating
the nitrogen content of unripe seeds. This is a simple
visual method for determining the optimal time to har-
vest green beans and is therefore very practical for farmers.

There are morphological differences between grain
cowpea and spearhead in terms of bean characteristics,
including bean length, bean tenderness, bean cracking,
and the presence of fibres in the bean (Suanum et al., 2016).

Correlation analysis is an important tool for deter-
mining relationships between plant traits, but correlation
coefficients can be misleading if the correlation between
two traits is the result of indirect exposure to other traits
(Bizeti et al., 2004).

Undensi et al. (2012) recorded a significant pos-
itive correlation between flowering and bean matu-
ration in some cowpea varieties and concluded that
there is a strong association between the plant growth
period before flowering and the time of bean or seed
development. The early start of flowering and ripening
of beans is crucial for increasing yields in regions with
a short period of moisture. Delayed flowering and mat-
uration of beans can prevent the formation of proper
quality beans and seeds in cowpea (Aliyu et al., 2022).
Watcharatpong et al. (2020) note that the fibre content
(cellulose, lignin, and haemicellulose) correlates with the
tenderness (softness/hardness) and cracking of beans.

Important factors affecting cowpea yield are the
number of beans per plant and the number of seeds in
them (Srinivas et al., 2017).

Aliyu et al. (2019) indicate that a strong inverse rela-
tionship has been established between phenological traits
and yield components.

Among the quantitative agronomic features associated
with cowpea yield is bean length (Ogunkanmi et al., 2013).

The results obtained in this study show that high
temperatures affect the metabolism of cowpea plants,
causing changes in plant growth. However, the varie-
ties had different physiological responses due to each
variety’s different need for thermal energy. Therefore,
the selection of varieties that are resistant to high tem-
peratures is an important measure. However, the influ-
ence of temperature combined with a lack of moisture
can be more harmful, so it is necessary to understand
the interaction of temperature and moisture in differ-
ent varieties of cowpea to develop effective strategies for
adapting cultivation technology.

CONCLUSIONS

Early maturation periods are characterised by the
varieties American improved, Kafedralna, Gasson with
the duration of the period from germination to the
beginning of harvesting ripeness of the pod - 58-62
days and the duration of the period from germination
to biological ripeness of seeds - 92-94 days. For the
vegetable industry, bush varieties Kafedralna and
U-Cha-Kontou with a plant height of 48.5-54.9 cm are
promising, forming tender long beans with a weak
parchment layer (22.8-23.6 cm). Groik and Gasson
varieties are valuable for growing seedlings due to
their small light-coloured seeds with a plant height of
61.8-100.5 cm and the formation of a large number of
short beans on the plant (12.8-15.6 cm). The relationship
between morphological features and indicators of the
economic value of cowpea was revealed. The average
bean yield had a direct strong relationship with the total
number of beans per plant (r=0.93) and a strong feedback
with the length of the bean (r=-0.88). The average yield
of beans and the number of beans per plant decreased
with increasing bean length, as evidenced by a strong
inverse relationship between these indicators (r=-0.93).
Promising areas for research are the isolation
and selection of cowpea genotypes with the desired
agronomic properties for inclusion in future breeding
programmes aimed at genetically improving seed yield.

REFERENCES

[1] Aliyu, O.M, Lawal, 0.0., Wahab, A.A., & Ibrahim, U.Y. (2019). Evaluation of advanced breeding lines of cowpea
(Vigna unguiculata L. Walp.) for high seed yield under farmers’ field conditions. Plant Breed Biotechno,17(1), 12-23.

doi: 10.9787/PBB.2019.7.112.

[2] Aliyu, O.M., Tiamiyu, A.O., Usman, M., § Abdulkareem, Y.F. (2022). Variance components, correlation and path
analysesin cowpea (Vignaunguiculata L., Walp). Journal of Crop Science and Biotechnology, 25,173-182.d0i:10.1007/

$12892-021-00121-5.

[3] Ambika, S, Manonmani, V, § Somasundaram, G. (2014). Review on effect of seed size on seedling vigour and seed

yield. Research Journal of Seed Science, 7, 31-38.

Plant and Soil Science (13) 4

(13



Assessment of growth and development of cowpea...

[4] Barros,].R.A., Guimaraes, M.J.M,, Silva, R M.E., Régo, M.T.C., de Melo, N.F, de Melo Chaves, A.R., § Angelotti, F. (2021).
Selection of cowpea cultivars for high temperature tolerance: physiological, biochemical and yield aspects.
Physiology and Molecular Biology of Plants: An International Journal of Functional Plant Biology, 27(1), 29-38.
doi: 10.1007/s12298-020-00919-7.

[5] Barros, J.R.A., Guimardes, M.J.M,, Simoes, WL., de Melo, N.F. § Angelotti F. (2021). Water restriction in different
phenological stages and increased temperature affect cowpea production. Ciéncia e Agrotecnologia, 45(1), article
number e022120. doi: 10.1590/1413-7054202145022120.

[6] Bizeti, H.S, Carvalho, C.G.P, Souza, ].R.P, & Destro, D. (2004). Path analysis under multicollinearity in soybean.
Brazilian Archives of Biology and Technology, 47, 669-676. doi: 10.1590/51516-89132004000500001.

[7]1 Bondarenko, G.L., Yakovenko, K.I. (2001). Methodology of experimenting in vegetable farming and melon growing.
Kharkiv: Osnova.

[8] Bobos, I, Fedosiy, I, Zavadska, O., Komar, O., Tonkha, O., Furdyha, M., § Adolfs R. (2022). Impact of Sowing Dates
on the Variability of Different Traits of Fenugreek. Rural Sustainability Research, 47(342), 37-46. doi: 10.2478/plua-
2022-0006.

[9] Deryng, D.WJ. Sacks, C.C. Barford, § Ramankutty, N. (2011). Simulating the effects of climate and agricultural
management practices on global crop yield. Retrieved from https:/agupubs.onlinelibrarywiley.com/doi/
full/10.1029/2009GB003765.

[10] Gondwe, TM., Alamuy, E.O., Mdziniso, P, § Maziya-Dixon, B. (2019). Cowpea (Vigna unguiculata (L.) Walp) for
food security: an evaluation of end-user traits of improved varieties in Swaziland. Scientific Reports, 9(1), 1-6.
doi: 101038/s41598-019-52360-w.

[11] Gunathilake,K.GT, Herath, T, § Wansapala,].(2016). Comparison of physicochemical properties of selected locally
available legumes varieties (Mung bean, Cowpea and Soybean). Potravinarstvo, 10, 424-430. doi: 10.5219/631.

[12] Gomes, AM.F, Nhantumbo, N., Ferreira-Pinto, M., Massinga, R., Ramalho, J.C., & Ribeiro-Barros, A. (2019).
Breeding Elite Cowpea (Vigna unguiculata (L..) Walp) Varieties for Improved Food Security and Income in Africa:
Opportunities and Challenges. Retrieved from https://www.academia.edu/61948645/Breeding Elite_Cowpea_
Vigna_unguiculata_L_Walp_Varieties_for_Improved_Food_Security_and_Income_in_Africa_Opportunities_
and_Challenges.

[13] Hansen, J.W, Mason, S.J., Sun L, & Tall, A. (2011). Review of seasonal climate forecasting for agriculture in sub-
Saharan Africa. Experimental Agriculture, 47,205-240. doi: 10.1017/S0014479710000876.

[14] Havryliuk, O., Kondratenko, T, Mazur, B., Tonkha, O., Andrusyk, Y., Kutovenko, V, Yakovlev, R., Kryvoshapka, V,
Trokhymchuk, A., § Dmytrenko, Y. (2022). Efficiency of productivity potential realization of different-age sites of
a trunk of grades of columnar type apple-trees. Agronomy Research, 20(2), 241-26. doi: 10.15159/AR.22.031.

[15] Hasanuzzaman, M., Fujita, M., Oku, H., Tofazzal Islam, M. (Eds.) (2019). Plant Tolerance to Environmental Stress:
Role of Phytoprotectants. Boca Raton: CRC Press.

[16] Hatfield,].L. & Prueger, ].H. (2015). Temperature extremes: Effect on plant growth and development. Weather and
Climate Extremes, 10(1), 4-10. doi: 10.1016/j.wace.2015.08.001.

[17] lizumi, T, § Ramankutty, N. (2015). How do weather and climate influence cropping area and intensity? Global
Food Security, 4, 46-50. doi: 10.1016/.gfs.2014.11.003.

[18] lizumi, T, Luo, J.-]., Challinor, AJ., Sakurai, G., Yokozawa, M., Sakuma, H., Brown, M.E., § Yamagata, T. (2014).
Impacts of El Nino Southern Oscillation on the global yields of major crops. Nature Communications, 5, article
number 3712. doi: 10.1038/ncomms4712.

[19] Ishikawa, H., Tkazaki, K. § Iseki, K. (2021). Visual observation of cowpea pod elongation to predict nitrogen
accumulation in immature seeds. Plant Production Science, 24(2), 224-229. doi: 10.1080/1343943X.2020.1828949.

[20] Jumrani, K., § Bhatia, V.S. (2018). Impact of combined stress of high temperature and water deficit on growth and
seed yield of soybean. Physiology and Molecular Biology of Plants, 24(1), 37-50. doi: 10.1007/s12298-017-0480-5.

[21] Krisnawati, A., & Adie, M. M. (2015). Selection of soybean genotypes by seed size and its prospects for industrial
raw material in Indonesia. Procedia Food Science, 3, 355-363. doi: 10.1016/j.profoo.2015.01.039.

[22] Nageswara, Rao G.(2018). Statistics for Agricultural Sciences. Hyderabad: BS Publications.

[23] Ogunkanmi, L.A., Fakoya, A.O., § Adekoya, K.0. (2013). Breeding for long pod trait in Cowpea (Vigna unguiculata L.
Walp). Retrieved from https://www.researchgate.net/publication/259290367_Breeding_for_long_pod_trait_in_
Cowpea_Vigna_unguiculata_L_Walp/.

[24] Oliveira, L.ECde., Oliveira, L.EC.de, Wendland, A., Guimardes, C.M., Quintela, E.D., Barbosa, FR., Carvalho,M.daC.S.,
Junior, M.L,, § Silveira PM. da (2018). Conhecendo a fenologia do feijoeiro e seus aspectos fitotécnicos. Brasilia:
Embrapa Arroz e Feijao.

\ '@ Plant and Soil Science (13) 4



Bobos et al.

[25] Schmidt, D., Zamban, DT., Prochnow, D., Caron, B.O., Souza, V.Q,, Paula, G.M., § Cocco, C. (2017). Caracterizacdo
fenolégica, filocrono e requerimento térmico de tomateiro italiano em dois ciclos de cultivo. Horticultura
Brasileira, 35(1), 89-96. doi: 10.1590/S0102-053620170114.

[26] Sehgal, A, Sita K., Siddique, KH.M., Kumar, R, Bhogireddy, S., Varshney, R.K., HanumanthaRao, B., Nair, RM..,
Prasad, PV.V. § Nayyar H. (2018). Drought or/and Heat-Stress Effects on Seed Filling in Food Crops: Impacts on
Functional Biochemistry, Seed Vields, and Nutritional Quality. Frontiers Plant Science, 9, article number 1705.
doi: 10.3389/fpls.2018.01705.

[27] sita, K., Sehgal, A., Bhandari, K., Kumar, J., Kumar, S,, Singh, S., § Siddique, KH.M. (2018). Impact of heat stress
during seed filling on seed quality and seed yield in lentil (Lens culinaris Medikus) genotypes. Journal of the
Science of Food and Agriculture, 98, 5134-5141. doi: 10.1002/jsfa.9054.

[28] Srinivas,]., Kale, V.S, § Nagre, PK.(2017). Correlation and path analysis study in cowpea (Vigna unguiculata L. Walp.)
genotypes. International Journal of Current Microbiology and Applied Sciences, 6(6), 3305-3313. doi: 10.20546/
ijcmas.2017.606.388.

[29] Suanum, W, Somta, P, Kongjaimun, A., Yimram, T., Kaga, A., Tomooka, N., Takahashi, Y,, § Srinives, P. (2016). Co-
localization of QTLs for pod fiber content and pod shattering in F, and backcross populations between yardlong
bean and wild cowpea. Molecular Breeding, 36, article number 80. doi: 10.1007/s11032-016-0505-8.

[30] Sych, Z.D., § Bobos, 1.M. (2011). Vegetable vigna (Vigna unguiculata subsp. sesquipedalis and subsp. unguiculata)
is a promising legume vegetable crop in the Forest Steppe of Ukraine. Scientific bulletin of the National University
of Bioresources and Nature Management of Ukraine, 162, 235-242.

[31] Sych, Z.D., Bobos, LM. § Fedosiy, 1.0. (2011). Recommendations for growing vegetable vigna (Vigna unguiculata
Fruwirth.). Kyiv: NULES of Ukraine.

[32] Taiz, L., Zeiger, E., Moller, LM., § Murphy, A. (2017) Fisiologia e desenvolvimento vegetal, 6™ ed. Porto Alegre: Artmed

[33] Udensi, O., Ikpeme, E.V, Edu, E.A., § Ekpe, D.E. (2012). Relationship studies in cowpea (Vigna unguiculata L.
Walp.) landraces grow under humid lowland condition. International Journal of Agricultural Research, 7(1), 33-45.
doi: 10.3923/ijar.2012.33.45.

[34] Watcharatpong, P, Kaga, A., Chen, X,, § Somta, P. (2020). Narrowing Down a Major QTL Region Conferring Pod
Fiber Contents in Yardlong Bean (Vigna unguiculata), a Vegetable Cowpea. Genes, 11(4), article number 363.
doi: 10.3390/genes11040363.

[35] Zandalinas, S.I., Mittler, R., Balfago'n, D., Arbona, V, § Go'mez-Cadenas, A. (2018). Plant adaptations to the
combination of drought and high temperatures. Physiologia Plantarum, 162, 2-12. doi: 10.1111/ppl.12540.

Plant and Soil Science (13) 4 @



Assessment of growth and development of cowpea...

IpuHa MakapisHa bob6ocb

KaHamMAaaT cinbCbKOrocnoaapCbKMx HayK, A4OUEHT

HauioHanbHWI yHiBEpCUTET Biopecypcis i NPUPOAOKOPUCTYBaHHSA YKpaiHK
03041, Byn. lepois O6opoHK, 15, m. Kuis, YkpaiHa
https://orcid.org/0000-0001-5193-7192

OnekcaHpgp OnekcaHaposud Komap

KaHAmaaT CinbCbKOrocnoAapCcbKmMx HayK

HauioHanbHWI yHiBEpCUTET BiopecypciB i NPUPOAOKOPUCTYBaHHSA YKpaiHK
03041, Byn. lepois O6opoHu, 15, m. Kuis, YkpaiHa
https://orcid.org/0000-0001-7511-4190

IBaH Onekcitiosuu depociii

KaHAmaaT cinbCbKOrocnoAapCbKMx HayK, AOLEHT

HauioHanbHWMI yHiBepcuTeT Biopecypcis i NpMPOAOKOPUCTYBaHHSA YKpaiHu
03041, syn. lepoi O6opoHu, 15, m. Kuis, YkpaiHa
https://orcid.org/0000-0002-5044-9960

OuiHKa pocTy Ta PO3BUTKY COPTIB BirHU
3a peHONOriYHMMM | MOPPONOriYHMMMU CNOCTEPEXKEHHAMMU

AHoTauig. [Toulyk Ta Bifbip copTiB BirHU 3 ONTUMaIPHUMU OCIIONAPCHKUMU 03HAKAMU € KIII0UOBUM GaKTOpOM ¥
PO3pO61Ii TEXHOIOTI ¥ BUPOIIYBaHHs 1A [TiABUIIEHHS PiBHA BpOXXaMHOCTI. MeTa IOCiIkeHb [ToiAraiay BUsHauYeHHi
deHonoriyHNX i MOPPOIOriYHNX 03HAK COPTIB BIrHU KYIIIOBOI Ta BCTAHOBJIEHHI B3a€MO3B'A3KY MK I'OCIIOZaPCHKO-
IiHHUMU ITOKa3HUKAM{ Ta IOTOJHUMU yMoBaMU. I[IPOBIZHUMM MeETONaMU NOCIIKeHHS el MpobieMu €
TIOJIBOBUM — JJIS OL[{HKU POCTY Ta PO3BUTKY COPTIiB BirHHU, CTATUCTUYHUUN — JJIf NTPOBEeAEHHS IHCIIePCIHOro Ta
KODeJIALiHOI0 aHaIi3y OLiHIOBaHHS MOPOJIOTiYHMX O3HAK Ta rOCIIOAAPCHKO-IIHHUX ITOKAa3HUKIB BirHU. BUBUeHO
IT'SITh COPTIB KyIIOBOi Biruu: [poik (I3paine), Kadempansua (Yrpaina), Faccon (B'eTHaM), AMEPUKAHCHKA MTOKPAIEHa
(CI14), V-Ta-KouToy (Kutar). 3's1COBaHO, [0 TPUBAIICTH GEHOJIOTIYHUX da3 COPTIB BirHU 3aJIeKaia Bif| TOTOIHUX
yMOoB. COPTH BirHU KyIIOBOI XapaKTepH3yBaJIMCh pAHHIMU CTPOKaMU JOCTUTaHHS 33 CYMU eQeKTHUBHUX TeMIIepaTyp
192,0-207,5°CicyMu onaais 30,54-31,65 MM. Biflblll paHHIMM CTPOKaMU JOCTUTAaHHA BUABUINCS COPTU AMepUKaHChKa
nokpartteHa, KadbeznpanbHa, [aCCOH 3 TPHUBAJIICTIO ITEPiOAY BiZ CXOiB 10 ITOYATKY 361pajIbHOI CTUTTIOCTI JIOTIATKY 58-
62 1i6 i TpuBaJIiCTIO MepioAy Bif cxoAiB A0 6ioIoriuHol CTUITOCTI HACiHHSA — 92-94 H06u. [I11 OBOYEBOTO HATIPAMY
TIepCIIeKTHBHUMU BUABUINCS KyIoBi copTu KadenpanbHa Ta V-Ta-KoHTOy 3 BHCOTOIO POCIUH 48,5-54,9 cM, fKi
dopMyBay HiKHI 70Bri 6061 3i C1Ta6KUM IIepraMeHTHUM IapoM (22,8-23,6 cM). Coptu I'poik Ta [acCOH BUABUIINCH
L[iHHUMU ISl BUPOIIYBaHHS IIPOPOCTKIB 3aBIAKU Api6HOMY CBiT/IO 3a6apBlIeHOMY HACIHHIO 3 BUCOTOIO POCINH
61,8-100,5 cM Ta GopMyBaHHAM BEJIMKOI KiJIBKOCTI KOpOTKuX 606iB Ha pocnuHi (12,8-15,6 cM). BcTaHOBIEHUH
CUJIBHUM B33a€MO3B'I30K MDK MOpQONOriYHUMM O3HAaKaM{ Ta TOCIIOAApPCHKO-IIHHMMU ITOKa3HUKAaMM BiTHIL
CepenHsa BpOXKaHICTh 606iB MaJia IIpAMUI CHJIBHUH 3B'A30K i3 3arajibHOIO0 KUIBKICTIO 606iB Ha pociuHi (r=0,93) Ta
CWJTBHUI 06epHEHMU 3B'S30K i3 OBKUHOI0 606y (r=-0,88). I3 36i/1bLIEHHAM JOBKUHY 606iB 3MEHIIYBaIaCh CEPEIHS
yposKalHicTh 606iB i KibKiCTh 606iB Ha POCIIMHI, TIPO IO CBIAYUTD CUIbHUM 06€pHEHMH 3B'930K 1IMX [MOKA3HUKIB
(r=-0,93). Marepiany CTATTi CTAHOBJIATD MTPAKTUYHY L{IHHICTB [AJIs 361bIIEHHS BUAOBOTO PiSHOMAHITTS OBOYEBHX
KYJIBTYP Ta ITOKPAIIeHHS 3a6e3eYeHH HaCceJIeHHS [[IHHUMU Xap4OBUMU IIPOIYKTaMU

KniouoBi cnoBa: 6060Bi RyIETYpH, 6061-JT0MaTKY, IIBITiHHA, 36KpajibHa CTUTTIICTD, BUCOTA POCIUH, JOBXUHA 606,
HacCiHHA
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Influence of the fertiliser system on the soil nutrient regime
and onion productivity

Abstract. Modern approaches to optimising the nutrition of vegetable plants often have low efficiency and negatively
affect various components of the agrobiocoenosis (soil, microbiota). In this regard, the purpose of the study was to
determine the influence of various fertiliser systems on the yield and quality of onions in irrigated vegetable-fodder
crop rotation, changes in the main agrochemical and microbiological parameters of the soil. The study was conducted
in the laboratory of agrochemical research and quality of products of the Institute of Vegetable and Melon Growing of
NAAS of Ukraine. Research methods: long-term stationary field experiment; laboratory determination of agrochemical
and microbiological parameters of soil and biochemical composition of bulbs; statistical data processing. It is determined
that a significant increase in the content of nitrate nitrogen in the arable soil layer is provided by the use of mineral
fertilisers, mobile compounds of phosphorus and potassium - mineral and systems. The use of mineral fertilisers leads
to anincrease in the number of fungi in the soil rhizosphere and a decrease in the potential activity of nitrogen fixation,
which worsens the microbiological activity of the soil. The application of organic fertilisers in combination with mineral
fertilisers leads to an increase in the number of nitrogen-fixing microorganisms and potential nitrogen-fixing activity,
which improves soil fertility. The use of organo-mineral and mineral fertiliser systems leads to an increase in the yield
of onions by 6.6-8.6 t/ha or 41.3-53.8%. When using biologised nutrition optimisation systems, the yield increases by
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regime and onion productivity. Plant and Soil Science, 13(4), 17-26.
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19.4-23.8%. The maximum level of onion yield is indicated for the introduction of organo-mineral fertiliser systems
(63 t/ha of humus + randomly NP, K, ; 36 t/ha of humus +locally N,.P,.K,.); causing an increase in yield by 8.2-8.6 t/ha.

457 454577

There is a certain pattern of a decrease in the dry matter content in bulbs and an increase in the nitrate content under
various fertiliser systems. The research materials are of practical value for the implementation of nutrition optimisation
systems aimed at both sustainable growth in the yield of vegetable products and maintaining the level of soil fertility

of vegetable agrobiocoenoses

Keywords: nutrition optimisation, vegetable and fodder crop rotation, yield, quality composition of the bulb

INTRODUCTION

Onions are a valuable vegetable plant that ranks first
among other vegetable crops in terms of world produc-
tion. Increasing gross production without expanding the
area of sowing crops is possible only through the use of
intensive cultivation technologies, where the key aspect
is the system of nutrition optimisation (fertilisation). At
the same time, the use of high fertiliser rates often has
a number of negative consequences: deterioration of
product quality, accumulation of nitrates in bulbs, and
negative impact on the microbiota and soil fertility pa-
rameters (Horodniy & Bykina, 2000).

There are many opinions of researchers regarding
the mechanisms of improving the nutrient regime of the
soil and the efficiency of applying various types of fertil-
isers (Armstrong et al., 2000; Kuts et al., 2017 Novikova,
2020;). Some researchers suggest that the most effec-
tive factor in increasing the availability of mobile forms
of nitrogen, phosphorus and potassium in the arable soil
layer is the use of mineral fertilisers, especially the lo-
calisation of their application (Backes et al., 2018; Beza-
bih & Girmay, 2020). A number of agricultural chemists
point to a decrease in the mobility of nutrients at the end
of the growing season of agricultural crops for the use of
mineral fertilisers, and a more prolonged positive effect
on the soil nutrient regime for the use of organic fertil-
isers (Diaz-Perez et al., 2018). According to the results of
a number of studies, it was found that the most effective
way to improve the nutrient regime of the soil during
the entire growing season of plants is to use the orga-
no-mineral fertiliser system (Colla et al., 2018; Moraes et
al., 2018; Moraiet § Ansari, 2022). The level of soil fertili-
ty also depends on the fertiliser system, since fertilisers
affect many parameters of fertility: nutrient regime, ab-
sorption capacity, structure and water-physical proper-
ties, microbiological activity, etc.

Different fertiliser systems have different effects
on crop rotation productivity and soil fertility indica-
tors (Moraes et al., 2018; Bezabih § Girmay, 2020;). It is
established that the effectiveness of fertilisers varies
depending onthe level of soil fertility, doses and meth-
ods of fertilisation, balance in nutrition elements, and
distribution of fertilisers between crop rotations (Kuts
et al.,, 2017; Novikova, 2020;). Many studies have found
that the use of a mineral fertiliser system contributes
to an increase in soil degradation processes and a
gradual decrease in crop rotation productivity. Thus,

o

in studies on acidic forest soils of the Western For-
est-Steppe, long-term use of mineral fertilisers caused
a decrease in crop rotation productivity relative to the
option without fertilisers (Backes et al., 2018;). Whereas
systematic joint application of the organo-mineral fer-
tiliser system on the liming background (10 t/ha of ma-
nure + NP K, ) contributes to the development of high
crop rotation productivity at the level of 6.15-6.78 t/ha
of grain units (Kaminsky et al., 2012). Many researchers
have proven that a combination of organic and miner-
al fertilisers plays an important role in optimising crop
nutrition in crop rotation (Backes et al., 2018; Colla et
al., 2018). But for the combination of applying organ-
ic and mineral fertilisers, the dose of the latter should
be optimised considering the amount of nutrients in
the composition of organic fertilisers, the availabil-
ity of soil, and the crop rotation system (Backes et al.,
2018). The use of manure combined with mineral fer-
tilisers increases the efficiency of the latter, promotes
the growth of yield and product quality, increases the
recycling of nutrients and carbon in agrocoenoses, en-
sures the preservation and reproduction of soil fertility
(Backes et al., 2018; Colla et al., 2018; Erkalo et al., 2022).

