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Biochemical composition and nutritional value
of red-fleshed apple cultivars in the Ukrainian forest-steppe

Abstract. The study investigated the biochemical composition and nutritional value of 12 red-
fleshed apple cultivars grown at the National University of Life and Environmental Sciences of
Ukraine. The objective was to evaluate their phytochemical profile, including dry matter, soluble
solids, total sugars, titratable acidity, pectins, and key bioactive compounds such as ascorbic acid,
total polyphenols, anthocyanins, and chalcones. The research, conducted over two consecutive
years (2023-2024), also aimed to identify correlations between these traits and to cluster cultivars
with similar chemical profiles. The results noted a wide range of biochemical characteristics
among cultivars. While their dry matter, soluble solids, and pectin content were comparable to
modern white-fleshed varieties, their total polyphenol content was significantly higher, with an
average of 335.69 mg/100 g. The cultivars Turgen and ‘Firecracker’ showed the highest polyphenol
levels: 643.85 mg/100 g and 629.60 mg/100 g, respectively. The presence of anthocyanins in the
flesh varied widely, ranging from 2.50 to 28.64 mg/100 g, with ‘Dr Campbell’ having the highest
concentration. The study also found significant year-to-year variation in some traits, particularly
hydropectin, total polyphenols, and chalcones, suggesting an environmental influence. A high
positive correlation was observed between anthocyanins and chalcones (r = 0.88), as well as
between total polyphenols and chalcones (r = 0.72). Hierarchical clustering analysis identified
distinct groups of cultivars, with the highest content of biologically active substances in ‘Dr
Campbell’, ‘Cranberry’, Jurgen/, ‘Firecracker’, and ‘Maypole’. These findings highlight the potential
of red-fleshed apple cultivars as a rich source of health-promoting compounds, providing valuable
data for future breeding programs and consumer use
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INTRODUCTION

Fruits are one of central food sources for hu-
manity. The apple tree (Malus domestica
(Suckow) Borkh.) is one of the most significant
fruit crops globally and in Ukraine. Apples are
highly valued for their nutritional and biolog-
ical properties, being a key source of nutra-
ceuticals and biologically active substances.
According to the Food and Agriculture Organ-
isation (FAO) (2025), global apple production
exceeds 97 million tonnes, with Ukraine pro-
ducing over 1 million tonnes. Apples are the
most popular fruit in Ukraine. They contain
various compounds, such as polyphenols,
which are responsible for the colour, taste, and
aroma of the fruit, and also influence the met-
abolic activity of apples and processed prod-
ucts. These polyphenols also have a positive ef-
fect on human health. As U. Asma et al. (2023)
highlighted, apples also contain ascorbic acid
(vitamin C), which, similarly to polyphenols,
have antioxidant properties. According to
V. Mezhenskyj et al. (2024), among Ukrainian
apple tree varieties, some red-fleshed apples
belong to Malus domestica f. niedzwetzkyana
(Dieck) Mezhenskyj. These cultivars are classi-
fied as the Niedzwetzkyana Group. In contrast
to typical Ukrainian apple trees, where antho-
cyanins are found mainly in the skin of red
apples, Niedzwetzkyana Group varieties also
contain anthocyanins in the flesh, increasing
their nutritional and biological value.

The State Register of Plant Varieties of
Ukraine contains dozens of apple varieties
with different ripening times that are suitable
for fresh consumption and processing (Min-
istry of Agrarian Policy.., n.d.). However, red-
fleshed varieties are not yet included, despite
them already being grown by farms and small-
scale gardeners. In the introduction of new va-
rieties, consumer tastes and preferences are
crucial to the positive reception of the product
in the market, as P. Drkenda et al. (2021) not-
ed. Many modern red-fleshed apple varieties
are now commercialised under specific trade-
marks, transforming them into legally protected
brands. This branding often exceeds the scope of
traditional intellectual property rights, such as
patents. Instead of developing a distinct brand
for each individual cultivar, companies are

D

increasingly marketing multiple varieties un-
der a single master brand. This approach is evi-
dent in well-known examples such as Redlove®,
Lucy™, Kissabel®, and Red Moon®.

A review by V. Mezhenskyj et al. (2024) of
red-fleshed apples confirms the significant in-
terest in their cultivation in various countries.
This is determined by the the attractive original
colour of the flesh and the specific biochemi-
cal composition caused by the accumulation of
anthocyanins which provide the flesh its colour,
as well as other biologically active substances.
As shown by J. Juhart et al. (2022), a significant
portion of the polyphenols in apples is concen-
trated in the peel, which also contains nearly
all of the flavonols and anthocyanins. However,
since consumers often eat considerably more of
the flesh than the peel, they may not be receiv-
ing the full potential health benefits. According
to study by N. Wang et al. (2018), red-fleshed
apple varieties are a significant source of flavo-
noids. Therefore, incorporation of these apples
into the diet can significantly increase flavonoid
intake, which is crucial for promoting overall
health and well-being. These findings suggest
that red-fleshed apples are not just a visually
appealing novelty but a valuable dietary compo-
nent with substantial health benefits, therefore
valuable for both consumers and agricultural
development. D. Wang et al. (2024) established
a significant varietal difference in the compo-
nents of polyphenols. As evidenced by research
by T. Xu et al. (2023), rsearch and enrichment of
the regulatory network that controls flavonoid
synthesis in red-fleshed apples is essential for
growing high-quality fruit. Studies, including
by P. Bouillon et al (2024), utilise innovative
methods such as image analysis and polyphenol
profiling to analyse the complexity of these red-
fleshed cultivars in greater detail. Furthermore,
metabolomic research conducted by A. Ceci et
al. (2021) has revealed the intricate structure of
metabolites in these varieties, rendering them
subject for further study.

The study aimed to analyse the biochemical
composition of red-fleshed apple varieties in
terms of their biologically active substance con-
tent, and to cluster genotypes to identify groups
with similar chemical profiles.

Plant and Soil Science 17(1)
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MATERIALS AND METHODS

Plant Materials. The study used 12 cultivars:
‘Circe’ (Redlove®Circe), ‘Cranberry’, ‘Dr Campbell’
(‘Simontornya Veralma’), ‘Era’ (Redlove®Era),
‘Firecracker’, Jurgen’,'Marisa' (Baya®Maria), May-
pole’, ‘Mott’s Pink’, ‘Red Katty’, ‘Sirena’ (Redlove®-
Sirena), and ‘Weirouge'. They were grown in the
collection orchard of the Educational, Research
and Productive Laboratory of Genetic Resources,
Introduction and Breeding of Rare Fruits and Or-
namental Plants at the Professor VL. Symyrenko
Department of Horticulture of the National Uni-
versity of Life and Environmental Sciences of
Ukraine (NULES). This orchard is located at the
Agronomic Research Station of NULES in Pshe-
nychne village, Bila Tserkva district, Kyiv region,
which is part of the forest-steppe natural zone.

According to the Koppen climate classifi-
cation scheme, the region is characterised by a
typical warm-summer humid continental cli-
mate. The research was conducted on soil clas-
sified as meadow chornozem. The adult trees
were cultivated at a spacing of 5x4 m, with care
involving standard agricultural practices such as
inter-row cultivation and mechanical weed con-
trol. Irrigation was not used. Notably, the study
fully adhered to the ethical standards estab-
lished by the Convention on Biological Diversi-
ty (1992) and the Convention on the Trade in En-
dangered Species of Wild Fauna and Flora (1976).
Fruit harvesting was performed in mid-Septem-
ber over 2 consecutive years (2023 and 2024),
with the fruits being picked upon reaching the
stage of technical ripeness.

Dry matter content was determined using
the sample drying method. Slices of fruit (3-4 g)
were placed in a pre-weighed box containing riv-
er sand and dried to constant weight in an SNOL
58/350 (Ukraine) drying cabinet at 98-100°C.
Results were expressed as a percentage. Soluble
solids were measured with a PAL-1 portable re-
fractometer (ATAGO, China). An analytical sam-
ple was prepared by homogenising 15-20 fruit
pieces. Adrop of juice was filtered through tissue
onto the refractometer glass for measurement,
with temperature error accounted for. Data were
expressed as a percentage of the fresh mass.

Organic titrated acids. Of homogenised
sample, 25 grams homogenised were trans-
ferred into a 250 ml volumetric flask and rinsed

Plant and Soil Science 17(1)

with <150 ml of hot distilled water. The flask
was kept in a water bath at 80°C for 30 minutes,
cooled, filled to the mark with distilled water,
and filtered. Of extract, 20 millilitres of extract
were pipetted into a conical flask, 3-4 drops of
phenolphthalein were added, and the sample
was titrated with 01N NaOH until a pink end-
point (pH 7.0) appeared. Acid content was cal-
culated using the titration data and a citric acid
conversion factor. Results were expressed as a
percentage of the fresh mass.

Sugars were extracted with hot distilled
water, and proteins/pigments were removed by
precipitation with lead acetate. Sucrose was hy-
drolysed to glucose and fructose with 10% HCl
under heat. Reducing sugars were determined
via Fehling’s solution, and optical density was
measured with a ULAB 102UV (China) spectro-
photometer at 640 nm. Sugar content was cal-
culated using standard glucose curves and ex-
pressed as a percentage of the fresh mass.

Pectin substances. Samples were freed from
sugars and pigments using ethanol. Soluble pec-
tin was extracted with water, and protopectin
with 1N H,SO,, then hydrolysed to galacturonic
acid by heating. A 0.2% carbazole solution was
added to acidified extracts, forming a coloured
complex. Optical density was measured at 535 nm
(ULAB 102UV). Pectin content was calculated us-
ing calibration graphs with galacturonic acid
and expressed as a percentage of the fresh mass.

Ascorbic acid. Samples were ground in a
porcelain mortar with glass and transferred to a
100 ml volumetric flask with a 2% oxalic acid : 1%
HCl mixture (80:20, v/v). The extract was filtered
and titrated with 2.6-dichlorophenolindophenol
(Tillmans' method). Results were expressed as
mg/100 g fresh mass.

Total polyphenolic content. Samples were
macerated with ethanol, filtered through a
Biichner funnel, and washed with ethanol un-
til colourless. Extracts were reacted with Fo-
lin-Denis reagent, followed by saturated sodi-
um carbonate. Optical density was measured at
640 nm (ULAB 102UV) after 1hour. Calibration
was done using chlorogenic acid standards. Re-
sults were expressed as mg/100 g fresh mass.

Anthocyanidin and chalcone content. Alcohol-
ic extracts from 3.5% HCl-acidified homogenates
were analysed spectrophotometrically at 530 nm

e
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and 364 nm, respectively, using a ULAB 102UV.
Results were expressed as mg/100 g fresh mass.

Statistical analyses. Descriptive statistics
were applied to analyse the data and calculate
mean values, standard deviation (SD), and co-
efficient of variation (CV%) for each indicator
over 2 years. The percentage change between
2023 and 2024 for each biochemical trait was
calculated, along with the fluctuation range.
The effects of year and genotype on each se-
lection parameter were evaluated using two-
way analysis of variance (ANOVA) in Microsoft
Excel. Fisher’s least significant difference (LSD)
test was used to identify significant differenc-
es between means at a 95% confidence level
(p < 0.05). Results were reported as mean + SD.
Pearson correlation coefficients were calcu-

lated in Microsoft Excel to assess linear rela-
tionships among the measured parameters.
Hierarchical clustering analysis was conducted
using Euclidean distance and Ward’s method.
All clustering and data normalisation (“Stand-
ardScaler”) were performed in “Python” using
the scipy (hierarchical clustering) and scikit-
learn (data normalisation) libraries. The den-
drogram was visualised using “Matplotlib”.

RESULTS AND DISCUSSION
The analysis of the biochemical composition of
the cultivars, which is a key step in determining
their unique properties and potential, is pre-
sented in this section. The obtained data, reflect-
ing the content of various chemical components,
is systematically organised in Tables 1and 2.

Table 1. The biochemical composition of pomes

o w o - o -
2 - o X 3 £& £ 8 g x &= 8 X
3 = 3 3 % | 3 | & g B
a 3 = . T a 2
‘Circe’ 17.37+0.06 | 14.26+1.48 | 9.56+0.29 | 0.95+0.01 | 10.06+0.45 | 0.04+0.02 | 0.87+0.16 | 0.90+0.13
‘Cranberry’ | 17.44+0.73 | 11.96+0.49 | 7.44+0.12 | 2.24+0.14 | 3.33+0.16 | 0.12+£0.02 | 1.20+0.07 | 1.32+0.09
Dr 20.40+0.18 | 15.96+3.32 | 11.00+0.72 | 1.29+0.38 | 8.82+2.05 | 0.06+0.07 | 1.12+1.18 | 1.18+0.31
Campbell’
‘Era’ 20.92+4.69 | 13.76+4.73 | 8.76+1.51 | 1.09+0.13 | 8.18+2.33 | 0.03+0.03 | 0.87+0.12 | 1.06+0.31
‘Firecracker’ | 17.67+0.52 | 14.30+1.55 | 8.06+1.21 | 1.04+0.07 | 7.72+0.64 | 0.09+0.03 | 0.93+0.40 | 1.02+0.43
‘Jurgen’ 17.05+1.17 | 11.16+2.18 | 7.70+1.57 | 1.20+0.20 | 6.40+0.25 | 0.10+0.06 | 1.43+0.21 | 1.54+0.16
‘Marisa’ 16.80+1.23 | 13.96+0.77 | 8.90+1.27 | 1.02+0.32 | 9.32+4.14 | 0.08+0.08 | 1.29+0.69 | 1.38+0.62
‘Maypole’ | 17.34+0.70 | 14.96+0.77 | 9.93+0.96 | 1.62+0.05 | 6.10+0.40 | 0.12+0.09 | 0.93+0.03 | 1.06+0.05
'\F/)I;tlf,s 16.58+0.44 | 12.60+0.56 | 9.42+0.15 | 0.87+0.13 | 10.93+1.43 | 0.06+0.01 | 0.98+0.21 | 1.04+0.20
‘Red Katty’ | 17.74+0.27 | 12.66+2.04 | 9.18+0.87 | 1.17+0.07 | 7.88+1.22 | 0.05+0.06 | 1.02+0.33 | 1.07+0.40
‘Sirena’ 17.60+1.97 | 13.20+1.41 | 9.16+2.72 | 1.06+0.17 | 8.96+4.00 | 0.07+0.00 | 0.96+0.24 | 1.03+0.24
‘Weirouge’ | 17.08+3.56 | 13.20+4.24 | 8.95+1.82 | 1.26+0.06 | 7.05+1.09 | 0.08+0.06 | 1.20+0.53 | 1.29+0.48

Note: the data represent average values for 2023-2024 (x + SD, n=2), where SD - standard deviation and n - number

of replicates
Source: compiled by the authors

A two-factor ANOVA revealed no statistical-
ly significant differences (p < 0.05) between gen-
otypes for any of the studied biochemical pa-
rameters (dry matter, soluble solids, total sugars,
titratable acidity, sugar-acid ratio, hydropectin,
protopectin, and total pectin). The red-fleshed
cultivars under study have characteristics sim-
ilar to those of modern Ukrainian apple varieties
grown in the same region regarding dry matter,

soluble solids, and total pectin (Shevchuk et
al., 2021). These modern cultivars are character-
ised by a high sugar content (10.7%), low acidity
(0.5%),and a high sugar-acid ratio (20); therefore,
they have a sweet taste. The red-fleshed cultivars
do not match them. Their apples are more likely
to be used for culinary and technical purposes.

As noted by S. Gwanpua et al. (2014), pectin
is a crucial component of apple structure, and
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its composition changes as the fruit ripens. Ac-
cording to E. Farzaliev § S. Okten (2025), this is
determined by pectin substances consisting of
both protopectin, the cell walls material, and
soluble hydropectin, which provides pectin the

valued gelling properties for cooking. In red-
fleshed apples, the hydropectin content ranges
from 0.03% to 0.12%, and the protopectin/hydro-
pectin index varies from 8 (in the ‘Maypole’) to 29
(in the ‘Era).

Table 2. The biologically active compounds of RCH fruits, mg/100 g

Cultivar Ascorbic acid Total polyphenols Antocyanins Chalcones
‘Circe’ 7.44+0.23 203.25+52.68e 5.06+1.65cd 7.95%0.21bcd
‘Cranberry’ 12.02+4.65 370.10+139.87cd 17.42+2.43b 12.90+0.28b
‘Dr Campbell’ 6.38+1.95 565.55+20.06ab 28.64+1.79a 18.00+4.10a
‘Era’ 5.69+1.82 219.25+62.58de 4.50+3.12cd 5.75+0.35cd
‘Firecracker’ 8.12+3.93 629.60+68.73ab 2.50+2.12d 9.95+6.29bc
‘Jurgen’ 5.68+1.17 643.85+135.98a 6.91+5.22cd 8.90+2.55bcd
‘Marisa’ 8.30+£2.13 215.35+40.52de 8.52+3.08c 5.55+2.76cd
‘Maypole’ 6.51+0.02 483.05+42.50abc 16.52+1.24b 11.20+6.65b

‘Mott’s Pink’ 7.64+£0.09 185.80+£39.32e 5.06+1.18cd 4,95+.91d
‘Red Katty’ 4.74+3.59 162.90+36.91e 3.10+0.28d 5.45%3.04cd
‘Sirena’ 7.90+£2.63 176.70+7.50e 4.10+0.28cd 5.65%2.19cd
‘Weirouge’ 4.19+4.37 172.90+18.53e 6.22+1.58cd 4.75+1.06d

Note: the data represent average values for 2023-2024 (x + SD, n=2), where SD is the standard deviation and n is the
number of replicates. Different letters indicate values that are significantly different within one column according

to results of the LSD test (p < 005). Letters are assigned from the highest to the lowest mean value

Source: compiled by the authors

The ascorbic acid content of red-fleshed
apples varied from 4.19 mg/100 g in ‘Weir-
ouge’ to 12.02 mg/100 g in ‘Cranberry’, with
an average value of 705 mg/100 g. Fruits
of modern Ukrainian apple varieties con-
tain an average of 5.7 mg/100 g, as found by
L. Shevchuk et al. (2021). Apples are a rich
source of total polyphenols with high antiox-
idant properties, a fact noted by D. Bars-Cor-
tina et al. (2017) and S. Yuste et al. (2022). Ac-
cording to L. Shevchuk et al. (2021), sweet
varieties of Ukrainian origin accumulate an
average of 206 mg/100 g of total polyphe-
nols. The highest levels were observed in the
‘Solomiia’, ‘Askolda’, and ‘Kateryna' cultivars,
with 262, 256, and 245 mg/100 g, respective-
ly. Apples with red-fleshed pulp accumulate
an average of 335.69 mg/100 g, which exceeds
the maximum levels found in dessert apples
and may influence their taste. The cultivars
Turgen’ (643.85 mg/100 g) and ‘Firecracker’
(629.60 mg/100 g) have the highest accumula-
tion of total polyphenols. M. Jalali et al. (2024)
found that red-fleshed apple genotypes in
Iran contain 449.6 mg/100 g of polyphenols. In

contrast, D. Bars-Cortina et al. (2017) reported
that the total polyphenol content in four red-
fleshed varieties developed in Europe ranges
from 298 to 522 mg/100 g.

The red colour of the flesh is determined by
the presence of anthocyanins. Apples of com-
mon varieties do not contain anthocyanins in
their flesh. The cultivars studied vary greatly in
this aspect, ranging from 2.50 mg/100 g (‘Fire-
cracker’) to 28.64 mg/100 g (‘Dr Campbell’), with
an average value of 9.05 mg/100 g across all va-
rieties. Data are consistent with results obtained
by other researchers. For example, a study of
a large hybrid population of red-fleshed ap-
ple trees in France by P. Bouillon et al. (2024)
demonstrated that anthocyanin content varied
within the range of 0.2-30.9 mg/100 g. In Spain,
D. Bars-Cortina et al. (2017) found that four red-
fleshed cultivars consisted of 0.93-4.93 mg/100 g
of anthocyanins. Similarly, M. Jalali et al. (2024)
reported that red-fleshed genotypes in Iran also
exhibit significant variability in anthocyanin
content, ranging from 2.1t018.9 mg/100 g. Lastly,
a study by A. Ceci et al. (2021) reported an antho-
cyanin content of 7.5 mg/100 g.
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D. Bars-Cortina et al. (2017) demonstrated
thatred-fleshed applescontain higheramounts
of phenolic acids, anthocyanins, dihydrochal-
cones, and organic acids in their flesh or peel
compared to white-fleshed apples. However,
the study determined that red-fleshed apples
have a lower amount of flavan-3-ols. The au-
thors suggested that these quantitative differ-
ences could be correlated with the up-regula-
tion of anthocyanins, dihydrochalcones, and
malic acid, and a corresponding down-regu-
lation of flavan-3-ols (which are precursors
to anthocyanins) in red-fleshed varieties.

Regarding the taste of anthocyanins, F. Bro-
ssaud et al. (2008) suggested that they are as-
tringent, despite having no tasteF. Brossaud et
al. (2008). In contrast, research by R. Espley et
al. (2013) demonstrated that elevated levels of
anthocyanins in red-fleshed apples were not
associated with any negative taste attributes.
Table 3 provides a summary of the statistics
for each chemical trait across the two grow-
ing years (2023 and 2024), demonstrating the
mean values, variability, and dynamic changes
in the chemical composition of the fruit among
the studied genotypes.

Table 3. Statistics describing the chemical composition of the fruits for each trait (n=9)

Trait Year x+SD Ccv, % Min —max | Change, % (2024 compared to 2023)
2023 17.1141.58 93 13.57-20.27
Dry matter 2024 18.6342.10 113 16.89-24.24 8.9
coluble solids 2023 12.1141.52 126 15.62-24.22 s
2024 14.88+1.79 12,0 14.10-21.80
| 2023 8.51+1.40 16.4 6.59-10.61
Total sugar 2024 9.50+1.14 120 7.53-11.50 117
Titratable acidity 2023 1.20+0.37 305 0.80-2.14 o
2024 127042 32.9 0.78-2.34
o 2023 7.622.43 31.9 3.44-12.25
Sugar-acid ratio 2024 8.17+2.55 313 3.22-11.94 72
Hydropectin 2023 0.100.04 408 0.07-0.14 s
2024 0.05+0.04 70.8 0.01-0.11
, 2023 0.95+0.24 254 0.75-1.28
Protopectin 2024 1.18+0.31 26.0 0.79-1.78 241
Total pectin 2023 1.06+0.26 24.9 0.57-1.08 103
2024 1.26+0.31 246 0.58-1.10
Ascorbic acid 2023 6.87+1.07 156 4.85-8.73 o
2024 7.233.92 54.2 1.10-15.30
Total phenolics 2023 340.67t204.68|  60.1 | 158.00-740.00 e
2024 |330.72+192.86| 583 | 136.80-678.20
Anthocyanins 2023 8.67+7.91 913 19.60-131.56 g
2024 9.43+8.15 86.5 20.60-115.00
Chalcones 2023 6.63t11.74 57.8 20.30-52.70 s
2024 10.21+4.81 472 21.40-43.50

Source: compiled by the authors

The CV is used to estimate the variability of
different traits. V. Mezhenskyj (2017) suggest-
ed that the inherent variability of plants can be
described as the “lower” norm (CV =5-24%), “up-
per” norm (CV =25-44%, large variation (CV=45-
63%), very large variation (CV = 65-84%), and
extremely large variation (CV = 85-105%). Most
of the phytochemical composition of the fruit
exhibits normal variation. Dry matter, sol-
uble solids, total sugar, and total pectin are

0

characterised by a “lower” norm, while titrat-
able acidity, sugar-acid ratio, and protopectin
are characterised by an ‘upper’ norm. Ascorbic
acid had a “lower” norm of variability in 2023
and large variability in 2024. For hydropectin,
there were fluctuations from the “upper” norm
in 2023 to a significant decrease in content by
-51% and a large variation in 2024. Characteris-
tics associated with phenolic metabolites varied
the most: polyphenols and chalcones showed
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large variation, with the latter increasing signif-
icantly in content by 56.9% in 2024. The content
of anthocyanins showed large variation. These
fluctuations suggest that the stability of the ex-
pression of chemical components across differ-
ent cultivars is influenced by annual environ-
mental conditions.

According to the two-factor ANOVA, the
effect of the year of cultivation was statisti-
cally significant (p < 0.05) for hydropectin, to-
tal polyphenols, and chalcones. According to
D.Bars-Cortina et al. (2018) and L. Yu et al. (2022),

there is a significant interaction with the season
in total phenolic content, flavonols, triterpenes,
and organic acids. The total phenolic content in
the apple flesh was higher in years with lower
rainfall during the harvest period, which could
have favoured hydric stress in the apple trees.
Anthocyanin concentration in the flesh of the
red-fleshed apples showed no clear relation to
the season, and each variety showed an individ-
ual pattern. The linear relationships between
the measured biochemical parameters of the
fruit are shown in Table 4.

Table 4. Pearson correlation coefficients between traits (r)

[ ﬁ o - = (= (= =] i) 8 o
g2 3| % 228, %8| %8| = |<2] £ | ¢
. © - 2 © = P q o Y 2 c o © o
Trait = 9 “© =2 58 9 = e 2 5 & o> =
- e = 58| w*~ = 5 s 5 = 3 =
5 3 ° = & > = o 2 <} € o
8 T a = < o <
Dry matter 1.00
Soluble solids | 0.47 1.00
Total sugar 0.34 0.76 1.00
Titratable | 4 55 | 016 | -0.29 | 1.00
acidity
Sugar-acid ratio | 0.04 0.33 0.55 | -0.90 1.00
Hydropectin -0.48 | -0.21 | -0.40 | 0.69 | -0.74 | 1.00
Protopectin -0.30 | -0.47 | -0.38 | 0.26 | -0.37 0.46 1.00
Total pectins -0.20 | -0.47 | -0.45 0.33 | -0.47 0.50 0.97 1.00
Ascorbic acid -0.22 | -0.12 | -0.37 | 0.49 | -0.29 0.42 0.03 0.03 1.00
Total 0.14 0.15 -0.14 | 0.26 | -0.40 | 0.53 0.28 0.31 0.10 1.00
polyphenols
Antocyanidines | 0.37 0.46 0.44 0.57 | -0.31 0.33 0.23 0.23 0.22 0.44 1.00
Chalcones 0.39 0.44 0.26 0.53 | -0.38 | 0.36 0.11 0.11 0.31 0.72 0.88 1.00

Source: compiled by the authors

The relationship between the traits is con-
sidered weak with a correlation coefficient of
0.1-0.29, moderate with a coefficient of 0.3-0.49,
noticeable with a coefficient of 0.5-0.69, high
with a coefficient of 0.7-0.89, and very high with
a coefficient of 0.9-0.99 (Mezhenskyj, 2017). A
high correlation was found between total pec-
tin content and protopectin content (r=0.97),
as protopectin is the primary component of
pectic substances. The relationship between
total pectin and hydropectin was noticea-
ble (r = 0.50). The high correlation coefficient
between anthocyanin and chalcone content
(r=0.88) is explained by the fact that chalcones
are anthocyanin precursors. Chalcones also
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have a high correlation coefficient with total
phenols (r=0.72). Similarly, there is a high cor-
relation between total sugars and soluble solids
(r=0.76), possibly due to sugars contributing to
a significant proportion of soluble solids.