The efficiency of using mineral fertiliser systems in
technological schemes for growing onions depends on
the type of soil, technological growing conditions, and
irrigation conditions. For each soil, climatic and tech-
nological growing conditions, a certain range of fertil-
iser rates can be distinguished, which is economically
feasible. Thus, according to Ethiopian researchers, in
irrigation conditions, it is economically feasible to ap-
ply the fertiliser for growing onions at a rate N, P, S,
which provides a yield of 47.4 t/ha, causes an increase in
the height of the plant, the length of leaves, the diameter
and length of the bulb, its average weight, the content of
dry soluble substances in the bulbs (Shura et al., 2022).
According to Iraqi researchers, by using conditional-
ly suitable water for irrigation, an increase in the effi-
ciency of fertilisers depends on the norm of potassium,
which is economically feasible in the range of 60-80 kg/
ha (Khalefah et al,, 2022).

Localisation of the use of mineral fertilisers is also a
source of increasing their efficiency, which is especial-
ly important for nitrogen fertilisers. In the research by
Mexican scientists, local application of nitrogen fertil-
isers provided a significant increase in bulb weight and
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yield, but often created conditions for excessive sup-
ply of nitrogen to plants, which caused the appearance
of a thick neck, germination and rotting of bulbs during
storage (Kitila et al., 2022).

In conditions of a shortage of organic fertilisers, a
combination of green manure and microbiological fer-
tilisers can be used as an alternative. Thus, the use of
microbiological fertilisers (Azotovit, Phosphatovit) for
growing onions contributes to an increase in the leaf
surface area by 27-80 cm?, increase inyield by 0.9-3.9 /ha
or by 6.0-26.3% (Kanevskaya, 2022). The range of micro-
biological preparations for optimising nutrition and en-
hancing plant growth processes is constantly growing,
which allows introducing comprehensive solutions to
the problem of mineral nutrition of plants.

Currently, the problem of studying the influence of
various fertiliser systems on soil fertility, its agrochem-
ical and microbiological state in vegetable agrobiocoe-
noses remains neglected. The solution of this problem
would allow creating or correcting fertiliser systems for
vegetable plants, which, in addition to increasing yields,
will ensure the preservation or reproduction of soil fer-
tility, reduce the chemical load on plant communities,
and increase the economic efficiency of using fertilisers,
especially mineral fertilisers.

The purpose of the study - to investigate the dynam-
ics of agrochemical and microbiological parameters of
the arable soil layer, the level of yield and qualitative
composition of onion products under various fertiliser
systems in the irrigated vegetable-fodder crop rotation
of the Left-Bank Forest-Steppe of Ukraine.

MATERIALS AND METHODS

Scientific research was conducted at the Institute
of Vegetable and Melon Growing of the National Acade-
my of Agrarian Sciences of Ukraine in the laboratory of
agrochemical research and quality of products, during
2018-2020. The soil of the experimental site is repre-
sented by typical low-humus heavy loamy chernozem
on loessial soil (humus content - 4.3%; hydrolysed nitro-
gen - 139; mobile phosphorus - 135-352, and exchange
potassium - 66-177 mg/kg of soil, pH of salt extract - 5.7).

The study is a continuation of the long-term sta-
tionary experiment that was started in 1968. Determi-
nation of the effectiveness of various fertiliser systems
was carried out in an irrigated 9-field vegetable-fod-
der crop rotation: barley with the sowing of perennial
grasses — alfalfa of the first and second years of use -
cucumber - winter wheat - onion - tomato - white
cabbage - table beet.

Field studies were conducted according to the ex-
periment scheme:

1. No fertiliser (control)

2. Humus 36 t/ha (scattered)

3.N,,P,,K,, (randomly)

4.N_ P. K __ (randomly) + foliar top dressing with
Reakom-SO in three terms.

320 20077130
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5.Humus 36 t/ha+N P, K

457 457745

6. Humus 63 t/ha+N,.P, K

45T 457245

(randomly)
(randomly)

7.Humus 36 t/ha +N,.P K, (locally)
8.Humus 63t/ha+N,,.P,, .K,, . (locally)

9. Green manure system of onions includes plough-
ing 3 t/ha of straw with the addition of Ecostern stubble
biodestructor (11/ha) + soaking seeds in a solution of Az-
otofit-r biological preparation (11/t) + foliar top dressing
with a solution of Organik balans biological preparation
(11/ha) in three terms

Biologised fertiliser system includes an aftereffect
of 40 t/ha (applied to the predecessor - cucumber) +
ploughing of 3 t/ha of straw with the addition of Ecos-
tern stubble biodestructor (11/ha) + soaking of seeds in a
solution of Azotofit-r biological preparation (11/r) + foliar
top dressing with a solution of Organik balans biological
preparation (11/ha) in three terms

Foliar top dressing was carried out in three periods:
phase 3-4 of true leaves, phase 6-8 of true leaves, and
the beginning of bulb formation.

Total plot area 58.3 m? accounting area - 19.6 m?,
repetition - four-fold, systematic placement of plots in
two tiers (Bondarenko & Yakovenko, 2001).

In soil samples, the content of nitrate nitrogen was
determined: in fresh - the content of nitrate nitrogen
(DSTU 4729:2007, 2008) colourimetrically with disul-
fophenolic acid, in air-dry - mobile phosphorus com-
pounds and exchange potassium according to the mod-
ified Chirikov method, followed by determination of
phosphorus - photometrically, potassium - on a flame
photometer (DSTU 4115-2002,2003).

Determination of soil microbiological activity in-
cluded determination of:

- the number of fungi using the cup method on an
acidified Czapek medium (Zvyagintseva, 1980);

- the number of nitrogen-fixing microorganisms
using the method of limit dilutions using acetylene test
on Ashby semi-liquid media (Villemin et al., 1974);

- potential activity of nitrogen fixation (activity that
is noted for the formation of optimal carbon, tempera-
ture and water regimes for nitrogen-fixing microorgan-
isms) for the use of the acetylene method in rhizospheric
soil with the addition of glucose solution (Umarov, 1976;
Bilay, 1982);

- the mineralisation coefficient (an indicator of the
intensity of the processes of mineralisation and assim-
ilation of nitrogen compounds in the soil, expressed by
the ratio of the number of bacteria and streptomycet-
es that absorb mineral forms of nitrogen (cultivated on
starch-ammonia agar), to the number of bacteria that
consume nitrogen of organic compounds (cultivated on
meat-peptone agar) (Zvyagintseva, 1980).

The quality of onion products was determined using
the following methods: dry matter — (DSTU 7804:2015,
2016), total sugar - (DSTU 4954:2008, 2009), ascor-
bic acid - (DSTU 7803:2015, 2016), nitrates — (DSTU
4948:2008,2009).
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Onions of the Tkachenkivska variety were grown
according to the technology recommended for the zone
(DSTU 8072:2015, 2017): cultivation - ploughing for 22-
25 cm with continuous cultivation in autumn and early
spring harrowing; sowing seeds in the third 10 days of
March - first 10 days of April with a norm of 650 thou-
sand units/ha; irrigation - sprinkling in 4 terms with
a rate of 250-35 m?/ha; plant protection - a complex
of recommended herbicides, fungicides, and insecti-
cides; harvesting with mechanical digging and drying
of bulbs in the field.

RESULTS AND DISCUSSION

The results of studies show that the content of mobile
forms of basic nutrientsin 0-30 cm soillayer during the
cultivation of onions significantly varied depending
on fertiliser systems. Thus, in the control option, the
amount of nitrate nitrogen was the lowest and ranged
from 23.6-26.5 mg/100 g of soil. Application of high
doses of mineral fertilisers (N,, P, K,,, + top dressing
“Reakom-S0”) caused the highest accumulation of ni-
trate nitrogen in 0-30 cm soil layer during all periods
of soil analysis from 111.9 in June to 45.9 mg/kg before
harvesting (Fig. 1).

120 1119
100 88.6
85 :
779 82.7 s
80 665 :
52.6
60 453”7495 422459
347385 372
40 -
261 23621 26925
. - . -
0
June July August
No fertiliser (control) - Green manure with MP complex
NooPgoKoeo 36 t/ha of humus
Na0P200K130+ "Reakom-SO" m 36 t/ha of humus + N,sP4sK.s (locally)
- Biological: organic fertilisers + green manure + MP

Figure 1. Content of nitrate nitrogen in the 0-30 cm soil layer,
depending on the fertiliser system (average for 2018-2020)

A high level of soil supply with nitrogen compounds
is also noted during the period of maximum increase in
the vegetative mass of the bulb (June - July) according to
the nutrition optimisation system for the use of straw as
green manure in combination with microbial prepara-
tions (45.3-77.9 mg/kg), for the introduction of N, P, K,
(52.6-85.0mg/kg) and 36 t/ha of humus (49.5-82.7 mg/kg).

During the period of physiological ripeness, the
amount of nitrate nitrogen sharply decreases to the lev-
el of 26.8-45.9 mg/kg of soil according to the fertiliser
systems under study. The explanation for this phenom-
enon is, firstly, the active accumulation of nitrogenous
substances by plants, and secondly, the migration of
soil nitrogen compounds to the suborder layer of the
soil. However, the pattern characteristic of previous
periods is also noted in the future: the combined use of
mineral and organic fertilisers causes high values of the
indicator (37.2-45.9 mg/kg of dry soil); the use of straw
ploughing in combination with microbial preparations
provides alower level of nitrogen regime in the soil (27.1-
28.5 mg/kg of dry soil).

Thus, it is noted that the improvement of the nitro-
gen regime of the soil provides, in addition to the use of
high doses of nitrogen fertilisers (N,,,), also the use of
organic fertilisers (humus). At the same time, there is
no peak increase in the provision of the arable soil layer

with nitrate nitrogen in the initial periods of vegetation
of the crop, as with the use of N,, P, K., but this pa-
rameter increases with the introduction of organic and
organo-mineral fertiliser systems relative to control (by
105-120%). Such data are noted in the research of South
Korean scientists (Lee, 2010).

It is indicated that the joint application of organic
and mineral fertilisers (locally N,.P,.K,.) creates the best
conditions for phosphorous nutrition for onion plants
(Fig. 2). Under such conditions, the content of mobile
phosphorus compounds in the soil increases to 316-
352 mg/kg of dry soil, depending on the development
phases of onion plants.

Application of N, P, K, and N_, P, K_ in combi-
nation with microfertilisers Reakom-SO contributes to
a high level of provision of the arable soil layer with mo-
bile phosphorus compounds - 252-320 mg/kg of dry soil.

When using organic fertilisers and ploughing straw
with microbial preparations, the content of mobile phos-
phorus was almost at the same level and amounted to
239-252 mg/kg for organic systems and 241-281 mg/kg
for biological fertiliser systems, which significantly ex-
ceeded the control (142-156 mg/kg of dry soil). It is also
noted that if the mineral and organic fertiliser systems
of onions provide the soil with mobile phosphorus com-
pounds during the growing season does not change, then
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with the use of a biological fertiliser system (organic fertil-
isers + straw + microbial preparations) there is a certain

400
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NgoPsoKeo
N320P200Ki30+ "Reakom-SO"

B Biological: organic fertilisers + green manure + MP

352
310
268 300 581 297
257 252 241 252 539 255
142 I 135
0

tendency to reduce the content of mobile phosphorus
compounds at the end of the growing season of the crop.
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Figure 2. Dynamics of mobile phosphorus in 0-30 cm soil layer depending
on the fertiliser system of Tkachenkivska onion variety (average for 2018-2020)

Similar patterns are also inherent in the supply of
potassium (Figure 3). During the growing season, a high
level of soil supply with potassium mobile compounds
is indicated for organo-mineral (36 t/ha humus + local-
lyN,.P,.K,)and biologised systems for optimising plant
nutrition (with the content of exchange potassium in
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0-30 cm soil layer at the level of 148-177 mg/kg of soil).
For the green manure fertiliser system with a complex
of microbial preparations, the content of exchange po-
tassium in the soil significantly exceeded the control -
66-79 mg/kg of dry soil, although it was less than for the
biological fertiliser system (98-106 mg/kg).
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Figure 3. Content of exchange potassium in 0-30 cm soil layer, depending
on the onion fertilisation system (average for 2018-2020)

Thus, the introduction of biologised and green ma-
nurefertiliser systems with a complex of microbial
preparations that can be actively involved in the systems
of growing agricultural plants according to the princi-
ples of organic farming, determine the optimal level of
supply of plants with mobile compounds of phosphorus
(241-281 mg/kg) and potassium (121-130 mg/kg) with an
excess of 69-75% of the corresponding indicators on the
control variant. The effectiveness of a complex of micro-
bial preparations in combination with organic and green
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manure fertilisers has also been proven by studies con-
ducted in Venezuela (Blanco et al,, 2021), in IndiaParray
et al,, (2016), Spain-Barea et al., (2013).

Analysing the influence of onion fertilisation sys-
tems on the microbiological activity of the soil, the
dependence of the content of nitrate nitrogen in the
soil on the number of nitrogen-fixing microorgan-
isms is indicated. A certain increase in the number
of nitrogen-fixing microorganisms (46-71 thousand
colony-forming units (CFU)/g of dry soil) and potential
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nitrogen-fixing activity (28.6-34.2 nmol C,N,/ g of dry
soil per hour) according to the green manure, biolog-
ical, and organo-mineral fertiliser system (Table 1).
An increase in the number of nitrogen-fixing micro-

organisms was also noted when using an organic fer-
tiliser system with the introduction of humus under
the culture; the number of microorganisms was 68.4
thousand. CFU/g of dry soil.

Table 1. Changes in soil microbiological activity, onion growth
and development phase of 6-8 true leaves, average for 2018-2019

Number of microorganisms, thous. CFU/g of Potential nitrogen
e dry soil fixation activity, nmol Mineralisation
Fertilisation system » — . . .
n Nitrogen-fixing C,N,/g of dry soil per coefficient
Fungi microorganisms hour
Without fertilisers (control) 18.8 38.8 21.8 0.38
Green manure: straw 3 t/ha
+ stubble biodestructor (1 1/
ha) + seed treatment with
Azotophyte-r (11/t) + foliar top 236 463 286 0.52
dressing with Organik balans
(11/ha)
36 t/ha of humus (scattered) 20.7 68.4 30.5 0.41
N,.P..K,, (randomly) 22.3 42.5 24.1 0.47
36 t/ha of humus +N P, K, 19.3 523 28.6 0.41
(randomly)
Biological: aftereffect 40 t/
ha of manure + straw 3 t/ha
+ stubble biodestructor (1 1/
ha) + seed treatment with 21.1 715 34.2 0.44
Azotophyte-r (11/t) + foliar top
dressing with Organik balans
(11/ha)
Least significant difference 132 512 455 )
(LSD)D o

The use of mineral fertilisers causes a certain de-
crease in the potential activity of nitrogen fixation rel-
ative to other fertiliser systems to the level of 24.1 nmol
C,N,/g of dry soil per hour.

It is indicated that the number of soil fungi for
the use of humus both separately and in combina-
tion with mineral fertilisers (19.3-20.7 thous. CFU/g
of dry soil) is significantly reduced relative to other
fertiliser systems and is within the values in the con-
trol variant (18.8 thous. CFU/g of dry soil). According
to the green manure, biological, and mineral fer-

tiliser systems, the number of soil fungi increases.
This does not correspond to the results of studies
obtained by Serbian researchers, where for the use
of microbial preparations (Azotobacter chroococcum,
Pseudomonas fluorescens) there is a decrease in the
number of soil fungi (Colo et al., 2014).

Improvement of agrochemical and microbiologi-
cal parameters of the soil with the use of organic and
mineral fertilisers provides an increase in the yield of
onions and an improvement in the biochemical com-
position of products (Table 2).

Table 2. Influence of fertiliser systems on the yield and quality
of onions of the Tkachenkivska variety (average for 2018-2020)

Yield Biochemical parameters of bulbs
: L ascorbic nitrates,
Onion fertiliser system t/ha increment SUbstdar':(ce w total ‘;ugar, ! (Ms
’ mg/100 g 80 mg/kg)

Without fertilisers (control) 16.0 - 12.8 9.6 7.5 35.5
Organic system

36 t/ha of humus (scattered) | 223 6.3 13.1 98 | 75 | 660
Mineral system

N,.P..K,, (randomly) 226 6.6 115 9.4 7.2 124.4

N, .P,.K 5, (randomly) + Reakom-SO 23.6 7.6 11.4 11.2 7.5 136.0

Plant and Soil Science (13) 4



Kuts et al.

Table 2, Continued

Yield Biochemical parameters of bulbs
. i~ ascorbic nitrates
Onion fertiliser system ’
v t/ha increment substirr:,ce % total;ugar, acid, (ms?*
7 ? mg/100g | 80 mg/kg)
Organo-mineral system
36t/ha of humus NP, K,g 2258 6.8 13.3 9.5 7.4 60.1
(randomly)
63 t/ha of humus + N,.P K, 24.6 8.6 12.5 9.4 7.3 59.0
(randomly)
36 t/ha of humus + N _P_K,_ (locally) 24.2 8.2 11.8 10.6 7.7 72.1
63 t/ha of humus + N, P,, Ko, 22.8 6.8 11.9 10.1 7.5 1117
(locally)
Biological fertiliser system
Green manure (straw 3 t/ha +
stubble biodestructor (1 I/ha) + seed
treatment with Azotophyte-r (11/t) + 19.8 3.8 12.8 10.2 7.6 57.0
foliar top dressing with Organik balans
(11/ha)
Biologised (aftereffect 40 t/ha of
manure + straw 3 t/ha + stubble
biodestructor (1 I/ha) + seed
treatment with Azotophyte-r (11/t) + 191 31 131 100 7.8 9.1
foliar top dressing with Organik balans
(11/ha)
LSD, 2.17 0.94 1.25 0.76 15.8

Note: ! MS - molar solution

Ahighlevel of yield is noted for organo-mineral fer-
tiliser systems. Thus, for the introduction of 63 t/ha of hu-
mus with N, P, K, randomly orless than the humus rate
(36 t/ha), but with the use of mineral fertilisers locally,
theyield of onionsincreases by 8.2-8.6 t/ha or51.3-53.8%.

Using only mineral fertilisers at arate N, P, K. ran-
domly provides a yield increase of 41.3%. Increasing the
normtoN, P, K. (toensureayield of 30 t/ha) does not
significantly increase the yield of onions.

The use of a system for optimising plant nutrition
with the involvement of green manure fertilisers and
microbial preparations causes the smallest increase in
yield at the level of 3.1-3.8 t/ha or 19.4-23.8%. The corre-
sponding results were obtained by other researchers.
Thus, in the conditions of Ethiopia, inoculation of seeds
with preparations containing bacteria from genera
Pseudomonas, Bacillus, Azotobacter, Enterobacter and
Azospirillum was effective for growing onions (Mekon-
nen § Kibret, 2021). According to Indian researchers, the
use of a consortium of microorganisms Azotobacter sp.
+ Sphingobacterium sp. + Burkholderia sp. provides an
increase in crop yield by 12.0% (Tinna et al., 2020). The
combination of microbial preparations with mineral
fertilisers is also effective, which reduces the amount of
the latter (Devi & Ado, 2005; Rafique et al., 2019).

On average, over the years of research, there was
a certain pattern of reducing the dry matter content in
bulbs under different fertiliser systems. The dry matter
content was significantly reduced for mineral fertil-
iser systems, as well as for the use of 36 t/ha of humus +
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locally N, P, K,; the indicator was 11.4-11.8%. At the same
time, using only organic fertilisers (36 t/ha of humus)
and with the joint application of 36 t/ha of humus and
randomly N, P, K, or according to the biological fer-
tiliser system, there is a tendency to increase this bio-
chemical parameter (13.1-13.3%).

According to the effect on the total sugar content in
bulbs, a variant with an estimated dose of mineral fer-
tilisers is distinguished, which provides a significant
increase in this indicator to the level of 11.2% relative to
the control with a sugar content of 9.6%. According to
other fertiliser systems, the total sugar content in bulbs
ranged from 9.4-10.6%.

The content of ascorbic acid (vitamin C) in bulbs was
not significantly affected by the fertiliser system. At the
same time, the value of the indicator ranged from 7.2-
7.8 mg/100 g with a vitamin content of 7.5 mg/100 g in
the control.

Theuseofdifferent types andrates of fertilisersleads
to an increase in the content of nitrates in bulbs. There
are quite high values of this parameter for the use of
mineral fertiliser systems, as well as for organo-mineral
fertiliser systems, where mineral fertilisers are applied
locally. At the same time, the nitrate content in the bulbs
increases to the level of 72.1-136.0 mg/kg of raw weight.
For organo-mineral fertiliser systems, where mineral
fertilisers are used randomly, as well as for green ma-
nure and biologised fertiliser systems, the nitrate con-
tent increases significantly relative to the control, but
within smaller limits (up to the level of 57.0-60.1 mg/kg

€
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of raw weight), which does not exceed the maximum
allowable level (80 mg/kg of raw weight).

CONCLUSIONS

The maximum growth of the main parameters of the soil
nutrient regime is provided by the use of mineral and orga-
no-mineral fertiliser systems, as well as a biologised system,
which includes the use of a complex of microbial prepara-
tions for the aftereffect of organic fertilisers in crop rotation.

Deterioration of some parameters of soil microbio-
logical activity causes the use of mineral fertilisers (the
numberoffungiintherhizosphericsoilincreases, the po-
tential activity of nitrogen fixation decreases). The intro-
duction of organic and organo-mineral systems for opti-
mising the nutrition of onion plants provides an increase
in the number of nitrogen-fixing microorganisms (52.3-
71.5thousand CFU/gof drysoil) and potential nitrogen fix-
ation activity (46.3-71.5 nmol S,N,/g of dry soil per hour).

The maximum level of onion yield was noted for
the introduction of organo-mineral fertiliser systems
(63 t/ha of humus + randomly NP, K, ; 36 t/ha of humus
+ locally N, P 45K‘G); which contribute to an increase in
yield in the range of 8.2-8.6 t/ha or 51.3-53.8%.

The use of organo-mineral fertiliser systems with
the introduction of mineral fertilisers randomly, and the
use of green manure and biologised fertiliser systems
ensure the production of vegetable products with a high
content of biologically active substances.

The continuation of these studies is aimed at solv-
ing two problems: 1) investigation of the transforma-
tion of the main parameters of chernozem soils of the
forest-steppe of Ukraine under various fertiliser sys-
tems in vegetable agrobiocoenoses; 2) development
of systems for optimising the nutrition of vegetable
plants with a shortage of organic fertilisers and high
cost of mineral fertilisers.
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Bname cucteMmn yao6peHHs Ha NOXXUBHUIN PEXXUM FPYHTY
Ta NPOAYKTUBHICTb LGy i pinyacToi

AHoTauia. CyyacHi miaxonu mopo onTuMisallii JKUBJIeHHS OBOYEBUX POCIMH YacTO MaloTh HU3BKY eDeKTHUBHICTh
T4 HETaTUBHO BIUIMBAIOTh Ha Di3HI KOMITIOHEHTH arpobiolneHosy (rpyHT, MiKpo6ioTy). Y 3B'M3Ky 3 LM METOH0
IOCi>KeHb 6yJI0 BU3HAYEHHS BIUIMBY Di3HUX CUCTEM YIOOpeHHSA Ha (GOpMyBaHHA BPOKANMHOCTI Ta SKOCTI
M6y pirryacToi B 3poIIyBaHiil 0BOUYe-KOPMOBIii CiBO3MiHi, 3MiHy OCHOBHUX arpoxiMiyHUX Ta MiKpo6iomoriaHux
mapaMeTpiB I'pyHTY. JOCTiIKeHHs IPOBENeHO B ylaboparopii arpoxiMiuHMX NOCTII)KEHb Ta SKOCTI MPOAYKIil
[HCTUTYTY OBOYIBHUIITBA i 6amTaHHUIITBa HAAH VRpaiHy. MeTomu AOCIiIKeHb: JOBIOTPUBAJIUM CTAlliOHAPHUN
TIOJIBOBUH JOCIIiJ, TabopaTopHe BU3HAUYEHHS arpoxiMiuHuX Ta MiKpo6ionoriyHux mapaMeTpiB IpyHTY, 6ioxiMYHOTO
CKJIafy LUOYIUH, CTaTUCTHMYHA 06po6Ka JZaHuX. BU3HAUEHO, IO iCTOTHe MigBUIEHHSA BMICTY HITpaTHOrO a30Ty
B OpPHOMY IIapi I'PyHTY 3abe3ledye BUKOPUCTaHHI MiHEpalbHUX NOOPUB, PyXOMUX CHONYK dpocdopy Ta Kasito —
MiHepasibHa Ta OpraHO-MiHepaJbHA CHUCTEeMU YZO6peHHS. BUKODUCTAHHA MiHepaJbHUX HOGPUB 3YMOBIIOE
36iNbIIEHHS YHMCENBHOCTI rpubiB y pusocdepi IpyHTY i 3MeHIeHHS IOTeHLIMHOI aKTUBHOCTI a3oTdircariii, 1o
roripurye Mikpo6ionoriyHy akTUBHICTh I'PYHTY. BHECEHHs OpraHiYHUX ZO6pUB B ITOEOHaHHI 3 MiHepalbHUMU
IO6pUBaMU, IIPU3BOAUTS 10 3POCTAHHS KiJIBKOCTi a30TGiKCyBaIbHUX MiKpOOPTaHi3MiB Ta IIOTEHIiMHOI aKTUBHOCTI
asotdikrcallil, 0 MOKpAIIye POAIOUICTb I'PYHTY. BUKOpHCTAHHA OpraHO-MiHepaJbHUX Ta MiHEepaJbHUX CHUCTEM
ymo6peHHs 3yMOBJIIOE ITiABUILIEHHS YpOKaWHOCTI M6y pirryacToi Ha 6,6-8,6 T/ra a60 41,3-53,8%. 3a BURKOPUCTAHHS
6i0JI0Ti30BaHMUX CHUCTEM ONTHMI3allil JKUBJIEHHA YPOXKAWHICTb 3pocTae Ha 19,4-23,8%. MaKCHMaJIbHUM piBEHB
ypokaHoCTi Iubynmi pimyacToi 3a3HayeHO 3a BIIPOBAJKEHHA OpPraHO-MiHepaJbHUX CHUCTEM YIOOpPEHHS
(63 T/ra meperHowo + Bpo3kUAN,.P, K,; 36 T/ra meperHon + noxaanoN45P45K45); 3YMOBJIIOIOYN ITiIBUILIEHHS
yposRaHoCTi Ha 8,2-8,6 T/ra. BigMiueHa meBHA 3aKOHOMIPHICTh 3HIKEHHS B IUOYIMHAX BMICTY CyX0l peYOBUHU
Ta MiIBUIIEHHS YMICTy HITpaTiB 3a pisHUX cUCTeM yAobpeHHA. Marepiaiu HOCTiIKeHb CTAHOBJATH IIPAKTUYHY
LiHHICTB 1151 BIIPOBAJI’KEHHS CHCTEM ONITHMIi3allil JKUBJIEHH, L0 CIIPSMOBaHi SIK Ha CTaJle 3pOCTaHHSA YPOXKaWHOCTI
OBOYEBOI ITPOAYKIIi], TaK i 36epeskeHHS PiBHA POLIOYOCTI IPYHTIB OBOYEBHX arpo6iolieHO3iB

Kro4yoBi cnoBa: orrTrMisallis >KUBJIeHHS, 0BOUYe-KOPMOBa CiBO3MiHa,BpOKaNHICTb, AKICHUY CKIa[ IU6YINHU
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Identification of chlorogenic acid in cotyledonous leaves and husks of
common sunflower (Helianthus annuus L.)

Abstract. The relevance of the study is conditioned by the need to optimise the production process of the sunflower
farming ecosystem by increasing environmental sustainability. Among the by-products of processing, the use
of which is still not effective, the release of the powerful antioxidant chlorogenic acid has not been sufficiently
studied. Inthis regard, this paperis aimed at revealing the patterns of accumulation and identification of phenolic
compounds in cotyledons and sunflower husks. The purpose of the study is to identify phenolic compounds in
cotyledonous leaves and husks of various genotypes of common sunflower (Helianthus annuus L.) by thin-layer
chromatography. In the course of research on this problem, the authors used field, biochemical, and statistical
research methods. To identify chlorogenic acid, a solvent system was used: chloroform - glacial acetic acid -
methanol - water (60:32:12:8). Chromatography analysis was performed in the SORBFLIL TLC software suite.
The object of research is the Auris common sunflower hybrid. It is established that the qualitative composition
of the phenolic complex and the number of individual compounds has a pronounced variety specificity. On the
chromatogram, this substance has an Rf of ~ 0.60 (for sunflower husks) and an Rf of ~0.74 (for cotyledonous leaves).
It was found that the most effective solvent for chlorogenic acid is aqueous ethanol. Extraction of chlorogenic acid
with 40% ethanol provides up to 10 mg/g of chlorogenic acid. In addition to chlorogenic acid, a small amount of caffeic
acid was found in the alcohol extract. The materials of the study are of practical value for improving the processes
related to the development of the productivity of sunflower crops and the rational use of processing by-products

Keywords: oilseeds, phenols, antioxidants, caffeic acid, chromatogram, photodensitogram
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INTRODUCTION

At the current stage of crop production development as
a science, increasing the ecological stability of varieties
and plant communities is one of the important factors for
intensifying crop cultivation technologies. In the conditions
of increasing the number of technogenic means used to
optimise the growing conditions of agricultural crops (fer-
tilisers, pesticides, etc.), the role of ecological stability of
varieties and agrocoenoses in the implementation of their
potential productivity is constantly increasing. The maxi-
mum possibilities of plant adaptation to negative environ-
mental factors are determined by the genotype and func-
tional features of the synthesised metabolites, which, in
particular, include polyphenolic compounds. Numerous
studies show that phenolic compounds perform a wide
range of regulatory and protective functions (Pedrosa et
al., 2000; Voitsekhivska et al., 2015), directed against vari-
ous negative environmental factors (infections, insects, UV
radiation, temperature stress, etc.) (Levytskyi et al., 2010;
Makarenko & Levytskyi, 2013). These properties of polyphe-
nols can determine the varietal characteristics of culti-
vated plants. The implementation of the stress-protective
effectis based on the antioxidant properties of these com-
pounds (Andersen § Markham, 2005; Alexieva et al., 2013).

The biological activity of chlorogenic acid is primar-
ily conditioned by its strong antioxidant effect (Parr & Bol-
well, 2000). Its biosynthesis occurs exclusively in plants and,
along with phenolic compounds, is widespread in the plant
world (Clifford, 1999; Nakatani et al., 2000). Chlorogenic
acid is often found in higher dicotyledonous plants, ferns,
and many medicinal plants, which are called “plant gold”
in China (Liang Wang et al., 2022). It has strong antioxidant,
antifungal, antibacterial, and antiviral properties. A number
of researchers have established anti-cancer and haepato-
protective effects, effects on the regulation of glucose metab-
olism, and positive effects on blood vessels (Levytskyi et al.,
2010; Liang Wang et al., 2022). This property can be used both
in medicine, in agriculture, and the food industry. Chloro-
genic acid plays an important role in plant respiration, is
a regulator of growth processes, occupies an important
place in ensuring plant immunity, and performs protective
functions. The content of chlorogenic acid depends on the
varietal characteristics of plants, natural and climatic fac-
tors, and on the method of determination (Makarenko &
Levytskyi, 2013; Voitsekhivska et al., 2015; Labeiko, 2021).

Sunflower is one of the main industrial crops in Ukraine.
Taking into account processing, it is considered a valua-
ble oilseed crop using by-products of processing, mainly
for feed purposes. However, it can be used as a source of
production of various types of biofuels, potash fertilisers,
paper, hexose and pentose sugar, etc. Common sunflower
is also an important source of natural antioxidants and,
compared to other crops, its seeds are characterised by the
highest potential (Halvorsen et al., 2002). The husk of sun-
flower seeds contains only 0.7-5.4% of the total amount of
its phenolic compounds, while the rest is found in the ker-
nel (Pedrosa et al,, 2000; Grana et al., 2017). The predominant

phenolic compound of the sunflower kernel is chlorogenic
acid, which is 43-73 % of all phenolic compounds (Weisz et
al.,2009) and has strong antioxidant, antifungal, and anti-
bacterial properties (Levytskyi et al., 2010). Scientific studies
in most cases relate to the production and use of sunflower
protein, and the production of the antioxidant chlorogenic
acid from sunflower meal is rather neglected (Labeiko, 2015).
Chlorogenic acid is one of the most valuable com-
pounds that is in great demand among consumers, pri-
marily due to its antioxidant properties. The use of
chlorogenic acid is promising in the fat and oil indus-
try as an antioxidant of vegetable oils as a substitute
for synthetic substances (tributylhydroquinone, butyl-
hydroxytoluene, etc.) (Shapovalova et al., 2013). How-
ever, the use of methanol to produce chlorogenic acid,
which in the future can be used in food and supple-
ments, is not desirable. In addition, pre-extraction of
chlorogenic acid from meal would allow obtaining plant
protein without phenolic compounds and using it for
the production of light-coloured food (Labeiko, 2015).
In this regard, the purpose of the study was to iden-
tify composite phenolic complexes in the husk and coty-
ledon leaves of various genotypes of common sunflower
(Helianthus annuus L.) by thin-layer chromatography.

MATERIALS AND METHODS

The study was conducted during 2017-2018 in the labora-
tory of biotechnology and cell engineering of the Depart-
ment of Ecobiotechnology and Biodiversity of NUBiP of
Ukraine. Field experiments were carried out in the sta-
tionary crop rotation of the Department of Crop Growing
in the special subdivision of NUBiP “Agronomic Experi-
mental Station” on typical low-humus chernozems.

The object of research was a hybrid of common sun-
flower (Helianthus annuus L.) Auris (resistant to herbicides
based on tribenuron-methyl (SU), listed in the State regis-
ter of varieties suitable for distribution in Ukraine (2022).

In the course of the study, a field research method
was used to investigate the interaction of the research
object with biotic and abiotic factors in the field.

Experiment scheme - fertiliser options: 1. N
(ContrOD; 2 N60P50K90 + 830; 3 N90P75K135 + S30; 4 N120P100K180+
+ S, .. Mineral fertiliser application rates were calculated
using the balance method for the planned yield, consider-
ing the content of the main elements of mineral nutrition
in the soil. Plot area 25 m? Repetition - four times. Place-
ment of options is sequential.

The technology of growing sunflower seeds is gen-
erally accepted for the forest-steppe zone. Its predeces-
sor was winter wheat. After harvesting the predecessor,
stubble ploughing was carried out. In the first-second ten
days of October, according to the experiment scheme,
50% of the annual norm of nitrogen fertilisers (ammo-
nium nitrate, 33.4%), 100% of phosphorous and pot-
ash fertilisers (double superphosphate, 46%; potassium
chloride, 62%) were applied and winter ploughing was

P. K
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carried out to a depth of 25-27 cm. In spring, when the
soil was physically ripe, mulching was carried out using
a toothed harrow. On the day of sowing, according to
the experiment scheme, 50% nitrogen fertilisers and
100% sulphur (ammonium sulphate) were applied and
pre-sowing treatment was carried out with a combined
unit. Seeds were sown to a depth of 4-5 cm at a soil tem-
perature of 10°C at a depth of 6-8 cm (second 10 days of
April). In the post-sowing period (pre-emergence), a soil
herbicide (312.5 g/1 S —-metolachlor + 187.5 g/l Terbutyla-
zine) was applied. The fungicide (80 g/l Ciproconazole +
200 g/1 Azoxystrobin) was applied when the first signs of
the disease appeared, and the second application - if nec-
essary with an interval of 18-22 days. All elements of the
cultivation technology, with the exception of the subjects,
were the same throughout the experiment.

Sampling of cotyledons in each variant was carried
out in the full ripeness phase on 10 plants. The results
obtained for each of the indicators were tested for normal-
ity according to the Shapiro-Wilk criterion (Razali § Wah,
2011). In the case when the variational series did not cor-
respond to the normal distribution, the number of sam-
ples was increased. The seed yield was determined by col-
lecting all seeds from the registered plot and converting
the value in t/ha to the basic seed moisture index of 8%.

A biochemical research method was used to deter-
mine the content of chlorogenic acid. The qualitative
and quantitative composition of phenolic compounds
was studied by thin-layer chromatography on sunflower
seedlings grown in the laboratory and the husk of sun-
flower seeds grown in the field. Extraction of phenolic
compounds from plant material depends on the type
and polarity of the solvent. Ethanol was chosen as the
solvent for the isolation of chlorogenic acid. Identifica-
tion was performed by thin-layer chromatography (TLC)
using plates measuring 100x150 mm, sorbent - Silicagel
60 F254 (Merck). Solvent systems were used to identify
chlorogenic acid: chloroform - glacial acetic acid - meth-
anol - water (60:32:12:8). To enhance the glow of sub-
stances under ultraviolet illumination, UV (365 Nm) plates
with chromatographs were treated with 5% EtOH solu-
tion AICI3 with subsequent heating (5 min at 105°C). The
chromatogram was kept for 7-10 minutes at a tempera-
ture of 110°C to the appearance of characteristic spots.
Photo documentation of the materials was carried out
using the AxioVision 40V Carl Zeiss software suite. Digi-
tal data processing was performed in the Image Pro Pre-
mier 9.0 (Trial version) software suite. Chromatography
analysis was performed in the SORBFLIL TLC (Kovalov
et al., 2003). To determine the chemical nature of sub-
stances, chromatograms were treated with developing
reagents. Rf indicators were determined photodensito-
metrically using Sorbfil TLC software suite. The presence
of coumarins in methanol (MeOH) extracts was detected
by lactone breakdown and qualitative reaction to diazo-
tated sulfonylic acid (Kovalov et al., 2003). The statistical
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research method was used to analyse experimental data,
determine the reliability of data, and identify dependen-
cies between the studied indicators. Statistical data pro-
cessing, principal component analysis (PCA), correlation
and cluster analysis were performed in the XLSTAT soft-
ware suite (Addinsoft Inc., USA, 2010).

RESULTS AND DISCUSSION

The qualitative composition of the phenolic complex and
the number of individual compounds has a pronounced
variety specificity, which is confirmed by the results of the
conducted studies.

Based on thin-layer chromatography in methanol
leaf extracts by the nature of the glow in the UV region
(365 Nm), performed by a colour reaction to a FeCl3 solu-
tion and the Rf value, a substance that can be identified as
chlorogenic acid was discovered. On the chromatogram,
this substance has an Rf of ~0.60 (for sunflower husks)
and an Rf of ~0.74 (for cotyledonous leaves) (Fig. 1). Thus,
itis established that secondary metabolites, including
oxybenzoic acids, accumulate in the vegetative organs of
plants, which play an important role in the formation of
their constitutional stability. The general state of the plant
organism and its survival strategy depend on the activity
of the synthesis of phenolic substances.

Fr
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Figure 1. Chromatography of MeOH extracts:
1 - cotyledonous leaves; 2 - husks of Auris sunflower
hybrid; T - chlorogenic acid (system: chloroform - acetic
acid - methanol - water (60:32:12:8)

The effect of phenolic compounds on plant resistance
against negative environmental factors is confirmed by the
findings of other researchers (Levytskyi et al., 2010; Gai et
al.,2020). Phenolic compounds are crucial for the antioxi-
dant potential of sunflower seeds (Karamac et al.,2012). The
possibility of using phenolic compounds obtained from
extracts of the aboveground part of sunflower as antiox-
idants is evidenced by scientific studies by Gai et al. (2020).
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Given that the content of chlorogenic acid is quite high
not only in cotyledonous leaves, but also in pericarpia, it is
justified to consider them as a source of a valuable chemical
compound (Table 1). Chlorogenic acid was detected by

thin-layer chromatography in 40% of water-alcohol extrac-
tion of cotyledonous leaves and husks, as evidenced by
the area of peaks in the fluorescence intensity of individ-
ual compounds according to photodensitometry results.

Table 1. Area of fluorescence intensity peaks of individual compounds based on photodensitometry results

Peak area, S - 10° (c.u.)
Rf Indicators 0.02 0.07 0.16 0.22 0.45 0.64 0.74 0.88 0.92 0.97
Cotyledonous leaves 27.5 128.4 60.4 56.1 0 35.3 367.5 0 18.8 224.1
Husk 0 1334 57.4 39.9 111.6 0 370.2 36.2 0 201.7
Chlorogenic acid 104.7

Obtaining extracts with high antioxidant activity from
sunflower seed husks is confirmed by Szydlowska-Czer-
niak et al. (2011).

Chlorogenic acid is highly soluble in ethanol and
can therefore be extracted from the husk, where its con-
tent for the Auris hybrid ranges from 10 to 25 mg/g. The
content of chlorogenic acid in sunflower husks varied
depending on the zonal placement of seeds in the basket,
which is a phenomenon of its matrix diversity. The con-
tent of chlorogenic acid in the seed husk, which is located
in the centre of the flower (within a radius of 50.0 mm), is
almost twice as high as in the seeds of its peripheral zone.
This is conditioned by the different intensity of its devel-
opment during certain periods (from flowering, fertilis-
ation of flowers to seed formation) - in the flower, seeds
are most intensively formed from the periphery to the

120004 -~
110004 -~
10000 -~
S000f---
BO00§---
TO00§--+

60004---1--

Intensity

50004--+
40004---

3000459444

2000 -+

10004~
a iz 3z |«

) ’{-; i B | jé-ﬁ-

Rf

0.0 005 0.1 015 02 025 03 035 04 045 05 055 06 065 07 075 08 085 0% 085 1.0

centre. Thus, in the peripheral zone, the seed has a larger
weight 0f 1,000 seeds than in the central zone, which even
with the same absolute content of chlorogenic acid, in
terms of fractions per unit mass, shows its lower content.
This allows considering the possibility of recycling waste
that remains during the seed cleaning process.

According to the densitogram, the average content
of chlorogenic acid in cotyledon leaf and husk extracts
almost did not differ (Fig. 2). The use of ethanol as a sol-
vent does not allow for complete extraction of the phe-
nolic compound, but this method is the most optimal in
terms of price/quality. In addition, unlike other solvents,
it does not exclude the further use of raw materials, and
when used as a substrate for fungi, it improves the effec-
tiveness of sterilisation against pathogenic microflora
and spores of competing fungi.
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Figure 2. Photodensitogram of MeOH extracts: a — cotyledonous leaves; b — husks of the Auris sunflower hybrid

According to the results of studies, extraction of
chlorogenic acid with 40% ethanol provided up to 10 mg/g
of chlorogenic acid. Moreover, in addition to chlorogenic
acid, a small amount of caffeic acid was found in the alco-
hol extract (Fig. 3), as well as minor traces of cinnamic,
coumaric, ferulic, and sinapic acids.

The confirmed biological activity suggests that
the green parts of sunflower plants can be considered
a source of natural antioxidants.

D

Similar results were obtained by Pedrosa et al. (2000),
where in addition to chlorogenic acid, up to 10 compo-
nents were identified in the sunflower phenolic complex,
including caffeic, cinnamic, coumaric, ferulic, sinapic,
traces of vinyl and oxybenzoic acids.

The use of aqueous ethanol as a solvent is confirmed
by the results obtained by Kovalov et al., 2008, Labeiko,
2021. However, the use of ethanol as a solvent at concen-
trations of 40% compared to 50% and 70% in studies by
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Labeiko et al. (2019) and Nathia-Neves & Alonso (2021)
provides a high yield of this compound and reduces the
cost of obtaining it.

Field and laboratory studies have shown that
the content of chlorogenic acid varies depending on

chlorogenic acid

Optical dencity, c.u.

Wavelength, nm

environmental factors, varietal characteristics, and culti-
vation technology. All modern sunflower hybrids are char-
acterised by a high fat content, and therefore, a higher
content of chlorogenic acid compared to wild forms,
which is confirmed by studies by Pomenta & Burns (1971).

caffeic acid
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Figure 2. Electronic spectra of chlorogenic and caffeic acids extracted
with 40% ethyl alcohol from the Auris sunflower husk

The application of mineral fertilisers has a signif-
icant effect on the synthesis of chlorogenic acid: a bal-
anced mineral diet increases its content (Table 2). With an
insufficient amount of phosphorus and potassium against
the background of high nitrogen application, there is a sig-
nificant decrease in its content in the husk. Foliar appli-
cation of growth stimulants in combination with trace
elements in chelated form leads to an increase in the con-
tent of phenolic compounds in sunflower leaves by 2.3-2.5
times compared to the control variant, which has a posi-
tive effect on the accumulation of chlorogenic acid in the
achenes. Microelements are an integral part of enzymatic
systems, which are biological catalysts that increase the
activity of biochemical processes in plants. Due to the syn-
ergy of introduced growth regulators and trace elements,

plants are able to use nutrients from the soil more effi-
ciently, and plant resistance to adverse factors increases.

The technology of growing sunflower seeds has
a direct impact on the estimated gross yield of chloro-
genic acid per unit area: the application of mineral fer-
tilisers significantly affected the gross yield of this phe-
nolic compound.

The highest content and the gross yield of chlorogenic
acid was obtained on variants with full mineral fertiliser.
Unbalanced mineral nutrition and unilateral application
of nitrogen fertilisers against the background of phospho-
rus and potassium deficiency leads to a decrease in crop
yield and a decrease in the antioxidant content in sun-
flower husks, and as a result — a smaller estimated yield
of chlorogenic acid.

Table 2. Crop productivity and estimated gross yield of chlorogenic acid for sunflower cultivation
(average for 2017-2018)

Fertiliser options Yield, t/ha Huskiness, % i;?;:s::iir:;s d‘,ﬁlfgh;hzf
N,,P,,K,, (control) 3.19 21.9 6.71
N¢oPsoKoo?Ss, 3.46 21.6 7.47
NgoP 5K 35550 3.80 221 8.31
N_,0P100K180+ S50 3.85 22.8 8.60
LSD, 0.26 11

It was found that the total gross yield of chlorogenic
acid depends on the productivity of sunflower seeds.
The highest biological yield of the studied hybrid is
formed by applying N, P, .K,..+S, - 3.8 t/ha. A further
increase in the rate of application of mineral fertilisers

does not lead to a significant increase in crop yield. The

Plant and Soil Science (13) 4

huskiness index of cotyledons, depending on the back-
ground of mineral nutrition, is 21.6-22.8 %. Thus, the
estimated gross yield of chlorogenic acid for growing
Auris sunflower hybrid with the application of min-
eral fertilisers at a rate N, P K ,.+S, is 8.31 kg/ha,

90~ 7577135
g

N,0P100K 50+ S50 — 8:60 kg/ha.
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Chlorogenic acid has a stronger antioxidant effect
than ascorbic acid, caffeic acid, or vitamin E. The pros-
pects for chlorogenic acid eradication in medicine are
confirmed by Liang Wang et al. (2022); Cao et al. (2020).
Preliminary extraction of chlorogenic acid from sun-
flower processing products expands the possibilities of
using plant proteins, which is confirmed by the results of
research by M. Labeiko et al. (2019); M. Labeiko § Z. Fed-
iakina (2017); W. Jia et al. (2022). Even crude chlorogenic
acid is of considerable commercial interest, and phenolic
compounds extracted from the husk do not reduce, but
even slightly improve its properties, which can be used in
production: for example, adding to the substrate for grow-
ing oyster mushrooms and other edible mushrooms,
in medicine, food industry.

CONCLUSIONS

As aresult of the analysis of the current state of research
on the identification, content, and influence of phenolic
compounds, it was established that the qualitative
composition of the phenolic complex and the number
of individual compounds has a pronounced variety
specificity. Chlorogenic acid was detected in water-alcohol
(40%) extraction of cotyledon leaves and husks by thin-
layer chromatography. Chlorogenic acid can be extracted
from the sunflower husk by 40% ethanol, where its
content in plants of the Auris hybrid is 10-25 mg/g.

Seeds placed in the centre of the basket within a
50.0 mm radius contain almost twice as much chlorogenic
acid as seeds placed closer to the periphery. The
application of mineral fertilisers has a significant effect
on the synthesis of chlorogenic acid: a balanced mineral
diet increases its content.

The total gross yield of chlorogenic acid depends on
sunflower productivity and seed huskiness. The highest
biological yield of the studied Auris hybrid is formed by
applying N, P, K _.+S, —3.80t/ha.

Extraction of 40% ethanol provides up to 10 mg/g of
chlorogenic acid. Estimated gross yield of chlorogenic acid
for growing Auris sunflower hybrid with the application
of mineral fertilisers at a rate N, P, K ..+S, is 831kg/ha,
N,,oP,0oK s+ S5, — 8:60 kg/ha.

It can be argued that even crude chlorogenic acid
is of considerable commercial interest, and phenolic
compounds extracted from the husk do not reduce, but
even improve its properties.

However, it is necessary to further investigate the
dynamics of chlorogenic acid content in different periods
of growth and development of sunflower plants and its
effect on plant resistance against biotic and abiotic factors.
To increase the yield of chlorogenic acid from the products
under study, it is necessary to investigate the use of various
solvents. Ultimately, the use of ethanol as a solvent does not
allow for the complete extraction of the phenolic compound.
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laeHTNdiKaLUia xnoporeHOBOi KUCNOTU B CiM'AA0NIbHMUX TUCTKaX
| NYWWNWHHI COHALWHMKA ogHopiuHoro (Helianthus annuus L.)