The calculated sugar-acid index exhibits a
high negative correlation with titratable acidity
(r=-0.90) and a noticeable positive correlation
with total sugars (r=0.55). The sugar-acid index
also has a high correlation coefficient with hy-
dropectin content (-0.74). There is a noticeable
correlation between titratable acidity and hydro-
pectin content (r = 0.69), anthocyanins (r=0.57),
and chalcones (r=0.53). There is also a moder-
ate correlation between titratable acidity and
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ascorbic acid content (r = 0.44). In addition to a
high correlation coefficient with chalcones and
total polyphenols, and a noticeable correlation
with titrated acidity,anthocyanins have amoder-
ate correlation with soluble solids (r=0.44). Over-
all, the correlation analysis not only confirmed

established biochemical relationships but also
elucidated specific associations within the stud-
ied cultivars. Hierarchical clustering analysis,
visualised through the dendrograms (Figs. 1
and 2), highlights the biochemical diversity
and relationships among the studied cultivars.

Cranberry

l—

Jurgen

Marisa
REd Katty ;’7
Weirouge

Era

Cultivars

Circe
Sirena

Dr Campbell
L —— —
Maypole

a 6 H

Euclidean distance

Figure 1. Dendrogram of cultivars clustering based on all biochemical characteristics

Source: compiled by the authors

A large cluster encompasses most of the
cultivars studied: ‘Marisa’, ‘Red Katty, ‘Weir-
ouge’, ‘Era, ‘Circe’, and ‘Mott’'s Pink'. They are
characterised by their relative biochemical
similarity. This cluster can be divided into sev-
eral subgroups connected at different stages.
‘Dr Campbell’, ‘Firecracker’, and ‘Maypole’ form

a separate group, while ‘Cranberry’ and ‘Jurgen’
have the most different phytochemical profiles
of all the varieties. When considering only va-
rieties according to indicators of biologically
active substances with antioxidant activity in
cluster analysis, the cultivars will be grouped
differently (Fig. 2).

Era
Red Katty 5 '7
Weirouge

Circe

Marisa
Mott's Pinki
Sirena

Cultivars

Maypole
Firecracker ;’7

Jurgen

Cranberry

}7

Dr Campbell

3 4 s 6 7

Euclidean distance

Figure 2. Dendrogram of cultivars clustering based on antioxidant traits

Source: compiled by the authors
The large cluster contains the same vari-

eties as the previous dendrogram, but groups
them differently into two subclusters. The first

D

subcluster comprises ‘Red Katty, ‘Weirouge’,
and ‘Era, while the second comprises ‘Mott’s
Pink’ and ‘Sirena’, alongside ‘Marisa’ and ‘Circe’.
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Varieties with a higher content of biologically ac-
tive substances form another cluster, which has
two subclusters. The first subcluster contains
‘Firecracker’ and ‘Turgen’, which have the highest
polyphenol content, and ‘Maypole’. ‘Cranberry’
and ‘Dr Campbell are the most distinct in terms
of the complex of bioactive substances, forming
the second subcluster connected to the first at a
distance of about 4.2.

CONCLUSIONS
This research, conducted over two years (2023-
2024), aimed to analyse the nutritional and
biochemical composition of 12 red-fleshed
apple cultivars grown in Ukraine. The study
demonstrated that red-fleshed apples are a
significantly richer source of phytochemicals
than typical dessert varieties, therefore highly
promising for dietary use and processing. Red-
fleshed apples were found to far surpass con-
ventional sweet apples in their total polyphenol
content. Specifically, cultivars such as TJurgen’
and ‘Firecracker’ demonstrated exceptional-
ly high concentrations of these antioxidants,
highlighting their potential as functional foods.
The amount of anthocyanins, which are re-
sponsible for the flesh's red colour, varied con-
siderably among the cultivars. The cultivar ‘Dr
Campbell’ was noted for the highest concen-
tration of these beneficial pigments, making
it particularly valuable for breeding and con-
sumption. The study also revealed that envi-
ronmental factors, such as weather conditions

and the harvest year, significantly influenced
the levels of certain compounds. For example,
the content of hydropectin, total polyphenols,
and chalcones fluctuated depending on the
year, indicating the crucial role of the environ-
ment in shaping the fruit's chemical composi-
tion. This underscores the need for long-term
studies to obtain stable and reliable data. The
analysis of biochemical profiles revealed strong
relationships between different compounds. A
strong positive correlation was found between
high levels of anthocyanins and their precursor
compounds, chalcones. This suggests efficient
metabolic pathways leading to the synthesis
of these beneficial substances in certain cul-
tivars. Clustering the cultivars based on their
biochemical profiles identified several unique
and promising cultivars. The ‘Dr Campbell
‘Cranberry’, Turgen), ‘Firecracker’, and ‘Maypole’
were identified as valuable and with distinct
chemical compositions. These cultivars can be
recommended for further breeding programs
aimed to improve the nutritional value of ap-
ples, as well as to produce functional foods.
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BioxiMiuHUM cKnapg, i Xxap4oBa WiHHICTb
YepBOHOM'AKYLUHMX COPTIB A6nYyHI B Jlicocteny YKpaiHu

AHoTauig. Ile mocrimkeHHs 6y/I0 MMpUCBAYeHEe BUBUYEHHIO 6i0XiMIiUHOro CKyIafy Ta ITOKUBHOI
LiHHOCTI 12 COPTiB YepBOHOM'SIKyUIHUX fA6JIYK, BUPOLIEHUX y HallioHAaJbHOMY YHiBEpPCHUTETI
6iopecypciBimprpomoKopHCTyBaHHS YRpaiHu. MeTo0 6yJ10 OLIIHUTH ixHiM GiToXiMIUHME TPpOodisb,
BRJIIOYAIOUU CyXy PEYOBUHY, PO3UMHHI CyXi peYOBUHH, 3aTaJIbHI LIyKpY, TUTPOBAHY KUCJIOTHICTD,
TeKTUHY Ta KJII0YOBi 6i0aKTHBHI CITONYKY, TaKi AK aCKOp6iHOBA KUCIIOTa, 3arajibHi mosidpeHomny,
AHTOLIlaHM Ta XaJKOHMU. JOCIiIKeHH s, AKe IIPOBOAUIIOCA IIPOTATOM ABOX POKIB IOCIIiIh (2023-
2024), TAKOK MaJIO Ha METi BUSBUTH KOPEJIALil MiXK LIMMU ITOKA3HUKAaMU Ta KJIaCTepU3yBaTU COPTU
3i cxokuMU XiMiuHUMU TTpodinamMu. Pe3yIsTaTyl MOKa3aay, [0 COPTU IEeMOHCTPYIOTh HITUPOKUMN
CTIERTP 6ioXiMiUHMX XapaKTepUCTUK. Xoua BMICT Cyx0i peYOBUHU, POYMHHUX CYXUX PEYOBUH
Ta MEKTUHIB 6yB IOpIiBHAHHUY i3 cydyacHUMU 6iTOMSKYITHMMHU COpPTaMU, BMICT 3arajbHUX
nonideHoniB 6yB 3HAYHO BUIIUM, y cepemHboMy 335,69 Mr/100 r. HauBuiii piBHi mosmideHomis
6yJ10 BUSBJIEHO B copTiB ‘Jurgen’ (643,85 Mr/100 r) Ta ‘Firecracker’ (629,60 mMr/100 r). IIpuCyTHICTh
aHTOLiaHiB y M'IKyIli 3HAYHO BapiloBasacd, Big 2,50 mo 28,64 Mr/100 r, MpuYoMy HaWBHUIIA
KOHILIeHTpalig 6yna y copTy ‘Dr Campbell. JocmigkeHHS TaKOX BUSBWIO 3HAUHi KONMMBaHHS
IesIKUX TOKa3HUKIB, 30KpeMa riIpOoNeKTHUHY, 3arajJlbHUX I01iQeHOiB Ta XaJIKOHIB, 3aJIe3KHO Bifl
POKYy, LII0 CBiAYMTH ITPO BIUIMB HABKOJIUIIHLOTO CEPefOBUIA. Bylo BUABIEHO BUCOKY IIO3UTUBHY
KOpeJIALIiI0 MK aHTOoLiaHaMy Ta XaJKoHaMu (r=0,88), a TaKOX MiXK 3araJbHUMU IojTibeHonaMu Ta
xankoHaMu (r=0,72). [epapxiyHu¥ KJIaCTePHUM aHaji3 BUSHAYMUB OKpPeMi IPYIIN COPTIB, IPUYOMY
HaWBUIIUM BMICT 6i0JIOTiYHO AaKTMBHUX pedoBHMH 6yB y ‘Dr Campbell, ‘Cranberry, Jurgen),
‘Firecracker’ Ta ‘Maypole’. 1]i pe3yisTaTul MiZKPEeC00Th IOTeHIial YepBOHOM AKYIIHUX COPTIB
A6JIyK K 6araToro gyKepesia KOPUCHUX IJ1S 3M0POB'S CIIONYK, HaAaouy iHHI AaHi 11 MarbyTHixX
CeJIeKLIMHUX MTPOorpaM Ta IJI CIIOKVBaYiB

KniouoBi cnoBa: Malus domestica Niedzwetzkyana Group; ackop6iHoBa KUCIOTa; MT0JTiGeHO0IOB]
PEYOBMHY; aHTOLiaHY; aHTHOKCUAAHTHA aKTUBHICTD
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Abstract. Strawberries are among the earliest fruits of the season and represent a valuable dietary
product due to their high content of nutrients and bioactive compounds. New strawberry varieties
are added to the assortment each year and require systematic evaluation, particularly in relation to
their adaptability to specific growing conditions. This study examined the suitability of introduced
garden strawberry varieties for cultivation under the conditions of the Polissya region of Ukraine.
Yield and average berry weight were determined by gravimetric methods, while sugar content and
polyphenolic compounds were assessed using spectrophotometry. Titratable acidity and vitamin
C content were determined by titration. The obtained data were analysed statistically using the
STATISTICA software package and analysis of variance (ANOVA). The results indicate that the
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varieties ‘Sensation’ and ‘Symphony’ exhibit the highest yields. These varieties also show the greatest
average fruit weight, exceeding 30.0 g, whereas ‘Clery’ records the lowest values. The analysed fruits
show a dry matter content of 11.1% and a soluble solids content of 8.5%. The ‘Clery’ and ‘Jolly’ varieties
accumulated significantly higher sugar levels than the other studied varieties, while ‘Elsanta’, ‘Asia’,
and ‘Malvina’ demonstrated lower sugar accumulation. The favourable sensory properties of the
‘Clery’ variety, reflected by a sugar-acid index of 8.4, were associated with its high sugar content and
low titratable acidity of 0.91%. The concentration of bioactive compounds in the studied fruits ranged
from 31.0 to 68.3 mg of vitamin C per 100 g and from 150.0 to 307.3 mg of polyphenolic compounds
per 100 g of fresh weight. The ‘Sensation’ variety was distinguished by a high phytochemical content,
with a vitamin C concentration of 51 mg/100 g. The findings are of practical relevance for breeders
selecting parental material for the development of new varieties and for producers choosing cultivars

for the establishment of industrial plantations in the Polissya region of Ukraine

Keywords: fruits; yield; sugars; vitamin C; polyphenolic substances

INTRODUCTION

The strawberry (Fragaria x ananassa) is an ear-
ly-ripening fruit characterised by a rich bio-
chemical composition. Together with blue hon-
eysuckle, it marks the beginning of the season
for the consumption of fresh berry products in
Ukraine. This crop is valued for its relatively sim-
ple cultivation technology, rapid onset of fruit-
ing, and the preventive and therapeutic prop-
erties of its fruits, which exhibit high sensory
quality indicators. At present, the strawberry as-
sortment is expanding through the introduction
of new varieties, which do not always demon-
strate sufficient adaptability to the growing con-
ditions of different regions of Ukraine.

Owing to their biological characteristics,
strawberries are cultivated across a wide range
of climatic zones, including cool, temperate,
subtropical, and Mediterranean climates. Nev-
ertheless, careful selection of highly adaptable
and productive varieties remains necessary
under specific regional growing conditions.
According to Z. Liu et al. (2023), the high adapt-
ability of strawberries, together with their ele-
vated vitamin, fibre, and antioxidant content,
contributes to their status as one of the most
popular berry crops worldwide. Data from the
Food and Agriculture Organization of the United
Nations (FAO) (n.d.) indicate that the global area
under strawberry cultivation increased by ap-
proximately 80,000 hectares between 2013 and
2023, while gross production rose by more than
3 million tonnes. As of 2023, China ranked as the
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global leader in strawberry production, with an
estimated gross output of approximately 27 mil-
lion tonnes. In Ukraine, the State Statistics Ser-
vice of Ukraine (n.d.) reports that strawberries
occupied 0.9 thousand hectares in 2024, with a
gross harvest of 5.2 thousand tonnes. N. Kilic et
al. (2021) report that strawberries have gained
increasing recognition among consumers due
to their distinctive flavour, extended market
availability, and health-promoting properties.
M. Saridas (2021) and J. Newerli-Guz et al. (2023)
emphasise the rich content of biologically active
compounds in strawberry fruits, which influence
metabolic and physiological processesin the hu-
man body. Other researchers, including Z. Fan et
al. (2021) in Florida, United States, indicate that
consumer quality attributes of strawberries are
closely associated with the concentration of key
components, particularly sugars and organic
acids. Spanish researchers M. Navarro-Hortal et
al. (2022) demonstrate that these quality pa-
rameters contribute to a reduced risk of cardi-
ovascular disease, type 2 diabetes, neurodegen-
erative disorders, and certain forms of cancer.
According to R. Qaderi (2023), the biochemical
composition of strawberries depends on mul-
tiple factors, including genotype and environ-
mental conditions. Berry size and weight also
represent critical determinants of strawberry
quality, alongside colour and flavour. Based on
these attributes, strawberries are classified as
suitable for fresh consumption or intended for
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processing, despite possessing acceptable sen-
sory characteristics. Climate change exerts a
substantial influence on strawberry yield and
quality. N. Khammayom et al. (2022) note that
the selection of strawberry varieties for cultiva-
tion in different countries is shaped not only by
climatic and environmental factors, but also by
agricultural traditions and agronomic capaci-
ty. A considerable proportion of agricultural
land in Ukraine lies within a temperate climatic
zone, which is favourable for open-field straw-
berry cultivation. Consequently, the selection of
varieties that demonstrate high adaptability to
specific natural and climatic zones and produce
high yields meeting commercial and consumer
quality standards remains a priority for scien-
tific research. Given the nutritional and thera-
peutic value of strawberries and their sensory
attributes, breeding programmes worldwide
focus on the development of new varieties. The
introduction of these varieties into diverse re-
gions, including Ukraine, necessitates compre-
hensive evaluation of their adaptability to local
climatic conditions.

The purpose of the study was to identify the
most adaptable introduced strawberry varieties
for industrial plantations in the Polissya region
of Ukraine and to provide breeders with scientif-
ically grounded information on varieties exhib-
iting superior commerecial, sensory, and bioac-
tive quality indicators.

MATERIALS AND METHODS
The study was conducted during the period
2022-2024 at the Educational and Scientific
Laboratories (ESL) of the Department of Hor-
ticulture of the National University of Life and
Environmental Sciences of Ukraine named
after VL. Simirenko. The ESL is located in the
Polissya region of Kyiv on medium podzolic
soils formed from glacial deposits. Strawber-
ry plantations were established in 2022 using
frigo seedlings. The planting scheme was de-
fined as 0.9x0.20 x 0.25 m, corresponding to a
planting density of 71,400 plants per hectare.
The plantations are equipped with drip irriga-
tion systems, and mulch is applied annually
between the rows. Grain straw serves as the
mulching material. Before strawberry plant-
ing, optimal rates of nitrogen, potassium, and

phosphorus fertilisers were applied to the soil.
From May onwards, plants received four foliar
fertiliser treatments at monthly intervals. Pro-
tection of the strawberry plantations followed
the Syngenta protection scheme (n.d.).

The optimal ripeness stage of strawberries
was determined through visual assessment.
Strawberry ripening is characterised by the de-
velopment of varietal red colouration. Average
berryweight and yield were determined through
weighing. Within the study, berries were har-
vested from five reference plants, counted, and
weighed. The total berry mass from each plant
was divided by the number of plants sampled.
Strawberry yield was determined by weighing
berries harvested at each picking stage, after
which individual weights were summed to ob-
tain the total yield. Plant density per hectare
was established, and yield per hectare was cal-
culated accordingly. Berry firmness was meas-
ured using a stationary Chatillon penetrometer
(United States) and expressed in newtons, em-
ploying a 3 mm probe. Medium-sized berries
were selected for analysis, with five fruits sam-
pled from each variety.

Before analytical determination, samples
were obtained from 30 strawberries and ho-
mogenised using a laboratory homogeniser.
Sample mass was measured using Axis AD 200R
analytical scales (Poland) with an accuracy of
two decimal places. Dry matter content was de-
termined by drying samples at a temperature of
98-100°C. For this purpose, 5 g of homogenised
fresh strawberry material was mixed with dry
river sand. Samples were weighed before and
after drying. Drying was conducted in an SP-30
drying oven manufactured in Ukraine until a
constant mass was achieved. Dry matter content
was calculated as the difference between the in-
itial sample mass and water mass, recalculated
per 100 g, and expressed as a percentage. Sol-
uble solids content was determined using the
refractometric method with a portable Atago
PAL-1 refractometer (Japan). Ten ripe strawber-
ries were homogenised, and a drop of juice was
filtered through fabric and placed on the refrac-
tometer prism. Measurements were recorded
with correction for laboratory temperature var-
iation. Soluble solids content was expressed as a
percentage of fresh weight per 100 g.

Plant and Soil Science 17(1)
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Sugar content in strawberry fruits was de-
termined using a colorimetric method. Sugars
were extracted with hot water, after which pro-
teins and pigments were removed by precipita-
tion with lead acetate. Sucrose hydrolysis into
glucose and fructose was achieved by heating
with the addition of 10% hydrochloric acid. Hy-
drolysis products were oxidised using Fehling
solution. Optical density was measured using
a ULAB 102UV spectrophotometer (China) at a
wavelength of 640 nm. Sugar concentration in
strawberry fruits was calculated using a formula
and a calibrated graphical method. A calibration
curve representing the relationship between
optical density and glucose concentration (mg/
ml) was constructed using standard glucose
solutions of varying concentrations. Sugar con-
tent results were expressed as a percentage of
fresh weight (% per 100 g).

The titration method was used to determine
the organic acid content of strawberry fruits.
A 25 g sample of homogenised fruit from each
variety was transferred to a 250 ml volumet-
ric flask and diluted with 150 ml of hot distilled
water. Extraction proceeded in a water bath at
80°C for 30 minutes, after which the sample
was cooled. The volume was then adjusted to the
calibration mark with distilled water, filtered,
and transferred to a 250 ml conical flask. A 20 ml
aliquot of the extract was transferred to a con-
ical flask, and 3-4 drops of phenolphthalein in-
dicator were added. Titration was performed
with 0.1 N sodium hydroxide solution until the
appearance of a stable pink colour correspond-
ing to a pH of 7.0. Titratable acidity in strawberry
fruits was calculated using the volume of 01 N
sodium hydroxide solution consumed and a
conversion factor to citric acid. The content of
titratable acids was expressed as a percentage of
fresh weight (% per 100 g).

The sugar-acid index of strawberry fruits
was determined as the ratio of total sugar con-
tent to titratable acidity. Ascorbic acid content
in strawberry fruits was determined by titration.
Fruit pulp was ground in a porcelain mortar with
the addition of crushed glass and an extracting
mixture of 2% oxalic acid and 1% hydrochloric
acid (80:20, v/v). The homogenised sample was
transferred to a 100 ml volumetric flask, and the
volume was adjusted to the mark using the same

Plant and Soil Science 17(1)

extracting mixture. The solution was filtered
and titrated with 2,6-dichlorophenolindophe-
nol solution (Tillman’s reagent). Ascorbic acid
concentration was calculated using the stand-
ard Tillman’s titration formula. Results were
expressed as milligrams per 100 g of fresh fruit
weight (mg/100 g).

Polyphenol content in strawberry fruits was
determined using a spectrophotometric meth-
od. Fruit samples were homogenised in a por-
celain mortar with the addition of ethyl alcohol.
The homogenate was filtered through blue-band
paper into a Bunsen flask using a VF-15S vacu-
um filtration system. Residual material on the
filter was washed with small portions of ethyl
alcohol until complete discolouration occurred,
and the total volume of alcohol used was re-
corded. Subsequently, 79 ml of distilled water,
01 ml of extract, and 1 ml of Folin-Denis reagent
were mixed, and after 3 minutes, 1 ml of satu-
rated sodium carbonate solution was added and
mixed thoroughly. Absorbance was measured
at a wavelength of 640 nm using a ULAB 102UV
spectrophotometer (China). The control solution
consisted of 8 ml of distilled water, 1 ml of Fo-
lin-Denis reagent, and 1 ml of saturated sodium
carbonate solution. Polyphenol content was cal-
culated using a calibration curve and expressed
asmilligrams per100 g of fresh weight (mg/100 g).

Statistical analysis was performed using
STATISTICA 131 (StatSoft, Inc., United States).
Results were presented as mean values with
standard errors, expressed as mean * standard
error (x + SE). Differences between varieties were
assessed using analysis of variance (ANOVA).
Statistical significance was accepted at p < 0.05.
Pairwise comparisons were applied to identify
significant differences among means. The study
complies with the ethical principles of the Con-
vention on Biological Diversity (1992) and the
Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (1976).

RESULTS AND DISCUSSION
The yield of the strawberry varieties under study
ranged from 103 t/ha in the ‘Clery’ cultivar to
217 t/ha in the ‘Symphony’ cultivar. Mean yield
for this group of varieties amounted to 15.3 t/ha.
With the exception of the ‘Sensation’ and ‘Asia’
varieties, yields exceeded this average value. The
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mean yield corresponds closely to the maximum
yield reported by S. Chowhan et al. (2016), which
reached 15.83 t/ha. The yields of the ‘Romina,
‘Flair’, ‘Sonata,, Joly’, and ‘Elsanta’ varieties were
below the group average and amounted to 11.9,
10.5, 124, and 12.5 t/ha, respectively. The yield of
the ‘Clery’ variety exceeded the group average.

Thisvalue remainslowerthan the minimum yield
of 6.15 t/ha reported by the same authors and by
researchers in Norway in Valdal and Trondheim,
where yields of 9.4 and 5.7 t/ha were recorded, re-
spectively (Dgving § Mage, 2001). Average yield
values were observed for the ‘Kimberly’ (14.0 t/
ha) and ‘Malvina' (14.5 t/ha) varieties (Table 1).

Table 1. Yield, weight and firmness of strawberries, average 2023-2024

Varieties Yield t/ha Average weight of berries, g Firmness of berries, N
‘Clery’ 10.3+0.6° 14.5+0.3> 6.0£0.3°
‘Romina’ 11.9+0.5> 16.6+0.4> 6.2+0.22
‘Kimberly’ 14.0+0.420 19.6+0.42 4.5+0.3>
‘Flair’ 10.5+0.4> 14.7+0.5° 5.9+0.22
‘Sonata’ 12.4+0.4> 17.4+0.50 6.2+0.22
Joly’ 10.6+0.5° 14.8+0.3> 5.9+0.3%
‘Elsanta’ 12.5+0.8° 17.5+0.6% 4.6+0.2°
‘Asia’ 15.3+0.72 21.440.9% 6.1+0.32
‘Sensation’ 21.6+0.52 30.3+0.72 5.6+0.32
‘Malvina’ 14.5+0.9% 20.3+1.3% 3.7+0.3b
‘Symphony’ 21.7+0.72 30.4+0.9 4.6+0.2°
Mean +SE 14.1+0.2 19.8+0.3 5.4+0.2
Min 10.3+0.2 14.5+0.3 3.7+0.1
Max 21.7+0.7 30.4+0.9 6.2+0.1
V, % 29 29 17

Note: 2and b - indicate values that differ significantly from the mean; values marked 2> do not differ significantly
from the mean; the results of the comparison were obtained using Tukey's test with the Bonferroni correction

Source: developed by the authors

As noted by K. Simkova et al. (2023), berry
weight, together with other physical attributes
such as size and colour, represents one of the
most important indicators of strawberry quality.
The data demonstrate that fruits can be classi-
fied according to their suitability for fresh mar-
ket sale, rejection, or use in technical process-
ing. This classification applies regardless of the
ability of the fruit to provide acceptable taste
and colour characteristics.

The weight of strawberries grown in the
Polissya region of Ukraine ranged from 14.5 g
for the ‘Clery’ variety to 304 g for the ‘Sympho-
ny variety, with a mean value of 19.8 g for the
group. L. Antunes et al. (2010) reported an av-
erage berry weight of 20.28 g for the ‘Camarosa’
variety and 16.83 g for the ‘Festival variety, which
corresponds closely to the results obtained for
the ‘Romina’ and ‘Malvina’ varieties, where aver-
age berry weights amounted to 16.6 and 20.3 g,

respectively. Although the mean berry weight of
‘Romina’ was lower than the group average, the
values recorded for the ‘Kimberly’ (19.6 g), ‘El-
santa’ (17.5 g), and ‘Malvina’ (20.3 g) varieties did
not differ significantly from the mean. The ‘Sym-
phony’ and ‘Sensation’ varieties exhibited berry
weights exceeding 30.0 g, representing the max-
imum values recorded. The lowest berry weights
were observed for the ‘Clery’, ‘Fleur’, and Joly' va-
rieties,amounting to14.5,14.7,and 14.8 g, respec-
tively (Table 1). The berry weight values obtained
in this study substantially exceed those reported
by C. Menzel (2021), who indicates that straw-
berries weighing 4-12 g are considered unsuit-
able for market sale. According to E. Kriiger et
al. (2012), fruit size may vary within the same
variety depending on the cultivation location.

Fruit firmness represents another impor-
tant physical indicator of strawberry quality
(Sykalo & Shpak, 2024). Firmness determines
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transportability, as higher firmness reduces
mechanical damage during handling and trans-
portation. The firmness of the strawberry fruits
analysed ranged from 3.7 N for the ‘Malvina’ va-
riety to 6.2 N for the ‘Romina’ and ‘Sonata’ vari-
eties. The ‘Clery’ variety exhibited a firmness of
6.0 N, while the ‘Asia' variety reached 6.1 N. These
values exceed the group average. With the ex-
ception of the ‘Malvina' variety, firmness values
of 4.5 N were recorded for ‘Kimberly’, ‘Elsanta’,
and ‘Symphony’, while ‘Elsanta’ and ‘Symphony’
showed values of 4.6 N (Table 1). Intermediate
firmness values were observed for the ‘Sen-
sation’ and ‘Joly’ varieties, amounting to 56 N.
]. Lee et al. (2024) reported firmness values of

36.2 g-mm-2forthe ‘Mika' variety and 10.1g-mm-2
higher values for the ‘Goha’ variety, correspond-
ing to 3.6 and 4.03 N, respectively, which repre-
sent some of the lowest firmness levels among
the varieties examined in that study.

Dry matter content in the analysed straw-
berry fruits averaged 11.0%. Mean dry matter
values were recorded for the ‘Malvina’ (104%),
‘Sensation’ (107%), ‘Asia’ (10.5%), and ‘Clery’
(10.5%) varieties. Significantly higher dry matter
content was observed in the ‘Sonata, Joly’, and
‘Symphony’ varieties, amounting to 12.3, 12.4,
and 11.7%, respectively, while lower values were
recorded for ‘Romina’ and ‘Kimberly’, at 10.3 and
10.4% (Table 2).