AHoOTauif. AKTYaJbHICTD [OCTIIKeHb 3yMOBJIeHa HeOobXimHiCcTI0O onTUMi3allil IPOAYKIIMHOIO IIPOLECY
arpoleHO3iB COHAIIHMKA 32 PaXyHOK IMiIBUIEHHS eKOJIOTIYHOI CTiMKOCTi. Cepen O6IYHUX IPOAYKTIB IepepobKy,
BUKOPUCTAaHHSA AKUX JoTellep He € epeKTUBHUM, BUIJIEHHS ITOTY>KHOIO aHTHOKCUIAHTA XJIOPOTeHOBOI KUCIIOTU
BUBYEHO HEeJOCTaTHHO. V 3B'I3Ky 3 LIUM JIaHa CTaTTs CIIPIMOBAHA Ha PO3KPUTTA 3aKOHOMIpHOCTeM HaKOIIMYeHHS
Ta imeHTUOIKAIliI0 EeHONMPHUX CIIONYK B CIM'AONBHUX JIUCTKAX i JIIINMUHHI COHAIIHVKA. MeTa IOCTiIXeHb —
inenTHdiralia eHoMPHUX CIIONYK B CIM II0BHUX JIMCTKAX i TYIINTUHHI pi3HUX Fe HOTUIIIB COHAIIHUKY OIHOPIYHOTO
(Helianthus annuus L.) METOZOM TOHKOLIAPOBOi XpoMaTorpadii. V mporieci HayKOBUX IMOIIYKIB 32 L€ TPO6IeMO0
3aCTOCOBYBAJIH ITOJILOBI, 610XiMiUHi Ta CTATUCTUYHI METOIY HOCIiIKeHb. JIJid ileHTHIKaIlil XTOpOTeHOBOI KUCIOTH
BUKOPUCTOBYB&JTH CUCTEMY PO3YMHHUKIB: XJIOPOGOPM — JIbOZSHA OLITOBA KHC/IOTA — METAHOJ — Boga (60:32:12: 8).
Awnai3 xpomarorpadii nmposozvu B mporpami Sorbflil TLC. O6'eKT focmimkeHb — ri6puj] COHAIHUKY OOHOPIYHOTO
Aypic. BcTaHOBJIEHO, IO AKiICHUY CKIaJ, GeHOJIBHOI0 KOMILIEKCY i KUIBKiCTB iIHIUBIAyaTbHUX CIIONYK Ma€ BUPJKEHY
copTocrerpbiuHicTs. Ha xpoMaTorpami aHa pedosrHa Mae Rf ~0,60 (i nymnuHHS coHsuHuKa) Ta Rf ~0,74 (ms
CiM'SITONIBHUX JIUCTKIB). BCTAHOBJIEHO, 10 HAU6LIBI ePpEKRTUBHUM PO3YMHHUKOM [JIS XJIOPOTEHOBOI KUCIIOTU €
BOIHUM eTaHOJI. EKCTPAaKIIif XJIOPOreHOBOI KUCIOTH 40 % eTaHOJIOM JI03BOJIS€ OTPUMATH 0 10 MI/T XJIOpOTreHOBOI
KUCIOTH. OKpiM XJIOPOreHOBOI KMCJIOTH Y CIIUPTOBOMY €KCTPaKTi Y He3HaYHil KiIbKOCTI BUSIBIEHO KaBOBY KUCJIOTY.
Marepiany cTaTTi CTAaHOBJIATD NIPAKTHUYHY LiHHICTD 1151 BAOCKOHAJIEHHS IIPOLIECiB, ITOB'A3aHMUX i3 $OpMyBaHHAM
MIPOZLYKTHUBHOCTI [TOCIBiB COHAIIHYKA, 8 TAKOXX PAl[ioHAIBHOMY BUKOPHCTaHHIO ITO6IYHIX IIPOYKTIB Tepepo6Ku

Knto4oBi cnoB.a: oiiliHi KyIETypH, GeHOoIM, aHTHOKCUAAHTY, KaBOBa KHUCJIOTa, XpoMarorpama, GoTofjeHcuTorpaMa
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The level of intensity of soft winter wheat varieties infection
by Fusarium link pathogens and their identification on grain

Abstract. In modern conditions, an important task of agricultural production is to increase the yield and improve
the quality of agricultural products. A reliable and environmentally beneficial factor for a sustainable increase in yield
and improvement of grain quality is the creation of new varieties with group resistance to diseases and a high level of
adaptability. The effectiveness of breeding for immunity directly depends on the diversity of donor resistance genes,
and the search for new sources of resistance has been and remains a topical issue. The purpose of the study was to
establish the level of infection of grain of soft winter wheat varieties with pathogens of Fusarium head blight and
their identification. Winter wheat varieties from different breeding institutions of Ukraine were used in the research:
V.M. Remeslo Myronivka Institute of Wheat of NAAS (MIW), Breeding and Genetic Institute - National Centre for Seed
Breeding and Variety Research of NAAS (SGI-NCNS), V.Ya. Yuriev Plant Production Institute of NAAS (PPI), Institute
of Plant Physiology and Genetics of NASU (IPPG), Institute of Plant Protection of NAAS (IPP), Institute of Irrigated
Agriculture of NAAS (IA), National Research Centre “Institute of Agriculture” of NAAS (NRC IA). Phytopathological
analysis was used to determine the species composition of the Fusarium Link pathogen, and the proportion of
species was determined by the ratio of infected wheat grain samples to their total number. A higher (15-18%) level
of intensity of Fusarium blight infection was observed in the varieties Doskonala, Turunchuk, Ovidii, Vodohrai,
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and Myroliubyva. Winter wheat grain in the years of research was colonised by such types of Fusarium head blight
as: F. sporotrichiella, F. monilifopme, F. graminearum, F. culmorum, F. avenaceum, F. gibbosum F. sambucinum and F.
oxysporium. E. monilifopme and F. oxysporium species dominated the situation, with their prevalence on wheat grain
being 16.2 and 1.7%, respectively. Winter wheat varieties with the lowest (1.2-4.5%) damage by pathogens of the genus
Fusarium are recommended for use in wheat breeding for immunity. The use of a stable starting material in practical
breeding will help contain the increase in infection of pathogens without the use of chemical protective equipment

Keywords: Triticum aestivum L., source material, seed infection, Fusarium head blight, fungi of the genus Fusarium,

species composition, dominant species

INTRODUCTION

Wheat is grown in more than 80 countries around the
world and is the main food product in 43 of them (Baku-
menko et al,, 2019). It is one of the most productive and
valuable food crops, (Shpaar et al.,, 2012; Leonov et al.,
2016) are convinced that in the future the importance of
wheat will constantly grow and this particular crop will
become the most important on the globe. Pathogenic
microorganisms accompany soft winter wheat from the
moment of sowing to harvesting and storage. Even min-
imal damage to its diseases leads to large overall crop
losses (Kirichenko, 2016). Diseases significantly reduce
the yield and quality indicators of grown products. Losses
of the gross grain harvest annually amount to about 25-
30 % (Savary et al., 2019). As evidenced by M. Kayim et al
(2022) “almost 22% of wheat crop losses were caused by
diseases. These percentages will increase over time due
to mutations and diversity of virulent strains.” Success in
addressing these issues mainly depends on the effective-
ness of genetic improvement of wheat varieties (Mukha
& Murashko, 2019). Selection of soft winter wheat has
reached a level where its potential yield is largely related
to the stability of the varieties grown. Selection for wheat
resistance against phytopathogens allows reducing their
harmful effect. Creating and growing disease-resistant
varieties allows protecting the crop, preserving the envi-
ronment, and saving money, so one of the most effective
measures is to use resistant varieties (Deutsch et al., 2018).

The effectiveness of immunity breeding depends on
the availability of a well-studied source material and a
scientifically based approach to its use. The main com-
ponents of the methodology for creating such materi-
al are regular monitoring of the pathogenic complex,
morphophysiological properties of plants and popula-
tions of particularly dangerous pathogens, objectivity
in assessing the immunological properties of varieties,
establishing relationships in the plant-host-pathogen
system, identifying and selecting highly effective sourc-
es and donors adapted to zonal conditions (Bushulian,
2018). In Ukraine, work on the creation of raw materi-
als for wheat breeding with group resistance against
different species of powdery mildew, rust, septoria,
Fusarium blight, stinking smut, and cercosporella leaf
spot is successfully conducted at the Institute of Plant
Protection of NAAS, VM. Remeslo Myronivka Institute
of Wheat (MIW) and Breeding and Genetic Institute -

National Centre for Seed Breeding and Variety Research
of NAAS (SGI-NCNS) etc. (Kovalyshina et al, 2018).

Grain crops can be affected by more than 300-350
species of various organisms. These are insects, fungi,
bacteria, viruses, nematodes, rodents, weeds, etc. But the
main threat to crop loss, especially in the initial stages of
development, in the autumn-winter period is represent-
ed by pathogens of fungal infections, among which one of
the leading places is occupied by micromycetes of the ge-
nus Fusarium (Ryabovol et al., 2019). The widespread dis-
tribution of Fusarium fungi, their variability, and indisput-
able evidence of the danger posed to human and animal
health by mycotoxins, generate the interest of the scien-
tific community (Ostrovsky et al., 2017, Janik et al., 2020).
Plant damage involves a complex of fungi of this genus,
which differ in biology and adaptation to the conditions
of the biocenosis in different areas of grain cultivation
(Nazarenko & Lykholat, 2018; Birr et al., 2020). They cause
damage at all stages of organogenesis of winter wheat
plants, reduce the energy of germination and field germi-
nation of seeds, and worsen the baking properties of flour.
The danger of Fusarium blight infection lies not only in a
decrease in the grain yield, but also in contamination of
grain with fusarium toxins, which leads to a weakening
of plants during their further development, it can only
be detected by mycological analysis (Topi et al., 2020).

The purpose of the study was to determine the level
of infection of grain of soft winter wheat varieties with
pathogens of Fusarium head blight and identify them.
According to Mostoviak et al., (2020) questions of mor-
phology, biology, biochemistry, physiology, and genetics
of fungi of the genus Fusarium, and the search for ways
to limit their number in the agrobiocoenoses of field
crops and reduce the number today is of considerable
interest to both Ukrainian and foreign researchers. A
number of studies have been devoted to the issues of
wheat resistance to Fusarium head blight depending on
the sensitivity of the variety and meteorological factors,
grain quality, and mycotoxin contamination. Géral et al.
(2018); Zhu et al. (2019); Birr et al. (2020); Martinez et al.
Karelov et al. (2021) recommend the use of a polymerase
chain reaction test (PCR test) for more accurate quanti-
tative and qualitative genus and species-specific iden-
tification of Fusarium on durum wheat. Bahadur (2022)
found that new populations of Fusarium will continue to
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appear due to microevolution and the invention of ex-
otic pathogens. The researcher recommends the use of
resistant varieties and biological control agents for dis-
ease control (Trichoderma spp. and Psedomonas spp.).
D. Naguib (2018) investigated the effect of treatment of
wheat grains with defensin (low-molecular-weight pos-
itively charged proteins with a high cysteine content) on
the resistance of cultivated plants against fusarium wilt
as one of the methods of biological protection of crops. It
was found that priming improves the antioxidant system
of plants, initiates the regulation of protective signalling
molecules, such as jasmonic and abscisic acids, which, in
turn, activate the expression of several protective genes
for a number of diseases, including Fusarium blight.
Another biosecurity method is proposed by L. Shcher-
bakova et al. (2018), who found that the extract purified
from the mycelium of the strain Fusarium sambucinum
controlling tomato wilt can protect wheat from Fusarium
blight and common root rot.

Scientists are very interested in identifying and
studying Fusarium blight pathogens in other field crops.
In particular, research by B. Kalman et al. (2020) conduct-
ed innorth-easternIsrael for the first time identified and
characterised species of Fusarium spp., pathogens of ba-
sal rot of onions: F. proliferatum, F. oxysporum F. sp. cepae
and two species that are less well known as pathogens
of this disease, F. Acutatum and E anthophilium. The re-
search was a necessary step towards identifying the my-
coflora of diseased onion plants and developing a pre-
ventive programme that would reduce the harm from the
disease. Due to insufficient information on the molecu-
lar epidemiology of Fusarium wilt of the important yams
root crop in China (Dioscorea polystachya Thunb.) a num-
ber of studies by a group of Chinese researchers F. Dong-
zhen et al. (2020) were aimed at identifying species and
strains of fungi of the genus Fusarium and establishing
links between pathogen strains and populations. The at-
tention of researchers to the important scientific prob-
lem of Fusarium head blight infection and the search for
ways to protect determines the relevance of the conduct-
ed research, which consisted in studying Fusarium blight
on an artificial infectious background and identifying
sources of resistance among winter wheat varieties.

MATERIALS AND METHODS

The research was conducted during 2021-2022 at the
winter wheat breeding laboratory of the VM. Remeslo
Myronivka Institute of Wheat of NAAS of Ukraine (Tsen-
tralne village, Obukhiv district, Kyiv oblast) in the north-
ern part of the Right-Bank Forest-Steppe. The object of
research was grain of soft winter wheat varieties grown
in the field on an artificial infectious background of
Fusarium head blight harvest 2021-2022 from different
breeding institutions of Ukraine: V.M. Remeslo Myroniv-
ka Institute of Wheat of NAAS (MIW), Breeding and Ge-
netic Institute - National Centre for Seed Breeding and
Variety Research of NAAS (SGI-NCNS), V.Ya. Yuriev Plant
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Production Institute of NAAS (PPI), Institute of Plant
Physiology and Genetics of NASU (IPPG), Institute of
Plant Protection of NAAS (IPP), Institute of Irrigated Agri-
culture of NAAS (IA), National Research Centre “Institute
of Agriculture” of NAAS (NRC IA). Distribution of grain
Fusarium blight pathogens and species composition of
fungi of the genus Fusarium Link was studied on 23 va-
rieties of winter wheat from different breeding centres
of Ukraine (Doskonala, Pryvablyva, Stolychna, Fermerka,
Mriya, Poverna (PPI), Turunchuk, Zvytiaha, Kosovytsia,
Viktoria, Bezmezhna (SGI-NCNS), Vodohrai, Myroliuby-
va, Polisianka (NRC IA), Voloshkova (MIW, IPPG), Chorn-
yava, Tsyhanka (IPPG), Blaho, Ovidii (IA)), and sources of
stability — Myronivska early ripening/CATALON, MV 20-
88/Smubhlianka, BILINMEVEN 49/Natalka, Donskoy pros-
tor/Slavna, (Mikon/ALMA)/Legenda Myronivska (MIW).

To identify species of Fusarium Link in laboratory
conditions, phytopathological analysis of grain of soft
winter wheat varieties was carried out in accordance
with the methods of conducting phytopathological stud-
ies and the methodology for assessing the resistance of
wheat varieties against pests and pathogens (Volkodav et
al.; 2001; Tribel et al., 2010; Methods..., 2016). Seeds (100
pcs.) each of the 23 studied varieties of winter wheat was
disinfected for 5 minutes in a 0.5% solution of KMn04,
then it was washed with sterile water and dried between
sheets of filter paper, flamed in the flame of an alcohol
lamp and laid out in 10 pieces on a sterile nutrient me-
dium (potato-glucose agar (PGA) with the addition of
an antibiotic of antibacterial action - streptomycin sul-
phate). Cups of grain were incubated in a thermostat at
25°C for five days. After this period, each micromycete
isolated from the seed to the surface of the nutrient me-
dium was transplanted into a separate tube with PGA for
further identification of the pathogen type.

To determine the species composition of fungal path-
ogens (seed infection) on the grain of the 2021-2022 har-
vest, phytopathological analysis of grain samples was car-
ried out in the laboratory conditions of the institute. Iso-
lates were examined at Day 5-7, recording the presence or
absence of microconidia. The final identification of path-
ogens was carried out by microscopic examination, con-
sidering morphological features, the presence or absence
of chlamydospores of the pathogen (Volkodav et al., 2001;
Tribel et al., 2010; Methods..., 2016). The species name of
the fungi was determined according to Bilai et al. (1988).
The frequency of the species was determined by the ra-
tio of grain samples where it was found to the total num-
ber of samples studied and expressed as a percentage.

RESULTS AND DISCUSSION

The average air temperature in the period August
2021 - July 2022 was 9.3°C, which is 0.4°C more than
the long-term average (Table 1). In August and No-
vember 2021, the average monthly air temperatures
exceeded the long-term average by 0.1 and 2.4°C, re-
spectively, and in September and October they were
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lower by 1.7and 1.1°C. In the spring-summer growing
season of wheat, the average monthly temperatures

were 0.1-1.5°C lower than long-term ones, only in
June they were 1.4°C higher.

Table 1. Meteorological conditions during the years of research, Myronivka

Air temperature, °C Amount of precipitation, mm
Year Month

actual multi-year * actual multi-year e %*
August 20.5 20.4 0.1 109 55 54 198
September 13.2 14.9 -1.7 27 58 -31 46
g October 7.6 8.7 -1.1 26 43 -17 60
November 4.8 2.4 2.4 41 40 1 101
December -1.1 -1.8 0.7 94 42 52 223
January -1.2 -3.7 2.5 33 39 -6 86
February 1.7 -2.5 4.2 10 33 -23 32
March 2.3 2.4 -0.1 13 39 -26 32
g April 8.3 9.8 -1.5 143 41 102 349
May 14.7 15.7 -1.0 42 61 -19 70
June 20.7 19.3 1.4 58 87 -30 66
July 20.4 21.1 -0.7 68 75 -7 91
Per year 9.3 8.9 0.4 663 615 48 108

Source: observation logs of the Myronivka meteorological station
Note: * + - difference to multi-year; % - percentage to multi-year

From August 2021 to July 2022, 663 mm of precipi-
tation fell (108% of the long-term average). Precipitation
in August (109 mm, 198% of the long-term amount) con-
tributed to the production of uniform wheat shoots. In
the spring-summer growing season of winter wheat, a
sufficient amount of moisture was observed, although
the amount of precipitation was 7-30 mm lower than the
long-term one, only in April 349% of the average long-
term amount fell. The duration of the period from ger-
mination to the end of vegetation in 2021 was at the level

of long-term (59 days), the dormant period was shorter
by 8 days. The level of hydrothermal coefficient (HTC)
and its dynamics in the spring-summer growing season
are shown in Figure 1. According to the indicator of wa-
ter supply, the reporting year refers to a year with a weak
drought (HTC=0.9). In the spring-summer growing sea-
son of winter wheat, insufficient moisture was observed
(HTC was 0.8). The average duration of winter wheat
development periods and the distribution of precipita-
tion depending on these periods are shown in Table 2.
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Figure 1. Dynamics of the hydrothermal coefficient
in the spring-summer vegetation period of winter wheat, 2022
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Table 2. Hydrothermal regime of winter wheat development by period (2020-2021)

Periods of winter wheat development Number o.f days
from sowing to
§| & & »
215 55| 5| £ | &
£388 &2 o g S o £ -
Year termination | & 2 % W I 2 T 2 w S o o
. °ogs| S = = w 9 c £ ] = £
of vegetation Woe| w 5 2 X o 9 @ € 2 ]
=39 °3 © ‘E c o g' ] < = H
ESS| S§E = I g £ >< z <
HEE| B o ) o < X% s =
v 5 © (L ) c ~ < 3
o O = - - = g
S8 81 £ -
7] 7] Q o =
o < 17
‘ Precipitation, mm
2021/22 53.2 161.7 148.5 36.3 3.0 55.1 67.4 525.2 - -
multi-year 124.4 245.8 60.6 62.4 77.1 32.5 73.2 675.9 - -
‘ Sum of active temperatures of 5 °C and more
2021/22 346.3 64.3 5114 206.8 361.2 286.2 503.8 2,280.0 - -
multi-year 479.1 77.2 298.1 399.8 484.3 3125 3429 | 2,359.9 - -
‘ Average daily air temperature, °C
2021/22 6.6 -0.01 9.9 14.8 20.1 20.4 20.2 - - -
multi-year 8.9 -1.9 9.1 15.4 19.3 21.0 20.9 - - -
‘ Duration of individual periods, days
2021/22 58 118 54 14 18 15 24 - 276 301
multi-year 59 126 37 27 25 15 17 - 290 307

Source: observation logs of the Myronivka meteorological station

As aresult of the conducted studies, it was found that
the average intensity of winter wheat Fusarium blight in-
fection was 9.3% (Table 3). This indicator in the studied va-
rieties differed significantly, and according to the level of
damage intensity, all the studied varieties can be divided
into several groups. Lowest percentage of damage (1.20-
4.5 %) was noted in the varieties Bezmezhna (SGI-NCNS),
Poverna (PPI), Polisianka (NRC-1A), the second group in-
cluded varieties - Zvytiaha, Kosovytsia (SGI-NCNS), Pryv-
ablyva, Stolychna (PPI), Tsyhanka (IPPG), Voloshkova (MIP,
IPPG) (8.1-11.5%), the third - Chorniava (IPPG), Mriya (PPI),
Viktoria (SGI-NCNS), Blaho (IA), Fermerka (PPI) (5.1-7.5%).

According to the resistance to this pathogen on
an artificial infectious background in the field, MIW
identified in previous years (2016-2020): (MV - 20-
88/Smuglyanka), BILINMEVEN-49/Natalka, Donskoy
prostor/Slavna, Mikon/ALMA)/Legenda Myronivska,
Myronivska early-maturing/Catalon), they are involved
in direct and reverse crosses as parent forms when cre-
ating new hybrid combinations for resistance against
Fusarium graminearum. The highest intensity of dam-
age was observed in wheat varieties Natula (POL),
Doskonala (PPI), Turunchuk, Ovidii (IA), Vodohrai, My-
roliubyva (NRC IA) (15.1-25.1 %).

Table 3. Characteristics of the best varieties of soft winter wheat in terms
of resistance against pathogen Fusarium graminearum, (average for 2021-2022)

Variety, breeding line Country of origin Intensity of damage, % o '::ttel:‘escmzzrbrlla\%:;iety
Natula (vulnerable variety) POL 25.1 -

Doskonala PPI 15.2 +9.9
Turunchuk SGI-NCNS 16.3 +8.8
Ovidii 1A 155 +9.3
Vodohrai NRC IA 15.1 +10.0
Myroliubyva NRC IA 15.3 +9.8
Zvytiaha SGI-NCNS 10.2 +14.9
Kosovytsia SGI-NCNS 115 +13.6
Pryvablyva PPI 8.1 +17.0
Tsyhanka IPPG 6.6 +18.5
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Table 3, Continued

Variety, breeding line Country of origin Intensity of damage, % 9%t '::ttehnesi::I:Ziabrlla\g/:;iety
Voloshkova MIW, IPPG 9.1 +16.0
Stolychna PPI 8.3 +16.8
Chorniava IPPG 7.5 +17.6
Mriya PPI 5.2 +19.9
Viktoria SGI-NCNS 6.4 +18.7
Blaho 1A 5.1 +20.0
Fermerka PPI 5.3 +19.8
Bezmezhna SGI-NCNS 4.5 +20.6
Poverna PPI 3.3 +21.8
Polisianka NRC IA 31 +22.0
Myronivska early ripening/CATALON MIW 1.2 +23.9
MV 20-88/Smubhlianka MIW 1.2 +23.9
BILINMEVEN49/Natalka MIW 13 +23.8
Donskoy prostor/Slavna MIW 13 +23.8
(Mikon / ALMA)/Legenda Myr MIW 1.2 +23.9

Source: field journals of phenological observations of the winter wheat breeding laboratory of the VM. Remeslo Myronivka
Institute of Wheat of NAAS for 2021-2022

The species composition of fungi of the genus Fusar-  damagewasobservedinvarieties Turunchuk, Pryvablyva,
ium Link on soft winter wheat grain is established (Fig.2), = Voloshkova,and Blaho(36.1-46.9%). F. oxysporium affected
which included the presence of eight species, the pre-  only 11 varieties, the most vulnerable - the Doskonala va-
dominant of which were three: sporotrichiella (144%), riety (50%). The third most common type of Fusarium in-
oxysporium (11.3%) culmorum (8.1%). fection was F. culmorumwith adamage rate of 81%, in oth-

The pathogen F sporotrichiella was detected on the  er species, the proportion of the intensity of wheat grain
grains of 16 varieties of winter wheat, and the highest = damage was noted in the range from 2.2 to 6.5% (Fig. 2).

F. sporotrichiella N
Healthy seeds (14.4%) F. monilifopme

(47.0%) (5:2%)

F. oxysporium
(11.3%)

F. avenaceum

(3.0%)
F. culmorum
F.graminearum - buci F.gibbosum  (81%)
(6.5%) ey (23%)

Figure 2. Species composition of fungi of the genus Fusarium Link on soft winter wheat grain
(MIW, average for 2021-2022)

High resistance against the causative agent of the percentage of healthy grains reached 76.6%. The av-
Fusarium blight was observed in sources (lines) creat-  erage level of damage intensity was identified as wheat
ed in MIW - Myronivska early-maturing/CATALON, MV varieties Kosovytsia, Stolychna, Mriya, and Bezmezhna,
20-88/Smuglyanka, BILINMEVEN49/Natalka, Donskoy the percentage of healthy grains was within 55.5-65.6%
prostor/Slavna and (Mikon/ALMA)/Legenda Myronivska, (Table 4).
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Table 4. Species composition of Fusarium blight infection on winter wheat grain, average for 2021-2022

Proportion of fungi of the genus Fusarium on grain, %

s | L 5| g | | | 8| 8|8

. A S 5 = Q N = S s i
Variety, breeding line § fé‘ §_ § S ﬁ § 2 ® .

a w w w L - ut i T
Natula (vulnerable variety) 18.0 - 25.1 - 25.0 - - 10.2 21.7
Doskonala 10.1 14.9 50.1 - - - 9.1 15.8
Turunchuk 39.9 - 30.1 - - 10.3 - - 19.7
Kniahynia Olha 25.2 4.8 25.0 - 25.1 - - - 19.9
Vodohrai - - 29.3 - 22.3 - 15.4 - 33.0
Myroliubyva 18.5 20.5 - 10.2 10.8 5.1 - - 34.9
Zvytiaha 12.1 9.9 - - 15.9 - - 10.1 52.0
Kosovytsia - 8.5 - - 8.1 3.9 6.1 7.8 65.6
Pryvablyva 38.1 - 6.9 - 10.1 10.3 - - 34.6
Tsyhanka 17.2 - 36.1 17.5 - - - - 29.2
Voloshkova 46.9 - - - 18.1 - - - 35.0
Stolychna 12.2 6.3 11.1 - 14.9 - - - 55.5
Chorniava 24.5 - 25.5 - - - - 5.5 44.5
Mriya 18.2 12.1 - 10.2 - - - - 59.5
Viktoria - - 10.4 5.6 - 15.0 - 22.3 46.7
Blaho 36.1 10.2 - - 14.1 - 2.7 - 36.9
Fermerka - - - - - - 8.5 40.3 51.2
Bezmezhna - 10.3 - - 25.1 - - - 64.6
Poverna 32.1 - 15.5 - - 8.3 - - 44.1
Polisianka - 15.1 - 14.5 - - - 20.3 50.1
Myronivska early ripening/CATALON - 5.1 9.8 4.2 5.1 - - 10.1 65.7
MV 20-88/Smuhlianka 9.8 8.5 - - - - 10.1 71.6
BILINMEVEN49/Natalka 3.5 2.4 - - - 8.2 9.3 76.6
Donskoy prostor/Slavna - 5.6 6.7 3.5 8.9 75.3
(Mikon / ALMA)/Legenda Myr - - 6.4 - 9.6 - 2.9 10.8 70.3

Isolation frequency, % 14.4 5.2 11.3 3.0 8.1 2.3 2.2 6.5 -

Source: field journals of phenological observations of the winter wheat breeding laboratory of the V.M. Remeslo Myronivka

Institute of Wheat of NAAS for 2021-2022

Compared to the variety Natula (25.1%) susceptible
to Fusarium infection, the proportion of healthy grains
was low in the varieties Doskonala (15.8%), Turunchuk
(19.7%), Ovidii (19.9%), and Tsyganka (29.3%), indicating
a high level of Fusarium infection.

Climate changes caused by global warming lead
to sharp changes in air temperature both in winter
and summer, which cause long periods of drought in
summer and sudden frosts during the spring growing
season of field crops. Miedaner § Juroszek (2021), Juro-
szek & Tiedemann (2013) point out that global climate
change threatens wheat productivity in the context of
the significant impact of air temperature and humid-
ity on the development of pathogens. These weather
changes negatively affect not only cultivated plants,
but also the development of pathogens (Jarroudi et al,
2017; Jarroudi et al, 2018). Scope of variation in the in-
tensity of damage to varieties by Fusarium pathogens
can be determined not only by the characteristics of

genotypes, but also by such non-random factors as the
influence of environmental conditions. Meteorological
conditions during the years of research were not very
favourable for the development of the pathogen Fusar-
ium graminearum Schwabe, the average intensity of
winter wheat Fusarium infection was 9.3 %.

E. Doohan research et al. (2003) proved that the es-
tablishment of the species composition and the ratio
of species is significantly influenced by weather condi-
tions, in particular, the humidification regime. The main
role here is played not by all precipitation during the
season, but only by those that fell during the flowering
period - grain maturation, they determine the level of
development and spread of the disease. These findings
are consistent with the results of studies conducted in
the context of the regime of moisture supply during the
flowering period - grain maturation on the species com-
position of fungi of the genus Fusarium Link. During the
years of research, the amount of precipitation during
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the flowering and ripening period of winter wheat grain
was significantly lower than the long-term indicator.

N. Carlo et al. (2021) argue that in the field it is not
always possible to create a levelled artificial infectious
background due to the influence of environmental con-
ditions, as a result - a decrease in the intensity of the
manifestation of the disease, and the resulting intensity
of the damage may not correspond to the actual assess-
ment of the stability of an individual sample. The con-
ducted studies indicate that the intensity of damage to
soft winter wheat plants by the Fusarium pathogen was
determined within 1-35%, the average development of
the disease was 15.8%. Hybridisation can significantly in-
crease the availability of genotypic diversity in terms of
resistance. M. Figueroa et al. (2018) consider it appropri-
ate to create an artificial background of pathogens in the
field and laboratory to differentiate the initial breeding
material by the corresponding traitunder controlled con-
ditions. This, in turn, would contribute to the selection of
stable forms, adjust the further areas of breeding work,
and accelerate the creation of stable source material.

21 species of fungi of the genus Fusarium are de-
scribed in the scientific literature, which are most often
present in the pathogenic complex of Ukraine. Accord-
ing to S. Choni (2014), depending on weather conditions,
grain crops are affected by 5-10 species, the most com-
mon and most dangerous among which are Fgraminea-
rym and F.culmorum. Frequency of isolation of pathogens
typical of Ukrainian conditions, such as F. graminearum
and F. sulmorum, gradually decreases, and other types
of pathogens that can develop in dry weather conditions
begin to dominate. The danger of these pathogens lies in
the fact that it is quite difficult to visualise them at the
stage of grain development in the conditions of each
specific experiment, which is confirmed by the research
of Mykhailska et al. (2019). Two types of fungus dominat-
ed the experiment, the first of which was F sporotrichiel-
la, the frequency of its dominance was in the range from
3.5 to 399 %, and the second-found species - F. oxyspo-
rium - the dominance of which was from 2.4 to 501 %.
In addition to the immediate threat to seed material and
its quality, pathogens F. sporotrichiella, which predomi-
nate in the pathogenic complex, produce trichothecin
mycotoxins. These substances can cause acute poison-
ing in humans and animals, in addition, studies note

that in laboratory conditions, strains of F. sporotrichiella
at a temperature of +26-28°C is able to synthesise and
accumulate mycotoxins three times faster (Awuchi et
al., 2021). One of the most effective ways to prevent the
spread of Fusariumheadblight diseaseisto createandin-
troduce wheat varieties resistant to Fusarium blight and
proper agricultural techniques of crops into production.

CONCLUSIONS

Fusarium head blight is one of the most common and
harmful diseases among winter wheat diseases, which
is one of the leading diseases of winter wheat in terms
of its prevalence and significance. At the same time, the
climatic changes towards aridity that were observed on
the territory of Ukraine in recent years do not contribute
to the loss of a significant part of the crop from Fusar-
ium blight, since only in wet and warm weather during
the flowering period of winter wheat Fusarium wilt can
develop so much that quantitative losses will be very
significant. However, the result of the vital activity of
Fusarium fungi is a whole set of mycotoxins that can sig-
nificantly degrade the quality of grain, so one of the most
effective ways to prevent the spread of Fusarium blight
without the use of chemical means of protectionis to use
a stable starting material when creating new varieties.

The smallest damage (1.2-4.5%) by the Fusarium
blight was characterised by winter wheat varieties
Bezmezhna, Poverna, Polisianka and sources of re-
sistance (lines) - Myronivska early-maturing/CATAL-
ON, MV 20-88/Smuglianka, BILINMEVEN 49/Natalka,
Donskoy prostor/Slavna and (Mikon/ALMA)/Legenda
Myronivska (1.2-4.5%), which are recommended for
use in breeding for immunity. The highest isolation
frequency was characterised by the type F sporo-
trichiella (14.4%), second place - F. oxysporium (11.3%),
third - F culmorum (8.1%), and F. graminearum (6.5%)
shared fourth place with F monilifopme (5.2%). Par-
tially observed species F. sambucinum (2.2%), F. avena-
ceum (3.0%), and F. gibbosum (2,3%).

Study of the prevalence and presence of the spe-
cies composition of fungi of the genus Fusarium allows
screening of wheat varieties and detection of samples
lessinfected with fusariuminfection. Thisisimportant for
breeding programmes when choosing optimal wheat va-
rieties for resistance against Fusarium blight pathogens.

REFERENCES

[1] Awuchi, C.G.,Ondari, E.N.,Ogbonna, C.U., Upadhyay, A.K., Baran, K., Okpala, C.O.R, Korzeniowska, M. & Guiné, R.PF.
(2021). Mycotoxins affecting animals, foods, humans, and plants: types, occurrence, toxicities, action mechanisms,
prevention, and detoxification strategies. Foods, 10(6). article number 1279. doi: 10.3390/foods10061279.

[2] Bahadur, A. (2021). Current Status of Fusarium and Their Management Strategies. Fusarium - An Overview of the
Genus. Retrieved from https://www.researchgate.net/publication/355989652_Current_Status_of_Fusarium_

and_Their_Management_Strategies/

[3] Bakumenko, O.M., Os'machko, O.M., & Vlasenko, V.A. (2019). Combination ability winter wheat varieties Kryzhynka

and Smuhlyanka. VVP «Mrija-1»: Sumy.

[4] Bilai, V1. (Ed.). (1988). Microorganisms - pathogens of plant diseases. Kyiv: Naukova Dumka.

Plant and Soil Science (13) 4



Murashko et al.

[5] Birr, T, Hasler, M., Verreet, J.A. & Klink, H. (2020). Composition and Predominance of Fusarium Species
Causing Fusarium Head Blight in Winter Wheat Grain Depending on Cultivar Susceptibility and Meteorological
Factors. Microorganisms, 8(4), article number 617. doi: 10.3390/microorganisms8040617.

[6] Bushulian, M.A. (2018). Resistance of winter wheat varieties to pathogens of pyrenophorosis and fusarium head
blight in the Steppe of Ukraine. Bulletin of Kharkiv National Agrarian University named after V. V. Dokuchaev.
Series: Phytopathology and Entomology, 1-2,11-15.

[7]1 Carlo, N.A., Pernica, M., Yap, J., Belakova, S., Vaculova, K. & Branyik, T. (2021). Biocontrol effect of Pythium
oligandrum on artificial Fusarium culmorum infection during malting of wheat. Journal of Cereal Science, 100,
article number 103258. doi: 10.1016/j.jcs.2021.103258.

[8] Choni, S.(2014). Fusarium. Do we know the enemy by sight. Grain, 8,150-153.

[9] Deutsch, C.A., Tewksbury,].J., Tigchelaar, M., Battisti, D.S., Merrill, S.C., Huey, R.B. & Naylor, R.L. (2018). Increase in
crop losses to insect pests in a warming climate. Science, 361(6405), 916-919. doi: 10.1126/science.aat3466.

[10] Dongzhen, F, Xilin, L., Xiaorong, C., Wenwu, Y., Yunlu, H., Yi, C., Jia, C., Zhimin, L, Litao, G., Tuhong, W,, Xu, J.,
§ Chunsheng, G. (2020). Fusarium Species and Fusarium oxysporum Species Complex Genotypes Associated
With Yam Wilt in South-Central China. Retrieved from https://www.frontiersin.org/articles/10.3389/
fmicb.2020.01964/full.

[11] Doohan, F, Brennan, J.M. § Cooke, B.M. (2003). Influence of Climatic Factors on Fusarium Species Pathogenic to
Cereals. European Journal of Plant Pathology, 109, 755-768. doi: 10.1023/A:1026090626994.

[12] Figueroa, M., Hammond-Kosack, K.E. & Solomon, PS. (2018). A review of wheat diseases-a field perspective.
Molecular Plant Pathology, 19(6), 1523-1536. doi: 10.1111/mpp.12618.

[13] Goéral, T., Wisniewska, H., Ochodzki, P, Nielsen, L.K., Walentyn-Goéral, D., & Stepien, L. (2018). Relationship between
Fusarium head blight, kernel damage, concentration of Fusariumbiomass, and Fusarium toxins in grain of winter
wheat inoculated with Fusarium culmorum. Toxins, 11(1), article number 2. doi: 10.3390/toxins11010002.

[14] Janik, E., Niemcewicz, M., Ceremuga, M., Stela, M., Saluk-Bijak, J., Siadkowski, A., § Bijak, M. (2020). Molecular
aspects of mycotoxins - a serious problem for human health. International Journal of Molecular Sciences, 21(21),
article number 8187. doi: 10.3390/ijms21218187.

[15] Jarroudi M.E., Kouadio L., Tychon B,, El Jarroudi M., Junk J., Bock C. § Delfosse P. (2018). Modeling the Main Fungal
Diseases of Winter Wheat: Constraints and Possible Solutions. Retrieved from https://www.intechopen.com/
chapters/60661.

[16] Jarroudi, M.E., Kouadio, L., Jarroudi, M., Junk, J., Bock, C., Diouf, A. & Delfosse, P. (2017). Improving fungal disease
forecasts in winter wheat: A critical role of intra-day variations of meteorological conditions in the development
of Septoria leaf blotch. Field Crops Research, 213,12-20.

[17] Juroszek, P, § von Tiedemann, A. (2013). Climate change and potential future risks through wheat diseases: a
review. European Journal of Plant Pathology, 136, 21-33. doi: 10.1007/s10658-012-0144-9.

[18] Kalman B., Abraham D., Graph S., Perl-Treves R., Meller Harel Y, § Degani O. (2020). Isolation and Identification
of Fusarium spp., the Causal Agents of Onion (Allium cepa) Basal Rot in Northeastern Israel. Biology, 9(4), article
number 69. doi: 10.3390/biology9040069.

[19] Karelov, A.V, Borzykh, 0.1, Kozub, N.O., Sozinov, 1.0,, Yanse, L.A., Sozinova, 0.1, Tkalenko, H.M., Mishchenko, LT.
§ Blume, Ya.B. (2021). Current Approaches to Identification of Fusarium Fungi Infecting Wheat, Cytology and
Genetics, 55(5), 433-446. doi: 10.3103/S0095452721050030.

[20] Kayim, M., Nawaz, H. § Alsalmo, A. (2020). Fungal Diseases of Wheat. Retrieved from https://www.intechopen.
com/chapters/80489

[21] Kirichenko, V.V. (2016). Fundamentals of management of the production process of field crops. Kharkiv: FOP
Brovin VO.

[22] Korzun, D.Y.(2016). Methods of phytopathological research for artificial infection of plants. Kyiv: Ukrainian Institute
of Plant Variety Expertise.

[23] Kovalyshina, G.M., Dmytrenko, YM., Demydov, A.A., Mukha, T.I., § Murashko, L.A. (2018). Results of winter wheat
breeding for resistance to major pathogens at the Myronivka Wheat Institute. Scientific Bulletin of the National
University of Life and Environmental Sciences of Ukraine. Series: Agronomy, 294, 96-103.

[24] Leonov,O.,Petrenkova, V, Luchna, I., § Suvorova, C.S.V.(2016). Wheat diseaseswidespread in Ukraine, harmfulness,
genetic control and effectiveness of selection for resistance. Selection and Seed Production, 109, 53-92.

[25] Martinez, M., Ramirez Albuquerque, L., Arata, A.F, Biganzoli, F, Fernandez Pinto, V, § Stenglein, S.A. (2020).
Effects of Fusarium graminearum and Fusarium poae on disease parameters, grain quality and mycotoxins
contamination in bread wheat (Part I). Journal of the Science of Food and Agriculture, 100, 863-873.

[26] Miedaner, T, § Juroszek, P. (2021). Climate change will influence disease resistance breeding in wheat in
Northwestern Europe. Theoretical and Applied Genetics, 134(6), 1771-1785. doi: 10.1007/s00122-021-03807-0.

Plant and Soil Science (13) 4 @



The level of intensity of soft winter wheat...

[27] Mostoviak, LI, Demianiuk, O.S., & Borodai, V.V. (2020). Peculiarities of the formation of phytopathogenic
background of micromycetes-disease-causing agents in agrocenoses of cereal cereals of the Right-Bank Forest-
Steppe of Ukraine. Agroecological Journal, 1, 28-38.

[28] Mukha, T1., § Murashko, L.A. (2019). Resistance of winter wheat collection nursery cultivars against Fusarium ear
blight and a group of diseases. “Myronivka Bulletin”, 9, 53-58.

[29] Mykhalska, L.M., Zozulia, O.L., Hrytsev, O.A., Sanin, O.Y. § Schwartau, V.V. (2019). Distribution of pecies of Fusarium
and Alternaria genera on cereals in Ukraine. Biosystems Diversity, 27(2), 186-191. doi: 10.15421/011925.

[30] Naguib D.M. (2018). Control of Fusarium wilt in wheat seedlings by grain priming with defensin-like protein.
Egyptian Journal of Biological Pest Control, 28, article number 68. doi: 10.1186/s41938-018-0073-9.

[31] Nazarenko, M. & Lykholat, Y.(2018). Influence of relief conditions on plant growth and development. Dnipro
University Bulletin: Series: Geology. Geography. 26(1), 143-149.

[32] Ostrovsky, D.M., Kornienko, L.E., § Andriychuk, A.V. (2017). Toxigenic properties of Fusarium and Aspergillus
micromycetes. Scientific Bulletin of Veterinary Medicine, 1,157-162.

[33] Ryabovol Y.S., Ryabovol L.O., & Diordieva L.P. (2019). Disease resistance of winter soft wheat samples created by
hybridizationofgeographicallydistantforms. Foothilland Mountain Agricultureand Animal Husbandry, 65,124-133.

[34] Savary, S., Willocquet, L., Pethybridge, S]., Esker, P, McRoberts, N. § Nelson, A. (2019). The global burden of
pathogens and pests on major food crops. Nature Ecology & Evolution, 3, 430-439.

[35] Shcherbakova, L.A., Nazarova, T.A., Mikityuk, 0.D., Istomina, E.A., § Odintsova, T.I. (2018). An Extract Purified from
the Mycelium of a Tomato Wilt-Controlling Strain of Fusarium sambucinum Can Protect Wheat against Fusarium
and Common Root Rots. Pathogens, 7, article number 61. doi: 10.3390/pathogens7030061.

[36] Shpaar, D. (2012). Cereals: cultivation, harvesting, storage and use. Kyiv: Zerno Publishing House.

[37] Topi, D., Babic,]., Pavsi¢-Vrtac, K., Tavcar-Kalcher, G. § Jakovac-Strajn, B.(2020). Incidence of Fusarium Mycotoxins
in Wheat and Maize from Albania. Molecules, 26(1), article number 172. doi: 10.3390/molecules26010172.

[38] Tribel, S.O., Hetman, M.V, Strigun, 0.0., Kovalyshyna, G.M., § Andryushchenko, A.V. (2010). Methodology for
assessing the resistance of wheat varieties against pests and pathogens. Kyiv: Kolobig.

[39] Volkodav, V., Andriushchenko, A., § Podgayatsky, A. (2001). Methods of phytopathological experiments under
artificial infection (pp. 37-38). Kyiv: Alefa.

[40] zhu, Z., Hao, Y, Mergoum, M., Bai, G., Humphreys, G., Cloutier, S., Xia, X., § He, Z. (2019). Breeding wheat for
resistance to Fusarium head blight in the Global North: China, USA, and Canada. The Crop Journal, 7,730-738.

Plant and Soil Science (13) 4

&)



Murashko et al.

Jiogmuna AHatoniiBHa Mypaliko

Haykosuit cniBpobiTHMK

MWPOHIBCbKMIA IHCTUTYT NweHumLi imeHi B. M. Pemecna HAAH YkpaiHu
08853, Byn. LleHTpanbHa, 68, c. LieHTpanbHe, KniBcbka 0bnacTb, YkpaiHa
https://orcid.org/0000-0002-0438-7682

TetaHa IBaHiBHa Myxa

HaykoBuI4 cniBpobITHMK

MMWPOHIBCbKMIA IHCTUTYT NweHuui imeHi B. M. Pemecna HAAH YkpaiHu
08853, Byn. LleHTpanbHa, 68, c. LleHTpanbHe, KniBcbka 0bnacTb, YkpaiHa
https://orcid.org/0000-0002-2628-7324

OnekcaHgp Bonoammuposud liymeHtok

KaHamaaT ciibCbKOrocnoAapCbKmMX HayK, HayKoOBMUI CNiBPODBITHUK
MMWPOHIBCbKUI IHCTUTYT NweHuui imeHi B. M. Pemecna HAAH YkpaiHu
08853, ByA. LleHTpanbHa, 68, c. LleHTpanbHe, KuiBcbka 0bnacTb, YkpaiHa
https://orcid.org/0000-0002-1147-088X

Bipa BiktopiBHa KupuneHko

[OKTOP CifIbCbKOrOCNoAapChbKMX HayK, CTapLUNM HayKOBUI CNiBPODITHUK
MMWPOHIBCbKMIA IHCTUTYT NweHuui imeHi B. M. Pemecna HAAH YkpaiHu
08853, ByA. LleHTpanbHa, 68, c. LleHTpanbHe, KuiBcbka 0bnacTb, YkpaiHa
https://orcid.org/0000-0002-8096-4488

Hatania BanepiiBHa HoBuubKa

LJOKTOP CiNbCbKOroCcnoAapCcbKmx Hayk, AOLEHT
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PiBeHb iHTEeHCUBHOCTi Ypa)XeHHS1 COpPTiB MNeHuLi M'Koi 03MMoi
36yaHnKamm Fusarium link Ta ix ineHTUdikauia Ha 3epHi

AHoOTaUif. B yMOBaX CBHOTOZEHHS BaKJIMBUM 3aBIAHHAM arpapHOr0 BUPOOHULTBA € IIiIBUIIEHHA piBHA
BpPOKAMHOCT] Ta IOKpallleHHsS SKOCTi IIPOAYKII CiIbCBKOIOCIIONAPCHKUX KyNbTyp. HaAillHUM Ta eKOJIOTIYHO
BUTITHUM $aKTOPOM CTIMKOTO 361IbIIeHHS BPOXKaMHOCTI Ta MOJIIMIIIEHHS SKOCTi 3epHa € CTBOPEHHS HOBUX COPTIB
3 TPYIIOBOIO CTiMKICTIO IIPOTH XBOPO6 Ta BUCOKUM piBHEM afalTUBHOCTI. EQeRTUBHICTD cenekiil Ha iMyHiTeT
TIpSAMO 3aJIESKUTH Bifl, PISHOMAHITTS CKJIaAly IeHiB CTiMKOCTI JJOHOPIB, TOIy ITOIIYK HOBUX JisKepesl CTiMKOCTI
610 i 3a/IMIIAETHCA aKTyaJIbHUM MUTAHHA. MeTa IOCIiKeHb MoNiAraja y BCTaHOBJIeHH] piBHA iHbiKoBaHOCTI
3epHa COPTIB IIeHUI M'SKOi 03uMOi 36ygHUKRaMu ¢y3apiosy kojoca Ta ix imeHTudikamii. B mocmimkeHHIX
BUKODUCTOBYBAJIM COPTHU IIHMIEHUII 03MMOI pi3HUX CeNeKI[iMHUX YCTaHOB VKpaiHM: MUPOHIBCBKOTO iHCTUTYTY
menuli iMeni B. M. Pemecna HAAH (MIII), CeneKLUiMHO-TeHETUYHOTO iHCTUTYTy - HalliOHaJBHOTO LIEHTPY
HaciHHE3HaBCTBA Ta coproBuBdYeHHs HAAH (CTI-HIIHC), IHcTuTyTy pocnuHHMUTBa iM. B. fl. IOp'eBa HAAH
(IP), IucTuTyTy disionorii pocnuH i reneTriky HAHY (I®PT), IHcTUTYTY 3axucty pocnud HAAH (I3P), IHCTUTYTY
3poruyBaHoro semiuepo6ctsa HAAH (I33), HalioHaIbHOTO HAYKOBOTO LEHTPY «IHCTUTYT 3emiepo6cTBa» HAAH
(HHLI 13). [lng BU3HAYEHHS BUIOBOTO CKiazy 36ygHuka Fusarium Link BUROpHCTOBYBamu GiTOMATONOTIYHUN
aHaJji3, YacTKy BUJIB — CIIBBiIHOIIEHHAM iHQIKOBaHMX 3pasKiB 3epHa IMIEHUI] [0 iX 3arajabHOI KiJIBKOCTI.
Buuuii (15-18 %) piBeHb iHTEHCHUBHOCTI ypaykeHHd by3apio3HO0 iHeKIIie criocTepirany y coptiB JockoHana,
TypyHuyK, OBimi#i, Bomorpaii, MupomniobuBa. 3epHO IMIIEHUIl O3UMOI y POKU AOCIiIKEeHb KOJIOHI3yBaJoCh
TakKUMU Bupamu dysapiosy ak: F sporotrichiella, F. monilifopme, F. graminearum, F. culmorum, F. avenaceum, F.
gibbosum F. sambucinum Ta F. oxysporium. JomiHylouy cuTyariito 3aiimany Buau F. monilifopme ta F. oxysporium,
IX TIOLIMPEHICTh Ha 3epHi MIeHUlli cTaHoBuUA 16,2 Ta 1,7 % BiAmoBinHO. BUOKpeMJIeHi COpTU MUIEHUIl 031MOl
3 HauMeHumM (1,2-4,5 %) ypakeHHAM 36ymHURAMU pomy Fusarium peKOMEHJOBAaHO [Jis BUKOPUCTaHHSA
B CeJIeKlil MimeHMIi Ha iMyHiTeT. BUKOpUCTaHHS B IIPaKTWUYHIiM ceJeKIil CTIMKOro BUXiIHOro MaTepiamy
IO3BOJIUTH YTPUMYBATU HapoCTaHHA iHdekuii 36yIHUKIB XBOpob 6e3 3acTocyBaHHA XiMiuHMX 3aco6iB 3axuCTy

KniouoBi cnoBa: Triticum aestivum L., BUxizHuit MaTepias, HaciHHeBa iHdeK1is, dpy3apios, rpubu poxy Fusarium,
BUZOBUM CKJIaJ, HOMiHY0O4i BUAU

Plant and Soil Science (13) 4 @



- Journal homepage: https://agriculturalscience.com.ua/en

P I ant .a n d So ! I Plant and Soil Science, 13(4), 46-56
__Science Received: 20.07.2022 Revised: 09.10.2022 Accepted: 23.11.2022

UDC 663.62:631.5/9 DOI: 10.31548/agr.13(4).2022.46-56

Oleh Prysiazhniuk®

Doctor of Agricultural Sciences, Professor
Institute of Bioenergy Crops and Sugar Beet NAAS
03141, 25 Klinichna Str., Kyiv, Ukraine
https://orcid.org/0000-0002-4639-424X