Table 2. Organic matter content and sugar-acid index of strawberry fruits, average 2023-2024

. Dry soluble substances ‘ Sugars ‘ Titratable acids .
Varieties Dry matter, % : Sugar-acid index
% of fresh weight
‘Clery’ 10.5+0.32 8.5+0.2% 7.6%0.12 0.91+£0.03° 8.4
‘Romina’ 10.3+0.2b 8.1+0.2% 5.6+£0.22® 0.80+0.05° 7.0
‘Kimberly’ 10.4+0.2° 8.5+0.3% 5.5+£0.3% 1.06+0.052 5.2
‘Flair’ 11.7+0.42 9.2+0.22 5.6+£0.320 0.86+0.03> 6.5
‘Sonata’ 12.3+0.32 9.4+0.42 6.1+0.320 1.12+0.032 5.4
‘Joly’ 12.4+0.22 8.8+0.3% 8.5%£0.22 1.26+0.042 6.7
‘Elsanta’ 10.4+0.320 8.2+0.1%® 5.1+£0.2b 0.89+0.02° 5.7
‘Asia’ 10.5+0.2% 7.8+0.3° 4.9+0.2° 1.02+0.032 4.8
‘Sensation’ 10.7+0.32 8.5+0.2b2 4.6+0.4° 1.08+0.012 4.3
‘Malvina’ 10.4+0.3% 8.1+0.5% 4.4+0.2° 0.79+0.02° 5.6
‘Symphony’ 11.7+0.22 8.5+0.4® 5.3+£0.3%® 0.82+0.02° 6.5
Mean = SE 11.0+0.3 8.5+0.3 5.8+0.3 0.98+0.02 6.0
Min 10.3+0.2 7.8+0.2 4.4+0.2 0.79+0.02 4.8
Max 12.4+0.2 9.4+0.2 8.5+0.2 1.26+0.04 8.4
V, % 8.6 5.8 21.5 15.7

Note: 2 and b - indicate values that differ significantly from the average; values marked 2 do not differ significantly
from the mean; the results of the comparison were obtained using Tukey's test with the Bonferroni correction

Source: developed by the authors

According to Serbian researchers, straw-
berry fruits accumulate soluble solids in the
range of 6-12% (AKSi¢ et al.,, 2019). S. Paduret et
al. (2017) reported even higher values, ranging
from 84 to 14.2%. Among the varieties exam-
ined in the present study, the highest soluble
solids content was recorded in the ‘Sonata’ va-
riety, at 9.4%. This value exceeded the inter-va-
rietal mean and was slightly higher than that
observed for the ‘Flair’ variety (9.2%), while
remaining below the maximum values report-
ed by M. AkSi¢ et al. (2019) and S. Paduret et
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al. (2017). The lowest soluble solids content was
observed in fruits of the ‘Asia’ variety (7.8%). In
the remaining varieties included in the study,
soluble solids content did not differ significant-
ly and remained close to the group mean of 8.5%
(Table 2). This value exceeds the minimum levels
reported in theliterature and corresponds to the
lower range of published data. C. Menzel (2022)
reported a mean soluble solids content of 7.6%
for the varieties analysed in his study, which is
0.9 percentage points lower than the mean val-
ue recorded in the present research.
(=
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Sweetness in strawberries depends pri-
marily on sugar content. Sugars, together with
titratable acidity and the concentration of vol-
atile compounds, constitute the main deter-
minants of strawberry flavour, as reported by
M. Schwieterman et al. (2014), and vary depend-
ing on cultivar characteristics (Haynes, 2024).
Sugar content among the analysed varieties
ranged from 4.4 to 8.5%, with an inter-varietal
mean of 5.8%. The proportion of sugars in sol-
uble solids ranged from 54% in the ‘Sensation’
variety to 96% in the Joly' variety. The sugar
content of Joly’ fruits exceeded the group aver-
age and reached 8.5%, while the ‘Malvina/, ‘Sen-
sation’, and ‘Asia’ varieties exhibited values be-
low the mean, amounting to 4.4, 4.6, and 4.9%,
respectively. In the remaining varieties, sugar
content ranged from 5.3% in ‘Symphony’ to 6.1%
in ‘Sonata’ (Table 2). These values correspond
closely to the level of 574 mg/g (57%) reported
by C. Menzel (2022).

Titratable acidity represents another key
indicator influencing strawberry taste. The
highest acidity was recorded in the Joly’ variety
(1.26%), while the lowest value was observed in
‘Malvina’ (0.79%). Mean inter-varietal acidity was
observed in fruits of the ‘Asia’ variety (1.02%). Ti-
tratable acid content in the ‘Symphony’, ‘Elsanta,
‘Romina’, and ‘Clery’ varieties amounted to 0.82,
0.89, 0.80, and 0.91%, respectively. These values
exceed those reported by C. Menzel (2022) by at
least 0.21 percentage points and those reported
by J. Lee et al. (2024) by 0.17 percentage points.
Elevated titratable acidity levels were also re-
corded in the ‘Kimberly’ (1.06%), ‘Sonata’ (1.12%),
and ‘Sensation’ (1.08%) varieties, all exceeding
1.0% (Table 2).

The characteristic taste of strawberries is
largely determined by the sugar-to-acid ratio
(Schwieterman et al., 2014), which is widely re-
garded as a reliable indicator of fruit flavour
quality (Antunes et al., 2010). Superior straw-
berry quality is associated with high sugar con-
tent and an elevated sugar-to-acid ratio (Yan et
al., 2018). These principles explain the results
obtained in the present study, particularly the
combination of high sugar content (7.6%) and
relatively low titratable acidity (0.91%), which re-
sulted in the maximum sugar-acid index of 84
for the ‘Clery’ variety. Sugar-acid index values

exceeding the group mean (6.0) were also ob-
served in the ‘Romina’ (7.0), ‘Flair’ (6.5), and ‘Joly’
(6.7) varieties. In the first two cases, elevated
sugar-acid index values resulted primarily from
reduced titratable acidity below 1.0%, while in
‘Toly’, high sugar content of 8.5% constituted the
decisive factor. Sugar-acid index values below
5.0 were recorded for the ‘Asia’ (4.8) and ‘Sensa-
tion’ (4.3) varieties, reflecting the combination of
low sugar content, at 4.9 and 4.6%, respectively,
and elevated titratable acidity, amounting to 1.08
and 1.02% (Table 2).

Vitamin C plays a pivotal role in determin-
ing the nutritional value of strawberries, as
this fruit represents one of the most important
natural sources of this essential micronutrient
(Zhong et al, 2017). The strawberry varieties
analysed accumulated vitamin C in the range
from 31.0 mg per 100 g in the ‘Elsanta’ variety
to 68.3 mg per 100 g in the ‘Clery’ variety, with a
mean content of 459 mg per 100 g. Strawberries
cultivated in Poland exhibit an average vitamin
C content of 73.24 mg per 100 g, which exceeds
the mean value observed in the present study
and corresponds to the upper range of reported
values. Among the analysed varieties, elevated
vitamin C levels were recorded not only in ‘Clery’,
but also in the ‘Sonata), Joly’, and ‘Sensation’ va-
rieties, amounting to 57.9, 55.5, and 51.2 mg per
100 g, respectively. Strawberries examined by
M. Stiirtz et al. (2011) accumulated 58.8 mg per
100 g of vitamin C, which falls within the upper
range of values recorded for the varieties inves-
tigated. A. Selamovska (2014) reported a vita-
min C content of 50 mg per 100 g in strawberries
cultivated in Macedonia, which slightly exceeds
the mean value established for the analysed
group of varieties, at 459 mg per 100 g. Fruits
of the ‘Romina), ‘Asia’, and ‘Symphony’ varieties
exhibited intermediate vitamin C contents of
440, 479, and 45.9 mg per 100 g of fresh weight,
respectively, as presented in Table 3. The lowest
vitamin C concentrations were observed in the
‘Kimberly’ (39.1 mg per 100 g), ‘Flair’ (31.8 mg per
100 g), and ‘Malvina' (35.3 mg per 100 g) varieties.
Nevertheless, these values exceed those report-
ed for strawberry varieties cultivated in Turkey,
where vitamin C content ranges from 13.90 to
25.08 mg per 100 g of fresh weight (Agehara &
Nunes, 2021) (Table 3).

Plant and Soil Science 17(1)



Shevchuk et al.

Table 3. Content of biologically active substances in strawberry fruits, average for 2023-2024

e Vitamin C ‘ Polyphenolic substances
Varieties -
mg/100 g of raw weight
‘Clery’ 68.3+£2.8° 240.3+7.32
‘Romina’ 44.0%3.2% 233.0+8.8°
‘Kimberly” 39.1+1.6° 245.5+12.8%
‘Flair’ 31.8+1.7° 228.8+13.12
‘Sonata’ 57.9+1.8° 300.0+10.42
‘Joly’ 55.5+2.42 255.3+13.42
‘Elsanta’ 31.0+1.1° 296.3+9.7(2
‘Asia’ 47.9+8.1® 150.0+10.3®
‘Sensation’ 51.2+1.72 307.3%6.1(
‘Malvina’ 35.3+1.4° 296.0+9.7(2
‘Symphony’ 459+1.6% 202.7+16.2b
Mean +SE 46.2+1.5 250.2+10.7
Min 31.0+1.1 150.0+10.3
Max 68.3£2.8 307.3%t6.1
V, % 25.2 19

Note: 2 and ®- indicate values that differ significantly from the average; values marked = do not differ significantly
from the mean;the results of the comparison were obtained using Tukey's test with the Bonferroni correction

Source: developed by the authors

Polyphenols constitute a significant group
of secondary metabolites accumulated in
strawberry fruits, where they perform multiple
physiological functions, including the forma-
tion of berry colour, taste attributes, and pro-
tection against pathogenic microorganisms.
The highest content of polyphenolic substanc-
eswas recorded in fruits of the ‘Sensation’ vari-
ety, reaching 307.3 mg per 100 g of raw weight,
followed by the ‘Sonata), ‘Malvina), and ‘Elsan-
ta’ varieties, with values of 300.0, 296.0, and
296.0 mg per 100 g of raw weight, respective-
ly. These values are close to the lower limit of
the range reported for strawberries cultivated
in the Forest-Steppe zone of Ukraine, where
the minimum polyphenol content is approxi-
mately 303 mg per 100 g of raw weight. Aver-
age polyphenol levels for the studied group,
amounting to 250.2 mg per 100 g of raw weight,
were observed in the ‘Clery’ (240.3 mg), ‘Kim-
berly’ (245.5 mg), ‘Flair’ (228.8 mg), and ‘Joly’
(255.3 mg per 100 g of raw weight) varieties.
With the exception of the ‘Asia’ variety, the low-
est accumulation of polyphenolic substances
was detected in fruits of the ‘Symphony’ variety,
at 202.7 mg per 100 g of raw weight, which re-
mains within the lower range of values report-
ed for strawberries, at approximately 189.2 mg
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per 100 g. The variability of polyphenol content
among the analysed varieties was moderate
and amounted to 19.3%.

CONCLUSIONS
The study demonstrated that the ‘Sensation’ and
‘Symphony’ varieties produce the highest yields,
exceeding 20 tonnes per hectare, when cultivat-
ed in the Polissya region of Ukraine. The mean
berry weight reaches 214 g in the ‘Sensation’
variety and 304 g in the ‘Symphony’ variety. The
‘Clery’, Romina’, ‘Sonata’, and ‘Asia’ varieties are
characterised by high transportability, which is
associated with increased pulp firmness. Pulp
firmness ranges from 4.3 N in the ‘Sensation’
variety to 5.6 N in the ‘Malvina’ variety. The high-
est sugar content is observed in the ‘Joly’ varie-
ty, where sugars account for 9.6% of soluble dry
matter, with total soluble solids reaching 8.5%.
Alongside ‘Joly’, the ‘Clery’ variety also exhibits a
high sugar content of 7.6%, according to the re-
sults obtained over two years of research. This
sugar concentration positively influences the
sensory quality of ‘Clery’ fruits, which are char-
acterised by a titratable acid content of 0.91%
and a sugar-acid index of 84. High taste quali-
ty is also characteristic of fruits of the ‘Romina),
‘Flair’, Joly, and ‘Symphony’ varieties. Elevated
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concentrations of vitamin C and polyphenolic
compounds, which act synergistically as antiox-
idants, are detected in fruits of the ‘Sonata’ and
‘Sensation’ varieties. On this basis, cultivation of
the ‘Sensation’ and ‘Symphony’ varieties is rec-
ommended for achieving high and stable straw-
berry yields in the Polissya region of Ukraine.
However, the relatively low firmness of the fruits
of these varieties limits their suitability for long-
term storage and transportation, which neces-
sitates rapid marketing after harvest. Further
studies are required to define conditions that

ensure optimal quality preservation and to de-
termine the suitability of fruits of the analysed
varieties for processing.
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NMoKa3HMKU AKOCTi IHTPOAYKOBaHUX COPTIiB CyHMUL
(Fragaria x ananassa Duch.)
BUpoLueHuX B 30Hi Monicca YKpaiHu

AHorTauiq. 1101y CyHUIIi € TIepIIMM y Ce30Hi Ta IIHHUM JieTUYHUM IIPOJYKTOM Xap4yyBaHHS,
30KpeMa, 3aBIAKY 3HAYHOMY BMICTY ITOKMBHUX Ta 6i0JIOTIYHO LIHHUX PeYOBHUHU. LJOPORY Z0
ACOPTUMEHTY AOLAIOThCA HOBI COPTU ITONYHULI, IKi TIOTPe6yIOTh BUBYEHHS, OCOBIMBO OO iX
IIPUCTOCOBAHOCTI 10 YMOB BUPOIIYBaHHS B Pi3HUX perioHax. MeToio po60Tu 6yJ10 JOCigKeHHS
IHTpOAyKOBaHUX COPTIB CYHUIl CazioBOl A0 YMOB BUpOIlyBaHHA Ilomicca YKpalHU. MeTomoMm
3Ba)KyBaHHSI BCTAHOBJIIOBAJIM YPOKAWHICTh Ta Macy Arifl, ClIeKTPOPOTOMETPUYHUM METOIOM
BU3HAUaJlMd BMICT LyKpiB i momideHOsiB, MeTOmoOM TUTPYBaHHS MOOCHIIKyBaJU KiJIbKICTh
TUTPOBAaHUX KHUCJOT i BiTaMiny C. CTaTUCTUYHUM aHai3 OTpUMaHUX AAHUX BUKOHYBalIU 3
Joriomorolo mporpaMu STATISTICA Ta muiciepciiHoro aHanisy ANOVA. B pe3ysbTaTi JOCTinKeHb
BCTQHOBJIEHO, III0 HAMBUIILY YPOKAMHICTh Manu copTu ‘CeHcanis’ Ta ‘CuMdoHis’. Llel ke copT Ta
‘CumooHia’ 6ynu 3 HalbinpIol Macoo 1oy, moHaz 30,0 r. HaliMmeHIoo BoHa 6yna y ‘Kiepi'
BmicT cyxol pe4oBUHU y CyHULi CTaHOBUB 11,1 %, a pO3UMHHUX CyXUX Pe4oBUH — 8,5 %. ICTOTHO
6inbllle HiXK iHIITi COPTH LyKpiB HAaROMUYyBasu rtoay ‘Kiepi' ta Ixkoni’, a MeHIie - ‘EnbcanTa’, ‘Asis’
Ta ‘MasnbBiHa. BigMiHHI cMaKoBi KOCTi Ha piBHI 8,4 LIyKPOBOKUCJIOTHOTO iHAEKCY copTy ‘Kiepi’
3a6e3MeYrB BUCOKUM BMICT LYKPiB Ta HU3BKUM TUTPOBAHUX KUCIOT — 0,91 %. [ocmigKyBaHa
6ioaKTMBHA CKJIaZloBa IJIOAIB CyHULIi BapifoBasta Bix 31,0 o 68,3 Mr Ha 100 r BiTaMiny C Ta Big 150,0
o 3073 Mr/100 r nonideHONBPHYX PEYOBHH. 3HAYHUM KOMIUJIEKCOM GITOPEUOBHH CepeJ COpTiB
cyHuLi BiizHauwnmcs riogy ‘CeHcatii, e BmicT BitTaminy C ctaHoBUB 51,2. OTprMaHi pe3yibraTtu
IOCIiIKeHb CTAHYTh Y HaroZi ceJieKIioHepaM IIpu Ho60pi 6aTbKiBCBKUX GOPM [JI CTBOPEHHS
HOBUX COPTIB Ta BUPOGHUKaM IIpU BUGOPi COPTIB [/Is CTBOPEHHS ITPOMUCIOBUX HACAIKEHD B
yMoBax ITomnicca YrpalHu

KnouyoBi cnosa: rIoiy; ypoyKarHiCTh; IIYKpY; BiTaMiH C; momipeHOIbHI peY0BUHU
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Abstract. Weather conditions that have been changing towards extreme values determined the
need to carry out variety replacement and renewal of soft winter wheat on a systematic level capable
of improving the efficiency of agricultural technologies and ensuring a consistently high level of crop
yields. Thus, the aim of the work was to analyse the peculiarities of the formation of the assortment
and distribution of soft winter wheat, as well as to select the best varieties in terms of productivity and
ecological stability. Field studies were conducted at the State Enterprise Research Farm “Salivinkivske”
of the Institute of Bioenergy Crops and Sugar Beet of the NAAS of Ukraine (Kyiv region) during 2020-
2024. Indicators of stability and plasticity of grain yield for 36 varieties of soft winter wheat were
calculated according tothe Eberhart-Russell method. [t was established that for full variety replacement
or renewal and to achieve a high level of soft winter wheat yield, it is necessary to sow at least 15% of
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Analysis of the varietal composition...

areas annually with new varieties or seeds of higher generations. In 2021, this figure in Ukraine stood
at 16%; however, in 2022 and 2023, it decreased to 5.2% and 5.5% respectively, which potentially had
a negative impact on the overall productivity level of the crop. The varieties ‘Lehenda Bilotserkivska',
‘MIP Valensiia', ‘Optyma Odeska’, ‘Okhtyrchanka Yuvileina, and ‘Analoh, similarly to ‘RGT Reform,
exhibited high plasticity and were suitable for cultivation using intensive technologies, providing a
yield increase of over 3.0 t/ha compared to the long-term average for the Kyiv region (2020-2024) of
4.81 t/ha. When cultivating soft winter wheat using resource-saving technologies, it is advisable to
consider varieties such as ‘Berehynia Myronivska’, ‘Vozdvyzhenka', and ‘MIP Dniprianka’. These were
capable of providing a grain yield increase of over 2.0 t/ha while maintaining productivity under the
influence of limiting factors. The practical value of this work lies in the fact that its results can be used
by agronomists and seed companies to select effective soft winter wheat varieties and increase yieldss

Keywords: assortment; yield; intensive conditions; environmental limiting factor; certified seeds;

cultivation areas

INTRODUCTION
Global wheat production volumes are influenced
by the area under cultivation, climate change, ag-
ricultural technologies and variety selection. The
issue of optimising crop cultivation, especially
for grain crops, is particularly acute, as climate
change factors - such as an increase in arid are-
as, erosion and loss of soil fertility — are deterio-
rating the condition of cultivated land and reduc-
ing the amount of land suitable for agriculture.

In a global context, climatic factors are be-
lieved to account for one-third of the observed
fluctuations in wheat yields, although overall
global production of this crop is growing by 1.0%
annually. At the same time, researchers Y. Li &
E. Tao (2022) have proven that climate change
is the main limiting factor and even leads to a
decrease in winter wheat yields. Winter crops
are particularly sensitive to the reduction or
absence of the period with temperatures neces-
sary for their vernalisation. In order for winter
wheat plants to produce a high yield, air temper-
atures of 0-1°C must persist for 40-70 days dur-
ing the autumn-winter period, as noted by J. Bai-
ley-Serres et al. (2019) and W. Xiong et al. (2021).
Researchers also found that from 1979 to 2000,
the temperature during the wheat growing sea-
son increased by 1°C, which led to a 3-10% de-
crease in grain yield.

The reduction in sown areas, partly due to
the negative impact of climate change, may lead
to a further decline in production. To prevent
this, environmentally friendly and resource-ef-
ficient cultivation technologies should be

2)

introduced and new wheat varieties should be
actively introduced into production (Elazab et
al, 2021). L. Crespo-Herrera et al. (2018) argue
that the increase in yield due to genetic factors
depends on environmental conditions, and even
under unfavourable conditions, it is at least
14% per year. In the United States, the increase
in yield due to timely variety replacement in
1919-1993 was 0.98% annually, in Brazil in 1949-
2009 - 0.92%,; in Spain in 1930-2000 - 0.88%,
and in Chile - 0.49% in 1965-2019 (del Pozo et
al., 2022). All researchers agree that timely vari-
ety replacement or renewal is a prerequisite for
maintaining high wheat cultivation efficiency.
Three approaches are commonly used to
assess the impact of variety replacement or re-
newal on grain yield: process-based modelling,
statistical data, and field experiments, each with
its own advantages and limitations (Madhukar et
al, 2020). C. Rivera-Amado et al. (2020) noted
that field experiments are often the most reliable
and accessible, but it is difficult to assess the ge-
netic increase in wheat yield based on historical
varieties in specific environmental conditions
due to the limited number of experiments and
varieties used. Thus, it is advisable to consider
statistical data as the primary method of analy-
sis, as it effectively reflects the dynamics of yield
changes in mass production conditions. It should
be noted that among most agricultural crops,
winter wheat is relatively simple in terms of seed
production: it is based on varietal selection, and
high-reproduction varieties, provided that seed
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material is carefully selected, are capable of en-
suring high productivity without the need for
annual renewal (Najafi et al., 2018). However, in a
global context, theissue of variety replacement or
renewal should be considered at the level of state
policy - as a universal indicator of the effective-
ness of winter wheat cultivation technologies.

The aim of the study was to analyse the pe-
culiarities of the formation of the assortment
and distribution of soft winter wheat, as well
as to assess the level of productivity, ecological
stability and economic efficiency of its modern
varieties when grown in the forest-steppe zone
of Ukraine.

MATERIALS AND METHODS

The research was conducted during 2020-2024
under the conditions of the experimental field of
the Institute of Bioenergy Crops and Sugar Beet
of the National Academy of Agrarian Sciences
(State Enterprise Research Farm “Salivinkivske”,
Bila Tserkva district, Kyiv region). The field com-
ponent of the study involved the annual culti-
vation of the following soft winter wheat varie-
ties: ‘Analoh’, ‘Anatoliia’, ‘Berehynia Myronivska),
‘Vezha Myronivska, ‘Vodohrai, ‘Vozdvyzhenka',
‘Hratsiia Bilotserkivska, ‘Hratsiia Myronivska)
‘Estafeta Myronivska, Zdobna, “Zorepad Bilot-
serkivskyi, ‘Katrusia Odeska’, ‘Kesariia Polis-
ka, ‘Konka/, ‘Kraievyd, ‘Lehenda Bilotserkivska,
‘Manera Odeska, ‘Mariia’, ‘MIP Assol’, ‘MIP Valen-
siia’, ‘MIP Vyshyvanka', MIP Dniprianka’, Mudrist
Odeska, ‘Nasnaha, ‘Optyma Odeska, ‘Oranta
Odeska, ‘Okhtyrchanka Yuvileina, ‘Poliska 90/,
‘Pryvitna, ‘RGT Reform’ (France), ‘Romanivna’,
‘Svitankova, ‘Solovushka, ‘Spivanka Poliska)
‘Spriiatlyva, and ‘Futurum’ (France).

The cultivation technology for soft winter
wheat was conventional for the conditions of

the Kyiv region. The area of the primary plots
was 35 m?, and the experiments were estab-
lished with three replications. The soil of the ex-
perimental field is a deep, medium-loamy cher-
nozem on loess-like loam. The humus content in
the arable soil layer was 2.58% (according to Tyu-
rin), alkaline-hydrolysable nitrogen was 176 mg/
kg (according to Cornfield), and mobile phos-
phorus and potassium compounds were 160 and
95 mg/kg respectively (according to Chirikov).

Weather conditions during the research
years differed significantly from long-term av-
erages. In particular, March and April 2020 were
warm with a slight moisture deficit, while May
was cool and excessively wet. In summer, pe-
riods of extreme heat prevailed, especially in
June and July, coupled with a lack of precipita-
tion, which significantly affected wheat yields
both in the region overall and within the exper-
iments. In 2021, spring was cool with unstable
precipitation; summer saw hot periods with
moisture deficits, which generally negatively
impacted wheat growth and development but
did not cause a yield decrease compared to the
previous year. In 2022, weather conditions were
predominantly warm, with particularly signif-
icant droughts noted in June and July, leading
to substantial plant stress during critical devel-
opmental phases. Consequently, wheat yields
were the lowest across the entire research peri-
od. Conversely, in 2023, spring was moderately
wet, and summer featured alternating hot and
moderate periods in terms of temperature and
moisture supply. Similar weather conditions
were observed during the spring-summer veg-
etation of 2024, which favoured the formation of
high yields. The Selyaninov hydrothermal coef-
ficient (HTC) values during the growing periods
over the research years are presented in Table 1.

Table 1. HTC for the Kyiv region during the growing season (May-August)

Year HTC Characteristics of moisture regime
2020 0.65 Insufficient (arid)

2021 1.15 Sufficient moisture

2022 0.56 Severe drought

2023 1.00 Moderate moisture

2024 0.90 Slight drought / normal

Note: HTC < 0.5 - severe drought; 0.5-0.7 —- moderate drought; 0.7-1.0 - slight drought; 1.0-1.3 - sufficient moisture;

>1.3 - excessive moisture
Source: compiled by the authors
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In general, the weather conditions of the
spring-summer growing period in 2020-2024
corresponded to a zone of unstable moisture
supply. During this time, periods of drought, in-
stability of precipitation, and high air tempera-
tures were observed, which significantly influ-
enced the course of vegetation. However, it was
precisely this variability of conditions that al-
lowed for a more thorough identification of the
reactions of soft winter wheat varieties to chang-
es in their cultivation environment. The assess-
ment of the distribution of soft winter wheat va-
rieties was carried out based on data from The
Unified State Web Portal of Open Data (n.d.), as
well as the results of own research and informa-
tion from the State Register of Plant Varieties
Suitable for Distribution in Ukraine (n.d.).

Yield stability and plasticity were deter-
mined using the Eberhart-Russell method,
which involves evaluating the crop productivi-
ty level through plasticity (b), reflecting the re-
gression to changes in cultivation conditions,
and the stability (W) of this reaction (Eberhart §
Russell, 1966). The baseline data for the econom-
ic analysis of winter wheat cultivation under
the conditions of the Kyiv region at 2024 prices
were as follows: average yield for the Kyiv region:
4.81 t/ha; wheat sale price: = 7,500 UAH/t; culti-
vation costs excluding seed costs: 20,000 UAH/
ha; cost of seeds: elite: 12,000-15,000 UAH/t; 1st
reproduction: 9,000-11,000 UAH/t; 21d-3xd repro-
duction: 7000-8,500 UAH/t; weight-based sow-
ing rate of winter wheat: 0.22-0.25 t/ha.

Return on Investment (ROI) was calculated
according to the formula:

ROI=(Additional Profit / Investment)x100%. (1)

The research was conducted in accordance
with the methods for field experiments and state
variety testing of agricultural crops (Erman-
traut et al., 2007, Prysiazhniuk et al., 2021). The
study was carried out in compliance with the
ethical standards of the Convention on Biolog-
ical Diversity (1992) and the Convention on In-
ternational Trade in Endangered Species of Wild
Fauna and Flora (1976).

RESULTS AND DISCUSSION

In Ukraine, according to Law of Ukraine No. 411-
IV “On Seeds and Planting Material” (2025),
there is a Register of Certificates for Seeds and/
or Planting Material, which contains informa-
tion about batches of seeds of a certain variety
(The unified state web portal of open data, (n.d.).
The presence of a record of the variety and vol-
ume of the seed batch in this register at least
confirms the intention to officially sell it as seed
material. On the other hand, the presence of an
entry for a variety in the State Register of Plant
Varieties Suitable for Distribution in Ukraine
only indicates the intention to distribute it com-
mercially, but does not confirm the fact of its
use. Thus, analysis of the Register of Certificates
is the most reliable way to determine the prev-
alence of modern varieties, including winter
wheat (Table 2).