Larysa Storozhyk

Doctor of Agricultural Sciences, Professor
Institute of Bioenergy Crops and Sugar Beet NAAS
03141, 25 Klinichna Str., Kyiv, Ukraine
https://orcid.org/0000-0003-1587-1477

Mykhailo Humentyk

Doctor of Agricultural Sciences

Institute of Bioenergy Crops and Sugar Beet NAAS
03141, 25 Klinichna Str., Kyiv, Ukraine
https://orcid.org/0000-0001-9052-9650

Anatolij Sviridov

PhD in Agricultural Sciences, Associate Professor

Kharkiv National Agrarian University named after V.V. Dockuhaiev
62483, Dokuchaevske-2, Kharkiv region, Ukraine
https://orcid.org/0000-0002-0156-9405

Liudmyla Svyrydova

Senior teacher

Kharkiv National Agrarian University named after V.V. Dockuhaiev
62483, Dokuchaevske-2, Kharkiv region, Ukraine
https://orcid.org/0000-0002-2047-9245

Optimal time of plant growth regulator application to Sorghum
canopy according to BBCH and Kuperman crop growth scales

Abstract. The relevance of the study is determined by the problem of choosing the optimal scale for identifying
plant growth phases to determine the best terms for conducting agrotechnical operations for the care of sorghum
plants. The purpose of the experiment was to apply a plant growth regulator with higher efficiency during crop growth
stages 21, 31, 37 (BBCH) and III, IV, VI-VII on the Kuperman scale. Field and laboratory research methods were used in
the study. The experiment was conducted in the Forest-Steppe zone of Ukraine, two sorghum varieties of Sorghum
bicolor and Sorghum saccharatum were treated with PGR. Foliar application of PGR (0.5 L/ha) in the BBCH stages 21
and 31 provides 2.8 and 4.9% better results than in stages IIT and IV of the Kuperman scale (the latter is based on the
complex morphophysiological analysis to identify I to VII CGS). Foliar application of the PGR in microstage 21 (BBCH)
promoted faster development and an increase in grain yield in sorghum varieties (0.19 t/ha in Odeskyi 205 and 0.12 t/
ha in Lan 59) compared to application in stage III (Kuperman). A similar effect of the PGR applied in microstage 21
(BBCH) compared to stage I1I (Kuperman) was recorded for two sweet sorghum hybrids: in Dovista, an increase in the
yield of biomass was 1.6t/ha, dry matter — 0.7t/ha, and sugar content in the stem juice - 0.0%, while these indices in
Huliver amounted to 1.6t/ha, 0.7t/ha, and 0.2% respectively. Therefore, the BBCH scale is recommended to adopt for
PGR application, and foliar application of PGR should be conducted in the 21 and 31. The practical value of the study

Suggested Citation:
Prysiazhniuk, O., Storozhyk, L., Humentyk, M., Sviridov, A., & Svyrydova, L. (2022). Optimal time of plant growth regulator application to
Sorghum canopy according to BBCH and Kuperman crop growth scales. Plant and Soil Science, 13(4), 46-56.
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lies in the selection of the scale of growth and development of sorghum crops and the terms of application of foliar
fertilisation, optimal for the conditions of Ukraine. The study is useful from the practical standpoint of conducting
foliar fertilisation of plants in production and as a theoretical assessment of plant growth and development scales for

students and researchers

Keywords: foliar application of fertilisers, identification of plant development stage, organogenesis stages, the yield

of grain, biomass yield

INTRODUCTION
Correct identification of phenological stages in common
and sweet sorghum is important for optimising culti-
vation technology since many agronomic measures of
tending crops, especially the foliar application of fertil-
isers, plant protection products, and plant growth regula-
torsrequire strictidentification of the plant physiological
state in different growth stages (Maw et al., 2017; Chapke,
2019; Cuevas § Prom, 2020). The application of protective
and stimulative products in inappropriate stages can
harm plants and reduce crop yield. Other researchers
state that besides proper management, the application
of plant growth regulators (PGR) in the optimal stage of
growth ensures maximum production (Sory et al,, 2017,
Thapa et al., 2017; Maiti § Singh, 2019). Similarly, other
agronomic measures should be rationally applied based
on the scale of growth and development of sorghum.

Several scales of growth and development for cere-
als have been developed over the years, and they were
compared in earlier studies (Kalenska et al., 2018). Dutch
agronomist Willem Feekes is the author of the Feekes
scale, which was introduced in 1941 (Maity et al., 2021).
This scale is used more often in the US, while other
scales, such as the Zadoks or the BBCH, are less used. The
Feekes scale is especially useful in stages 6 to 10.5 (stem
elongation), which is relevant when it is necessary to
decide on the best timing for fungicide application. The
Keller and Baggiolini scale was developed in Switzerland
in 1954. This scale is an extended version of the Feekes
scale, with growth stages being coded with letters. In
1962, another scale was developed under the leadership
of EM. Kuperman. The scale describes 12 stages of plant
growth and development into three periods: I-IV stages —
embryonic period and youth (i), V-VIII stages - matura-
tion and reproduction (ii), and IX-XII stages - senescence
(iii) (Thomas, 2014; Maity et al., 2021). The Haun scale is
focused on leaf formation and describes the length of
each emerging leaf. The Zadoks scale describes only crit-
ical plant development stages (Gulumser § Mut, 2016;
Rasti et al., 2022). Based on the Zadoks scale, BBCH uses
a decimal code system and includes macro- and micro-
stages (Thomas, 2014). BBCH scale is often used to de-
termine the optimum timing for fertilisation, pesticide
treatment, and other agronomic measures.

Today, in Ukraine, the following species are availa-
ble: common sorghum (Sorghum bicolor), soryz (S. ory-
zoidum), sweet sorghum (high sugar content variety
of S. bicolor), Sorghum-Sudan grass hybrid (S. bicolor x
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Sorghum x drummondii), broom sorghum (S. vulgare var.
technicum), perennial sorghum (S. almum Parodi), and
Sudan grass (S. bicolor subsp. drummondii) (State Reg-
ister of Plant Varieties..., 2020). Of them, the most com-
mon species are common sorghum and sweet sorghum
(Fedorchuk et al., 2017) grown on an area of 47 000 hec-
tares. A considerable increase in sown area is observed
in the Forest-Steppe zone (20%), which is characterised
by unstable soil moisture. Meanwhile, sorghum has been
conventionally grown in the Steppe zone characterised
by insufficient soil moisture (Tretiakova et al., 2022).

In the early stages, sorghum plants demonstrate
slow growth of the stem and leaf. Because of this, they
cannot compete with weeds, especially in conditions
of the Forest-Steppe, where weed species diversity and
their seed reserves in soil are considerable (Fedorchuk
et al., 2017). The lack of mobile forms of nutrients in the
soil, along with drought, pests, and diseases can also de-
crease the yield potential of the crop (Marinov-Serafi-
mov et al., 2018; Kraig et al., 2019). It is important to find
effective ways of activating certain phenological stages
of sorghum. Such agronomic measure may help avoid
the stress in plants caused by adverse environmental
factors during critical growth stages (Reddy et al., 2014).

S.S. Dhaliwala, V. Sharmaa, § A.K. Shuklab (2022)
showed the effectiveness of the foliar application of fer-
tilisers in sorghum. In the field experiments, crop yield
increased from 15 to 25% due to the use of proper com-
mercial micronutrient fertiliser. When the fertiliser was
applied 4 and 6 weeks after sowing, biomass yield was
7-11% higher compared to the control (Stipesevic et al.,
2018). Application of spray foliar fertiliser Boost Extra 30,
60, and 90 days after planting at a rate of 2 L/ha ensured
the highest yield of sorghum (Ogundare, et al., 2015).
D. Vasundhara & V. Chhabra (2021) reported that the op-
timum timing of foliar nutrient application for corn and
sorghum is in the 5-7 leaf stage, and the second applica-
tion - after 14 days. In winter wheat, PGR is applied before
and/or during the stem elongation stage (BBCH 30-32)
aiming to produce lower internodes with shorterlengths,
thicker stems and, stem cell walls (Gandee et al., 1997).
Experiments by B. Bodson § M-H. Durdu (1996) on win-
ter wheat showed that PGR can be applied not only in the
period from the end of tillering to the beginning of stem
elongation as conventionally recommended but also in
more advanced stages of the vegetative period: 1%t or 2
node and even flag leaf emergence. Late applications do
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not cause any substantial reduction in yield compared to
applications at beginning of the stem elongation stage.
In field experiments with spring wheat, the optimum
timing for trinexapac ethyl application is Zadoks growth
stages (GS) 30, 32, or 37 The application of trinexa-
pac-ethyl in GS 37 resulted in less crop damage, shorter
stands, and more erect plants than in GS 30 or 32 (Wiers-
ma et al., 2011). Early application of growth regulators in
tillering stage increased the number of tillers, ears, and
grain yield of winter wheat (Ghuman & Ram 2021). In ex-
periments by Z. Hussain § M.H. Leitch (2007) on applica-
tions of PGR in spring wheat in growth stages 30 and 32,
the grain yield was unaffected. However, the stem length
decreased, while the specific stem weight increased.

Studies by many researchers contain a variety of in-
formation on the timing of the foliar feeding of sorghum.
Among them, calendars of foliar applications of fertil-
isers (Ogundare et al., 2015; StipeSevi¢ et al., 2018; Dhal-
iwala et al, 2022) and certain phenological stages are
identified (Vasundhara, § Chhabra 2021); Sebrina et al.,
2020). Thus, there is no consensus on the correct timing
of the foliar feeding (Sebrina et al., 2020).

Now, the most frequently used scales are Keller &
Baggiolini, BBCH, Zadoks, and Haun, Feekes (Thomas,
2014; Lambright, 2019; Rasti et al., 2022; Lépez-Sandin et
al., 2022). In Ukraine, it is common to use the Kuperman
scale (Kalenska et al,, 2018). The BBCH scale, which is
based on more precise knowledge of plant development
physiology, can hardly be compared to simpler scales
(Kuperman, 1984; Reddy, 2017; Lambright, 2019).

The scientific originality of this study consists of the
theoretical analysis of the practice of using plant growth
and development scales and the practical selection of op-
timal scales of growth and development of sorghum for
use in agronomic operations of tending crops, specifical-
ly, optimisation of the plant growth regulator application.

The purpose of this study is to evaluate the effec-
tiveness of two scales (BBCH and Kuperman) for plant
growth and development for the determination of the

most suitable time of PGR application to increase the
yield of two common sorghum varieties and two sweet
sorghum hybrids.

MATERIALS AND METHODS

Experimental site and soil condition

The study was conducted in the years 2012-2020 in
two field experiments (two locations): state farm Saly-
vinkivske (Ksaverivka 2, Vasylkiv district, Kyiv region)
and Bila Tserkva Research and Breeding Station (Mala
Vilshanka. Bilotserkivskyi district, Kyiv region). Both lo-
cations belong to the Central Forest-Steppe of Ukraine,
the zone of unstable moisture.

The soil of the state farm Salyvinkivske is podzolic
chernozem, with the following characteristics, deter-
mined by methods of agrochemical analysis (Hosp-
odarenko, 2013): the content of humus is 3.21% (by Turin)
(DSTU 4289:2004, 2005), pH_, - 6.4, alkaline hydrolysed
nitrogen - 156 mg/kg (by Kornfeld) (DSTU 7863:2015,
2016), mobile phosphorus and potassium - 77 mg/kg
and 89 mg/kg (by Chirikov) (DSTU 4115-2002, 2002). The
soil of the Bila Tserkva Research and Breeding Station is
typical low-humus chernozem, the content of humus is
3.50% (DSTU 4289:2004, 2005), pH_, - 6.2, alkaline hy-
drolysed nitrogen - 134 mg/kg (DSTU 7863:2015, 2016),
mobile phosphorus and potassium - 76 mg/kg and
98 mg/kg, respectively (DSTU 4115-2002, 2002).
Weather conditions
The analysis of weather conditions and their variability
in the research years 2012-2020 compared to the aver-
agelong-term data was performed based on the formula:

Ks = (X1-X2) ’ (1)
N
where K, is the significance coefficient of deviations of
the agrometeorological regime; X1 is the element of the
current weather; X2 is the indicator of the long-term
average value (1980-2020); S is the standard deviation
(Rozhkov et al., 2016).

Table 1. Significance coefficient (Ks) of deviations of precipitation
and average monthly temperatures from long-term averages, 2012-2020

Precipitation Air temperature
Months

2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

April 0.8 0.4 04 | -15 | 09 | -1.0 | -1.6 | -0.1 | -1.5 2.5 1.0 1.0 0.7 2.9 14 0.5 1.2 0.6
May 05 | 21 21 | -0.2 1.8 | -04 | -01 | 0.2 1.7 2.2 11 11 1.2 0.3 0.5 2.5 14 | -0.8
June -0.5 | 0.2 02 | -15 | -24 | -1.7 | 04 0.2 | -0.5 14 | -04 | -04 | 1.1 0.6 1.2 2.8 2.6 2.1
July -1.1 | 03 03 | -04 | -13 | -07 | -21 | -14 | -0.2 | 24 1.4 1.4 1.4 2.3 0.9 2.7 0.3 1.1
August 1.2 03 |-03)-16 |09 -15)|-12 | -12 | 04 0.8 1.4 14 14 1.7 23 3.0 1.2 0.9
September | -0.4 | 0.3 03 | -05|-18 | -1.7 | 0.5 | -1.0 | -0.5 1.5 0.2 0.2 2.2 1.3 1.8 0.7 0.8 1.8

Note: green indicates conditions close to normal (Ks 0-1), gray - conditions that differ substantially from the average perennials

(Ks 1-2), orange - conditions close to the extreme (Ks>2)

o)
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In 2012, 2015, 2016, 2017, and 2018 the most substan-
tial deviations in precipitation were observed. In 2015
and 2017, all the months of the vegetation period cor-
responded to insufficient precipitation. Extreme con-
ditions of the average daily air temperature were in the
years 2012 (April, May, July) and 2018 (May, June, July, Au-
gust). The systematic lack of precipitation in 2015-2016
resulted in a moisture shortage in 2017 and the produc-
tivity of sorghum was rather low.

Experimental scheme and treatments

Field experiment I with two common sorghum varieties
(Sorghum bicolor) was conducted at the state farm Sal-
yvinkivske in 2012-2015: Factor A: varieties Odeskyi 205
and Lan 59; Factor B: the timing of foliar fertilisation:
stages 21, 31, and 37 (BBCH) and I, IV, and VI-VII (Kuper-
man). The PGR used in the study was Vympel 2 (0.5 L/ha;
active ingredients: polyatomic alcohols 300+30 g/L, hu-
mic acids 30+0.3 g/L, carboxylic acids 3.0+0.3 g/L). In the
control treatment, the plants were treated with water
only. The application rate of the working solution was
200 L/ha. The single plot area was 35 m?; the accounting
areawas 25 m>.

Field experiment II with two sweet sorghum hybrids
(Sorghum saccuratum Jakuschev.) Huliver and Dovista
was conducted at the Bila Tserkva Research and Breed-
ing Station in 2016-2020. The scheme of the experiment:
Factor A: hybrids: Huliver and Dovista; Factor B: foliar ap-
plication of fertilisers: stages 21, 31, and 37 (BBCH) and III,
IV, and VI-VII (Kuperman). Plants were treated with the
PGR (application rate 0.5 L/ha; active ingredients: polya-
tomic alcohols 300+30 g/L, humic acids 30+0.3 g/L, car-
boxylic acids 3.0+0.3 g/L). Control: the plants were treated
with water only, as described in Experiment L. The single
plot area was 35 m?; the accounting area was 25 m?.

The experiment was established in a randomised
plot scheme were planned according to the general
methodology of experiments in agronomy (Rozhkov et
al., 2016; Tkachyk, 2015).

Plant treatment

The cultivation technology sorghum was typical for the
Right-Bank Forest-Steppe of Ukraine. Mineral fertiliser
N,.P. K., was applied in the experiment. Phosphate-po-
tassium fertiliser was incorporated before tillage, while
nitrogen fertiliser — before seedbed preparation. The
seeds were sown to a depth of 2-4 cm at soil tempera-
ture >12°C. Common sorghum was sown with a plant
density of 160-180 plants per hectare (at harvest) at a
row spacing of 70 cm. Sweet sorghum was sown in wide
rows at a row spacing of 45 cm, at a seeding rate of 10-
12 seeds/m and plant density of 190-230 thousand plants
per hectare (at harvest). Common sorghum was harvest-
ed at grain humidity of <20% using a combine harvester,
sweet sorghum was harvested using silo-harvesters in
the stage of middle dough (Fedorchuk et al., 2017).

Plant and Soil Science (13) 4

The seeds were treated with the antidote Concep® I11
(Syngenta, USA), which is approved for pre-emergence
application to ensure efficient weed control. Post-emer-
gence treatment of crops was performed using prepa-
rations based on S-metolachlor (Primextra TZ Gold 500
SC, Primextra Gold 720 SC, Dual Gold 960 EC, all Syn-
genta, USA). Dicotyledonous weeds were controlled by
post-emergence herbicides of the 2.4 D group (Prima SE,
Peak 75 WG, all Syngenta, USA) before the five-leaf stage
(Fedorchuk et al., 2017). Before sowing, the seeds were
treated with the fungicide Maxim XL 035 FS (Syngenta,
USA). During the growing season, Karate Seon 050 SC
and Engio 247 SC (all Syngenta, USA) were used to con-
trol such pests as aphids, European corn borer (Ostrinia
nubilalis), and beet webworm (Loxostege sticticalis).

PGR Vympel 2 (Dolyna-Tsentr LLC, Ukraine) con-
tains polyatomic alcohols (300 g/L), humic acids (30 g/L),
carboxylic acids (3.0 g/L), and natural growth promot-
ers-adaptogens. The product accelerates plant growth
and development, activates nutrient consumption and
leaf surface formation (Storozhyk & Muzyka, 2017).
Biochemical seed quality
Biochemical indicators of seed quality were determined
by the following methods: protein content by the method
of mineralisation with sulfuric acid in the presence of a
catalyst according to Stein-Moore; starch - by the meth-
od of dissolution in a hot solution of hydrochloric acid
followed by a polarimeter examination. The content of
dry matter was determined by drying in a drying cham-
ber at a temperature of 105°C for 4-6 h. The total sugar
content in the juice of sugar sorghum stems was deter-
mined by the Luff-Schoorl method (Tkachyk, 2015).

Data analysis

The statistical processing of the experimental data was
performed using ANOVA at LSD  using the Statistica10.0
package (StatSoft). The share of influence of the factors
was determined based on the results of variance analysis
(ANOVA) with the display of only reliable variances in the
graphs (pie chart graph).

The summary statistics of the analysis of variance,
specifically the sum of squares (SS), were used to build
a graph of factor influence (Urdan, 2010). Only the influ-
ence of the effects at a substantiality level of p<0.05 was
used, setting this parameter when building the graph.
Therewith, factors with values of p>0.05 were automat-
ically considered as an experimental error, thus the dis-
tribution of influencing factors was not disturbed.

RESULTS AND DISCUSSION

Tables 2 and 3 demonstrate the specific features of the
impact of the PGR (0.5 L/ha) on the productivity of two
sorghum varieties and two sorghum hybrids when ap-
plied in different growth stages by the BBCH and the Ku-
perman scales.
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Table 2. The impact of the growth regulator (0.5 L/ha) on the productivity of two common sorghum
(Sorghum bicolor L.) varieties when applied in different growth stages by the BBCH
and the Kuperman scales (average for 2012-2015)

. Duration of vegetation | Yield of grain - 5 e
Variety Stage PGR e () (t/ha) Protein content (%) | Starch content (%)
Control 110 4.70 10.8 73.5
BBCH microstage 21
GR 102 (-8) 5.26 (+ 0.56) 10.9 (+0.1) 73.8 (+0.3)
Control 110 4.73 10.9 73.5
Kuperman stage Il
GR 103 (-7) 5.10 (+0.37) 10.8 (-0.1) 73.6 (+0.1)
Control 110 4.68 10.8 73.6
BBCH microstage 31
Odeskyi GR 104(-6) 5.05 (+0.37) 11.0 (+0.2) 73.9 (+0.3)
205 Control 110 471 10.7 73.5
Kuperman Stage IV
GR 104 (-6) 5.01 (+0.3) 11.0 (+0.3) 73.9 (+0.4)
Control 110 4.74 10.8 73.2
BBCH microstage 37
GR 107(-3) 4.92 (+0.18) 11.2 (+0.4) 74.1 (+0.9)
Kuperman stage Control 110 4.70 10.9 73.3
VI-ViI GR 108 (-2) 4.90 (+0.2) 11.3 (+0.4) 74.2 (+0.9)
Control 110 5.22 11.0 75.1
BBCH microstage 21
GR 103 (-7) 5.70 (+0.48) 11.2 (+0.2) 75.3 (+0.2)
Control 110 5.20 11.1 75.0
Kuperman stage Il
GR 104 (-6) 5.56 (+0.36) 11.1 (+0.0) 75.2 (+0.2)
Control 110 5.25 11.0 74.8
BBCH microstage 31
Lan 59 GR 105 (-5) 5.50 (+0.25) 11.4 (+0.4) 75.2 (+0.4)
an
Control 110 5.18 10.9 74.9
Kuperman stage IV
GR 105 (-5) 5.44 (+0.26) 11.5 (+0.6) 75.3 (+0.4)
Control 110 5.17 11.2 75.0
BBCH microstage 37
GR 108 (-2) 5.35 (+0.18) 11.6 (+0.4) 75.7 (+0.7)
Kuperman Stage Control 110 5.22 11.1 75.1
VI-vil GR 109 (-1) 5.32 (+0.1) 11.6 (+0.5) 75.9 (+0.8)
ANOVA (LSD,,) 1 0.12 0.3 0.8

The application of the PGR in BBCH microstage 21
and Kuperman stage III reduced the vegetation period of
Odeskyi205by 8 and 7 days, respectively,and Lan 59 - by 7
and 6 days. Application of PGRin later stages for common
sorghumpracticallydid notaffectthe durationofthevege-
tation period. The differences between these varieties and
control treatments after the application of the regulator
in BBCH microstage 37 and Kuperman stage VI-VII were
1-2 days for Lan 59 variety and 2-3 days for Odeskyi 205.

Faster growth and development of common sor-
ghum plants promoted the foliar application of the PGR
in BBCH microstage 21 and Kuperman stage III, which
resulted in higher grain productivity - in Odeskyi 205 by
0.56 t/ha and 0.37 t/ha, respectively, and in Lan 59 - by
0.48 t/ha and 0.36 t/ha, respectively.

Application of the PGR in later stages of common
sorghum (Sorghum bicolor L) is interesting from the
standpoint of the quality of the obtained harvest. Foliar
fertilisation in BBCH microstage 31 and Kuperman stage
IV in varieties Odeskyi 205 increased the content of pro-

tein by 0.2-0.33%, respectively, in Lan 59 by 0.4-0.6%, re-
spectively, compared to control. Similarly, the content of
starch was higher by 0.3-0.4 and 0.4%, respectively. In the
case of foliar application of PGR in BBCH microstage 37
and Kuperman stages VI-VII, the yield of Odeskyi205was
higher by 0.18 t/ha and 0.20 t/ha, respectively, compared
to the control, and Lan 59 - by 0.18 t/ha and 0.10 t/ha, re-
spectively. This data only slightly exceeded the indices of
the experimental error. However, the quality character-
istics of sorghum harvest increased considerably com-
pared to the earlier application of the PGR. For example,
the fertilisation in BBCH microstage 31 ensured an in-
crease in protein content of 0.2% and starch - of 0.3% in
Odeskyi 205 and 0.3% and 0.4%, respectively, in Lan 59.
The variant with the fertilisation in Kuperman stage IV
yielded 0.3% higher content of protein and 0.6% higher
content of starch in Odeskyi; in Lan 59, the increase was
0.6% and 0.4%, respectively.

The results of the analysis of the factors that affect
common sorghum yield are shown in Figure 1.
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ABCD 6% Experimental error 1%
0

-

Phase of foliar
fertilization (B) 20%

Year condition (D)

14% .
Growth stimulator(C)

18%

Figure 1. The influence of factors on the formation of common sorghum yield
(only substantial factors of influence, p<0,05 are defined)

It was identified that varietal characteristics and
stage of foliar fertilisation are the most effective fac-
tor in sorghum productivity (20%). The PGR allows
influencing the harvest formation at the level of 18%.
Weather conditions contributed to the deviations in
sorghum yield with a share of influence of 14%, with

interaction with the factor of PGR (CD) of 11% and va-
riety (AD) - 4%.

The impact of the PGR on the productivity of the
two sweet sorghum hybrids when applied in different
growth stages by the BBCH and the Kuperman scales is
shown in Table 3.

Table 3. The impact of the PGR (05 L/ha) on the productivity of two hybrids of sweet sorghum
(Sorghum saccharatum Jakuschev) when applied in different growth stages
according to the BBCH and the Kuperman scales (average for 2016-2020)

. Duration of vegetation | Biomass yield (t/ | Dry matter yield o
Hybrid Stage PGR sl ha) (t/ha) Total sugars (%)
. Control 114 88.5 17.6 14.5
BBCH microstage 21
GR 105 (-9) 93.5 (+5.0) 18.9 (+1.3) 14.9 (+0.4)
Control 114 88.7 17.8 14.6
Kuperman stage Il
GR 107 (-7) 92.1 (+3.4) 18.4 (+0.6) 14.8 (+0.2)
. Control 114 88.4 17.8 14.5
BBCH microstage 31
Huli GR 108 (-6) 90.8 (+2.4) 18.0 (+0.2) 15.1 (+0.6)
uliver
Control 114 88.9 17.8 14.5
Kuperman stage IV
GR 108 (-6) 90.9 (+2.0) 18.2 (+0.4) 15.0(+0.5)
. Control 114 88.6 17.7 14.5
BBCH microstage 37
GR 112 (-2) 89.9 (+1.3) 18.2 (+0.5) 15.3 (+0.8)
Kuperman stage Control 114 88.5 17.6 14.6
VI-VII GR 113 (-1) 89.7 (+1.2) 18.0 (+0.4) 15.2 (+0.6)
. Control 136 92.9 18.5 15.1
BBCH Microstage 21
GR 129(-7) 98.8 (+5.9) 19.8 (+1.3) 15.7 (+0.6)
Control 136 93.0 18.7 15.0
Kuperman stage Il
GR 130 (-6) 97.3 (+4.3) 19.3 (+0.6) 15.6 (+0.6)
. Control 136 92.6 18.6 15.0
BBCH microstage 31
Dovist GR 132 (-4) 96.5 (+3.9) 19.3 (+0.7) 15.8 (+0.8)
ovista
Control 136 92.9 18.4 15.1
Kuperman stage IV
GR 132 (-4) 96.4 (+3.5) 19.2 (+0.8) 16.0 (+0.9)
. Control 136 93.2 18.5 15.0
BBCH Microstage 37
GR 133 (-3) 95.2 (+2.0) 19.1(+0.6) 16.5 (+1.5)
Kuperman stage Control 136 93.3 18.6 15.1
VI-VII GR 134 (-2) 94.8 (+1.5) 18.9 (+0.3) 16.4 (+1.3)
ANOVA (LSD,,) 1 1.3 0.5 0.4

When PGRwas applied in BBCH microstage 21, Huliv-
erhybrid showed a decreaseinvegetation period of 9 days
and Dovista hybrid - 7 days; when applied in Kuperman
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control, by 2 and 1 day, respectively, in Huliver and by 3
and 2 days, respectively, in Dovista. This proves the low
efficiency of the application of PGR in the later stages for
sweet sorghum.

As for the common sorghum varieties, foliar appli-
cation of the PGR in BBCH microstage 21 and Kuperman
stage III also stimulated the yield and quality of the crop
(Table 3). The yield of Huliver biomass was 5.0 t/ha higher
and dry matter - 1.3 t/ha higher. The total sugar content
inthe stemjuice increased by 0.4% but it was statistically
insubstantial. In Dovista, an increase amounted to 5.9 t/
ha, 1.3 t/ha, and 0.6% respectively. When the PGR was
applied in Kuperman stage III, the above-mentioned
indices were in Huliver 34 t/ha, 0.6 t/ha, and 0.2%, re-
spectively, and in Dovista 4.3 t/ha, 0.6 t/ha, and 0.6%,
respectively which was statistically insubstantial. Thus,
the optimal timing for the PGR application (BBCH micro-
stage 21) contributed to obtaining higher productivity of
the studied cultivars: in Dovista, biomass yield was high-

ABCD 6%

CD12%

18%

\ Year condition (D)

er by 1.6 t/ha, dry matter yield - by 0.7 t/ha and there was
no increase in the sugar content of juice; while in Gulliv-
er, these indicators were 1.6 t/ha and 0.7 t/ha, respective-
ly, with the sugar content in juice increase of 0.2%.

Afterthe application of the growth promoterin BBCH
microstage31,theincreaseinbiomassyieldin Dovistawas
3.9t/ha, dry matter 0.7 t/ha, and an increase in total sugar
content 0.8% as compared to the control, and in Huliver
the increase was 2.4 t/ha, 0.2 t/ha, and 0.6% respectively.

When the PGR was applied later, in BBCH microstage
37 and Kuperman stage VII, the biomass yield increase
in Huliver was 1.3 t/ha and 1.2 t/ha, respectively, and in
Dovista 2.0 t/ha and 1.5 t/ha, respectively. In Huliver, the
increase was statistically insubstantial, while in Dovista
itwas. Therefore, it can be concluded that the application
of PGR in later stages is less efficient for common sor-
ghum varieties.

The results of the analysis of the factors that affect
sweet sorghum biomass yield are shown in Figure 2.

Experimental error 2%

Phase of foliar
fertilization (B) 18%

Growth
stimulator (C)15%

Figure 2. The influence of factors on the formation of sugar sorghum biomass yield
(only substantial factors of influence, p<0,05 are defined)

It was identified that the stage of foliar fertilisation
(18%) and varietal characteristics (17%) are the most effec-
tive factor in sorghum productivity. The PGR allows influ-
encing the harvest formation at the level of 15%. Weath-
er conditions contributed to the deviations in sorghum
yield with a share of influence of 18%, with interaction
with the factor of PGR (CD) of 12% and variety (AD) - 5%.

Quality characteristics of sweet sorghum more sub-
stantially differed from the control in the case of foliar
application of the PGR in BBCH microstage 37 and Ku-
perman stages VI-VII. The total sugar content in stem
juice in Huliver increased by 0.8% and 0.6%, respectively,
compared to control, and in Dovista - by 1.5% and 1.3%,
respectively. The obtained data clearly shows that the
foliar applications of the PGR (0.5 L/ha) in common sor-
ghum and sweet sorghum sowings during the period of
active growth and development considerably improve
the quality and quantity of the obtained produce due to
the activation of growth processes.

Nowadays, the investigation of the efficiency of
growth and formation of common and sugar sorghum
yield has gained new emphasis in connection with the

active use of the crop as a feedstock for bioenergy. How-
ever, the papers of researchers are mainly focused on
determining the efficiency of the main fertilisation, in
particular, nitrogen fertilisation (Pannacci § Bartolini
2018; Bartzialis et al., 2020). However, in Ukraine, on the
most common soil types, the optimal doses of fertilisers
are quite well investigated (Fedorchuk et al., 2017), while
the optimal timing of application of foliar fertilisers
needs clarification (Kalenska et al., 2018).

This study on the correspondence of stages and
microstages of sorghum was conducted on the back-
ground of long-term experiments on the foliar appli-
cation of fertilisers as the method of intensification of
plant growth at the beginning of their vegetation. It is
known that sorghum plants grow slowly during the first
40-50 days after germination, which affects their adap-
tation to adverse conditions of cultivation (Reddy, 2017
Marinov-Serafimov et al., 2018). In the case of foliar fer-
tilisation with a PGR, the stage of plant growth and devel-
opment is very important as everything that is applied,
penetrates the plant very fast and there is no buffer con-
centration in the soil.
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The specific features of the growth of sorghum
and the ways of enhancing the efficiency of its cultiva-
tion through the optimisation of agronomic measures
were investigated by a number of researchers (Calvino
& Messing, 2012; Saadat & Homaee, 2015; Masaka et al,,
2019). The application of PGR was shown in earlier stud-
ies to be an efficient agrotechnical practice for the reli-
able intensification of plant growth, consequently, the
yield and quality of the sweet sorghum crop, ensuring an
average increase in the total sugar content in stem juice
by 14% (Storozhyk & Muzyka, 2017).

Results in many aspects also correspond to other re-
cent studies, proving that PGR affects the rate of photo-
synthesis processes, productivity, and general resistance
to adverse cultivation conditions (Narayanan et al., 2013;
StipeSevié et al.,2018; Sebrina et al., 2020). Therewith, the
examples of using the BBCH and the Kuperman scales in
the determination of the time for efficient application of
PGR have not been identified in the scientific literature.

In conclusion, the application of the PGR as a com-
ponent of cultivation technology in the early stages of
sorghum plant development can be easier when using
the BBCH scale because the Kuperman scale requires
morphophysiological analysis to identify certain growth
stages. Moreover, applications of the PGR (0.5 L/ha) in the
BBCH 21 and 31 stages appear to give slightly better re-
sults than its applications in the Kuperman stages III and
IV. In reality, the application dates based on the BBCH
scale differed by 5-7 and 2-3 days compared to the Ku-
perman scale over the years of the study. This could be
further investigated in more detail.

CONCLUSIONS

Foliar application of PGR (0.5 L/ha) in the early stages
of sorghum growth and development requires accurate
identification of stages and microstages of organogen-
esis. Foliar application of the PGR in Kuperman stage III
ensured an increase in sorghum grain yield, compared
to the control, by 0.37 t/ha in Odeskyi 205 and 0.36 t/ha in
Lan 59. With the application of PGR in BBCH microstage
21, the obtained increase in yield was 0.56 t/ha in Odeskyi
205 and 048 t/hain Lan 59. Similarly, the increase in the
biomass yield of sweet sorghum was 3.4 t/ha in Huliver
and 4.3 t/ha in Dovista using of the Kuperman scale, and
5.0 t/ha and 5.9 t/ha using the BBCH scale. In the ear-
ly stages it is easier and more profitable to use relevant
microstages by the BBCH scale to plan the application of
a PGR, than equivalent ones of the Kuperman scale.

It was identified that application of the PGR at a rate
of 0.5 L/ha in BBCH microstage 37 provided an increase
in protein content in common sorghum grain of 0.4% in
Odeskyi 205 04% in Lan 59, and starch content - 0.9%
and 0.7%, respectively. Similarly, the application of the
PGR atarate of 0.5 L/ha in sweet sorghum hybridslead to
anincrease in total sugar content in stem juice of 0.8% in
Huliver and 1.5% in Dovista.

In this study, only two scales of growth and devel-
opment, the most widely used in Ukraine, were consid-
ered. However, the value of simple scales lies in their
ease and accuracy of use; therefore, the issue of the
effectiveness of identifying plant growth and develop-
ment stages using scales other than the BBCH and the
Kuperman scales is relevant.
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OnTUManbHUM Yac 3aCTOCYBaHHS perynsitopa pocty poc/ivH
Ha nociBax copro 3a wkanotw BBCH Ta KynepmaHa

AHoTaUif. AKTYaJIbHICTh JOCIIIKeHb 3yMOBJIeHa MP0o6JIeMOI0 BUGOPY ONMTUMAaJIBHOI IIKaIU imeHTUdiKalliil dpas
POCTY POCJIVH [Ji BU3HAUEeHHS KpalllX CTPOKiB IIPOBeJleHHS arpoTexXHIUHNX ollepallill JOIMAAY 3a POCIUHAMU
copro. MeTo10 eKCIIEPUMEHTY 6y710 BU3HaYeHHS ebeKTHBHOTO Yacy 3aCTOCYBaHHS PETYISTOPa POCTY POCIIMH Ha 21,
31,37 dpazax (wurana BBCH) ta I11, IV, VI-VII (kasia KymepMan). Y po60Ti BUKOPHCTOBYBaIY MIOJIbOBI Ta JTA60paTOpHi
MeTOAM IOCIIiI>ReHb. [lociiz TpoBoAuBCA B 30Hi JlicocTerty YKpaiHy, iBa copTu copro Sorghum bicolor i Sorghum
saccharatum 6ynu 06pobieHi peryniaTopoM pocTy pociuH. I1o3aKopeHeBe IIiIKUBIIEHHS PEryIATOPOM POCTY
pocinus (0,5 i/ra) Ha cTamisx 21131 BBGH gae Ha 2,8 Ta 4,9 % Kpalli pe3ynbTaTy, Hix Ha ctafiax I1111V 3a Kynepman
(ocTanH# mKana 6a3yeThCA Ha KOMIUIEKCHOMY Mopdodisionoriunomy aHanmisi mis imentudikarii I-VII nepiozis
pocty pociuH). TIo3akopeHeBe MiIKUBJIEHHS PETYIATOPOM POCTY POCIMH Ha Mikpoctazii 21 (BBCH) cmpusano
IIBUZIIOMY PO3BUTKY POCJIMH COPTO Ta 361/IbIIEHHI0 BpOyKako 3epHa copTiB copro (0,19 T/ra copTy «Omechrut 205»
Ta 0,12 T/ra copTy «JIaH 59») MOpiBHAHO 3 3acTocyBaHHAM B III cTazii (Kyrnepman). [Tomi6HuI edeKT peryniaropa
POCTY POCJIMH, 3aCTOCOBAHOTO Ha MikpocTazii 21 (BBCH) mopiBHaHo 3 III dpasow (KymepmaH), 3adikcoBaHO O
IBOX Ti6pUIIB COPTo ILIYKPOBOTO: ¥ COPTY «JOBicTa» IMpHUpICT ypoxkarHOCTI 6ioMacu cTaHOBUB 1,6 T/Ta, Cyxoi
pedoBuHU 0,7 T/Ta Ta LYKPUCTOCTi cTe61I0BOrO COKy 0,0%, TOAL K y COpPTY «I'yiiBep» IIi TOKa3HUKU CTaHOBUIIU
1,6 T/ra, 0,7 T/ra Ta 0,2% BigmoBigHO. TakUM YMHOM, WIKany BBCH peKOMEHAYETHCS BUKOPUCTOBYBATU IJIS
3aCTOCYBaHHA peryyaTopa POCTY POCIIUH, a NO3aKOpeHeBe MifPKUBJIEHHA CJIif, MPOBOOUTU B MiKpocTafil 21 i
31. [IpaKTHUYHA I[iHHICTh pobOTU MoNArae y Bubopi, ONTUMaNbHOI AJ1g YMOB VKpaiHy, MKaIKl POCTY Ta PO3BUTKY
COPTOBUX KYJIBTYP Ta CTPOKIB 3aCTOCYBaHHS [103aKOPEHEBOTO MTiZKUBJIeHH. Po60Ta KOpUCHA 3 TPaKTUYHOI TOUKYU
30Dy IIPOBeIeHHA IT03aKOPEHEeBUX IiIKUBIIEHD POCJIVH Y BUPOOHUIITBI TaK, 8 TAKOJK K TEOPETUYHE JOCITiIKeHH
LIIKaJI POCTY i pPO3BUTKY POCJIVH, [I114 CTYAEeHTIB Ta HAYKOBLIiB

Knio4yoBi cnoBa: I03aKOpeHeBe i KUBJIEHHS, BU3HAUEHHS CTafii pO3BUTKY pPOCJIVH, €Talll OpraHOoreHesy,
YPpOsKaMHICTh 3epHa, BUXiJ bioMacu
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Nutritional components of fresh and frozen fruits
of highbush blueberries (Vaccinium corymbosum L.)

Abstract. The relevance of the study is conditioned by the significant popularity of highbush blueberries among
consumers, which they have gained due to their balanced taste and the content of nutrients and bioactive substances
that are useful for the human body. Therefore, the purpose of the study was to establish the suitability of fruits of the
varieties ‘Duke’, ‘Patriot’, ‘Chanticleer’ for freezing and storage in a frozen state. Biometric, laboratory, analytical, and
statistical research methods were used to achieve this goal. As a result of the conducted studies, it was established that
the frozen fruits of highbush blueberries of the studied varieties ‘Duke’, ‘Patriot’, ‘Chanticleer’ met the requirements
of the highest commercial grade according to DSTU 4837:2007. Defrosted berries of the ‘Duke’ variety had a better
appearance than the other two varieties under study, were unfrozen with a wax coating inherent in this type of
fruit, their weight loss during freezing was 0.20%, and juice loss after defrosting - 0.71%. Highbush blueberries of
the varieties ‘Duke’, ‘Patriot’, ‘Chanticleer’ in the forest-steppe of Ukraine accumulated from 17.6 to 19.0 mg/100 g of
vitamin C, 378-545 mg/100 g of polyphenolic substances, 127.2-176.8 mg/100 g of flavonoids, 59.4-162.9 mg/100 g of
anthocyanins, and 15.6-32.5 mg/100 g of chalcones. Defrosted ‘Duke’ berries contained the largest amount of nutrients,
while losses during freezing and defrosting were: vitamin C - 2.7 mg/100 g, total polyphenols - 102 mg/100 g,

Suggested Citation:
Shevchuk, L., Vintskovska, Yu., Babenko, S., Mazur, B., & Havryliuk, O. (2022). Nutritional components of fresh and frozen fruits of
highbush blueberries (Vaccinium corymbosum L.). Plant and Soil Science, 13(4), 57-67.
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anthocyanins - 41.8 mg/100 g. The data obtained are of practical value for gardeners when choosing a variety for
creating plantings of highbush blueberries, the fruits of which can be used both for fresh consumption and freezing

Keywords: polyphenols, vitamin C, anthocyanins, chalcones, flavonoids

INTRODUCTION

Fruit and berry crops are excellent sources of nutrients.
They contain a significant amount of biologically active
compounds, in particular, ascorbic acid, anthocyanins,
flavanols, flavonoids, phenols, and tannins (Prokhorchuk,
2019; Galat, 2021). Fruit consumption improves the over-
all condition of the body, in particular, it helps strength-
en the immune system, the functioning of the cardio-
vascular and digestive systems (Skrovankova et al, 2015).
Considering the data of the State Statistics Service of
Ukraine, which indicates that the amount of fruit prod-
ucts consumed by one person per year from 2005 to 2021
increased by 29.4 kg and amounts to 587 kg, it can be as-
sumed that functionalfood productshavebecomeatrend
and are actively in demand in recent years (Balances and
consumption..., 2019). The main reason for the increase
in demand for fruit products is a healthy lifestyle, ration-
al nutrition, and vegetarianism (Dhalaria et al, 2020).

The prospects of highbush blueberries (Vaccinium
corymbosum L.) are evidenced by the ever-growing vol-
ume of production of its fruits (Manganaris et al, 2014;
Dhalaria et al, 2020). Their global production increased
from 262 tonnes in 2006 to 556 tonnes in 2016 (Aliman et
al., 2020). According to FAOSTAT, the leaders in the pro-
ductionofhighbushblueberry fruits are the United States
(269 tonnes) and Canada (179 tonnes). In Ukraine, over
the past 10 years, highbush blueberries have moved from
alittle-known niche crop to the status of one of the wide-
ly cultivated ones. As of 2017, Ukraine became one of the
5 largest European producers of highbush blueberries.
The area under highbush blueberries for the period from
2007 to 2017 increased almost 12 times, from 130 to more
than 1,500 hectares, and at the end 0f 2018, it was expect-
edtoexpandto2,000 hectares (Shevchuketal,2021). Ber-
ries of Vaccinium corymbosum L. contain a large amount
of valuable nutrients that have a positive effect on the
human body and are part of a balanced diet (Szajdek &
Borowska, 2008). A significant antioxidant capacity of its
fruits is provided by the high content of vitamin C, antho-
cyanins, and phenolic compounds (Szajdek & Borowska,
2008; Skrovankova et al,, 2015; Coronel et al, 2019). The
fruits of highbush blueberries are consumed both fresh
and processed, in particular, in the form of defrosted af-
ter freezing, dried or freeze-dried, as well as in the form
of jams, jellies, juices, canned fruit and purees (Michal-
ska & Lysiak, 2015; Balances and consumption..., 2019).

However, the short shelf life of highbush blueberries
is the main problem in providing the population with
products of this type. Therefore, producers are faced with
the problem of choosing a processing method that would

ensure maximum preservation of the nutritional compo-
nents of this type of fruit. One of such methodsis freezing.

The main task of the research was to establish the in-
fluence of the freezing process, the duration of storage of
berries in the frozen state and defrosting on the content
of bioactive substances, as well as changes in physical
and sensory indicators of their quality.

A number of researchers claim that processing
highbush blueberries by freezing causes a significant
decrease in its nutritional components (Brownmiller et
al.,, 2008). On the other hand, some researchers argue
that certain freezing processes have a positive effect on
the functional properties of raw materials, since they can
promote the release of bound compounds, in particular,
phenols and anthocyanins (Mullen et al, 2002; Leong et
al., 2012; Neri et al., 2020). R. Veberic (2014) noted an in-
crease in the content of bioactive substances in berries
after their long-term storage in a frozen state. Such am-
biguous conclusions of the researchers gave rise to the
study of the effect of freezing on the preservation of the
nutritional values of highbush blueberry fruits. There-
fore, the purpose of the study was to identify varieties
of highbush blueberries, the fruits of which, according
to the complex of preserved quality indicators, are an
excellent raw material for freezing. The scientific origi-
nality of the study lies in the fact that for the first time,
the physical, sensory, and bioactive quality indicators of
fruits of the ‘Duke’, ‘Patriot’, ‘Chanticleer’ varieties grown
in the forest-steppe of Ukraine were investigated and
their suitability for freezing was established.

LITERATURE REVIEW

Highbush blueberry berries, according to research-
ers from Ukraine (Shevchuk et al,2021), France (Brat et
al, 2006) and other countries of the world (Smrke et al.,
2021), are a source of nutritional biologically active sub-
stances that are useful for the human body. They con-
tain a significant number of compounds that have an
antioxidant effect, in particular: vitamin C, polyphenols,
flavonoids, anthocyanins, and chalcones. Anthocyanin
substances, which are more than 500 in highbush blue-
berries, provide its fruits with a characteristic black
colour. Anthocyanins have become the subject of many
scientific studies, mainly for two reasons: their benefi-
cial effects on human health and their use as potential
sources of natural food colouring.

Natural extracts of these pigments are used in the
food industry as a natural dye, which is an environmen-
tally friendly alternative to synthetic ones (Mullen et al,
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2002). In addition to anthocyanins, blueberries contain
flavonoids, which are a subgroup of polyphenols. It is the
latter that are of particular interest to human health re-
searchers because of their antioxidant activity (Brat et al,
2006). The largest and most diverse group of polyphenols
are flavonoids, which are found in the form of free mole-
culesorbound tosugars.Flavonoids are characterised by a
wide range of health benefits and are used in the pharma-
ceutical, medical, and cosmetics industries. This is condi-
tioned by their antioxidant, antiinflammatory, antimuta-
genic, and anticarcinogenic properties, combined with
theirabilitytomodulate key functions of cellular enzymes.
They are used to fight diseases such as cancer, Alzheim-
er’s disease, and atherosclerosis (Panche et al, 2016).

Chalcone substances are another subclass of flavo-
noids. They are also known as open-chain flavonoids.
Chalcones, like flavonoids, have anticancer, antioxidant,
antibacterial, antiinflammatory, antitumor, cytotoxic,
and immunosuppressive properties. But due to their bi-
ological and morphological characteristics, the fruits of
highbush blueberries are not endowed with good shelf
life. The maximum period during which they can main-
taintheir quality indicatorsis 1-3 months, so producers of
highbush blueberries are faced with the task of extend-
ing the shelf life of this type of product while maximally
preserving sensory and bioactive indicators of its quality.

One of the most effective ways to store fruits for
a long time, which minimally affects their quality, is
freezing (Neri et al, 2020). With this method of pro-
cessing, a significant amount of biologically valuable
substances containing fruits is preserved, which allows
the population to consume natural and useful products
throughout the year (Michalska & Eysiak, 2015). Freezing
inhibits many metabolic processes in fruits, slows down
the growth kinetics of microorganisms, and ultimately
prevents degradation reactions of important biological
substances, which mainly affect the deformation of the
texture and structure of the product and worsens the
characteristic colour of berries (Neri et al, 2020).

Processing and storage conditions cause a gradual
decrease in the content of nutritionally valuable com-
ponents, including vitamin C in berries (Skupien, 2006) .
The vitamin C content of berries is influenced by numer-
ous factors: genetic variation, ripeness, climate, meth-
ods of cultivation, harvesting, and storage (Davey et al.,
2000), therefore, the content of this vitamin in berries is
highly variable (Skupieni, 2006).

Based on the considerable amount of scientific lit-
erature, it is established that the issue of changes in the
content of biologically active substances in the fruits of
highbush blueberries during freezing and defrosting is
rather underinvestigated, so the studies performed are
relevant and necessary. They will be useful both for sci-
entific breeders to further conduct the breeding process
for creating new varieties of highbush blueberries, and
for producers when choosing raw materials for freezing.
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MATERIALS AND METHODS

The study was conducted during 2020-2021. The ob-
jects of the study were the fruits of highbush blueber-
ries - varieties of American selection ‘Duke’, ‘Patriot’,
‘Chanticleer’. Fruits for laboratory tests were selected
at the experimental sites of the laboratory of selection
and technology of berry crops cultivation of the Insti-
tute of Horticulture of the National Academy of Agrar-
ian Sciences (IH NAAS) of Ukraine. The weight of one
sample was one kilogramme. Its geographical location
is in the forest-steppe zone of Ukraine, altitude above
sea level - 187 m (50° 27°16°N, 30° 131°25'W), distance
to Kyiv — 4.0 km. Year of creation of plantings - 2016,
planting scheme 1x3 m, the soil of the site is grey forest
medium loamy. The system of soil retention in a row is
mulching with sawdust, in the row spacing - sodifica-
tion. The experiment was laid without irrigation, the care
of plantings is recommended for the forest-steppe zone
of Ukraine (Balabak et. al,, 2017).

Thezone'sclimateistemperatecontinental. According
tolong-termdata, the average air temperature was +9.7°C
andtheamountofprecipitationfortheyearwas466.3mm.
The minimum average long-term temperature - neg-
ative 28.4°C (February), the maximum - 37.7°C (August).
Analytical research
Analytical research was conducted in the laboratory of
post-harvest quality of fruit and berry products of the
Institute of Horticulture of the National Academy of
Sciences of Ukraine. On the day of fruit collection, the
content of vitamin C, total polyphenols, anthocyanins,
flavonoids, and chalcones was determined. Laboratory
tests were conducted on blueberries in a state of con-
sumer ripeness with a characteristic shape and colour
for each of the studied varieties according to the ‘Meth-
ods of assessing the quality of fruit and berry products’
(Kondratenko et.al.,, 2008). Crushed analytical samples
of fruits to determine the content of biologically active
substances in them were prepared using a laboratory
homogeniser.Theberrieswereweighed onananalytical
scalewithanaccuracyofuptothesecondsign.Biochem-
ical studies were performed in threefold repetition.