Table 2. Winter wheat varieties included in the 20 most common varieties
in terms of area sown with certified high-reproduction seeds

Year of sowing
2023 2022 2021 2020 2019
Variety ha Variety ha Variety ha Variety ha Variety ha
‘Bohdana’ 22,359 | ‘RGT Reform’ | 19,068 ‘Bohdana’ 51,380 ‘Bohdana’ 39,511 ‘Podolianka’ 5,654
‘RGT Reform’ | 14,167 ‘KWS Emil’ 7,893 | ‘RGT Reform’ | 31,354 ‘Podolianka’ 29,017 ‘Zymoiarka’ 4,222
Mudrist 9,776 Mudrist | 2 613 | ‘Podolianka’ | 31,315 | ‘RGT Reform’ | 23,439 ‘Balaton’ 3,313
Odeska Odeska
. . , . . , ‘Mudrist . . , . ,
Podolianka 8,083 Podolianka 7,093 Odeska’ 26,741 | ‘Mudrist Odeska’ | 22,841 Bohdana 2,793
KWS Emil’ | 5,940 ‘Etana’ 6,887 Katrusia | 15 cgq ‘Kubus’ 21,445 ‘Matrix’ 2,287
Odeska
‘Katrusia . , . , . , . : ,
Odeska’ 5,585 KWS Jersey 6,313 ‘Astarta 13,759 Skagen 17,447 | ‘Mudrist Odeska’ | 2,088
Julia’ 5,030 ‘Bohdana’ 6,303 ‘Julia’ 13,461 ‘Colonia’ 15,992 ‘Lyst 25’ 1,733
‘Shestopalivka’ | 4,986 ‘Skagen’ 5,233 ‘Skagen’ 13,327 ‘Tobak’ 14,914 ‘Kubus’ 1,704

)
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Table 2, Continued

Year of sowing
2023 2022 2021 2020 2019
Variety ha Variety ha Variety ha Variety ha Variety ha
‘KWS Jersey’ | 4,923 53:55;3 4,897 “Tobak' | 12,765 ‘Mescal 13,780 | ‘LiraOdeska’ | 1,667
‘Lemmy’ 4,551 | ‘Matchball | 4,761 | ‘Sofiia Kyivska’ | 12,450 Julia’ 13,767 ’Zg‘c'j:’syk?,ia 1,567
‘Nordika’ 4,547 ‘Julia’ 4,687 | ‘Liha Odeska’ | 11,050 ‘Praktik’ 12,858 | ‘Nyva Odeska’ 1,518
‘Matchball' | 4,490 ‘Astarta’ | 4,408 O%r::;: 11,045 | ‘Novosmuhlianka’ | 12,572 “Vanessa’ 1,387
‘Patras’ 4,261 ‘Lemmy’ 4,083 | ‘Shestopalivka’ | 10,919 ‘Astarta’ 11,648 ‘Smuhlianka’ 1,280
‘Asory’ 4,187 ‘Felix’ 4,080 ‘Kubus’ 10,692 | ‘Shestopalivka’ | 11,506 ‘Julia’ 1,260
(;%';“;:, 4,065 | ‘KWSTalant’ | 4,053 O%':Sall’: 10,636 Patras’ 11,300 ‘Nordika’ 1,220
‘Balitus’ 3,760 ‘Artist’ 4,040 ‘Patras’ 10,418 ‘Lira Odeska’ 10,571 ‘Skagen’ 1,193
“Felix’ 3,633 “Frisky’ 3,573 ‘Artist’ 10,260 ‘Fermerka’ 10,343 ‘Mulan’ 1,153
‘Sofiia Kyivska” | 3,613 ‘Aspekt’ 3,280 ‘Aspekt’ 10,085 | ‘Katrusia Odeska’ | 10,274 ‘Slavna’ 1,149
‘Futurum’ 3,467 | ‘LG Keramik’ | 3,220 ‘KWS Jersey’ | 8,899 ‘Nordika’ 10,147 | ‘Novosmuhlianka’ | 1,093
‘Etana’ 3,447 ‘Emblem’ 2,967 ‘Kraievyd’ 8,612 ‘Pylypivka’ 10,065 ‘Mescal’ 1,050
Source: compiled by the authors
In general, there has been a certain renew- ¢ 600
al of the assortment from year to year, but it g 500 4859 4550
cannot be said that Ukrainian varieties are in- g 3576 3709
ferior to foreign ones in terms of area. On the T 400 '
contrary, in 2019-2021 and 2023, it was domes- § 300
tic varieties that occupied the leading positions 2
in terms of sown areas. At the same time, 2022 g 200 158> 1502
was quite atypical for the agricultural sector of & 100 93.3 45.5
Ukraine, not only because of the war, but also 2 22.4
due to the inability to sow part of the areas in g 0
the east of the country, where there was tradi- 3 Foreign breeding Domestic breeding
tionally high demand for Ukrainian varieties, as
they have the E.lb.lhty to yvlthstand_unfgvourable 2023 2022 2021 2020 2019
growing conditions without a significant re- 0
duction in yield. ”
Analysing the availability of certified win- g 30
ter wheat seeds in general, it should be noted § 100 60
that in 2019, with Ukrainian varieties prevail- 2 107 101 95
ing by 16 times, the areas sown with themwere ~ = 10 112 127 124
50% larger than the areas sown with foreign va- ; 200 154
rieties (Fig. 1). Despite the fact thatin2020-2021 ¢
the total number of wheat varieties increased, 3 250 947
the ratio between domestic and foreign vari- 300 254
eties remained 1.0:1.6 in 2020 and 1:2 in 2021.
Although the area sown with certified seeds Figure 1. Structure of areas
of foreign varieties is growing every year, they and varieties of high-yielding winter wheat,
only managed to exceed the area of Ukrainian common in Ukraine
varieties in 2022. Source: compiled by the authors
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At the same time, there is a certain parity
in the number of registered varieties, but the
area under Ukrainian varieties has decreased.
As of 2023, foreign varieties occupied 1.4 times
more area. As of 20 September 2025, the State
Register of Plant Varieties Suitable for Distri-
bution in Ukraine (n.d.) contains records of 783
varieties of soft winter wheat, but only 219 are

available for purchase. It is advisable to carry
out a complete replacement or renewal of win-
ter wheat varieties on the farm every 5-7 years.
Since this process is gradual, farms should sow
15-25% of their areas with new varieties each
year. In this regard, the demand for certified
winter wheat seeds in Ukraine has been deter-
mined (Table 3).

Table 3. Areas sown with certified winter wheat seeds in Ukraine

i Year of sowing
Indicator
2023 2022 2021 2020 2019
Certified seeds available per area, ha 270,748 243,484 843,467 828,885 67,834
Sown area, ha 4,950,42 2 4,658,400 5,281,500 7,090,200 6,554,500
Seed requirement, ha 4,679,674 4,414,916 4,438,033 6,261,315 6,486,666
Percentage of area sown
with high-reproduction seeds >5 >:2 16.0 117 10

Source: compiled by the authors based on The unified state web portal of open data (n.d.)

Consequently, only in 2021 did producers
ensure a sufficient level of variety replacement
and renewal for winter wheat, whereas in 2022-
2023, this indicator decreased significantly to
5.2-5.5%. According to M. Korkhova & O. Kova-
lenko (2019), 141 wheat varieties are distrib-
uted in Southern Ukraine, of which 32.4% are
outdated. This confirms the results obtained
regarding the insufficient level of variety re-
placement and renewal of winter wheat. Global
food security challenges require constant im-
provement of the varietal composition of winter
wheat. Research over recent decades convinc-
ingly demonstrates that degradation processes
on arable lands in various regions of the world,
climate change, and the spatial variability of the
suitability of soil and climatic conditions for
wheat cultivation create additional challenges

for stable grain production (Pravalie et al., 2021;
Li & Zheng, 2022). At the same time, an analy-
sis of the dynamics of sown areas and produc-
tion volumes of major cereal crops, particularly
wheat, in leading producing countries shows
that productivity growth largely depends on
the introduction of new varieties, as noted by
Y. Wang et al. (2019) and A. Zvonar (2020). This
emphasises the critical importance of sys-
tematic variety replacement and renewal as a
strategic tool for adaptation to changing envi-
ronmental conditions. Thus, special attention
should be paid to the field trials of wheat varie-
ties of Ukrainian and foreign breeding conduct-
ed under the conditions of the State Enterprise
Research Farm “Salivinkivske” of the Institute
of Bioenergy Crops and Sugar Beet of the NAAS
(Kyiv region) during 2020-2024 (Table 4).

Table 4. Ecological characteristics of wheat varieties grown under the conditions
of the State Enterprise Research Farm “Salivinkivske” (average for 2020-2024)

Variety Ecological characteristics Yield increase, t/ha
‘Analoh’ low plasticity 1.05
‘Anatoliia’ low plasticity 1.99
‘Berehynia Myronivska’ low plasticity, withstands limiting factors 2.22
‘Vezha Myronivska’ high plasticity, intensive 2.21
‘Vodohrai’ low plasticity 1.86
‘Vozdvyzhenka’ low plasticity, withstands limiting factors 2.25
‘Hratsiia Bilotserkivska’ high plasticity, intensive 2.63
‘Hratsiia Myronivska’ low plasticity, limiting factors 2.18
‘Estafeta Myronivska’ low plasticity 1.25
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Table 4, Continued

Variety Ecological characteristics Yield increase, t/ha
‘Zdobna’ low plasticity 1.54
‘Zorepad Bilotserkivskyi’ high plasticity, intensive 2.88
‘Katrusia Odeska’ low plasticity 1.82
‘Kesariia Poliska’ high plasticity, intensive 2.29
‘Konka’ low plasticity 1.78
‘Kraievyd’ high plasticity, intensive 2.66
‘Lehenda Bilotserkivska’ high plasticity, intensive 3.39
‘Manera Odeska’ high plasticity 1.95
‘Mariia’ high plasticity, intensive 2.7
‘MIP Assol’ low plasticity 2.11
‘MIP Valensiia’ high plasticity, intensive 3.02
‘MIP Vyshyvanka’ low plasticity 1.76
‘MIP Dniprianka’ low plasticity, withstands limiting factors 2.55
‘Mudrist Odeska’ high plasticity, intensive 2.83
‘Nasnaha’ high plasticity 2.09
‘Optyma Odeska’ high plasticity, intensive 3.13
‘Oranta Odeska’ low plasticity 1.59
‘Okhtyrchanka Yuvileina’ high plasticity, intensive 3.34
‘Poliska 90’ low plasticity 0.98
‘Pryvitna’ high plasticity, intensive 3.14
‘RGT Reform’ high plasticity, intensive 3.37
‘Romanivna’ low plasticity 1.67
‘Svitankova’ low plasticity 1.61
‘Solovushka’ low plasticity 1.47
‘Spivanka Poliska’ high plasticity, intensive 2.45
‘Spriiatlyva’ low plasticity 1.27
‘Futurum’ low plasticity 2.09
HIP, o5 0.11

Source: compiled by the authors

The obtained wheat yield data served as the
basis for analysing their stability and plastici-
ty, as well as assessing their suitability for in-
tensive cultivation. Furthermore, the average
yield of each variety was compared with the
long-term average for the Kyiv region, which is
4.81 t/ha. Research conducted by M. Korkhova
§ 0. Kovalenko (2019) in the Kherson, Mykolaiv,
and Odesa regions showed that outdated wheat
varieties - such as ‘Anatoliia’, ‘Hurt’, ‘Lira Odes-
ka Blaho, ‘Konka', ‘Mariia’, ‘Shestopalivka’, and
‘Zysk’ - remain widespread. This not only un-
derscores the importance of research into
new varieties but also indicates an insufficient
rate of variety renewal by farmers, which can,
among other things, affect average yield levels.

Weather conditions during the years of
study were extremely challenging, primari-
ly due to a lack of precipitation and high air
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temperatures in 2020 and 2022. Under such
conditions, the average winter wheat yield in
the Kyiv region was 4.28 and 3.84 t/ha, respec-
tively. In contrast, the average yield of the va-
rieties in the trial was 1.34 and 3.54 t/ha higher
than the regional average. The studied winter
wheat varieties demonstrated high productivi-
ty potential over the multi-year period. Specif-
ically, in 21 out of 36 varieties, the yield exceed-
ed the regional average by more than 2 t/ha,
and in some cases, by more than 3 t/ha. These
include: ‘Lehenda Bilotserkivska’, ‘MIP Valensi-
ia, ‘Optyma Odeska’, ‘Okhtyrchanka Yuvileina/,
and ‘RGT Reform’ (France). These varieties
were distinguished by a high level of plastici-
ty and an intensive type of plant development,
indicating their ability to respond positively to
improved cultivation technologies with a sig-
nificant yield increase.
€
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Special attention should be paid to varieties
with low plasticity that are capable of withstand-
ing limiting factors and ensuring an excess over
the regional average yield of more than 2.0 t/ha.
Such varieties include: ‘Berehynia Myronivska',
‘Vozdvyzhenka', and ‘MIP Dniprianka’. They form
a consistently high yield even under conditions
of limited technological resources, which is par-
ticularly relevant in wartime. Unlike intensive
varieties, they are less sensitive to increased
fertilisation or additional crop care. However, a
yield difference of approximately 1.0 t/ha does
not always compensate for the costs of addition-
al agricultural measures.

According to Ukrainian scientists V. Vlasen-
ko et al. (2008), periodic variety replacement or
renewal provides an additional yield increase of
0.5 t/ha or more, provided it is carried out every
5-7 years. Yield stability across different envi-
ronments is ensured by the ability to compen-
sate for its main components - thousand-ker-
nel weight, number of grains per spike, and the
number of spikes per square metre (Tadesse et

al., 2019). Yield formation occurs differently
depending on environmental conditions, and
modern varieties demonstrate different com-
binations of yield components compared to va-
rieties from the 1950s-2000s (Valvo et al., 2018;
Cao et al,, 2019). An important issue is also the
calculation of the economic efficiency of variety
replacement or renewal within an average farm
in the Kyiv region with a winter wheat cultiva-
tion area 0f 1,000 ha.

Thus, high-intensity soft winter wheat va-
rieties, such as ‘Lehenda Bilotserkivska, ‘MIP
Valensiia’, ‘Optyma Odeska, ‘Okhtyrchanka
Yuvileina', and others, provide an increase of
over 3.0 t/ha and a total yield under 2024 con-
ditions at a level of 7.81 t/ha. Conversely, for re-
source-saving varieties - ‘Berehynia Myronivs-
ka, ‘Vozdvyzhenka, ‘MIP Dniprianka’ - the yield
increase was 2.0 t/ha with a total figure of 6.81t/
ha. This allows for a comparison of soft winter
wheat replacement strategies when using vari-
eties with different levels of yield formation in-
tensity (Table 5).

Table 5. Comparative effectiveness of soft winter wheat variety replacement strategies

Indicator Intensive varieties Resource-saving varieties | No variety replacement
Additional costs, UAH/ha 7,000 2,400 0
Yield increase, t/ha 3 2 -0.96
Cultivation technology costs, UAH/ha 25,000 22,400 20,000
Sales revenue, UAH/ha 62,480 54,480 30,800
Gross profit, UAH/ha 37,480 32,080 10,800
Additional profit, UAH/ha 24,000 16,000 -7,680
Return on investment (ROI), % 343 667 -

Source: compiled by the authors

When using intensive varieties, costs in-
crease not only due to seeds, but also due to the
need foradditionalfertilisersand theuse of more
protective and stimulating substances. Such va-
rieties respond very well to optimised growing
conditions, which increases their productivity.
Resource-saving varieties are capable of pro-
ducing sufficiently high yields under basic culti-
vation technology conditions. This makes them
more attractive for investment in cases of re-
source shortages or in small farms where inten-
sive technology cannot always be implemented.

The issue of variety renewal in difficult eco-
nomic conditions, when farms are often forced
to grow only existing varieties, deserves special

%)

attention. In this case, the decline in yield will
be cumulative: in the first year or two, it may be
almost imperceptible, and the existing “decline”
in productivity can be explained by the influ-
ence of weather conditions or shortcomings
in agricultural technology. At the same time, it
is crucial to be aware of the cumulative effect
of losses, which manifests itself over a longer
period, for example, over a five-year period on
an area of 1,000 hectares. For a more informed
analysis, it is also advisable to take into account
the annual impact of weather factors, based
on retrospective data on the yield of soft win-
ter wheat in the Kyiv region. Thus, in 2020, the
harvest on the farm’s fields was obtained from
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third-generation seeds. In subsequent years,
there is a gradual increase in the degree of

reproduction, which is due to the reuse of the
same seed material (Table 6).

Table 6. Potential losses of yield and gross profit in the absence of soft winter wheat variety renewal

. Average annual Purchase price, Losses from cro|
LRI s yielg, t/ha* L) UAH/I: failure, UAH/hap
2020 (I11) 4.28 5,500 1,177
2021 (IV) 5.06 6,850 2,773
2022 (V) 3.84 5,250 2,419
2023 (V1) 5.37 7,150 5,759
2024 (VII) 5.50 8,000 8,800
Total per 1,000 ha 20,928,405

Note: * — according to State Statistics Committee data for Kyiv region

Source: compiled by the authors

The projected decrease in yield when using
soft winter wheat seeds of III-IV reproduction
in farming is 5 and 8% (0.21 and 0.40 t/ha), re-
spectively, which at first glance does not seem
critical. However, over two years, the total loss-
esamount to 3,950 UAH/ha, which is 1,550 UAH/
ha more than the cost of timely seed renewal.
In the case of variety replacement (using elite
or first reproduction seeds), the yield potential
is maintained at the average level of the farm
in years with similar climatic conditions. In a
five-year perspective, failure to renew varieties
leads to total losses of UAH 20,928,405, which is

6.0
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a significant economic indicator. In the condi-
tions of the Kyiv region, one of the key criteria
for the correct selection of soft winter wheat
varieties is their ability to grow and develop ef-
fectively in conditions of low rainfall and high
air temperatures. It has been established that
the relationship between the hydrothermal
coefficient (HTC) and wheat yield in the years
of research has a strong positive correlation
(r=0.825). This indicates that the level of mois-
ture supply during critical periods of crop veg-
etation is the main limiting factor in the forma-
tion of its productivity (Fig. 2).

y =-10.329x% + 19.887x - 4.1417
R?=0.9801

0.9 1.0 11 1.2 HTC

Figure 2. Dependence of soft winter wheat yield on HTC during the growing season

Source: compiled by the authors

Improvements in wheat through breeding
and the timely introduction of new varieties
ensure stable yield increases, as confirmed by
a large-scale study of international breeding
programmes by W. Tadesse et al. (2019). Mod-
ern approaches to variety evaluation based on
a comprehensive analysis of soil, climatic and
physiological parameters and their contribution
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to yield formation (Elazab et al, 2021), as well
as on the application of technologies (Araus et
al., 2018). These scientific achievements justify
the need to model the processes of updating the
varietal composition as an effective mechanism
for increasing wheat productivity and ensuring
food security in the context of global climate
change and growing anthropogenic pressure on
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agroecosystems. Based on the modelling results,
the forecast indicators for soft winter wheat

yield have been determined and requirements
for varieties have been formulated (Table 7).

Table 7. Forecast yield indicators for soft winter wheat
and requirements for varieties depending on HTC

Level of HTC Estimated yield, t/ha Recommended types of varieties
0.5-0.6 (drought) 3.2-4.1 Drought-resistant, resource-efficient
0.7-0.9 (mild drought) 4.7-5.4 Versatile, adaptable
0.9-1.1 (optimum) 5.4-5.2 Intensive, high-yielding
>1.2 (excessive moisture) <4.8 Resistant to lodging

Source: compiled by the authors

As shown in Table 7, intensive varieties can
achieve maximum productivity only under opti-
mal HTC values (0.9-1.1). At the same time, due to
current climate change in the Kyiv region, such
moisture conditions are relatively rare. An ad-
ditional complication in the selection of winter
wheat varieties is the need to predict the con-
ditions of the growing season for the following
year in the autumn. Taking into account climate
change and the increasing frequency of extreme
weather events, it is advisable to recommend
the following variety structure within the farm:
30% of the area should be sown with varieties
that can withstand limiting factors, primarily
drought-resistant ones (ensuring yield forma-
tion at HTC <0.7); 40% of the area should be sown
with universal, highly plastic varieties (charac-
terised by stable yields at a HTC of 0.7-1.0); 30% of
the area should be sown with intensive varieties
(achieving maximum productivity at a HTC >1.0).

Research by S. Lavrenko & N. Lavrenko (2022)
has proven that in order to ensure sustainable
production of high-quality grain in farms, it is
necessary to carry out variety changes and re-
newal. The introduction of new and promising
varieties with increased productivity, quality,
and adaptability to external environmental con-
ditions is an important element of agricultural
technology. The researchers also claim that in
most cases, 2-4 different varieties are sown in
production, which is in line with the results on
the need to diversify the risks of wheat cultiva-
tion not only in terms of the number of varieties
but also their response to growing conditions
and elements of agricultural technology.

w)

CONCLUSIONS

It has been researched that the State Register
of Plant Varieties Suitable for Distribution in
Ukraine contains 783 varieties of soft winter
wheat, of which only 28% are available on the
market. For full variety replacement or renewal
and to achieve a high level of soft winter wheat
yield, it is necessary to sow at least 15% of areas
annually with new varieties or seeds of higher
generations. [n 2021, this figure in Ukraine stood
at 16%; however, in 2022 and 2023, it decreased
to 5.2% and 5.5% respectively, which could po-
tentially have a negative impact on the overall
productivity level of the crop. The varieties ‘Le-
henda Bilotserkivska’, ‘MIP Valensiia,, ‘Optyma
Odeska, ‘Okhtyrchanka Yuvileina), and ‘Analoh’,
similarly to ‘RGT Reform, exhibit high plasticity
and are suitable for cultivation using intensive
technologies, providing a yield increase of over
3.0 t/ha compared to the long-term average for
the Kyiv region (2020-2024) of 4.81 t/ha.

When cultivating soft winter wheat using
resource-saving technologies, it is advisable
to consider varieties such as ‘Berehynia My-
ronivska, ‘Vozdvyzhenka, and ‘MIP Dnipri-
anka’. These are capable of providing a grain
yield increase of over 2.0 t/ha while maintain-
ing productivity under the influence of limit-
ing factors. The highest economic efficiency
was noted in resource-saving varieties (ROI -
667%). At the same time, the absence of vari-
ety replacement or renewal leads to annual
losses at a level of 7,680 UAH/ha. The optimal
strategy for winter wheat cultivation under
the conditions of farms in the Kyiv region is a
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combination of different variety groups, name-
ly: 30% of areas for varieties capable of with-
standing the impact of limiting factors, 40% of
areas for universal highly plastic varieties, and
30% of areas for intensive varieties. Such an
approach ensures both production resilience
to stress conditions and the maximum realisa-
tion of productivity potential. Further research
should evaluate the possibilities of growing
new varieties of soft winter wheat in different
soil and climatic zones of Ukraine to improve

the variety replacement system and increase
the adaptive potential of the crop.
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AHanis coptoBoro cknagy nweHuui M’'aKoi 03uMoi
B KOHTEKCTi COPTOOHOB/IEHHSA Ta COPTO3aMiHM

AHoTauig. [TorogHi yMOBH, 110 3MiHIOIOThCS B 6iK €RCTpeMasIbHUX 3HAUYEHb, BU3HAYAIOTE ITOTPE6Y
3[iMICHIOBATH COPTO3aMiHy i COPTOOHOBJIEHHS MIIIEHUII M'AKOI 03UMOI Ha CCTEMaTUYHOMY PiBHi,
3IaTHOMY TIOJIIMIIUTY ePpeKTUBHICTh arpOTEXHOJIOTIM BHUPOIIYBaHHSA Ta 3a6e3MeYnTH CTabiIbHO
BUCOKUU PiBEHDb YPOXKAMHOCTI KyJAbTypHr. TOMy MeTo0 pob0oTu 6yJ10 IpoaHaIi3yBaTH 0COBGIUBOCTI
bopMyBaHHS COPTUMEHTY Ta ITOUIMPEHHS IIIIEHUII M'AKOI 03MMOi, 8 TAKOXK MiAibpaTul Kpaiii copTy
3a MPOAYKTHBHICTIO Ta €KOJIOTIYHOIO CTabibHiCTIO. TI0NBOBI HOCTIIKEHHA ITPOBOAUIN B YMOBaX
IOIT T «CanuBiHKIBChbKe» IHCTUTYTY 6i0eHepreTUYHUX KYJIBTYD i IYKpOBUX 6ypsAKiB HAAH YRpainu
(KuiBcbKa 0671.) yripomoBsk 2020-2024 pp. [ToKasHUKY CTabiIBHOCTI Ta IIACTUYHOCTI BPOXKAMHOCTI
3epHa 36 COpTIB MIIEHUIl M'SKOi 03MMOI pO3paxOBYBa/IM 3a MeETOAWKOI0 Ebeprapza-Paccena.
BcTaHOBJIEHO, 1110 [J1S TOBHOLIIHHOI COPTO3aMiHM YM COPTOOHOBJIEHHS Ta JOCATHEHHS BHUCOKOTO
piBHA BpOKAMHOCTI ITIIIEHUII M'IKOi 03MMOI HEeo6XigHO LIOPiYHO 3aciBaTy MIOHAMMeHIIe Ha 15 %
TUTOL HOBUMM COPTaMU ab0 HaCiHHAM BUILKX PEITPOAYKLIiN. Y 2021 polli et ITOKa3HUK B YKpaiHi
CTaHOBUB 16 %, ofHaK y 2022 Ta 2023 poKax 3HU3MUBCA A0 5,2 1 5,5 % BiAIOBITHO, 110 IIOTEHLIINTHO
HeraTVMBHO BIUIMHYJIO Ha 3arajbHUM piBeHb IIPOAYKTUBHOCTI Kynerypu. CopTu JlereHza
6imouepkiBcbka, ‘MIIT BajeHcis', ‘OnrTMa ofechbKa, ‘OXTHpYaHKa I0BiIeNHa, ‘AHaJIOr, aHAJIOTTYHO
‘PXT PedpopM’ Masy BUCOKY TUIACTMUHICTD i 6ynu MpupmaTHi A0 BUPOILIyBaHHS 338 iHTEHCUBHUX
TEXHOJIOTiM, 3abe3meuyoun MpUpiCT ypokariHOcTi moHax 3,0 T/ra mmopiBHAHO i3 cepemHiM
6araTopiyHMM IOKA3SHUKOM 110 KWiBChKin o6macti (2020-2024 pp.) - 4,81 T/ra. 3a BUPOILyBaHHA
TIIIeHUIT M'AK01 03UMOI 3 BUKOPUCTAaHHSIM PeCypPCOOIIaAHUX TeXHOJIOTIN IOIIIBPHO 3BEPHYTH YBary
Ha TaKi COpTH, K ‘BepernHa MUPOHIBCHKA, ‘Bo3aBrkeHKa Ta ‘MIII JHiNpsHKa. BoHU 6y/Iu 30aTHI
3a6e3MeYUTH IIPUPICT YPOIKAMHOCTI 3epHa MmoHaz 2,0 T/ra, 36epiraiouy MpoAyKTUBHICTb 3a YMOB
BIUIMBY 06MEKYBaJIbHUX YUHHUKIB. [I[paKTUYHA IIiHHICTh pO6OTH ITOJIATAE B TOMY, 11O ii pe3ynsraTtu
MOJXYTh BUKOPHCTOBYBaTH arpOHOMM Ta HaCiHHEBI KOMMaHil g mig6opy epeKTUBHUX COPTiB
MIIeHUIl] M'AKO0I 03MMOi Ta [TiIBUIIeHHSA BPOKAMHOCTI

KniouyoBi cnoBa: COpPTHMEHT, YPOXKaUHICTh; iIHTeHCUBHI YMOBY; JIiMIT $aKTOpiB ceperoBUIla;
cepTudiroBaHe HACIHHS; IO BUPOIIYBaHHSI

Plant and Soil Science 17(1) @ :


https://orcid.org/0000-0002-4639-424X
https://orcid.org/0000-0002-5313-4999
https://orcid.org/0000-0002-7830-7534
http://orcid.org/0009-0002-9051-5755

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

’ pla nt an d SOi I Plant and Soil Science, 17(1), 44-58

.
. SCIG nce Received: 21.09.2025 Revised: 19.01.2026 Accepted: 26.02.2026 Published: 18.03.2026

ISSN 2706-7688 UDC 635.82:57.08
e-ISSN 2706-7696 DOI: 10.31548/plant1.2026.44

Halimatou Ousseini Maiga

PhD, Student

National Institute of Agronomic Research of Niger
BP 429, Niamey, Niger
https://orcid.org/0009-0004-3525-426X
Oumarou Souleymane”

PhD, Researcher

National Institute of Agronomic Research of Niger
BP 429, Niamey, Niger
http://www.orcid.org/0000-0001-6272-3587
llliassou Mossi Maiga

PhD, Researcher

National Institute of Agronomic Research of Niger
BP 429, Niamey, Niger
https://orcid.org/0009-0004-1368-4779

Adam Toudou

Professor

Abdou Moumouni University of Niamey

BP 10960, Niamey, Niger
https://orcid.org/0009-0002-8917-1086

Diversity and correlation analysis of national bell pepper
(Capsicum annuum L.) accessions in Niger

Abstract. The study on the diversity and correlation analysis of national bell pepper accessions is
of paramount importance because it documented and conserved valuable local genetic resources
while providing essential information for breeding and varietal improvement. By assessing agro-
morphological variability and identifying relationships among key traits, the study helped breeders
select superior parent lines and guided farmers in choosing well-adapted accessions for different
production contexts. This knowledge supports higher productivity, resilience to climate stress,
and improves fruit quality, ultimately contributing to food security, income generation, and better
management of national germplasm resources. The purpose was to assess the genetic diversity and
identify key trait correlations among national bell pepper accessions in Niger to inform effective
selection, conservation, and breeding programmes. Hence, national local germplasm was collected
and evaluated in an alpha lattice design with three replicates. Data were collected and analysed
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through correlation, diversity, cluster, and principal component (PCA) analyses. The results
uncovered substantial genetic diversity among national bell pepper accessions, highlighting the
existence of distinct genetic clusters. Significant relationships were revealed between traits, such as
a positive correlation between fruit pericarp thickness and corolla length, fruit pericarp thickness
and fruit length, plant circumference and fruit pericarp thickness, total flowers and aborted flowers,
plant height and the number of aborted flowers, plant height and the total number of flowers, the
height of the first bifurcation and plant height, the height of the first bifurcation and total flowers,
and the height of the first bifurcation and aborted flowers. The identified genetic diversity and trait
correlations offered crucial information for bell pepper conservation and improvement. The results
of this study can be used by breeders and farmers for the selection and cultivation of high-yielding
and resilient bell pepper varieties

Keywords: variability assessment; germplasm characterisation; genetic diversity; principal

component analysis; cluster analysis; agro-morphological traits

INTRODUCTION

Research on the diversity and correlation analy-
sis of national bell pepper (Capsicum annuum L.)
accessions in Niger is highly relevant because
it provides essential information for strength-
ening the country’s agricultural resilience and
productivity. By characterising the genetic var-
iability within local accessions, the study helps
identify traits linked to yield, adaptability, and
resistance to pests or environmental stress-
es, which are key factors for improving pepper
cultivation in the face of climate change and
evolving farmer needs. Understanding cor-
relations among agronomic traits also guides
breeders and policy-makers in selecting supe-
rior varieties and designing efficient breeding
programmes. Ultimately, this research supports
food security, enhances the value of local genet-
ic resources, and contributes to sustainable ag-
ricultural development in Niger.

No known study has been conducted in the
country to date. However, some authors, such as
Y. Nas & H. ilbi (2022), have investigated genet-
ic diversity in crops. They reported significant
variability among genotypes, which is crucial for
breeding programmes and conservation efforts.
These studies revealed substantial diversity in
morpho-agronomic traits and pungency genes
across bell pepper varieties. Additionally, M. Sil-
va & R. Silva (2021) demonstrated considerable
genetic variation among the bell pepper geno-
types analysed. Bell pepper, also referred to as
sweet pepper or capsicum (Capsicum annuum L.
var. grossum), is a member of the Solanaceae
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family. As a species belonging to Capsicum ann-
uum, it is native to Central and South America.
Scientists such as L. Mufioz-Ramirez et al. (2020)
and O. Agapie et al. (2023) have shown that do-
mestication occurred more than 6,000 years
ago and that the genus represents a highly di-
verse taxonomic group comprising 44 identified
species. Among these, five species have been do-
mesticated: C. annuumL, C. frutescens L., C. chin-
ense Jacq, C. baccatum L. (var. pendulum), and
C. pubescens Ruiz § Pav (Hernandez-Pérez et
al., 2020). Capsicum species are diploid, and
most possess 24 chromosomes (n=x=12); how-
ever, several wild species have 26 chromosomes
(n=x=13). According to G. Barboza et al. (2020),
Capsicum annuum has 24 chromosomes and is
one of the most globally important vegetable
crops because of its widespread consumption
and high nutritional value. Bell peppers (Cap-
sicum annuum L.) are versatile and nutritious
vegetables available in a wide range of colours.
They are valued for their high vitamin C content
and other bioactive compounds, such as carot-
enoids, tocopherols, flavonoids, and capsaici-
noids, which contribute to their antioxidant,
anti-inflammatory, and anticarcinogenic prop-
erties, as noted by L. Anaya-Esparza et al. (2021)
and A. Onzo et al. (2021). They are also appreciat-
ed for their adaptability and diverse culinary ap-
plications. They can be consumed fresh, cooked,
pickled, or used as ingredients in pasta, spices,
or natural food colourants (Gamela et al., 2020).
In 2020, the global production of pepper was
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approximately 36 million tonnes. Numerous
studies on the genetic diversity of bell peppers
have revealed significant variability in mor-
pho-agronomic traits. Understanding genetic
diversity, trait correlations among bell pepper
accessions, and phylogenetic relationships be-
tween accessions is essential for effective con-
servation, the development of breeding strate-
gies, and varietal improvement programmes.

This study aimed to assess the diversity
and correlation patterns of national bell pepper
(Capsicum annuum) accessions collected from
Niger.

MATERIALS AND METHODS
The study adhered to ethical standards by en-
suring that all plant materials were collected,
used, and conserved in accordance with national
regulations governing genetic resources and bi-
odiversity. Permissions were obtained from rel-
evant agricultural and research authorities be-
fore accessing germplasm from farmers’ fields
or national collections. Farmers and local com-
munities involved in providing plant material
or agronomic information were informed of the
study’s objectives, and their contributions were
acknowledged in accordance with the princi-
ples of fairness and transparency. The research

2°00'E 4°00'E 6°00"E

complied with guidelines on the responsible use
of plant genetic resources, avoiding any form of
biopiracy, and ensuring that data were handled
with scientific integrity, accuracy, and confiden-
tiality. No human or animal subjects were in-
volved, and all procedures followed institutional
and international standards for ethical research
in plant sciences. The study was conducted in
accordance with the ethical standards of the
Convention on Biological Diversity (1992) and
the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (1976).

A collection of national bell pepper acces-
sions was used for this study, which was car-
ried out from April to July 2024 and comprised
diverse genotypes representing different ge-
ographical regions. Germplasm was collected
across the Republic of Niger from December
2022 to February 2023. All regions were includ-
ed in the collection, except Agadez, where there
is no known cultivation of traditional bell pep-
per cultivars. The targeted regions included Dif-
fa, Zinder, Maradi, Tahoua, Dosso, and Tillabéri
(Fig. 1). Agroecological zoning was used to iden-
tify areas within each region with potential bell
pepper diversity. A participatory approach was
employed to document and integrate knowledge
oflocal varieties.
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Figure 1. Germplasm collection sites
Source: created by the authors using the geographical coordinates of collection sites recorded during the survey
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For the field collection, ethnobotanical sur-
veys were conducted to document traditional
knowledge about bell pepper varieties. Details
such as local names, uses, and cultivation prac-
tices were recorded. Seed samples were collect-
ed from multiple sources, including farmers’

fields, home gardens, and local markets. Fifty-six
collected cultivars (Table 1) were evaluated at
Dogondoutchi (13°64'60" N, 4°05'53" E, altitude
256.3 m). The following table presents the ac-
cession numbers, their local names, sites, com-
munes, departments, and regions of collection.

Table 1. Description of the collected cultivars

Accession number Local name Site/village Commune Department Region
1 ‘Kangadi Nglaro’ Gangura Bosso Bosso Diffa
2 ‘Mangala’ Diffa Market Diffa Diffa Diffa
3 ‘Bongo’ Diffa Market Diffa Diffa Diffa
4 ‘Bounami petit’ Diffa Market Diffa Diffa Diffa
5 ‘Kangadi Nglaro’ Morey Chétimari Diffa Diffa
6 ‘Mowor’ Chétimari Chétimari Diffa Diffa
7 ‘Kangadi Nglaro’ Dabagoune Chétimari Diffa Diffa
8 ‘Kangadi Nglaro’ Walada Chétimari Diffa Diffa
9 ‘Mangala long’ Toumoure Bosso Bosso Diffa
10 ‘Mangala petit’ Toumoure Bosso Bosso Diffa
11 ‘Tattassé koua’ Annassaboul Goudoumaria Goudoumaria Diffa
12 ‘Kangadi Nglaro’ Annassaboul Goudoumaria Goudoumaria Diffa
13 ‘Champo’ Annassaboul Goudoumaria Goudoumaria Diffa
14 ‘Champo’ NGaori Goudoumaria Goudoumaria Diffa
15 ‘Borkono’ NGaori Goudoumaria Goudoumaria Diffa
16 ‘Tattassé koura’ NGaori Goudoumaria Goudoumaria Diffa
17 ‘Tattassé koura’ Kadélaboua Goudoumaria Goudoumaria Diffa
18 ‘Tattassé’ Falki Babba Mirriah Mirriah Zinder
19 ‘Koriyaram’ Bosso Bosso Bosso Diffa
20 ‘Lardou’ Zermou Mirriah Mirriah Zinder
21 ‘Dan Damso’ Tsamia Bandé Bandé Zinder
22 ‘Dan Izala’ Tsamia Bandé Bandé Zinder
23 ‘Maybiro’ Sabon Gari Karofane Bouza Tahoua
24 ‘Hanchin Sania’ Dan Bartho Dan Bartho Kantché Zinder
25 ‘“Tchilam Glaro’ Diffa Diffa Diffa Diffa
26 ‘Dan Tcharantchi’ Ichirnaoua Ichirnaoua Kantché Zinder
27 ‘Dan Damastché’ Ichirnaoua Ichirnaoua Kantché Zinder
28 ‘Dan Tcharantchi’ Koré Haoussa Doungou Kantché Zinder
29 ‘Hantchi Sania’ Tassaou Kantché Kantché Zinder
30 ‘Tattassé’ Djirataoua Djirataoua Madarounfa Maradi
31 ‘Dourgou’ Kolma Hawandawaki Tessaoua Maradi
32 ‘Kahon Baréwa’ Kolma Hawandawaki Tessaoua Maradi
33 ‘Kahon Baréwa’ Romaza Korgom Tessaoua Maradi
34 ‘Dourgou’ Romaza Korgom Tessaoua Maradi
35 ‘Hantchi Sa’ Romaza Korgom Tessaoua Maradi
36 ‘Kahon Baréwa’ Lawni Gazaoua Gazaoua Maradi
37 ‘Dan Dourgou’ Lawni Gazaoua Gazaoua Maradi
38 ‘Bakin Iri’ Lawni Gazaoua Gazaoua Maradi
39 ‘Kahon Baréwa’ Sadjamandja Gangara Gazaoua Maradi
40 ‘Koriyaram’ Diffa Diffa Diffa Diffa
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Table 1, Continued

Accession number Local name Site/village Commune Department Region
41 ‘Bongo/Kouri Moro’ Tam Mainé Soroua Maine Soroa Diffa
42 ‘Kangadi Nglaro’ Tam Mainé Soroua Maine Soroua Diffa
43 ‘Bongo/Kouri Moro’ Blakouna Mainé Soroua Maine Soroa Diffa
44 ‘Kangadi Nglaro’ Blakouna Mainé Soroua Maine Soroa Diffa
45 ‘Tougandé’ Boussaradjé Keita Keita Tahoua
46 ‘Tougandé’ Fachi Tabalak Abala Tahoua
47 ‘Dan Talabé’ Talabé Tahoua commune2 Tahoua Tahoua
48 ‘Maybiro’ Sabon Gari Karofane Bouza Tahoua
49 ‘Soumba’ Tounfafi Madaoua Madaoua Tahoua
50 ‘Tattassé’ Soutoura Doguéraoua Malbaza Tahoua
51 ‘Na Damana’ Konni Konni Konni Tahoua
52 ‘Tonko Béro’ Tanda Tanda Gaya Dosso
53 ‘Saye Hillo’ Koutougou Ayérou Ayérou Tillabéri
54 ‘Simbad’ Gorou Béri Liboré Kollo Tillabéri
55 ‘Chinoi’ Gorou Béri Liboré Kollo Tillabéri
56 ‘Simbad’ Galbal Liboré Kollo Tillabéri

Source: created by the authors using germplasm collection data obtained during the survey

The soil had a sandy-clay texture. The trial
was conducted in an incomplete block design,
specifically an alpha lattice design (9x3) with
three replicates. Each replication consisted of
three sub-blocks, each containing nine exper-
imental units. Each accession was represent-
ed once per replication and transplanted into
ten planting hills per elementary plot, with a
spacing of 40 cm between plants within rows
and 50 cm between rows. Each elementary plot
measured 1 m in width and 2 m in length, cov-
ering an area of 2 m2 The experimental units, or
elementary plots, were spaced 0.5 m apart, while
sub-blocks were spaced 1 m apart. A distance of
2 m was maintained between replications. The
nursery was established in January 2024. Trans-
planting was carried out 50 days after sowing,
when the seedlings had reached the stage of six
to nine leaves. This operation was followed by
the incorporation of carbofuran for the control
of insects and nematodes. Prior to transplant-
ing, the elementary plots were thoroughly tilled,
levelled, and watered. Irrigation was carried out
at regular intervals, either early in the morning
or in the evening, and with different quantities
of water depending on the phenological stage.
From transplanting to early flowering, 20 L of
water was applied per plot. From early flowering
to harvest, 30 L per plot was applied. The weed-
ing was carried out as required. Fertilisation

9

was performed using NPK (15-15-15) fertiliser
applied on the 15t%, 30t, 50t, and 80t days after
transplanting at a rate of 30 g per plot.
Phenotypic data on various morphologi-
cal and agronomic traits were recorded. Leaf
shape, leaf colour, and stem pubescence (pres-
ence or absence of small hairs) were recorded
at the vegetative stage. Plant height was meas-
ured on the central rows (cm) when the first
fruits on 50% of the plants had begun to ripen.
Canopy width was measured on the central
rows (cm) and recorded after the first harvest
at the widest point. Stem length (height of the
first bifurcation) was measured on the central
rows (cm) after the first harvest. Stem diameter
was measured on the central row at the middle
of the first bifurcation after the first harvest.
The duration to 50% flowering, defined as the
number of days from sowing to the stage when
50% of the plants in an experimental unit had
flowered, was recorded. Corolla spot (presence
or absence of a spot on the corolla) and corolla
shape were recorded on the outer rows. Corolla
length was determined as the mean length of
ten petals measured on plants from the out-
er rows. Anther colour and anther length (the
mean length of ten flowers selected from dif-
ferent plants) were recorded at the anthesis
stage on the outer rows. Fruiting date, defined
as the number of days from sowing to 50%

Plant and Soil Science 17(1)
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fruiting within an experimental unit, and fruit
colour were recorded at maturity. Fruit shape,
fruit length (mean length of ten fruits), fruit
width (mean width of ten fruits measured at
the widest point), fruit weight (mean weight of
ten fruits), pedicel length (mean length of ten
pedicels), fruit pericarp thickness (mean thick-
ness of ten ripe fruits), number of locules (mean
number determined from fruit cross-sections),
and the number of seeds per fruit (mean value
based on ten fruits from ten randomly select-
ed plants) were recorded at the second harvest.
Number of fruits (total number of fruits), fresh
fruit yield (mean yield of plants in the middle
row), dry fruit yield (mean yield of plants in
the middle row), and seed yield were recorded
at each harvest. Statistical analyses, including
principal component analysis (PCA) and corre-
lation analysis, were performed using R soft-
ware to explore the relationships among traits.

To summarise the multidimensional mor-
pho-agronomic traits and to identify the main
factors underlying the variability among the

studied pepper accessions, PCA was applied.
This method enabled the reduction of data di-
mensionality and provided a clear assessment
of the contribution of individual traits to the ge-
netic and phenotypic diversity of the ecotypes.

RESULTS AND DISCUSSION

The PCA revealed key traits that contribute to the
diversity among accessions (Fig. 2). It illustrates
the relationships between the principal compo-
nents (PCs) and the original variables. Hence, the
first principal componentis essentially orthogo-
nalto plant height, plant width, height of the first
bifurcation, and the number of aborted flowers.
Likewise, this component is also orthogonal to
plant circumference, grain number, and corolla
length. The second PC is oriented in the opposite
direction to plant height, plant width, height of
the first bifurcation, and the number of aborted
flowers. Furthermore, the graph indicates that
the second component is primarily aligned with
grain number, corolla length, pericarp thick-
ness, anther length, and fruit width.
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Figure 2. Principal components of pepper ecotypes
Note: V=accession; 1=V4,2=V9,3=V10,4=V12,5=V21,6=V22,7=V23,8=V25,9=V29,10=V30,11=V31,12=V32,

13=V33,14=V34,15=V35,16=V37,17=V38,18=V39,19=

26=V58,27=V59

V40,20=V46,21=V49,22=V53,23=V54,24=V56,25=V57,

Source: created by the authors using germplasm evaluation data
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The first principal component is negatively
correlated with four original variables, includ-
ing plant height, plant width, height of the first
bifurcation, and the number of aborted flowers.
Hence, the first component increases as these
variables decrease. The first component is pos-
itively correlated with corolla length. Thus, this
component increases with increasing corolla

length. The second component is strongly and
negatively correlated with plant number, fruit
number, and flower number. Therefore, the
second component decreases as plant number,
fruit number, and flower number increase. The
third principal component is strongly and neg-
atively correlated with fruit length and anther
length (Table 2).

Table 2. Principal components

PC1 PC2 PC3 PCa PC5

Pltnub 0.14 -0.50 0.12 0.20 0.16
Fruinb 0.11 -0.52 0.16 0.14 0.13
Heigt -0.32 0.01 -0.24 -0.07 0.01
Circ 0.02 0.04 0.21 0.05 -0.78
Larg -0.35 -0.01 0.09 -0.24 0.03
Longbirtur -0.37 0.06 -0.001 -0.18 0.09
Diamstem -0.18 -0.11 -0.10 0.56 -0.16
Longcorol 0.35 0.05 -0.16 -0.20 0.09
Longanth 0.09 -0.11 -0.55 0.05 0.04
longpedicel 0.02 -0.24 -0.30 -0.48 0.04
Logfruit -0.07 -0.03 -0.59 0.24 -0.21
Largfrui 0.25 -0.26 -0.14 -0.16 -0.14
Pericarpthickness 0.29 -0.14 -0.02 -0.27 -0.43
Grainumb 0.12 0.03 0.15 -0.21 -0.03
Totalflw -0.27 -0.42 0.04 -0.06 -0.091
Numflw -0.28 -0.32 0.11 -0.12 -0.05
Abortflw -0.37 -0.02 -0.09 -0.18 -0.20

Note: PC=principal component, Pltnub=plants number, Fruinb=number of fruits, Heigt=plant height, Circ=plant
circumference, Larg = plant width, Longbirtur = height of the first bifurcation, Diamstem = stem diameter,
Longcorol = corolla length, Longanth =anther length, Longpedicel = pedicel length, Logfruit = fruit length,
Largfrui=fruit width, Pericarpthickness=pericarp thickness, Grainumb =mean number of grains per fruit,
Totalflw=total number of flowers, Abortflw=number of aborted flower

Source: created by the authors using germplasm evaluation data

Significant diversity was revealed among
national bell pepper accessions, as indicated
by the presence of distinct genetic clusters.

Hence, at a linkage distance of 8, the hierarchi-
cal clustering dendrogram shows four major
groups (Fig. 3).

Plant and Soil Science 17(1)
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Hierarchical Clustering Dendrogram
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Figure 3. Classification of different ecotypes
Note: V=accession, 1=V4,2=V9,3=V10,4=V12,5=V21,6=V22,7=V23,8=V25,9=V29,10=V30, 11=V31,12=V32,
13=V33,14=V34,15=V35,16=V37,17=V38,18=V39,19=V40, 20=V46, 21=V49, 22=V53, 23=V54,24=V56, 25=V57,

26=V58,27=V59

Source: created by the authors using germplasm evaluation data

The first cluster is composed of V4, V10,
and V12. The second cluster, which is the larg-
est, comprises 13 varieties, including V34, V40,
V33, V35, V21, V22, V29, V59, V30, V32, V39, V31,
and V46. The third cluster is made up of eight
ecotypes, namely V54, V49, V23, V25, V37, V38§,
V58, and V9. The fourth cluster comprises three
cultivars: V57, V53, and V56. The first group, in-
cluding V4, V10, and V12, shows similarities in
terms of plant width, plant height, number of
aborted flowers, and height of the first bifur-
cation. This group is markedly dissimilar to the
fourth group (V57, V53, and V56). The similarities
observed within this cluster are related to fruit
number, fruit width, anther length, and pedi-
cel length. At a linkage distance of 4, Group 1is
subdivided into two clusters. On the one hand,
V10 and V4 formed one subgroup, while on the
other hand, V12 formed a separate subgroup.
At this level, Group 2 is divided into six subclus-
ters: subgroup 1(V46, V31, V39), subgroup 2 (V32,
V30), subgroup 3 (V59,V29,V22,V21), subgroup 4
(V33, Vv35), subgroup 5 (V40), and subgroup 6
(V34). V40 differs from the other accessions in
terms of grain number, whereas V34 is distinct
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in terms of stem diameter. V33 and V35 are sim-
ilar in terms of plant height and fruit length. Fig-
ure 4 illustrates the correlation matrix among
the studied traits, highlighting the strength and
direction of significant relationships between
morphological and agronomic characteristics of
the pepper accessions.

Correlation analysis shows several high-
ly significant (p < 0.001) positive associations
among traits, including fruit pericarp thickness
and corolla length, fruit pericarp thickness and
fruit length, plant circumference and fruit peri-
carp thickness, total number of flowers and
number of aborted flowers, plant height and
number of aborted flowers, plant height and to-
tal number of flowers, height of the first bifur-
cation and plant height, height of the first bifur-
cation and total number of flowers, and height
of the first bifurcation and number of aborted
flowers. Highly significant (p < 0.01) positive as-
sociations were observed among traits such as
fruit length and corolla length, height of the first
bifurcation and mean number of fruits, plant
height and mean number of fruits, and number
of fruits and fruit length. Significant (p < 0.05)
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positive associations were also detected among
traits, corolla length and number of grains
(seeds), total fruit number and fruit length, total
fruit number and fruit pericarp thickness, and
pedicel length and fruit length.

Very highly significant (p < 0.001) nega-
tive associations were found among traits, in-
cluding plant canopy width and corolla length,
and height of the first bifurcation and corolla
length. In addition, highly significant (p < 0.01)
negative correlations were observed between
the number of aborted flowers and corolla
length, and between the number of aborted
flowers and fruit length. Furthermore, signif-

Pearson's
Correlation
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icant negative correlations (p < 0.05) were re-
corded between the number of flowers and co-
rolla length, plant height and number of grains
(seeds), plant height and corolla length, plant
height and fruit length, and plant height and
fruit pericarp thickness. Qualitative traits, such
asleaf shape, leaf colour, and stem pubescence,
classified the accessions into five groups. The
largest group was composed of accessions
with deltoid-shaped leaves, dark green col-
our, and without stem pubescence. The second
group included accessions with deltoid-shaped
leaves, dark green colour, and with stem pubes-
cence (Fig. 5).
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Figure 4. Cluster showing the diversity of pepper accessions
Note: V=accession, 1=V4,2=V9,3=V10,4=V12,5=V21,6=V22,7=V23,8=V25,9=V29,10=V30, 11=V31,12=V32,
13=V33,14=V34,15=V35,16=V37,17=V38,18=V39,19=V40, 20=V46, 21=V49, 22=V53, 23=V54,24=V56, 25=V57,

26=V58,27=V59

Source: created by the authors using germplasm evaluation data

=)

Plant and Soil Science 17(1)



Maiga et al.

—
Pb stem
light green colour

——
Pb stem

dark green colour dark

lanceolaceous shape

—
Pbnon Pb stem Pbnon
green colour dark green colour

deltoid shape

Figure 5. Distribution of accessions according
to leaf shape, colour, and stem pubescence
Source: created by the authors using germplasm evaluation data

Additionally, fruit shape and surface texture
classified the accessions into eight groups (Fig. 6).
The two largest groups consisted of accessions
with elongated fruits and smooth texture, on the

one hand, and accessions with elongated fruits
and rough (scrubbed) texture, on the other. Fur-
thermore, fruit lobule number and seed colour
classified the accessions into nine groups (Fig. 7).

Number of accessions
OFRPNWRARUIO NN

Semi-crumpled
texture

Elongated shape

Smooth Semi-crumpled Smooth Semi-crumpled  Scrubbed
texture texture texture texture texture
Intermidiate form

Scrubbed
texture

Smooth
texture

Round shape
Fruits shape and texture

Figure 6. Distribution of accessions according
to fruit characteristics
Source: created by the authors using germplasm evaluation data
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Figure 7. Grouping of accessions according
to fruit lobule number and seed colour
Source: created by the authors using germplasm evaluation data
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The frequency of yellow seed colour was
the highest, followed by dark yellow, where-
as brown occurred only once. The figure illus-
trates the association pattern and correlation
between the number of lobules per fruit and
seed colour. Hence, fruits with two lobules ex-
hibited three seed colour types: yellow, dark
yellow, and brown. In this study, bell pepper
accessions from five regions in Niger were
evaluated using thirty-eight morphological
characters. Results showed substantial genet-
ic diversity among accessions. The qualitative
traits effectively discriminated the accessions
into several distinct groups. The quantitative
traits were also highly discriminative, with the
first two principal component axes accounting
for most of the observed variation. Cluster anal-
ysis further classified the accessions into four
major groups, indicating a high level of genetic
diversity. According to A. Simonne et al. (1997),
C. Frank et al. (2001), and R. Frankham (2005),
genetic diversity plays an important role in the
survival and adaptability of a species and is in-
dispensable for its conservation and manage-
ment. This is because, when genetic diversity
is low, a species becomes more susceptible to
diseases and natural hazards, and entire crop
populations may be severely affected or even
lost (Edak et al., 2014). Within a population, var-
iability is essential for maintaining biodiversi-
ty, as limited variability reduces the capacity of
populations to adapt to environmental change.
Consequently, populations with low variability
are more prone to decline or extinction (Terfa
§ Gurmu, 2020; Karim et al., 2022; Menisha et
al, 2023). Similar findings have been reported
for okra by H. Chheda & C. Christian (1982) and
for Bambara groundnut by H. Aktas et al. (2013)
and C. Uba et al. (2021), emphasising the impor-
tance of understanding genetic diversity within
landrace collections. Accessions were grouped
into eleven clusters based on their morphologi-
cal similarities. The largest cluster contained six
accessions, whereas the smallest contained one.
This indicated that individuals within the same
cluster are genetically similar, while accessions
in different clusters are genetically divergent
(Pickersgill, 1991; Tong & Bosland, 2003; Sanw-
al et al.,, 2012). These findings provide valuable
insights into the genetic diversity of bell pepper

=)

accessions in Niger and can inform future con-
servation and breeding strategies.