Highbush blueberries were frozen in a Samsung
RZ32M7110SA/UA freezer, at a temperature of -24°C,
in plastic containers. They were stored at a tempera-
ture of negative 18-20°C for six months. At the end of
storage, weight loss in frozen fruits was determined.
After that, the fruit was thawed at room temperature
(+20°C) for 6 hours. Juice losses were determined in
defrosted berries. Weight and juice losses were meas-
ured by weighing on analytical scales with accuracy
up to the second sign, expressed in% of the weight of
the fresh sample.

Determination of the content of nutrients was car-
ried out in fresh and defrosted berries.

Vitamin C content (ascorbic acid) was determined ac-
cording to the method based on its extraction from berry
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samples with a mixture of 2% aqueous oxalic solution
and 1% aqueous hydrochloric acid solution (80:20). 5 g of
crushed fruit was ground using broken glass and trans-
ferred to a measuring flask with a capacity of 100 ml.
The contents of the flask were brought to the mark with
a mixture of 2% oxalic and 1% acetic acids (80:20) and
left for extraction for 10 minutes. The resulting extract
was filtered through a cotton wool filter into a 100 ml
flat-bottomed flask. In a glass with a capacity of 50 ml,
10 ml of the extract was added and titrated from the mi-
croburette with a solution of 2.6 — dichlorophenol-indo-
phenol with sodium salt (Tilmans paint) until a slightly
pink colour appeared, which did not disappear for 1 min.
According to the amount of paint that was used for ox-
idation, the content of vitamin C is determined, and a
mixture of oxalic and acetic acids is used for control
(Kondratenko et.al. 2008).

Total polyphenol content was determined according
to a method based on the extraction of phenolic sub-
stances from berry samples with ethyl alcohol. To do this,
5 g of crushed berry samples were added to a porcelain
mortar, a small amount of ethyl alcohol was added and
filtered under vacuum on a Buchner funnel through a
blue ribbon paper filter into a Bunsen flask. The residue
on the filter was washed with a small amount of ethyl al-
cohol until the sample was completely discoloured. The
number of washes depended on the intensity of staining
of the sample and was 3-5 times. Record the volume of
alcohol used in ml. 79 ml of distilled water, 0.1 ml of Ex-
tract, 1 ml of Folin-Denis reagent were added to the test
tube, mixed and after 3 minutes 1 ml of saturated sodi-
um carbonate solution was added and mixed again. For
an hour, the optical density of the contents of test tubes
was recorded on an ULAB 102UV spectrophotometer at a
wavelength of 640 Nm. For control, a mixture prepared
from 8 ml of distilled water, 1 ml of Folin-Denis reagent
and after 3 minutes, 1 ml of saturated sodium carbonate
solution was added.

Total polyphenol content in the sample was calculat-
ed by equation (1):

— A-V-100 (1)

X )
2B

where: X - total polyphenol content in the sample,
mg/100 g; A - amount of chlorogenic acid in the volume
taken for spectrophotometric determination, found on
the calibration graph, mcg; V - total volume of the final
extract of the sample, ml; V, - volume of aliquot of the fi-
nal extract of the sample taken for analysis, ml; M - sam-
ple weight, g (Kondratenko et. al, 2008).

Anthocyanin and chalcone content was determined
by spectrophotometric method (ULAB 102UV spectro-
photometer). The absorption of extracts was determined
at wavelengths of 530 and 364 Nm, respectively, using an
alcohol extract from plant homogenate acidified with
3.5% hydrochloric acid (Kryventsov, 1982).

)

Flavonoid content was determined by absorption
spectrophotometry by measuring the absorption of a fla-
vonoid complex with a 3% aluminium chloride solution.
AnULAB 102UV spectrophotometer with a wavelength of
410 Nm was used for the measurement (Vronska, 2018).
Statistical analysis
Statistical data processing was performed using STATIS-
TICA 13/1 (StatSoft, Inc., USA). The results are presented
as averages with their standard errors as the mean +
standard error (x+SE). Differences between repetitions
and relative to the average intersort value were deter-
mined using ANOVA statistical model. The results of the
research are presented at the level of reliability in P<0.05.
Two-factor variance analysis of the materiality of the in-
fluence of the genotype of the variety and weather and
climatic factors on the content of biologically active sub-
stances in the fruits of highbush blueberries and corre-
lation analysis were performed in Excel software suite,
Data Analysis tab.

RESULTS AND DISCUSSION

1.Sensory and physical indicators of the quality of fro-
zen and defrosted highbush blueberry fruits

Weight loss of fruits during frozen storage and juice af-
ter their defrosting is a physical indicator that depends
on the freezing temperature, defrosting rate, and va-
rietal characteristics (Odarchuk et. al., 2020). It is from
these physical characteristics of fruits that their ap-
pearance depends, which is normalised by the require-
ments of DSTU 4837:2007 (2008). According to the spec-
ified standard, 95% of frozen blueberries should be not
cracked, and after defrosting without excessive juicing,
the number of frozen blueberries should not exceed 10%
of the total volume of the sample, and the colour should
be uniform and characteristic of the berries of this varie-
ty, taste without extraneous flavour. According to the re-
sults of organoleptic analysis, the fruits of all the varieties
under study were of the highest grade, they were whole,
not deformed, and without foreign taste and smell.

In the process of freezing and storing in a frozen
state, the weight loss of blueberry fruits ranged from
0.20 (‘Duke’) to 0.37% (‘Patriot’), an intermediate val-
ue (0.21%) was found in the ‘Chanticleer’ variety (Fig. 1).
These figures are significantly lower than those of red
currants, where, according to research conducted by
Y. Tereshchenko (2018), they were 1.5-1.8%.

Highbush blueberries of the ‘Duke’ variety after their
defrosting had not only the smallest weight loss, but also
the smallest juice loss (0.71%), they were more significant
in the ‘Chanticleer’ variety (1.3 %), slightly smaller - in
‘Patriot’ (0.87%) (Fig. 1).

Considering the data obtained and comparing
them with the results on juice losses of fruits of various
crops, in particular, currants (2.7-4.9%) (Tageshchepko,
2018), cherries (4.8-7.1%) (Voitok, 2018), strawberries —
10.7% (Simakhina, 2019) and 16.9% (Odarchuk et. al,
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2020), as well as sweet cherries of different maturation
periods (13.6-22.9%) (Ivanova et. al., 2019), blueberries

from among all the above fruits have the least juice loss
after their defrosting.

2,00 130
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100 —
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® 0.37 - || Patriot
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0.00
Weight loss Juice loss
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Figure 1. Weight and juice loss of highbush blueberries, % to fresh fruits (average for 2020-2021)

2.Vitamin C content of defrosted blueberries

According to Rafal Nadulski et al. (2019), highbush
blueberries are not considered a source rich in vitamin
C. They found a low content of this vitamin in fruits -
6.75+1.06 mg/100 g of weight. Similar data were ob-
tained by Latvian researchers. The fruits of highbush
blueberry varieties studied by them contained from
7.43 to 9.98 mg/100 g by weight of ascorbic acid (Ozo-
la §Duma, 2019). Blueberries grown in Romania accu-
mulated this vitamin from 18.40 mg/100 g (‘Blueray’) to
13.79 mg/100 g ‘Duke’, average value - 16.28 mg/100 g
(Ciucu-Paraschiv § Hoza., 2021). While blueberry fruits
ofthe ‘Bluecrop'varietygrownin Turkeyhad avitamin C
content 0of 39.10 mg per 100 g of raw weight, which is sig-
nificantly higher than fruits from Poland and Romania,
aswell as berries of wild forms of this crop, which accu-
mulated thisvitamin from 4 to 8 mg/100 g of raw weight
(Celik et al., 2018). According to B. Silenko and S. March-
enko (2013), fruits of highbush blueberries under grow-

ing conditions in the Right-Bank part of the western
forest-steppe of Ukraine can accumulate from 15.19
(‘Patriot’) to 34.72 (‘Dzhonni’) mg/100 g of ascorbic acid.

According to the conducted studies, the fruits of high-
bush blueberries in the conditions of the forest-steppe
of Ukraine accumulate 18.24 mg/100 g of raw weight of
vitamin C (average forvarieties), whichis atthelevel of data
obtained by Romanian researchers (Bunea et al., 2011) and
more than the indicators obtained by Polish researchers
(Szajdek § Borowska, 2008). The highest amount of it was
observedin fresh fruits of the ‘Duke ‘variety -19.0 mg/100 g
of raw weight, the lowest - in ‘Chanticleer’ berries
(176 mg/100 g of raw weight) (Fig. 2). Somewhat similar
data were obtained in the laboratory of the horticultural
Institute, but for other varieties, in particular, the amount
of vitamin C in fresh blueberries ranged from 20.0 mg/100
g of raw weight (‘Reca)) to 270 mg/100 g of raw weight
(‘Elisabeth’) with an intermediate value of 22.5 mg/100 g
of raw weight (Bluegold’) (Shevchuk et al, 2021).

20
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Patriot

M defrosted
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Figure 2. Vitamin C content in fresh and defrosted blueberry fruits, mg/100 g of raw weight (average for 2020-2021)
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The fact of a decrease in the amount of vitamin C dur-
ing fruit storage and defrosting has been established by
many researchers (Skupien, 2006; Simakhina§Khalapsi-
na,2015).Inparticular, K. Scupienetal (2006),argue thatas
the shelflife of frozen berries increases, the loss of this vi-
taminincreases. Asaresult of the conducted studies, con-
firmation of previously obtained data was found, namely,
the content of ascorbic acid in the studied deforstated
blueberry fruits remained at the level of 62-76%, depend-
ing on the variety (Poiana et. al, 2010b). The fruits of the
studied varieties of highbush blueberries, after storage in
a frozen state and defrosting, quite significantly lost their
vitamin C content. The lowest losses of this vitamin were
in the variety ‘Chanticleer’ (8%), twice as high in ‘Duke’
(19%), and the largest in ‘Patriot’ (34%). The significance of
the difference in the obtained data is explained by the dif-
ferent strength of fruit cells of different varieties, which
during freezing causes cryogenic damage to them, and
in the future, the process is accompanied by oxidation of
ascorbic acid. The data obtained largely do not agree with
the results of studies by Polish researchers, who note that
blueberries lost from 57% (‘Bluecrop’) to 72% (Jersey’) of
vitamin C during 6 months of storage (Skupieni, 2006).
Similar data were provided by G. Simakhina et al. (2019),
which noted that the loss of vitamin C in highbush blue-
berries, blackberries, and mountain ash is 55.6-71.0%.

3.Content of total polyphenols and flavonoids in fresh
and defrosted highbush blueberry fruits

Findings of L. Shevchuk (2021) showed that the
content of total polyphenols in highbush blueber-
ries ranges from 280.4 to 494.4 mg/100 g of fresh
fruit weight, similar indicators of the content of
these substances were obtained by W. Zheng and
S.Y. Wang (2003) for blueberries of the ‘Sierra’ va-
riety - 410 mg/100 g. According to research held in
Romania, their number in the fruits of the ‘Bluecrop
‘and ‘Duke’ varieties was 424.84-952.27 mg/100 g
(Bunea et. al., 2011). According to K. Skupien (2006),
similar to the amount of vitamin C, the highest total
polyphenol content was found in ‘Bluecrop’ berries,
and the lowest - in ‘Blueray’ and ‘Jersey’. According
tothe data obtained, the fruits of highbush blueber-
ries contained a higher amount of total polyphenols
than indicated in the studies by a number of re-
searchers, in particular, R. Moyer (2002), W. Zheng
and S. Wang (2003). The content of polyphenolic
substances in fresh fruits of the studied varieties
was 482+83 mg/100 g, significantly less than these
substances accumulated in the ‘Chanticleer’ vari-
ety (378+9.5 mg/100 g). Varietal difference of the
polyphenolic component was at the average level,
the variation coefficient was 17% (Table 1).

Table 1. Content of total polyphenols and flavonoids in fresh
and defrosted highbush blueberries, mg/100 g of raw weight (average for 2020-2021)

Polyphenols Flavonoids
Variety
fresh defrosted % change fresh defrosted % change
Duke 52419.8 422+2.5 -19 176.8+4.5 182+9.1° 28
Patriot 545+7.4 417+8.1 -23 171.8+4.4 160.3%£5.9* -7
Chanticleer 378+9.5° 344+8.5° -9 127.2+4.0° 106.0£3.4° -17
Average by variety 482+83 394+43 -18 158.6+24.8 149.4+3.4 -6
min 368 336 - 1231 91.7 -
max 564 447 - 187.0 189.9 -
Variation coefficient 17 11 - 16 23 -

Note: the upper indices (a and b) in the lines next to the indicators indicate significantly different values of polyphenols and
flavonoids relative to the average indicator (x) for the study group at P<0.05

After freezing and defrosting, the greatest loss of
polyphenols was observed in ‘Patriot’ variety (23%),
while the lowest loss was observed in ‘Chanticleer’ (9%).
Thus, the polyphenolic component of the studied de-
frosted fruits of highbush blueberries was the highest
in the ‘Duke’ variety (422), slightly less contained in ‘Pa-
triot’ (417), and the least - ‘Chanticleer’ (394 mg/100 g),
which did not significantly change the picture regarding
the amount of these substances that was in fresh fruits
(Table 1). Significantly greater losses of the above sub-
stances in the fruits of blue honeysuckle were noted by

R. Khattab et al. (2015). Scientists have found that stor-
ing frozen at negative 18°C for six months reduces the
content of total polyphenols by 37.08%. Other research-
ers have also observed the process of reducing polyphe-
nolic substances in the fruits of highbush blueberries in
their studies (Skupien, 2006). K. Skupien (2006) proved
that the materiality of losses can depend on both freez-
ing conditions and varietal characteristics. M.-A. Poia-
na, D. Moigradean (2010b) and K. Skupien (2006) proved
that after 10 months of storage, there is an accelerated
degradation of anthocyanin substances, which are a
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component of polyphenols, in particular, in highbush
blueberries by 13% compared to the amount that was in
fresh berries. This is confirmed by the data of the con-
ducted studies. Significantly greater losses of the above
substances were noted by R. Khattab et al.(2015), but in
the fruits of blue honeysuckle. He found that storing fro-
zen at -18 °C for 6 months reduced the total phenol con-
tent of the fruit by 37.08%.
Ingeneral,thevariationinthecontentoftotalpolyphe-
nols in fresh blueberries was average, the coefficient of
variation was 17, and in defrosted blueberries it was insig-
nificant, the corresponding indicator was 11 % (Table 1).
Fresh fruits of highbush blueberries of the varie-
ties under study contained 158.6 mg/100 g of flavonoids.
Significantly less than the average value for the studied
varieties, their value was accumulated by berries of the
‘Chanticleer’ variety (127.2 mg/100 g), the amount of fla-
vonoids in the other two varieties was higher, and was
equal to: 171.8 (‘Patriot’) and 176.8 mg/100 g (‘Duke’). In
the process of freezing and defrosting, there was a sig-
nificant reformatting of the biochemical component of
the fruit, which resulted in a significant increase in the

flavonoid component in the fruits of the ‘Duke’ variety
(by 28%), a decrease in their number, by 17%, was in the
‘Chanticleer’ variety and by 7% - in ‘Patriot’ (Table 1).
4.Anthocyanin and chalcone content in fresh and de-
frosted highbush blueberry fruits

Compared to other crops, blueberries are a significant
source of anthocyanins (Grace et. al., 2019; Smrke et. al,
2021). According to K. McGee and M.C. Walton (2007),
100 g of its fruit can provide up to several hundred mg
of anthocyanins. According to the conducted studies, the
‘Duke’ berry (162.9 mg/100 g) was significantly higher in
anthocyanin content among the studied varieties. The
other two varieties contained them from 59.4 (‘Chanti-
cleer’) to 86.9 mg/100 g (‘Patriot”), these data indicate a
significant varietal difference, the coefficient of variation
is 47%. Storage for 6 months of highbush blueberries of
the ‘Duke’ and ‘Patriot’ varieties in a frozen state and af-
ter defrosting caused a decrease in the anthocyanin con-
tent by 26 and 22%, respectively. The opposite trend was
observed in blueberry fruits of the ‘Chanticleer’ variety -
the anthocyanin content increased by 15% and amount-
ed to 68.5 mg/100 g (Table 2).

Table 2. Anthocyanin and chalcone content in fresh and defrosted highbush blueberry fruits,
mg/100 g of raw weight (average for 2021-2022)

Anthocyanins Chalcones
Variety
fresh defrosted % change fresh defrosted % change

Duke 162.9+2.1° 121.1+2.1° -28 32.5%1.5° 34.7+2.4° 7
Patriot 86.91+2.1 68.1+2.0 -22 25.5+1.2 30.6+1.6 20
Chanticleer 59.4+1.3 68.5+1.8 26 15.6+1.5° 23.5+1.7° 51
Average by variety 103.1+47.0 85.9+27.9 -17 24.5+7.6 29.6+5.7 21
min 58.1 56.35 - 141 21.7 -

max 164.9 123.05 - 33.9 36.0 -
Variation coefficient 47 33 - 32 19 -

Note: the upper indices (a and b) in the rows next to the indicators display significantly different values of anthocyanins and

chalcones relative to the average indicator (x) for the study group at P<0.05

Long-term frozen storage of blueberries did not
significantly affect the total polyphenol content, antho-
cyanins, or antioxidant activity (Scibisz §Mitek, 2007).
However, a number of researchers who have conduct-
ed research with other cultures indicate the opposite,
in particular A. Hartmann et al. (2008) found that the
amount of vitamin C and anthocyanins in defrosted
strawberries was significantly lower than in fresh ones.
Significant losses of the same substances, but in fro-
zen pomegranate juice, were reported by H. Mirsaeedg-
hazi et al. (2014), in cherry fruit - by A. Chaovanalikit §
R.E. Wrolstad (2004), in frozen strawberry, cherry and
cherry juices - by M.A. Poiana et al. (2010a). The degrada-
tion effect is explained by the storage of fruits in a frozen
state and the defrosting process (Celli et al.,, 2016). These
statements are also consistent with the results ob-
tained in the study on strawberries (Poiana et al., 2010a),

cherries and mazzard (Poiana et al., 2010a), and blue hon-
eysuckle berries (by 46.34-59.24%) (Khattab et al., 2015).
L.M. Shevchuk (2019) found that in apple fruits, the
amount of chalconesvaries from4.3t011.8 mg/100 gand
prevails over the amount of anthocyanins, which is not
typical for red-coloured fruits, in particular, their con-
tent in black currants is 40-100 mg/100 g, in strawber-
ries —15-28 mg/100 g, while the proportion of chalcones
does not exceed 10 mg/100 g. A small number of chal-
cones (1.5-7.0 mg/100 g) was observed in red-coloured
raspberries. The lowest content of these substances in
fresh blueberry fruits was found in the ‘Chanticleer’
variety (15.6), and most of them were contained in the
‘Duke’ variety (32.5 mg/100 g). Under the influence of
low freezing and storage temperatures, as well as the
defrosting process, the number of chalcones in all the
studied varieties increased significantly. In particular,
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in ‘Chanticleer’ - by 51% and equal to 15.6 mg/100 g, in
‘Patriot’ — by 20%, in ‘Duke’ - by 7% (Table 2).

CONCLUSIONS

Accordingtotheresults of organoleptic analysis, frozen
fruits of highbush blueberries of the varieties ‘Chanti-
cleer’, ‘Patriot’, and ‘Duke’ met the requirements of the
highest commercial grade. The lowest weight loss after
long-term storage in the frozen state and juice after de-
frosting was in the fruits of blueberries of the ‘Duke’ va-
riety - 0.20 and 0.71%, respectively. Fresh berries of this
variety in the process of growth in the forest-steppe of
Ukraine accumulated the greatest amount of vitamin C
(19.00 mg/100 g), polyphenols (524 mg/100 g), and an-
thocyanins (162 mg/100 g). In the process of freezing
and defrosting, the losses of the first two of these sub-
stances were 19% each, anthocyanins - 28%, and the
flavonoid and chalcone components of ‘Duke’ berries
were also the highest (176.8 and 32.5 mg/100 g) com-
pared to other varieties.

Blueberries of the ‘Chanticleer’ variety, during 6
monthsofstorageinafrozenstateatatemperature ofneg-
ative 18-20°C, lost 0.21% of their weight. The loss of ascor-
bicacid after defrostingwas 8%, polyphenols —17%, but the

contentofanthocyaninsand chalconesincreased by 51and
26%,respectively,compared tothe contentin freshberries.

The content of vitamin C, flavonoids, and antho-
cyanins in highbush blueberries of the ‘Patriot’ variety
during freezing storage decreased by 34.7 and 22%, re-
spectively, and the chalcone part increased (+20% to its
original content) and amounted to 30.6 mg/100 g.

The result of the above is that the most suitable for
freezing and storage in a frozen state, according to a set
of quality indicators, is the ‘Duke’ variety. Therefore, this
variety should be recommended to producers for creating
plantings, the intended purpose of which is processing by
freezing. ‘Duke’ and ‘Patriot’ varieties are distinguished
by a significant content of common polyphenols, which is
a valuable component of the nutritional quality of fruits.
Therefore, both of these varieties can be involved as donors
of economically valuable traits for further breeding work.

Inordertoclearlyunderstandtheadaptabilityofhigh-
bush blueberries to the conditions of Ukraine, it is neces-
sary to continue studying the quality of fruits, including
their size, shape index, crushing force, and the content
of basic organic components and trace elements, which
would be valuable not only for the breeding process but
also for the food industry and pharmaceutical industry.
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HyTpieHTHOUIHHa cKNlapaoBa CBXUX Ta 3aMOPOXKEHUX NJIOAIB YOPHULI
BUCOKopocnoi (Vaccinium corymbosum L.)

AHOTaUif. AKTyaJbHICTb OOCITIIKeHh O6YMOBJI€HA 3HAYHOIO IMOMYJIAPHICTIO YOPHUI BHCOKOPOCJOI Cepep
CIIOKMBAYIB, Ky BOHA 3706yJIa 3aBAAKU 36aJIaHCOBAHOMY CMaKy, Ta BMIiCTy KOPUCHUX [IJIs OPTraHi3My JIIOAMHU
MOKUBHUX 1 6i0aKTUBHUX pedyoBUH. TOMy MeETOI0 MPOBENEHUX NOCTIKeHb 6YI0 BCTAHOBJIEHHS MPUAATHOCTI
mwionie coptie ‘Duke’, ‘Patriot, ‘Chanticleer’ mo 3amMoposkeHHs Ta 36epiraHHS y 3aMOpOKEHOMY CTaHi. 3amjs
IOCATHEHHHS MeTu O6y/MM 3acTOCOBaHi 6GioMeTpuyHi, labopaTopHi, aHANITUYHI Ta CTATUCTUYHI MeTOLU
TOCIiAReHH . B pe3ynbTaTi IpoBefieHUX OOCIIiAKeHb BCTAHOBJIEHO, 1110 3aMOPO’KeH] IUI0A Y YOPHULLi BUCOKOPOCIIOL
mocmimryBaHux coptiB ‘Duke’, ‘Patriot’, ‘Chanticleer’ Bigmomimanu BuUMOraM BHUIIOTO TOBApHOTO COPTY 3TiZHO
OCTY 4837:2007. OedpocToBani Arogy copty ‘Duke’ BUPi3HAINCA KpalllM 30BHIIIHIM BUTJIALOM HiXK IBa iHIIMX
IOCITiIKyBaHUX COPTH, 6YJIM HE3MOPIIEHNMHU 3 IPUTAMaHHUM JaHOMY BUJY IUIOJiB BOCKOBUM ITOKPUTTSAM, BTPaTH
ix Macu y mpolieci 3aMoposkeHHs cTaHoBwIu 0,20%, a coky micnsa gedpocratii — 0,71%. YopHUIIA BHCOKOpOCa
coptiB ‘Duke’, ‘Patriot’, ‘Chanticleer’ B ymoBax Jlicocteny Vkpainu HaronudyBaa Bif 17,6 mo 19,0 mr/100 r BiTaMiHy
C, 378-545 Mr/100 r mosnipeHOTpHUX pedoBUH, 127,2-176,8 Mr/100 T ¢naBoHOiIniB, 59,4-162,9 Mr/100 T aHTOIliaHiB
Ta 15,6-32,5 Mr/100 T xanKkoHiB. Hai6inbIy KiNbKiCTh HYTPiEHTHOLIHHUX PEYOBUH MICTUIM PO3MOPOIKEH] Arogu
copty ‘Duke’, mpu 1bOMy BTpaTH B IIpoLieci 3aMOpOosKeHHS Ta AedpocTallil craHoBuId: Bitaminy C - 2,7 Mr/100 T,
3arayIbHUX MostidpeHosiB — 102 Mr/100 T, aHToLiaHiB — 41,8 Mr/100 r. [[aHi OTpUMaHUX AOCTiI)KEHb MalOTh TPAKTUYHY
L[iHHICTb J/IS CaZiBHUKIB IIpY BU6OPi COPTY 11 CTBOPEHHS HacaI)KeHb YOPHULI BUCOKOPOCJIO], IIOAY IKUX MOJKHA
BUKOPHCTOBYBATH SIK [IJIf CIIOKMBAHHS ¥ CBI)KOMY BUTTIAL, TaK i 3aMOpOKeHH

Kniou4oBi cnoBa: nosideHomny, BiTaMiH C, aHTOLiaHY, XaJIKOHU, GpJIaBOHOIAU
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