Very highly significant positive associations
were observed between height of the first bifur-
cation and plant height, height of the first bifur-
cation and total number of flowers, and height
of the first bifurcation and number of aborted
flowers. This implies that a higher position of the
first bifurcation is associated with taller plants
and increased numbers of both total and abort-
ed flowers. Hence, the height of the first bifur-
cation may be used as an indirect selection cri-
terion to improve these traits. In addition, very
highly significant positive associations were
found between plant circumference and fruit
pericarp thickness, and between plant height
and number of aborted flowers. This indicates
that accessions with larger plant circumference
tend to have thicker fruit pericarps, and that tall-
er genotypes are more prone to flower abortion.

The results also showed significant nega-
tive correlations between the number of abort-
ed flowers and corolla length, and between the
number of aborted flowers and fruit length.
This implies that flowers with shorter corollas
are less susceptible to abortion than those with
longer corollas. This interpretation is further
supported by the significant negative correla-
tion between the number of flowers and corolla
length, indicating that genotypes with shorter
corollas tend to produce more fertile flowers.
Hence, considering that the experiment was
conducted during the hot season, it can be as-
sumed that accessions with shorter corollas lose
fewer flowers under high-temperature condi-
tions. Thus, this trait (short corolla) can be used
to indirectly select genotypes with improved
heat tolerance. Furthermore, genotypes thatlost
more flowers also produced shorter fruits. This
may be explained by the fact that these acces-
sions are more sensitive to heat stress.

CONCLUSIONS
This research provides a comprehensive as-
sessment of the diversity in Niger’s bell pepper
germplasm, revealing significant correlations
among key agronomic traits. The positive cor-
relations between specific traits point to po-
tential targets for simultaneous improvement
through strategic breeding. Understanding the
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genetic basis of these trait associations can facil-
itate the development of superior bell pepperva-
rieties with enhanced agronomic performance.
This study offers an in-depth examination of the
diversity and correlations among national bell
pepper accessions, enriching current knowl-
edge of genetic variability and trait relation-
ships in bell pepper. The findings emphasise the
critical role of genetic diversity analysis in crop
improvement programmes aimed at increasing
productivity and fruit quality. This diversity re-
flects the processes of adaptation and selection
by local farmers and represents a vital buffer
against climate change and pest pressure.
Future research should focus on a more
detailed exploration of the genetic potential of
Niger’s national bell pepper collection to enable
its more effective use in breeding programmes.
First, emphasis should be placed on the genet-
ic analysis of accessions exhibiting rare and
unique trait combinations, such as brown seeds
with two lobules, in order to identify uncommon
alleles that could serve as valuable resources for
the development of new varieties. Second, cor-
related traits should be evaluated for their im-
pact onyield, fruit quality, and nutritional value,
thereby allowing the identification of trait com-
plexes suitable for simultaneous improvement
through targeted breeding strategies. Third,
it is essential to integrate the morphological
data obtained with molecular marker analyses,

which would help to establish relationships be-
tween phenotypic variability and the genetic
structure of the collection. This comprehensive
approach will promote the rational utilisation
of genetic resources, facilitate the effective se-
lection of promising genotypes, and enhance
the productivity and resilience of new varieties,
ultimately supporting sustainable agricultural
development in Niger.
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Pi3HOMaHITHICTb Ta KOopensauiMHM aHani3 HauioHanbHUX
pocTtyniB conogkoro neputo (Capsicum annuum L.) Hirepy

AHoTauiga. [ocCTimKeHHd Ppi3SHOMaHITHOCTI Ta KOpEeNALiMHOIO aHalilzy HallioHaJIbHUX
IOCTYIIB COJIOOKOrO IepIf0 Ma€ BeJIMKe 3HaueHHs, OCKUIBKM BOHO 33aZlOKyMeHTyBajo Ta
36epemio IiHHI MiclleBi reHeTWYHi pecypcd, a TaKOXK HaZajo BajkKJIWBY iHbopMalioo s
cesleKIlii Ta BAOCKOHAJIEHHA CcOPTiB. OIiHI0I0YN arpoMopooriuHy MiHINUBICTh Ta BUABISAIOYU
B32EMO3B'I3KY MK KJIIIOUOBUMHY O3HAKaMU, TOCIIiIIREHHS JOIIOMOIJIO CeJIeKIioHepaM y BUOODi
Kpauux 6aThKiBChKUX JIiHiM Ta HampaBuio ¢pepMepiB y Bubopi fobpe afanToOBaHUX IOCTYIIIB
IS pi3HUX YMOB BUPOIIyBaHHSA. Lle 3HaHHSA CIPUSE MiABUILIEHHIO IIPOAYKTUBHOCTI, CTiMKOCTI
[I0 KJIIMaTUYHOTO CTpecy Ta MOKpallleHHIO SKOCTi IUIOZIB, 10 B KiHIIeBOMY MiJICYMKY IIOCIIDHUSE
MIPOMIOBOJIBYIN 6e3Itelri, reHepaliii JOX0IiB Ta Kpal[oMy YIIpaBIiHHIO Hal[ioHATPHUMU peCypCcaMu
TeHEeTUYHOTO Marepiany. MeToio HOCTiAXeHHS 6y/0 OLIHWUTA TeHEeTUYHY pi3HOMaHITHICTbH
Ta BU3HAUUTHU KIIIOYOBI KOpenAllil 03HAaK cepef, HalllOHAJIBHUX IOOCTYIIB COJIOLKOTO IIepIi0
B Hirepi mma ederTuBHOTO Bimbopy, 36epeskeHHS Ta IporpaM cejekuii. [Ijasa 1poro 6yio
3i6paHO HAIliOHAJBHUM MICIIeBUM TeHETHUYHUI Marepian i oliHeHo 3a cxeMowo Anbda-JlaTic
i3 3 moBropeHHaMu. JaHi 6ynu 3i6paHi Ta mpoaHai3oBaHi 3a JOTIOMOIOI0 KOPEIALIMHOTO
aHasi3y, OLIHKK pPi3HOMAaHITHOCTI, KJIaCTepPHOIO aHaJji3y Ta aHali3y TOJIOBHUX KOMIIOHEHT
(PCA). PesynbTaT BUABWIM 3HaYHy TEHETUYHY pi3HOMAHITHICTh cepef, HalliOHAIBHUX
JOCTYIIiB COJIOAKOTO IIepLilo, IiJKPeCIooYM ICHYBaHHA OKPEMUX TIeHeTHYHMUX KJacTepiB.
Byno BCTAaHOBJIEHO 3HAYYIIi B3a€EMO3B'I3KU MK O3HAKaMU, TaKi AK MMO3UTHUBHA KOPEJALisd MK
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Diversity and correlation analysis...

TOBILMHO [Te pUKAPIY IUIOMA Ta JOBKMHOIO BiHOUKA, TOBLIXHO [IEpUKAPITY Ta JOBKUHOIO IVIOZA,
06XBaTOM POCJIMHY Ta TOBIIMHOIO IIEPUKAPIIY IUIOAA, 3aTaJIbHOIO KiIBKICTIO KBITOK Ta KiJIbKiCTIO
abopTOBaHMX KBITOK, BUCOTOIO POCJIMHY Ta KiJIbKICTI0 a60PTOBAaHUX KBITOK, BUCOTOIO POCIMHU Ta
3arajibHOIO KiJIBKICTIO KBIiTOK, BUCOTOIO II€PIIOTO Bifrady>KeHHS Ta BUCOTOI0 POCIUHUY, BUCOTOIO
MepUIOro Bifiraly>XeHHS Ta 3araJIbHOI0 KiJIBKICTIO KBiTOK, BUCOTOIO IIEPUIOr0 BiATay’KeHHS Ta
KiJIBKiCTIO abopTOBAaHUX KBITOK. BuABJIEeHA reHETWYHA Pi3HOMAaHITHICTh Ta KOpeydlil o3HaK
HaZajdu BaKIWBY iHbopMalito maa 36epekeHHS Ta ITOJIIMIIEHHS COPTIB COJIOAKOTO IIepIIio.
PesynbraTi po60TH MOKYTh BUKOPUCTOBYBATUCA CeJIeKIioHepaMy Ta epMepaMu IJig Bimbopy
Ta BUPOIIYBaHHS BUCOKOIIPOAYKTUBHUX i CTIMKUX COPTIB COJIOIKOTO IIEPLIIO

KniouyoBi cnosa: o1liHKa MiHJIMBOCTI; XapaKTEPHUCTHKA reHOQOHY, TeHETUYHA Pi3HOMAaHITHICTS;
aHaJIi3 rOJIOBHUX KOMIIOHEHT, KJIACTePHUI aHaJIi3; arpoMopdoJIoTiuHi 03HAKU
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on the biogenicity of southern chernozem

Abstract. Among a number of significant problems that have arisen as a result of military
operations on the territory of Ukraine is the degradation of soils, which requires finding ways to
accelerate the processes of their recovery after damage. The purpose of the study was to assess
the biogenicity indicators of the state of southern chernozem and low-humus sands under military
influence and the use of a recovery complex, which consisted of organic fertiliser Parostok and
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Impact of military activities...

bacterial-metabolic preparation Ultrachist. The research methods included laboratory analysis of
samples using microbiological seeding on media suitable for microorganisms of ecological-trophic,
functional, and taxonomic groups, and statistical data processing to determine the reliability of
discrepancies. The conducted studies indicated a significant negative impact on the density of
populations of soil microorganisms of southern chernozem from rocket hits and low-humus sands
from fires as a result of military operations. The number of representatives of the native microbiota
in soils has tripled after the military impact. The biogenicity indicators of southern chernozem and
low-humus sands decreased by 77 and 4.9 million CFU/g of dry soil (2.6 and 2.3 times), respectively,
compared to the control. The restoration complex contributed to the growth of soil biogenicity in all
variants of the experiment. In the damaged samples, the increase in indicators under the action of
the recovery complex was higher than in the control samples. The use of the recovery complex in the
background southern chernozem conditions increased the biogenicity of the soil by 4.2 times, and
after a missile hit - by 6.1times. In the slightly humus-rich sands of forest lands under the influence
of the restoration complex, an increase in its biogenicity was observed by 1.9 times, while in the
sample after pyrogenic exposure by 9.9 times. The proposed recovery complex based on organic
matter and beneficial microorganisms can be considered as a stabilisation factor that will activate
the microbiota of degraded soil for the restoration of soil ecosystems

Keywords: soil microorganisms; low-humus sands; impact of military operations; degradation of the

microbiocoenosis; recovery complex

INTRODUCTION

Chernozem soils are unique in their morpho-
logical, physical, and chemical characteristics
and perform versatile functions, in particular,
productive, biospheric, ecological, and social.
The military actions of recent years have af-
fected all links of ecosystems on the territory of
Ukraine. The negative consequences of military
influence on the condition of soils are associ-
ated with mechanical damage to their natural
structure, the ingress of chemicals, in particular
heavy metals and petroleum products, which
leads to long-term deterioration of soil quality
and loss of its productive properties. First of all,
the soil microbiota responds to changes in con-
ditions, which is a key component of ecosystems
and an indicator of soil condition. Studies of soil
microorganisms are relevant, as they allow as-
sessing the processes occurring in degraded
soils, and the search for ways to increase micro-
biological activity will improve the condition of
the soil and, as a result, restore soil ecosystems.

Studies of the soils of Ukraine after a
full-scale invasion and intensification of mil-
itary operations show that more than 5 mil-
lion hectares of chernozems alone have un-
dergone military degradation, as noted by
S. Balyuk et al. (2023) and S. Balyuk et al. (2025).

O. Dmitrenko et al (2023) in their research
showed that soil degradation due to the use of
mortar weapons was confirmed by the presence
of heavy metals after a year of observations. The
damage caused by the war to the environment
reaches tens of billions of USD (Hryhorczuk et
al., 2024). Soils that have been degraded as a
result of destruction, fires, chemical and other
types of pollution require active actions in find-
ing ways to restore them.

The role of both aerobic and anaerobic mi-
croorganisms in bioremediation of heavy met-
al-contaminated soils is known, which is based
on the ability of some representatives of the
microbiota to absorb, deposit, or change the
valence of heavy metals, which allows reducing
their concentrationin the soil to a safelevel (Abo-
Alkasem et al.,, 2023; Galkin et al., 2024). A. Dani-
al & F Dardi (2023) proved that there are known
bacteria that have the ability to biosorb metals,
which reduces their movement and toxicity
in the soil. The study by A. Johnsen et al. (2021)
pointed to the ability of destructive microorgan-
isms to promote the restoration of diesel-con-
taminated soils even at low temperatures.

The soil microbiota is sensitive to various
factors, soitis an indicator of changes that occur
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under their influence (Goulart et al., 2025). Soil
biogenicity is one of the most important indica-
tors of the activity of microbiological processes
of metabolism and energy in the trophic chains
of the soil biocoenosis. Therefore, increasing
the activity of the soil microbiota is an impor-
tant area of research that has great prospects in
solving the problem of restoring degraded soils,
research aimed at restoring microbiological bal-
ance is particularly relevant, since it is micro-
organisms that are the initial link in restoring
trophic connections in soil ecosystems.

Since the natural processes of reclamation
of contaminated soils are long-term and often
insufficiently effective, there is a need to use
biological means that can accelerate these pro-
cesses. The paper by V. Vakhnyak et al. (2025)
emphasised that the restoration of degraded
soils is a strategically important factor in ensur-
ing the country’s food security, especially in the
face of increasing anthropogenic and military
loads. The researchers proved that degradation
processes negatively affect not only soil fertility,
but also the stability of agroecosystems in gen-
eral, so the introduction of effective biological
methods of restoration is key to preserving the
productive potential of chernozems. The paper
noted the expediency of using organic and bi-
ological preparations that can activate micro-
biological processes, improve the structure of
the soil and restore its ecological functions. It is
known that the use of organic fertilisers in com-
bination with microbial preparations has a posi-
tive effect on the activation of the soil microbiota
and accelerates the restoration of biological bal-
ance in degraded ecosystems.

Therefore, the purpose of the study was to
evaluate the effectiveness of combined applica-
tion of organic fertiliser Parostok and biological
preparation Ultrachistin restoring damaged and
contaminated soils, in particular, by stimulating
microbiological processes, increasing biogenic-
ity, and improving the physical and chemical
properties of chernozems. The objective of the
study was to determine the extent to which these
preparations can enhance the metabolic activity
of soil microbiota, promote the detoxification of
pollutants, and restore the natural productivi-
ty of soil, which is crucial for the rehabilitation
of ecosystems affected by military operations.

Plant and Soil Science 17(1)

MATERIALS AND METHODS

The study was conducted during 2023-2024,
which allowed tracing the dynamics of recovery
processes in soils after applying organic fertil-
isers and biologics. Organic fertiliser Parostok
was used to restore and increase humus re-
serves, improve the phytosanitary condition of
soils, and reduce the negative anthropogenic
impact of chemical pollutants. It accumulated
a large number of macro- and microelements,
biologically active substances, and a balanced
symbiotic consortium of effective microorgan-
isms. In turn, the biologic Ultrachist is a bacterial
and metabolic agent containing highly effective
natural strains of microorganisms, which in a
stable symbiosis with each other can decom-
pose pesticides, toxic and explosive substances,
and hydrocarbons of oil and petroleum prod-
ucts. It was designed for detoxification and re-
mediation of environments contaminated with
organic and chemical substances. In addition,
the biological product acts not only as a direct
destructor of pollutants, but also as an activator
of biological destruction, since it can stimulate
the native microbiota, which accelerates pro-
cesses several times. The study took into consid-
eration the impact on the environment, as out-
lined in the Universal Declaration on Bioethics
and Human Rights (2005).

Theresearchwas conducted atthe Ukrainian
Laboratory for Quality and Safety of Agricultural
Products at the National University of Life and
Environmental Sciences of Ukraine. Soil sam-
pling from locations that represented different
types of environmental violations was carried
out in the Mykolaiv region: southern chernozem
from residential territory of Snihurivka Territo-
rial Community and soil contaminated with pes-
ticides as a result of a rocket hit in a warehouse
with toxic chemicals; low-humus sands of the
Halytsynove forest and forest lands after fires
as a result of armed conflict. Organic fertiliser
Parostok, supplemented with bacterial-meta-
bolic biological product Ultrachist, was used as a
restoring complex (RC). The model experiments
were conducted in triplicate in 500 cm3 vessels
with 0.3 kg of soil and the calculation of prepa-
rations in accordance with the recommended
application rate: organic fertiliser Parostok -
4t/ha, Ultrachist - 10 cm3 of working solution per
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1dms3 of soil. Microbiological seeding was carried
out after 7 days of composting at a temperature
of 25°C and humidity of 55-70%. The study was
conducted according to the following scheme:
control 1 - residential areas near the zone af-
fected by rocket strikes; pesticide contamination
due to rocket strikes on a pesticide storage facil-
ity in a residential area; control 2 - forest land
that did not undergo pyrogenic impact; forest
land after fires caused by armed conflict. RC was
added to each of the options.

The number of microorganisms of various
taxonomic (bacteria, including actinobacteria,
and microscopic fungi (micromycetes) and eco-
logical and trophic groups (pedotrophic, am-
monifying, amylolytic, oligotrophic, oligoaz-
otrophic microorganisms, etc.) was determined
by seeding soil cultures on appropriate nutrient
media. For the total number of bacterial coeno-
sis (pedotrophs) - soil agar was used, ammo-
nifiers - meat-peptone agar, oligoazotrophs -
Ashby medium, amylolytics - starch-ammonia
agar, phosphatmobilisers - Menkina medium,
oligotrophs - starvation agar, humatrophs -
humate agar, actinobacteria - potato-glucose
agar, micromycetes - Czapek medium. The
composition of media was generally accept-
ed in soil microbiology (Volkogon et al., 2010).
The number of microorganisms was expressed
in colony-forming units (CFU) per 1 g of abso-
lutely dry soil. The humidity of soil samples was

determined by the thermostatic-weight meth-
od to recalculate the obtained number of col-
onies at a certain dilution of soil suspension.
Mathematical statistics methods were used to
calculate the confidence interval of the number
of microorganisms.

Assessment of the course of processes oc-
curring in the soil was determined using micro-
biological indicators of total biological activity
(biogenicity = cultural nitrogen-fixing activity
(NFA) + mineralising activity (MPA) + Ashby bac-
teria (Ashby) + humate-decomposing microor-
ganisms (HA), min CFU/g of dry soil), nitrogen
pool mobilisation coefficient (KMAF = (MPA +
NFA) / (Ashby + HA)) (Rieznik, 2021), mineralisa-
tion coefficients and indices and nitrogen im-
mobilisation (K min = NFA / MPA), oligotrophy
(K olig = HA / MPA), oligoazotrophy (K oligaze =
Ashby/MPA).

RESULTS AND DISCUSSION

Soil damage as a result of military operations
led to a decrease in the population density of
the ecological-trophic and taxonomic groups
of microorganisms under study. The native mi-
crobiota of southern chernozem decreased by
34 times due to a rocket hit on an agrochem-
ical warehouse (Table 1). Pyrogenic effects on
the low-humus sands of the Halytsynove forest
also affected a decrease in the number of pe-
dotrophs, three times compared to the control.

Table 1. Number of microorganisms of the main ecological,
trophic, and taxonomic groups in soil samples

A)
Number of microorganisms by group, million CFU/g of dry soil
Variant e . A . phosphate . .
ammonifying | amylolytic | pedotrophic mobilising oligoazotrophic
Control 1 = background soil near the | g,y | 13:+008 | 2.7:0.22 0.4+0.01 3.940.22
area affected by rocket impact
Control 1 + Recovery Complex (RC) 13.8+0.11 11.5+1.76 15.7+0.15 21.9+0.16 17.5+0.45
Contaminated with pesticidesand | 1, 505 | 031003 | 08+0.07 0.5+0.05 0.5+0.05
explosives after a rocket hit
Contaminated with pesticidesand | 155,649 | 14001 | 61033 | 13.7:0.46 3.1+0.15
explosives + RC
Control 2 —forest areas
(background — in the absence of fire 0.2+0.01 2.0+£0.09 0.9+0.06 0.2+£0.02 2.1+£0.06
exposure)
Control 2 + RC 4.1+0.3 3.3£0.04 6.6+0.2 1.5+0.09 4.6+0.23
Forest lands after fires 0.6+0.02 0.1+0.01 0.3+0.03 0.41£0.03 0.2+0.02
Forest lands after fires + RC 12.6+0.07 6.9+1.62 9.7+0.26 8.0+£0.43 8.810.21

«)
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Table 1, Continued

B)
Number of microorganisms by group
Variant million CFU/g o:‘dry stO|I thousand CFU/g of dry soil
oligotrophic uma e- cellulolytic | actinobacteria | micromycetes
decomposing
Control 1 = background soil near the | o o, o) | 47030 | 309+369 | 350.4+6.67 | 3214058
area affected by rocket impact
Control 1 + Recovery Complex (RC) 10.9+0.11 16.0+0.53 34.9+0.75 1.061.5+5.29 80.7+22.28
Contaminated with pesticidesand |, , 519 | 351059 | 61011 | 384153 24.5:1.0
explosives after a rocket hit
Contaminated with pesticidesand | 135,596 | 70+030 | 1564075 | 2542137 | 1384115
explosives + RC
Control 2 —forest areas
(background — in the absence of fire 4.4+0.16 2.6+0.06 13.6+1.56 43.2+1.53 90.6+1.53
exposure)
Control 2 + RC 4.6+0.07 5.6+0.40 27.7+1.33 335.1+£2.65 135.0+2.52
Forest lands after fires 2.9+0.46 1.5+0.06 3.1+0.09 97.2+5.57 119.6+0.58
Forest lands after fires + RC 9.2+0.39 10.1+0.33 13.7+1.32 269.6+1.15 100.6+5.51

Source: compiled by the authors

Studies of the effect of the proposed recov-
ery complex on the number of microorganisms
revealed significant changes in indicators that
depended on the initial sample (Table 1). All
groups of microorganisms that showed an in-
crease in their number, especially in damaged
soils, were sensitive to the introduction of the
recovery complex. Thus, the number of micro-
organisms that absorb organic nitrogen in soil
contaminated with pesticides and explosives
undertheaction of RCincreased by 5.8 times and
by 21 times in samples of forest land after fires.
The same trends of increase of 4.6 and 69 times,
respectively, were observed in the number of
microorganisms that assimilate mainly min-
eral forms of nitrogen, and in the pedotrophic
microbiota, where the increase in their number
was 7.6 and 32.3 times, respectively, when using
the recovery complex. Exceptions were groups
of ammonifying and phosphatmobilising mi-
croorganisms in the organic-depleted soil of
forest lands under the influence of fires.

The reaction of microorganisms capable of
converting soil phosphates was different with a
negative military effect, while the addition of RC
also contributed to a 27.4-fold increase in their
numbers in relation to contaminated soil and a
20-fold increase in forest land after fires. Diaz-
otrophs play an important role in the nitrogen
cycle. Their introduction into agrocoenoses is

Plant and Soil Science 17(1)

one of the priorities of agricultural microbiology
(Kozar, 2021). The sensitivity of nitrogen-fixing
bacteria to contamination affected their num-
ber by a decrease of 7.8 times, while the addition
of RC brought the indicators closer to the back-
ground soil (3.1 million CFU/g of dry soil). Forest
fires reduced their number in low-humus sandy
soil by 10.5 times, and RC provided an increase of
44 times compared to the control.

The missile hit, which caused contamina-
tion of southern chernozem with pesticides, af-
fected a decrease in the number of oligotrophs
and humate-decomposing microorganisms
by 2.7 and 1.3 times, respectively (Table 1B). The
recovery complex contributed to an increase in
the number of microorganisms of these groups
by 6.7 and 2.0 times, respectively, compared to
contaminated soil. Fires of forest lands also neg-
atively affected their number, while under the
action of RC, there was an increase in indicators
by 3.1 and 6.7 times, respectively, compared to
damaged soil.

An important role in enriching soils with
organic matter is played by microorganisms
that have the ability to decompose cellulose.
Highly active cellulolytic microorganisms that
have a complex of useful properties, in particu-
lar protective action, are potential bioagents of
drugs for use in environmentally friendly agri-
cultural technologies. When using the reducing
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complex, the number of microorganisms that
decompose cellulose increased in controls 1and
2 by 11 and 2 times, while in damaged soils this
increase was more significant and amounted to
2.6 and 4.4 times, respectively. In the soils of con-
trols 1and 2, when exposed to VC, there was also
an increase in the number of micromycetes by
2.5 and 1.5 times, respectively, while in damaged
samples it was observed to decrease.
Actinobacteria are an important component
of the soil microbiota, have a wide range of bene-
ficial properties and are widely used in biotech-
nology, as noted by I. Levchuk et al. (2022) and
M. Loboda et al. (2024). Among this taxonomic
group, there are representatives that are able to
decompose resistant herbicides that are dan-
gerous to the environment, and thus act as po-
tential bioremediation agents (Rebai et al., 2024).
Under conditions of pollution, there was a sig-
nificant decrease in their number by 94 times

80
70
60
50
40
30
20
10
, I

Control 1

million CFU/g of dry soil

pesticide contamination

to the background soil, but the introduction of
a recovery complex stimulated their partial re-
covery by 6.6 times to the contaminated soil.
No less important is the ecological role
of actinobacteria in soil recovery after fires.
S.Jiang et al. (2025) in their studies showed that
in soils exposed to pyrogenic effects, actinobac-
teria can become dominant. In forest soils after
fires caused by armed conflict, their numbers
were higher than the background level, reach-
ing 97,200. CFU/g of dry soil, which increased 2.8
times under the action of RC. The negative im-
pact of the missile hit affected a decrease in the
biogenicity of southern chernozem by 7.7 mil-
lion CFU/g of dry soil and 2.6 times compared
to control 1 (Fig. 1). Fires as a result of military
operations at the location of the Halytsynove
forest also significantly reduced the biogenicity
of low-humus sands by 4.9 million CFU/g of dry
soil, which was 2.3 times in relation to control 2.

M Original

with recovery complex

Control 2

I
after fires

Figure 1. Soil biogenicity under military action
and the use of a recovery complex, million CFU/g of dry soil
Note: control 1 - southern chernozem near the zone of impact of a missile hit in a warehouse with agrochemicals;
control 2 - low-humus sands of forest land with no impact from fires

Source: compiled by the authors

The restoration complex contributed to the
growth of soil biogenicity in all variants of the ex-
periment. In addition, the growth rate was high-
er in the damaged samples than in the control
soil. Thus, RC in the conditions of background
southern chernozem (control 1) provided an in-
crease in soil biogenicity by 4.2 times, while after
a missile hit - by 6.1 times. The same trends, but
with a larger gap, were also observed in low-hu-
mus forest fands: 1.9 times in control 2 and 9.9
times in samples after fires as a result of armed
exposure. One of the most important indicators
of the biological component of soil is microbial

o)

biomass, which also responds sensitively to
changes occurring in the pedosphere. The mil-
itary impact affected the reduction of biomass
of soil microorganisms, while the recovery
complex reduced the negative impact of factors
(Melnychuk et al., 2025). Biogenicity is closely re-
lated to microbial biomass values, as evidenced
by the Pearson correlation coefficient, which
was in the range of 0.68 in control 2 with the ad-
dition of RC to 1in samples of low-humus forest
sands after fires as a result of armed exposure.

The calculation of indices allows assessing
the intensity and course of processes occurring

Plant and Soil Science 17(1)
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in soils under the influence of certain factors.
The military impact caused a violation of the
direction of microbiological processes of the
studied soils, which affected a decrease in the
indicators of most indices and coefficients. The

coefficient of mineralisation and immobilisa-
tion in southern chernozem was at the level of
0.68, pollution caused its decrease by 4.9 times,
which indicates the suppression of mineralisa-
tion processes (Table 2).

Table 2. Orientation of microbiological processes in soil samples

Indexes and coefficients
2. £ 5
£ | 2 |s§| 2|5 c g
£ 2 |85 5 |558/ELE
Variant S| 8§ |E2 S E&z|SsTE
S | £ |25 £ 228 8k
5 5 |Se| @ |[EE2g|20¢C
T 2 |§E| 8§ 8°T|EEg
2| © |£E| & | E g 6
E = -
Control 1 — background soil near the area affected by rocket impact | 1.42 | 2.89 | 0.68 | 2.05 0.34 4.67
Control 1 + recovery complex (RC) 1.14 | 0.79 | 0.83 | 1.27 0.89 30.36
Contaminated with pesticides and explosives after a rocket hit 0.38 | 0.95 | 0.14 | 0.23 0.96 168.8
Contaminated with pesticides and explosives + RC 0.50 | 1.11 | 0.11 | 0.25 0.82 118.51
Control 2 — forest areas (background —in the absence of fire 45 220 | 100 | 105 034 0.22
exposure)
Control 2 + RC 1.61 | 1.12 | 0.80 | 1.12 0.8 9.19
Forest lands after fires 0.50 | 4.83 | 0.17 | 0.33 0.23 4.2
Forest lands after fires + RC 0.77 | 0.73 | 0.55 | 0.7 1.08 35.6

Source: compiled by the authors

The introduction of the complex contribut-
ed to an increase in the coefficient of minerali-
sation and immobilisation by 3.2 times in condi-
tions of low-humus sands damaged by fires as a
result of military operations, which indicates the
activation of the nitrogen cycle. Contamination
with pesticides and explosives after a missile hit
had a different effect on the coefficients of nitro-
gen reserves mobilisation and microbial trans-
formation of organic matter, where the increase
inindicators was 2.8 and 35.7 times, respectively.
The use of the recovery complex has somewhat
stabilised the situation, with low indicators in-
creasing and decreasing at high indicators.

The soil microbiota is an important com-
ponent of healthy ecosystems and can play
an essential role in restoring degraded soils,
contributing to increasing their biodiversi-
ty, functionality, and sustainability (Peddle et
al, 2025). T. Krell et al. (2023) proved that mi-
croorganisms are exposed to various influences
in natural niches and are sensitive to changes
in living conditions. O. Demydenko (2021), in-
vestigating the correlations of ecological and
trophic groups of soil microorganisms with soil
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fertility, showed that the increase in biogenicity
due to the increase in the number and activity
of ammonifying, amylolytic, pedotrophic, olig-
otrophic microorganisms and a decrease in the
activity of humate-decomposing groups of mi-
croorganisms ensures the reproduction of hu-
mus in the conditions of podzolized chernozem.
The practical use of microorganisms, combining
them into suitable complexes for their intended
purpose, enhances their functional activity and
provides greater stability and efficiency (Tyto-
vaetal.,, 2023). Therefore, the study of the micro-
biota of degraded soils and the search for ways to
regulate its activity is one of the priority areas in
present-day conditions.

Thus, the conducted research showed that
military exposure in the form of rocket hits, fires,
and pollution with pesticides and explosives sig-
nificantly reduces the number and activity of
most ecological-trophic and taxonomic groups
of soil microorganisms, disrupts the biogenicity
and microbial biomass of soils, and also nega-
tively affects the key indicators of mineralisation
and immobilisation of organic matter. However,
the use of the reducing complex contributed
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to a significant restoration of the abundance
and functional activity of the microbiota in all
groups, especially in degraded soils, increased
nitrogen mobilisation coefficients, and stabi-
lised mineralisation processes. The results show
that the integrated use of biological and organic
components is an effective approach for the re-
habilitation of damaged soils, increasing their
productivity and environmental sustainability,
which is important for the restoration of affect-
ed agroecosystems and forest lands.

CONCLUSIONS
The conducted studies indicate a negative mil-
itary impact on the microbiota of southern
chernozem, which is sensitive to various envi-
ronmental factors, which affected a significant
decrease in the population density of the main
ecological-trophic, taxonomic, and function-
al groups of soil microorganisms. The number
of representatives of the native microbiota in
soils after military exposure decreased by 3-3.4
times. Indicators of biogenicity of southern
chernozem decreased by 77 million CFU/g of dry
soil, or 2.6 times compared to the control. Fires
as a result of military operations at the location
of the Halytsynove forest also significantly re-
duced the biogenicity of low-humus sands by 4.9
million CFU/g of dry soil, which was 2.3 times in
relation to the control. A decrease in the number
of representatives of the microbiota of ecologi-
cal-trophic, functional, and taxonomic groups
indicates a violation of the biological activity of
the soil and the nutrient cycle. The restoration
complex contributed to the growth of soil bio-
genicity in all variants of the experiment. In the
damaged samples, the increase in indicators
under the action of the recovery complex was
higher than in the control samples. The use of RC
in the conditions of background southern cher-
nozem provided an increase in soil biogenicity
by 4.2 times, after a missile hit - by 6.1 times. In

the low-humus sands of forest lands under the
influence of the recovery complex, an increase
in biogenicity was observed by 1.9 times, while in
the sample after fires due to armed conflict - by
9.9 times.

Consequently, military operations caused
a sharp load on the soil, which affected the de-
crease in the number of microorganisms, inhi-
bition of biological activity, and degradation of
the microbiocoenosis.

The use of the recovery complex can be
considered as an environmentally safe means
and a stabilising factor that will activate the soil
microbiota to play an important role in the res-
toration of both soils and soil ecosystems. The
prospects for further research are to investigate
the long-term impact of restorative complexes
on the stability of microbiocoenosis, assess their
effectiveness in various soil types and climatic
conditions, and to develop optimal combina-
tions of microorganisms and organic compo-
nents to increase soil resistance to anthropo-
genic and military stresses. Special attention
should be paid to determining the mechanisms
of detoxification of pollutants and restoration of
trophic chains, which will create scientifically
based recommendations for the rehabilitation
of affected agroecosystems and forest lands.
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6i0reHHOCTi CTaH YOpPHO3€eMy IMiBAEHHOIO i cIaboryMycoBaHUX ITiCKIiB 38 MiIiTAPHOTO BILIUBY
Ta BUKOPUCTAHHS BiHOBIIOBAJIBHOTO KOMILIEKCY, IKMI CKJIAJaBCA 3 OpraHiuHHOrO mo6prBa
[TapocToK i 6akTepiasbHO-MeTaboNMIYHOrO MpernaparoMy YIBTPadyuCT. MeTOAU AOCIiIyKeHHS
BRJTIOUaIMJIa60paTOpHUM aHai33pa3KiB, 3aCTOCOBYIOUN MIKPO6ioNOTIYHUM ITOCIBHA CEPEIOBHUIIA,
BiATIOBiZHI 119 MiKpOOpraHi3MiB eKosoro-TpodiuHux, PyHKIIIOHANTBHUX i TAKCOHOMIUHUX I'PYII,
Ta CTATUCTUYHY O6pO6Ky maHUX [Jif BU3HAUEHHs LOCTOBIpHOCTI po36ikHOCTel. [IpoBeneHi
IoCHimKeHHs CBifYaTh PO 3HAUYHMN HeraTMBHUM BIUJIMB Ha LIiIBHICTE MOMYJIALIN I'PYHTOBUX
MiKpOOpTaHi3MiB YOpHO3eMY ITiBIEHHOTO BiJi pAKETHOrO BIyYaHHd Ta CJ1ab0TryMyCOBaHUX ITiCKiB
BiJl IOJKEXK BHACTIAOK BOEHHMX AiM. KiBbKiCTh TpefcTaBHUKIB abopUreHHOoi MiKpo6ioTH y IpyHTaX
ITicJIs MiTiTapHOTO BIIMBY 3MEHIINIIACS YTpUYi. [ToORa3HUKY 610Te HHOCTI YOpHO3eMy TiBJIEHHOTO
i cmaboryMycoBaHuX MiCKiB 3a3HA/IN 3HUKEHHA Ha 7,7 Ta 4,9 MiH KVO/r cyxoro rpyuTy (2,6 i 2,3
pasiB) BiATOBiAHO, MOPIBHAHO 3 KOHTPOJIEM. BiTHOBIIOBaIBHUN KOMIUIEKC CIIPUSB 3POCTaHHIO
H6ioreHHOCTI I'PYHTY B ycix BapiaHTax JocCiiny. V MOIMIKOAKEHUX 3pa3Kax 3pOCTAHHSA IIOKa3HUKIB
3a Aii BiTHOBIIOBAJIBHOTO KOMILJIEKCY 6YJI0 BUIIUM, HDK ¥ KOHTPOJIBHUX. 3aCTOCYBAaHHS B YMOBaXx
bOHOBOrO YOpHO3€eMy ITiBJEHHOTO BiZHOBIIOBAJIBHOIO KOMIUIEKCY 3abe3rnednsio 36ibleHHs
6ioreHHOCTI I'pyHTY B 4,2 pasiB, mic/isg paKeTHOTO BAyYaHHS — B 6,1 pa3iB. V ciaboryMmycoBaHmx
ricKax JIiCOBUX YTiJib ITif] BIUIMBOM BiIHOBJII0BaJIBHOT'O KOMILUIEKCY CIIOCTepiraau 3poCTaHHs MOro
6ioreHHOCTi B 1,9 pa3iB, TOZi AK y 3pa3Ky MicJis MiporeHHOTO BIUIMBY B 9,9 pa3iB. 3alIporioHOBaHUN
BiZHOBJIIOBANIBHUYM KOMILJIEKC Ha OCHOBI OpraHiyHOI peYOBUHU Ta KOPUCHUX MiKpoOopraHizmis
MOXKe pO3INIANATUCh, K CTabimizamiiHUM YMHHUK, IO JO3BOJUTH AaKTUBi3yBaTu MiKpobioTy
Jlerpa/ioBaHOrO I'PYHTY [JIF BiITHOBJIEHHS I'PYHTOBUX €KOCUCTEM

KniouoBi cnoBa: IpyHTOBI MiKpoOpraHi3mMy; ciaaboTyMycoBaHi ITICKY; BIUIMB BOEHHUX IiM;
Ierpazaliis Mikpo60I1eHO3Y; BiIHOBIFOBAIbHUI KOMILIEKC

Plant and Soil Science 17(1) @ :



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

’ pla nt an d SOi I Plant and Soil Science, 17(1), 70-82

.
. SCIG nce Received: 09.10.2025 Revised: 02.02.2026 Accepted: 26.02.2026 Published: 18.03.2026

ISSN 2706-7688 UDC 635.646:631.527
e-ISSN 2706-7696 DOI: 10.31548/plant1.2026.70

Debi Rani Datta”

PhD, Scientific Officer

Oilseed Research Centre, Bangladesh Agricultural Research Institute
1701, Gazipur, Bangladesh

https://orcid.org/0000-0001-8290-0261

Mohd Rafii Yusop

PhD, Professor

University of Putra Malaysia

43400, 1 Jalan Universiti Str., Serdang, Malaysia
https://orcid.org/0000-0003-4763-6367

Azadul Haque

PhD, Senior Scientific Officer

Bangladesh Institute of Nuclear Agriculture

2202, Mymensingh, Bangladesh
https://orcid.org/0000-0002-3084-3768

Muhammed Itopa Jatto

PhD, Senior Lecturer

Department of Agricultural Education, Federal College of Education Yola
Yola, Adamawa State, Nigeria
https://orcid.org/0000-0003-4882-8715

Muhammad Ziaur Rahman

PhD, Senior Scientific Officer

Pulses Research Sub-centre, Bangladesh Agricultural Research Institute
1701, Gazipur, Bangladesh

https://orcid.org/0000-0002-7369-5419

Heterosis analysis for yield
and quality in eggplant (Solanum melongena L.)

Abstract. The experiment was conducted with 55 eggplant hybrids derived from 11 x 11 half diallel
crosses along with standard variety at the field 10 and field 15 of University of Putra Malaysia
(Serdang, Selangor, Malaysia) at one season during November 2020 to January 2021. The aim of
this research was to develop high yield and quality eggplant hybrids. This research was followed by
randomised complete block design with three replications at two locations. 15 morphological and
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biochemical traits were estimated for heterosis. Among these, BM9 x BB26 was chosen as the best
hybrid for yield per plant considering standard heterosis, heterobeltosis and relative heterosis.
Besides, BB1xBT15 hybrid was also the best for total soluble solid over check variety and BT6 x BT15
was the best for total phenol content considering all three types of heterosis i.e. relative heterosis,
heterobeltosis and standard heterosis. Conversely, the highest value for heterobeltosis and relative
heterosis was found in the hybrid BM5 = BT15 and the hybrid BM9 x BB23 was the best over standard
heterosis for DPPH of antioxidant activity. Hence, these two hybrids could be considered to get
higher antioxidant activity in eggplants. The breeders, agronomists, and horticulturists can use

these results to select the best hybrids for further practical research

Keywords: hybrids; half diallel; per se performance; best parent heterosis; antioxidant activity

INTRODUCTION

Eggplant is the most significant crop of sola-
naceae family, which is popular because of its
high nutrition and palatability of fruits. It is
widely spread as one of the most important
vegetables cultivated in both tropical and sub-
tropical regions throughout the world. The pref-
erences of eggplant vary from area to area for
colour, shape, and size. Thus, it is crucial to cre-
ate hybrids, having high quality along with high
yields. Heterosis has become widely used in the
breeding method to increase production of sola-
naceaous vegetable like eggplant. The effect of
heterosis in vegetable crops is clearly shown by
the significant increases of yield observed over
the last 50 years, following the introduction of
hybrids into crop production. Both hybrids and
enhanced agronomic techniques has result-
ed to a consistent, linear enhancement in the
performance of vegetable crops. Hybrid vigour
exploitation has become an effective tool to
improve of eggplant. With the increasing popu-
larity of F, hybrid, this trend has allowed for its
commercial utilisation in the eggplant industry.
Moreover, the researchers found that the level of
heterosis is directly proportionate to the genetic
diversity existed within parents, which provides
together a variety of favourable alleles coming
from multiple genes.

Alot of studies have been published by sup-
porting the potentiality of heterosis in various
traits. of E. Hassan (2021) indicated in the work
that the hybrid (P3 x P6) had the highest value of
relative heterosis and heterobeltosisi.e. 230.02%
and 218.85% respectively for the character to-
tal yield. Furthermore, S. Anvesh et al. (2025)
pointed out in the work that the highest level of
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heterosis over better parent (HB) was found in
Punjab Sadabahar x Pant Rituraj (ie. 72.26%)
followed by the hybrid Pusa Purple Long x Pant
Rituraj and NDB-2 x Pant Rituraj for the charac-
teryield. Besides, D. Rameshkumar & L. Vetham-
onai (2020) found that the hybrid Seetipulam
Local x Sevathampatti Local was the superior
cross combination for most of the studied char-
acters like earliness and yield per plant con-
sidering better parent and standard heterosis.
S. Mishra et al. (2023) revealed that the crosses
BBSR-08-2 x selection from BBSR-145-1, BBSR-
08-2 x BBSR-10-26 and the cross BBSR-08-
2 x BBSR-10-25 showed significant positive het-
erosis for the trait fruit yield attributing traits,
fruit yield and also for vegetative traits over
relative heterosis, heterobeltosis and standard
heterosis. The researchers, H. Thota & I. Delvadi-
ya (2025) exhibited the highest significant and
positive standard heterosis from the cross com-
bination JBR-3 x JBR-5 for the character total
yield per planti.e. 154.49%. A. Kumari et al. (2025)
recorded in the findings that the cross, PPL x
Arka harshita, PPL x Pusa Anupam and PPL x
PPC exhibited fruitful heterosis and appreciable
heterobeltosis for the character yield and earli-
ness. Z. Khasdhar et al. (2024) emphasised in the
research that the highest value of standard het-
erosis for the character fruit yield per plant was
recorded from the cross AB-08-14 x GBL-3 over
standard check. The researchers Rajashree et
al. (2023) found in the research that the highest
positive heterosis from the cross combination
KRCCH-11 x GL, KRCCH-12 x GL and KRCCH-10
x GL for the character earliness and yield pa-
rameters whereas KRCCH-11x BL and KRCCH-11
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x GL showed superior for quality trait. The main
objectives of any hybridisation program are to
create genetically modified and potential lucra-
tive genotypes through accumulation of stable
gene effects. Thus, it is critical to identify firstly
more or less homozygous lines and flexible pa-
rental lines selection. Keeping this in mind, both
heterosis and combining ability study are very
much important for each plant breeding pro-
gram due to providing necessary information
for varietal improvement and commercial utili-
sation of heterosis (Quamruzzaman et al., 2020).

This research was done to select the best
hybrid from 55 hybrid combination that was de-
veloped by the researcher from 11x11 half diallel
method of breeding with standard check varie-
ties and to select the best hybrids (high yield and
high quality) which can be used to mitigate nu-
tritional security.

MATERIALS AND METHODS
Experiment site. The experiment was conducted
with two locations (at field 10 and field 15) in one
season at Universiti Putra Malaysia simultane-
ously from November2020 toJanuary2021. Plant
materials. Eleven eggplant genotypes were used
as parents in 11 x 11 half diallel method (exclud-
ing reciprocal) to develop 55 F, hybrids in this re-
search. These 11 genotypes were BB1, BB12, BB23,
BB26, BB31, BT6, BT13, BT15, BT17, BM5 and BMO.
Layout and design of experiment. This study
was carried out in a RCB design (randomised
complete block design) with three times repli-
cation. There were 5 plants in each replication.
Spacing was maintained 60 cm between plants
and 80 cm between rows. A well drainage system
was kept in the field. Data collection. Data of 12
quantitative trait were taken from five plants in
each genotype per replication. Quantitative trait
likely days to first flower opening, days to 50%
flower opening, plant height, stem diameter,
no. of primary branches/plant, fruit diameter,
fruitlength, fruit girth, ratio of length to width of
fruit, individual fruit weight, yield of fruit/plant,
no. of fruits /plant, TSS (Total soluble solid), TPC
(Total phenol content) and DPPH (Antioxidant
activity) etc.

Statistical analysis. Heterosis estimation:
expression of heterosis as % of increase of F,
over mid parent, better parent and commercial

7)

check were determined for each trait by using
the following formulae (Mohsin et al., 2022):

relative heterosis (MP) = % x100. (1)

. Fl1-
Heterobeltosis (HB)=—

BP
%100, (2)
Standard heterosis= % x100, 3)

where F,, MP, BP, and CV are the average of F,, two
parent (MP), better parent (BP) and check variety
(CV) respectively.

Significant difference of F, were calculated
with MP, BP, and CV by using “t” test. The follow-
ing formula was used:

F1-MP

[t]=—5, *100, (4)
where SED = ZE:/IS

[t] == %100, (5)
where SED= \/F:/IS .

[t] =100, (6)

2EMS
r

where SED=

Here, SED means standard error of differ-
ence; EMS=error mean square; r=replication.

\/W
Besides, SED = Sample Size.

The study was conducted in accordance
with the ethical standards of the Convention on
Biological Diversity (1992) and the Convention
on International Trade in Endangered Species of

Wild Fauna and Flora (1976).

RESULTS AND DISCUSSION
Heterosis were calculated for each crosses of 55
hybrids for yield, yield related characters and
some biochemical characters over mid parent,
better parent and standard variety. Here, het-
erosis results have been shown in Tables 1-4.
All types of heterosis (mid, better, and stand-
ard) were discussed individual trait-wise in the
following way. Fruit length. The fruit length is
an important character to develop high yield-
ing variety. Out of 55 hybrids, 33 hybrids, 15 hy-
brids and 6 hybrids showed significant positive
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relative heterosis, heterobeltosis and standard
heterosis respectively. The rest of the hybrids
showed significant negative heterosis. The hy-
brid BM5 x BT13 had the highest value of relative
heterosis thatis 57.60% and the least value of rel-
ative heterosis was -38.33% recorded from the
hybrid BM5xBT15 (Table 1). On the other hand, the
highest and the lowest value of heterobeltosis
was 31.94% (BM9 x BB1) and -64.01% (BM5 x BT15)
respectively. Besides, the hybrid's standard
heterobeltosis value was ranged from -71.09%
(BB12x BT15) to 21.73% (BB31x BT13). Considering
all three types of heterosis, hybrids BM9 x BT13,
BB26 x BM5, BB31 x BT13 and BM5 x BT13 were
found as the best hybrids due to the positive
heterosis over the mid parent, better parent
and check variety across the environment.

Fruit diameter. For this character, relative
heterosis varied from -43.39 to 28.98% for the
hybrids BB12 x BT17 and BB1 x BB31, respective-
ly. Out of 55 hybrids - 18 hybrids, 7 hybrids and
31 hybrids showed significant positive relative
heterosis, heterobeltosis and standard hetero-
sis respectively. The heterobeltosis value for
this trait varied from -5877 to 20.795% for the
hybrids BB12 x BT17 and BM9 x BB1, respectively.
Besides, standard heterosis for this trait varied
from -35.05 (BT13 x BT15) to 60.28% (BT17 x BB1).
Considering all types of heterosis, the crosses
BM9xBB26, BM9 xBB1, BB1xBB26 and BB1xBB31
performed positive over all types of heterosis
among all the studied hybrids. Fruit girth. In this
trait, all the hybrids showed highly significantly
values for relative heterosis and standard het-
erosis but in case of heterobeltosis all hybrids
performed significantly except two hybrids
(BB12 x BM5 and BB12 x BT13) showed non-sig-
nificant values. The highest value for relative
heterosis was found by BB31x BT6 with the val-
ue of 37.29% and the least value was recorded by
BM9 x BB23 with the value of -44.21%. The value
of HB was ranged from -60.65 to 15.18% from the
hybrids BM9 xBB23 and BM9 x BB26 respectively.
The SH value ranged from -33.14 (BM9 x BB23) to
79.91% (BM9 x BB1) for fruit girth.

Fruit length to width ratio. Most of the hy-
brids showed highly significant values, except
three crosses in case of relative heterosis (RH).
These three crosses showed non-significant
values. The value of RH for this trait varied from
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-40.29 (BB1x BB31) to 143.01% (BM9 x BT13). The
HB value for ranged from -61.07 (BM5 x BT15) to
54.87% (BM9 x BB31), and the standard heterosis
value varied from -71.05 (BT17 x BT6) to 56.75%
(BM9 x BB31). The hybrids namely; BM9 x BB23,
BM9 x BB31, BM9 x BT13, BB26 x BM5, BB31x BMS5,
BB31xBT13 and BM5 x BT13 had a positive signif-
icant value for all three types of heterosis. Indi-
vidual fruit weight. Most of the hybrids showed
positively significant values for relative hetero-
sis (RH) except four. These four hybrids were
non-significant for RH. The RH value ranged
from -60.15 (BM5x BT15) to 153.30% (BT13 BT 6).
The HB varied from -79.08 (BM5 x BT15) to 99.73%
(BT13 x BT6). The SH was -84.93 (BB12 x BT15)
to 105.04% (BM9 x BB1) (Table 2). The cross-
es BM9 x BB1, BM9 x BB26, BT17 x BB26, and
BB26 x BM5 had the significant positive value for
all types of heterosis namely; RH, HB and SH.
Yield per plant. The highest RH value was
performed with the hybrid BM9xBB26 (466.53%),
and the minimum value was recorded from
the hybrid BT6 x BT15 (-74.83%). The value of
HB ranged from 315.07 (BM9 x BB26) to -81.15%
(BT6xBT15). The heterosis over check variety was
performed from 13079 (BM9 x BB26) to 82.63%
(BT6 x BT15) (Tables 1-4). The hybrids BB12 x BB1,
BB12 x BT6, BT17 x BB1, BM9 x BB26, BM9 x BM5,
BB23xBB31, BB23xBM5, BB26 x BM5, BB31xBMS5,
BB31xBT13,BB31xBT6 and BB31xBT15 performed
positively significant for all types of heterosis
(Table 5). Number of primary branches per plant
(PB). The extent of RH for the trait PB ranged
from 5766 (BB12 x BT15) to -52.75% (BB1x BT6).
Besides, the value of HB and SH 41.51 to -61.35%
and 91.34 to -5141% respectively. Fourteen hy-
brids were found to be good over MP, BP, and CV
for this character (Tables 1-4). Days to first flow-
er opening (DF). The values of SH, HB and RH
ranged from -2791 to 53.49%, -37.87 to 71.45%
and -54.32 to 7145% respectively. The cross
BB1x BT6 showed the highest value for all het-
erosis. The least value of HB and RH was found
from the crosses BM5 x BT15 and BB23 x BB31,
respectively. On the other side, the lowest value
for SH was performed from the cross BM5xBT15.
Days to 50% flower opening (DFF). The maxi-
mum value of SH, HB and RH for this character
found from the cross BB1 x BT6 with the val-
ue of 53.59%, 42.18% and 63.96% respectively.
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Similarly, the minimum value of SH, HB and RH
was found from the cross BM5 x BT 15 with the
value of -29.53%, -38.83% and -38.60% respec-
tively (Table 3). Besides, no hybrid performed
non-significant relation with all three types of
heterosis.

Number of fruits per plant (NF). All the hy-
brids showed positively significant value for
all SH, HB and RH except BB23 x BT6, which
showed non-significant value for SH. The
RH value varied from 31514 (BM9 x BB26) to
-90.80% (BT6 x BT15). The HB value varied from
206.71 (BB31x BM5) to -94.79% (BT17 x BT15). On
the other hand, the extent of SH from 354.46
(BT13 x BT15) to -79.55% (BB1x BB26) (Tables 1-4).
Plant height (PH). The magnitude of RH, HB and
SH valued from 61.56 to -24.92% (BB23 x BT15
to BB1x BB26), 54.24 to -33.15% (BB23 x BT15 to
BB1x BB26) and 4145 to 18.34% (BM9 x BB26 to
BB1xBT13) respectively (Table 3). Besides, all the
hybrids showed positively significant value ex-
cept two hybrids for standard heterosis, which
showed non-significant value. Stem diameter
(SD). The maximum value (27.05%) of RH was re-
corded from the several hybrids like BT17 x BB1,
BB12 x BB1, BM9 x BB23, BB31 x BT13, BB23 x BT6
and BB1x BB31 (Table 3). Other side, the lowest

value(-25.40%)ofRHwasrecordedfromthecross-
es BB12xBM9, BT17 x BM9, BM9 x BB1, BB1x BB26,
BB23xBT13, BB31x BM5 and BT13 x BT15. Besides,
the HB for this trait ranged from -8.56 to -19.55%,
in which none of the crosses showed positive
heterobeltosis. Here, the standard heterosis
(SH) lied in between 3248 to 19.59%, where-
as, none crosses showed negative value of SH.

Total soluble solid (TSS) (Table 4). The val-
ue of RH, HB and SH range varied from 16.09
(BM9 x BB26) to -1501% (BT17 x BT15), 824
(BB12 x BM9) to -29.91% (BM9 x BT15) and 17.69
(BB1x BT15) to -7.86% (BB26 x BT13) respectively.
Total phenol content (TPC). The RH for this char-
acter ranged from 71.98 to -76.52% whereas, the
HBrangedfrom71.29t0-81.30%.Butawiderange
of variation was recorded for SH from 192.43 to
-71.32%. The highest and the lowest value was
found from the hybrid BT6xBT15 and BB31xBT13
respectively for RH, HB and SH. DPPH (antioxi-
dant activity). This character was shown relative
heterosis (RH) ranged from 53.45 to -37.02% from
the cross BM5xBT15 and BB26 x BT13 respective-
ly. The value of HB for DPPH ranged from 33.34
(BM5xBT15) to -39.01% (BB26x BT13) (Table 3). Be-
sides, depend on standard heterosis, the top hy-
brid for all the studied traits is shown in Table 5.

Table 1. Percentage of heterosis (mid-parent, better-parent and standard heterosis)
for fruit morphology traits in eggplant hybrids

FL FD FG FLWR

Crosses SH (%) HB (%) | RH (%) | SH(%) HB (%) | RH(%) | SH (%) HB (%) | RH(%) | SH(%) | HB(%) | RH (%)
BB12xBT17 | -49.37** | -14.00** | -7.59** | 28.97** | -58.77** | -43.39** | -14.37** | -53.83** | -35.75** | -32.02** | 5.61** | 39.93**
BB12xBM9 | -43.98** | -9.79*%* | -0.67** | 4.44** |-36.34** | -21.96** | -17.71** | -36.51** | -21.89** | -29.96** | 8.81** | 14.57**
BB12xBB1 |-47.20*%* | -13.80** | -5.67** | 12.38** | -27.75** | -2.22 NS | 14.93** | -32.37** | -8.44** | -52.87** | -26.78** | -14.08**
BB12xBB23 | -42.86** | -12.91** | -1.74** |-15.65** | -3.82** | -0.09** | 5.10** | -4.55** | 9.93** |-33.06** | -12.29** | -4.71**
BB12xBB26 | -34.10** | 14.34** | 21.67** | 10.05** | -25.38** | -5.73** | 13.43** | -18.78** | 2.76** | -36.98** | -2.10** | 18.83**
BB12 xBB31 | -20.95*%* | -25.80** | 0.52** | -7.01** | -15.55*%* | -4.73** | -10.50** | -18.80** | -6.44** | -11.40** | -12.47** | 7.01**
BB12xBMS | -22.04** | -28.38** | -2.27** | -16.12** | -6.85** | -3.48** | -8.55** | -0.35NS | 5.80** | -3.48** | -23.83** | 1.02**
BB12xBT13 |-18.26** | -2.86%* | 21.24** | -25.23** | -9.46** | -1.82* |-19.19** | -0.38NS | 7.69** | 12.58** | -6.68** | 21.70**
BB12xBT6 |-63.32*%* | -27.72** | -14.51** | -24.53** | -26.18** | -20.69** | -23.09** | -5.18** | 0.45%* | -40.28** | -7.23** | 4.24**
BB12xBT15 |-71.09%* | -43.02** | -16.18** | -28.74** | -16.76** | -5.30** | -21.71** | -3.48** | 8.61** |-57.66** | -34.22** | -9.45**
BT17xBM9 | -38.55** | -1.05** | 1.60** | 52.57** | -33.80** | -23.15** | 27.01** | -31.51** | -19.38** | -48.72** | -11.42** | 13.10**
BT17xBB1 |-27.28** | 18.74** | 21.08** | 60.28** | -12.60** | -3.43** | 62.26** | -12.50** | -8.66** |-53.54** | 2.46** | 18.91**
BT17xBB23 | -27.91** | 9.87** | 15.83** | 32.24** | -36.32** | -14.72** | 31.13** | -29.29** | -11.25** | -34.58** | -14.28** | 19.69**
BT17xBB26 |-37.37** | 6.39** | 7.52** | 57.94%* | -12.53** | -1.92%* | 58.32** | -14.63** | -2.58** | -60.29** | -4.77** | 6.61**
BT17xBB31 | -14.47** | -19.71** | 3.46%* | 40.89** | -34.67** | -17.88** | 23.72** | -33.28** | -16.30** | -25.07** | -25.97** | 11.83**
BT17xBM5 | -14.09** | -21.08** | 2.45** | 32.01** | -51.80** | -35.34** | -9.50** | -51.20** | -34.71** | 2.83** |-18.85** | 28.93**
BT17xBT13 | -22.02** | -7.33** | 9.05%* | 22.90** | -42.81** | -17.59** | 0.74** | -45.68** | -20.81** | -23.14** | -36.30** | 0.18NS
BT17xBT6 |-58.66** | -29.78** | -12.03** | 23.36** | -19.74** | 15.21** | 47.14** | -20.65** | 14.28** | -71.05** | -42.57** | -30.58**
BT17xBT15 | -61.19** | -34.07** | 0.72** | 19.16** | -31.68** | 1.54** | 28.27** | -30.83** | 3.25** |-68.39** | -4.19** | 2.07**
BM9xBB1 |-18.06** | 31.94** | 32.86%* | 35.75** | 20.79** | 27.85%* | 79.91** | 587** | 20.16** | -52.50** | -17.95** | -7.61**
BM9xBB23 | -37.91** | -5.37** | -2.77** | 7.71** | -50.79** | -41.50** | -33.14** | -60.65** | -44.21** | 0.98** | 32.32** | 50.70**
BM9xBB26 |-24.51** | 21.56** | 26.10** | 33.41** | 8.77** | 13.34** | 60.87** | 15.18** | 19.52** | -48.99** | -11.89** | 2.44**

)
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Table 1, Continued
FL FD FG FLWR

Crosses  "Su(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH (%)
BM9xBB31 3.59%* -2.76%* | 22.90** | 16.36%* | -45.07** | -39.56** | -14.18** | -33.78** | -28.43** | 56.75** | 54.87** | 97.03**
BMOxBM5 | -5.30%% | -13.09%* | 10.68*% | 7.48%* | -32.48"* | -19.57%* | -7.21%* | 28.41** | -16.18%* | 9.89** | -13.29%* | 19.04**
BMOxBT13 | 4.01%* | 23.61%% | 42.25%% | -164** | -37.90%* | -10.16* | -15.58** | -34.86** | -14.99%* | 31.34** | 8.86** |143.01**
BMOXBT6 |-36.12% | 2.87** | 3143*F | -1.17%* | -44.89%* | 28.61%* | -24.74*% | -41.93** | -25.36** | -10.90** | 53.90** | 64.86**
BMOxBTL5 | -66.32%* | -45.77%% | -16.11%* | -5.37** | -45.68** | -26.50** | -19.69** | -38.04** | -16.62*% | -47.30%* | -8.97** | 21.09%*
BBLxBB23 | -46.49%* | -18.45"* | -15.64%* | 15.65** | -10.03** | 11.78** | 31.38** | 22.68** | -6.16** | -59.51** | -46.95** | -33.33**
BBLxBB26 |-37.61%% | 1.87°* | 4.97** | 41.36** | 2.82%* | 4.52%% | 55.58%% | -8.44** | 0.53** | 57.49%% | -6.25%* | 2.33%*
BB1xBB31 |-28.79** | -33.15** | -15.08** | 24.30** | 11.57** | 28.98** | 59.87** | -5,92** 14.19** | -56.24** | -56.77** | -40.29**
BBLxBMS5 | -29.36% | -35.10%* | -16.94%% | 15.19%* | -8.02%* | 14.74** | 36.38** | -19.74*% | 4.26%* | -45.18"% | -56.74%* | -36.27**
BB1xBT13 | -42.75%* | -31.96%* | -21.24** | 6.07** | -39.38%* | -17.88** | 0.18** | -41.04** | -16.10** | -31.17** | -42.95%* | -17.07**
BBLxBT6 | -43.17%* | -7.20%* | 17.97%* | 6.78** |-12.63** | 17.58"* | 21.58** | 28.45%* | 0.53** |-5536%* | -11.45** | -6.57**
BB1xBT15 |-65.51** | -43.69%* | -13.18** | 2.57** | -31.76** | -4.40** 6.24** | -37.48** | -8.79*%* | -64.81** | -22.40** | -5,53**
BB23xBB26 | -26.26%* | 12.38%% | 19.66** | 13.32%% | -17.65** | 1.03** | 5.41** |-24.53%* | -15.50%% | -35.05%* | -14.90** | 10.25%*
BB23xBB31 | -18.32%% | 23.33%% | -5.08** | -3.74%* | -3.34%* | 5.34** | -0.54%* | -9.76** | -0.68"* | -17.95* | -18.93%* | -7.46"*
BB23xBMS | -6.56** | -14.16"* | 7.11%* |-12.85%* | -7.07%* | -6.57%* | -8.16"* | -16.59%* | -8.99** | 18.93%* | -6.15** | 17.27%*
BB23xBT13 | -13.41%% | 2.91%* | 15.64%* | 21.96** | 9.16%* | 22.55%% | -1.73** | -10.75** | 9.78** | -9.11%* | -24.66*% | -7.61**
BB23xBT6 | -42.84%* | -12.89%* | 13.49%* | -21.06"* | -13.33%* | -3.56** | -10.51%* | -18.73** | -1.71** | -17.27** | 8.40** | 30.56**
BB23xBT15 | -70.41%* | -54.00%* | -29.38** | -25.47** | -26.27%* | -13.32%% | -17.37%* | -24.95** | -4.57*% | -54.22%* | -40.01** | -13.01**
BB26xBB31 | -10.84%* | -16.30%* | 8.66** | 21.96** | -10.87** | 1.53** | 22.02** | -12.64%* | -2.29%* | 28.10%* | -28.97** | 0.61NS
BB26xBMS | 9.38%% | 0.49** | 31.40%* | 12.85** | -36.74" | -22.12%* | 6.72*% | -23.59%* | -7.74** | 32.59%* | 4.63** | 57.45%*
BB26xBT13 | -37.01%* | 25.15%% | -11.15%* | 3.74%* | -50.20%* | -33.30** | 4.00* | -24.90"* | 0.60** | -9.75** | -25.20%* | 11.18**
BB26xBT6 | -50.94"* | -14.88%* | 5.79%* | 4.44%% |-39.10%* | -18.98%% | -2.52** | -30.20** | -7.87*% | -41.84** | 15.39** | 26.58**
BB26xBT15 | -65.31%* | -30.80* | -8.50** | 0.23** | -30.55%* | -3.73** | 2.27%% | 26.78** | 0.00%* |-64.64** | -14.80** | -0.19NS
BB3LxBMS | 7.00%* | -0.87%* | 022% | -4.21%* | -20.18%* | -12.50%* | -16.17** | -23.94%* | -16.99** | 27.77%* | 0.83** | 12.11%*
BB31xBT13 | 21.73%* | 14.27** | 27.72** | -13.32*%* | -19.62** | -2.65** | -13.54** | -21,56** | -3.49** | 42.38%* | 18.01** | 28.35**
BB3LxBT6 | -26.81%* | -31.29%* | 3.39%% |-12.62** | 3.26%" | 24.06"* | 25.10%* | 13.50** | 37.29%* | -30.57** | -31.40** | -8.29%*
BB31xBT15 | -58.60%* | -61.22%* | -33.78%* | -16.82** | -0.94** | 13.67** | -6.67** | -15.33%* | 7.78%* | -56.07** | -56.60** | 32.61**
BM5xBT13 | 14.64%* | 5.32%% | 57.60%* | -22.20"* | -8.25%% | 2.35%* | -18.57*% | -11.27%* | 1.30** | 44.67** | 14.16** | 16.97**
BM5xBT6 | -15.76%* | -22.61%* | 17.03** | -21.73%* | -16.78%* | -7.71%* | -28.30*% | -21.87%* | -12.47*% | 17.95%* | -6.92%* | 33.33%*
BM5xBT15 | -60.83%* | -64.01%* | -38.33%* | -25.93%* | 9.47*% | 6.10%* | -22.14** | -15.16%* | 0.61** | -50.67** | -61.08"* | -36.71**
BT13xBT6 |-36.97*% | 25.09%* | 5.70** |-30.84%* | -1.95%* | -0.96** | -19.92%* | 11.18%* | 13.56** | -5.94** | 22.04** | 10.11**
BT13xBT15 | -62.18** | -55.05** | -26.09** | -35.05** | -4.71** 0.78* -22.34%* | 7.83%* 17.70** | -41.09** | -51.17** | -21.35%*
BT6xBT15 | -63.67*% | 3.52%% | 36.30** |-34.35%* | 10.84%% | 12.16%* | -21.45** | 9.06** | 16.34** | -50.57*% | -1.94** | 24.57**

Note: DFF - days to 50% flower opening, NF - number of fruits per plant, PH - plant height, SD - stem diameter,
RH - relative heterosis, HB - heterobeltosis, SH - standard heterosis
Source: research by the authors

Table 2. Percentage of heterosis for yield components in eggplant hybrids

c FW PB YPP DF

T0SS€S  "SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH (%)
BB12xBT17 | -64.99** | -72.46** | -54,85** | 38.52%* | -21.15%* |-11.81%*| -27.70** | -34.49** 1.14* -2.33%* | -10.64** | -6.04**
BB12xBM9 | -63.80** | -62.69** | -42.05** | 8.48** -21.68** |-17.90** | -11.65** | 171.02** | 202.21** | -2.79%* | -16.40** | -9,52**
BB12xBB1 | -49.19** | -60.19** | -34.67** | -17.22** | -40.24** |-24.24**| 43.16** |268.33** | 300.62** | -19.07** | -23.01** | -20.55**
BB12xBB23 | -43.26** | -19.05** | 15.78** | 25.71** -9.25%* 18.12** | -31.19%* | 82.00** | 95.46** | -3.26** | -11.11** | -6.71**
BB12xBB26 | 46.73** | -31.85%* | 0.42NS | -34.28%* | -52.55%* | 40.54** | -59.88** | -27.84%* | -9.02** | 0.00NS | -14.68** | -7.31%*
BB12xBB31 | 37.28* | 5A.61%* | 24.49%* | 8.57*% | 21.62%* | -1.78** | -25.16** | -14.42%* | 24.68%* | -0.93** | 0.47** | 1.92%*
BB12xBM5 | -46.45%* | -54.19%* | 26.05%* | 5.66** | -23.72%* |-11.42%* | -26.29%* | 11.05** | 48.94** | 2.33** | 15.06** | -6.58**
BB12xBT13 | -53.04** | 20.63** | 40.48** | 8.48%* | 21.68** |-20.38%*| -70.75** | -70.79%* | -55.92%* | -9.30** | -8.02** | -6.02%*
BBI2xBT6 | -78.72%* | -23.81%* | -15.55%* | 91.43%* | 38.20** | 44.88** | 10.12** | 140.13** | 180.70%* | -7.91%* | 24.53** | 6.76%*
BB12xBT15 | -84.93* | -46.05%* | -10.84** | 79.95%* | 29.91** | 57.66%* | 20.62** | -13.86** | 27.25%* | -12.09%* | -21.25** | -16.36**
BT17xBM9 | -27.73%* | -43.16** | -35.51%* | 65.64** | -5.71%** | 9.95%* | -46.50%* | -51.61%* | -21.60%* | 14.42** | 4.68** | 143**
BT17xBBL | 20.90%* | -5.26%* | -5.09%* | 25.71%* | -28.44%* | -1.61** | 66.27** | 50.66** | 122.84%* | 0.93** |-13.20** | -5.87%*
BT17xBB23 | 6.60** | -16.16"% | 8.10%* | 17.14** | -33.32%* | -6.24*% | -13.85** | -21.94%* | 16.29%* | 21.40%* | 11.31*% | 11.31%*
BT17xBB26 | 30.65** | 2.76%% | 27.27%* | -20.05%* | -54.49%% |-38.05% | -43.13%% | -48.47** | -31.47%* | -0.93** | -12.52** | -12.52**
BT17xBB31 | 24.90%* | -9.61%* | 5.85%* | 14.20%* | 34.98*% |-11.49%%| 6.72%* | 3.31%* | 7.90** | 6.51%* | -7.29** | 3.85**
BT17xBMS | -29.91%% | -44.87°* | -42.56** | 0.00NS | -43.07** | 27.43%%| -22.60** | -29.87%* | -12.41** | 21.86** | 6.06** | 6.06**
BT17xBT13 | -35.19%* | -49.03** | 21.95%% | -8.57%* | -47.05%* |-40.92%* | -15.40*% | -23.34%* | -19.62%* | -5.58%* | -7.31%% | 7.31%*
BT17xBT6 | -6.38%% | 26.37°% | 25.15** | 5.66%* | -39.85** |-29.86%% | -16.17** | -24.04** | 7.32* | 1.40** | 10.67** | 10.67**
BT17xBT15 | -54.43** | -64.16** | -31.48** | 7.11** -39.02** |-19.25**| -59.97** | .63.73** | -60.46** | 0.00NS -9.47%** -9.47**
BM9xBB1 |105.04**| 60.67** | 82.57** 0.00NS -20.45%* | -2.75%* | -31.16** | 77.12*%* |112.67** | 11.16** 0.41** 0.41**
BM9xBB23 | -56.95%* | -55.62** | -48.47** | 31.36** 4,50** 31.36%* | -81.25%* | -50.41%* | -41.11** | 2.79** -8.67** -8.67**
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Heterosis analysis for yield...

Table 2, Continued
FW PB YPP DF

SH(%) | HB(%) | RH(%) | SH (%) HB (%) RH (%) | SH(%) | HB(%) | RH(%) | SH (%) HB (%) | RH (%)
BM9xBB26 | 42.83** | 47.24** | 63.07** | 25.71** | 0.00NS | 20.74** |130.79** |315.07** | 466.53** | 3.26** | -11.55** | -11.55**
BM9xBB31 | -1.33** | -28.60** | -16.09** | 2.83** | -18.20** | -1.23** | -66.00** | -61.12** | -40.00** | 6.98** | 0.88** 0.88**
BM9xBMS5 | -12.16** | -24.86** | -17.87** | 28.53** | 2.25** | 11.36** | 0.02NS | 50.68** |116.85** | -8.84** | -22.99** | -22.99**
BM9xBT13 | -15.71*%* | -13.11** | 24.02** | 0.00NS | -25.53** |-22.97**| -23.69** | -23.78** | 21.13** | -20.93 | -24.94** | -24.94**
BM9xBT6 | -56.98** | -55.66** | -27.99** | 54.24** | 22.70** | 22.70** | -77.13** | -50.12** | -36.23** | 10.23** | 15.90** | 15.90**
BM9xBT15 | -78.76** | -78.11** | -58.72** | 26.39** | 0.55** | 17.34** | -59.30** | -55.84** | -31.04** | -6.98** | -18.36** | -18.36**
BB1xBB23 |-26.46** | -42.38** | -25.61** | -34.28** | -17.79** | -6.00** | -73.27** | -31.22** | -30.26** | 20.47** | 12.62** | 12.62**
BB1xBB26 | 16.17** | -8.97** | 12.90** | -37.19%* | -24.12** |-22.68** | -72.30** | -50.18** | -41.36%* | -4.65** | -14.22** | -14.22**
BB1xBB31 | 33.99%* | -3.04** | 0.82NS |-51.41** | -41.30** |-40.19**| -40.73** | -32.23** | -6.16** | 18.14** | 17.59** | 17.59**
BB1xBT13 | -39.82** | -52.84** | -27.73** | -10.03** | -32.99** |-15.87** | -57.90** | -57.96** | -39.43** | 4.19** | 4.43** | 4.43**
BB1xBT6 |-25.37** | -41.52** | -0.54NS | -51.41** | -61.35%* |-52.75%* | -57.31** | -6.90** | 0.78NS | 53.49** | 71.45%* | 71.45**
BB1xBT15 | -69.52** | -76.12** | -54.33** | -8.57** 1.67** 7.78%* | -11.19%* | -3.62** | 35.57** | -27.44** | -33.04** | -33.04**
BB23xBB26 | -31.44** | -12.29** | -7.51** | -20.05*%* | -3.42** | 1.97** | -75.66** | -56.22** | -47.88** | 22.33** | 8.23** | 8.23**
BB23xBB31 | -19.95*%* | -42.07** | -23.13** | -11.48** | 6.94** | 12.90** | 18.10** | 35.05** | 88.57** | -6.51** | -8.64** | -54.32**
BB23xBMS5 | -11.88** | -24.62** | -5.74** | 25.71** | 25.71** | 44.25%* | 46.05** | 120.03** | 180.37** | -15.35** | -26.16** | -26.16**
BB23xBT13 | -17.91** | 17.12** | 50.61** | 40.02** | 4.28** | 34.49** | -30.82** | -30.91** | 0.3INS | 19.07** | 17.18** | 17.18**
BB23xBT6 | -58.64** | -40.98** | -10.61** | 28.53** | 2.25** | 28.53** | -53.49%* | 1.43** | 11.19** | -8.37** | 0.25NS | 0.25NS
BB23xBT15 | -83.78** | -76.86** | -57.30** | 17.14** | 30.25** | 42.84** | -55.65** | -51.87** | -31.75%* | -9.30** | -17.72** | -17.72**
BB26xBB31 | 12.76%* | -18.40** | 4.23** | 17.14** | 41.51** | 41.51** | -41.57** | -33.19** | -18.31** | 3.26** | -3.04** | -3.04**
BB26xBM5 | 20.88** | 3.40** | 23.93** | -34.28** | -34.28** |-27.98%* | 73.75%* |161.77** | 184.89** | 5.12** | -11.54** | -11.54**
BB26xBT13 | -35.34** | -17.29** | 10.44** | -37.19** | -53.22** |-42.10** | -78.76** | -78.79** | -72.72** | 23.26** | 16.50** | 16.50**
BB26xBT6 | -58.64** | -47.09** | -17.80** | 17.14** | -6.82** | 12.79** | -18.93** | 45.80** | 59.81** | -5.12** | -0.73** | -0.73**
BB26xBT15 | -73.22** | -65.74** | -36.27NS | 17.14** | 30.25** | 35.62** | -61.54** | -58.27** | -47.94** | -2.33** | -14.63** | -14.63**
BB31xBM5 | -22.84** | -44.16%* | -39.51** | 17.14** | 17.14** | 28.36** | 48.74** | 70.09** | 93.39** | -8.84** | -15.70** | -15.70**
BB31xBT13 | -15.17** | -38.61** | -4.20** | -11.48** | -34.08** |-18.40**| 2.99** | 2.86** | 9.81** | 3.26** | 8.57** 8.57**
BB31xBT6 | -7.53** |-33.08** | 15.12** | 5.66** | -15.95** | 1.48** | 3.54** | 18.40** | 55.34** | -8.84** | 7.42** 7.42%*
BB31xBT15 | -66.59** | -75.82** | -53.62** | -17.22** | -7.96** | -4.17** | 6.12** | 15.16** | 18.17** | -16.74** | -19.72** | -19.72**
BM5xBT13 | -21.68** | -33.00** | 0.52NS | 51.41** | 12.76** | 29.45** | -3.55*%* | -3.67** | 15.85** | -10.70** | -16.88** | -16.88**
BM5xBT6 | -50.88** | -57.98** | -29.50** | 17.14** | -6.82** | 3.80** | -55.57** | -33.06** | -20.82** | 31.16** | 34.94** | 34.94**
BM5xBT15 | -75.54** | -79.08** | -60.16** | 0.00NS | 0.00NS | 5.42** |-19.02** | -12.13** | 2.16** |-27.91** | -37.87** | -37.87**
BT13xBT6 | -22.25** | 99.73** |153.30** | -11.48** | -34.08** |-31.82** | -19.84** | -19.94** | 9.82** | -2.33** | 16.05** | 16.05**
BT13xBT15 | -79.55** | -47.46** | -8.68** | 59.90** | 19.08** | 27.98** | -4.77** | -4.89** | -0.94** | -14.42** | -16.92** | -16.92**
BT6xBT15 | -80.16** | -11.67** | 40.08** | -20.05** | -36.40** |-25.78** | -82.63** | -81.15** | -74.83** | -17.67** | -11.28** | -11.28**

Crosses

Note: FW - individual fruit weight, PB - number of primary branches per plant, YPP - yield per plant,
DF - days to first flower opening, RH - relative heterosis, HB - heterobeltosis, SH - standard heterosis
Source: collected from authors' research

Table 3. Percentage of heterosis for flowering and fruiting traits in eggplant hybrids
DFF NF PH sD

SH(%) | HB(%) | RH(%) | RH(%) | HB(%) | SH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH (%)

BB12xBT17 | -5.91%* | -10.80** | -8.70** | 35.17** | 38.28** | 38.28** | -12.46%* | -17.13** | -12.21%* | -25.67** | -33.65** | -20.44**
BB12xBM9 | -8.02** | -19.56** | -12.45%* | 122.67** | 127.79%* | 273.53** | -1.66** | -7.15** | -1.51** | -32.48** | -36.28** | -25.40**
BB12xBB1 | -15.19** | -21.48** | -16.77** | 130.71%* | 145.22** | 294.67** | 17.04** | 10.18** | 21.92** | 5.72** | 16.17** | 27.05**
BB12xBB23 | -6.33** | -13.62** | -8.26** | 10.74** | 13.28** | 52.11** | -1.44** | 500%* | 18.43** | -8.27** | -0.81** | 3.86**

BB12xBB26 | -2.95** | -16.97** | -8.73** | -37.53** | -36.09** | -17.88** | 7.95%* | -14.17** | -1.67** | -18.49** | -13.77** | -4.56**
BB12xBB31 | -2.95%* | 1.32%* | 1.32** | 9.65** | 12.17** | 48.11** | 9.73** | -9.52%* | 2.04** | -9.61** | -25.47** | -8.27**
BB12xBM5 | -3.80** | -16.48** | -8.80** | 31.22** | 34.24** | 69.75** | 24.46** | 23.99%* | 28.20** | -7.42** | 10.61** | -20.44**
BB12xBT13 | -10.55%* | -7.42** | -7.02** | -51.12** | -79.56** | -70.96** | 0.8/NS | -3.08** | 1.96** | 17.40%* | 23.72** | -20.44**
BB12 xBT6 -8.02%* -3.96** -3.96%* | 280.57** | 68.42%* | 134.97** | 1.14** -3.35%* 1.94%* -4.62%* 9.49%* | -20.44**
BB12xBT15 | -8.44** | -19.93** | -12.85%* |351.02** | -68.42** | -40.87** | 12.09** | 19.51** | 40.23** | 19.59** | 57.78** | -20.44**
BT17xBM9 | 10.97** | -2.95%* | 0.96** | -25.56** | -11.44** | 41.09** | 10.31** | 4.15** | 4.29%* | -4.74** | -14.98** | -25.40**
BT17xBBl | -0.84%* | -8.20%* | -7.11** | 15.34** | 37.23** | 114.45%* | 22.79%* | 16.24** | 20.48** | 19.46** | 6.62** | 27.05**
BT17xBB23 | 12.66** | 3.89** | 5.33** |-11.38** | 543** | 3458** | 11.60** | 5.66** | 25.19%* | 13.14** | 0.9/NS | 3.86**

BT17xBB26 | -6.75** | -20.22** | -16.13** | -63.63** | -56.73** | -47.54** | 14.25** | -9.15** | -1.25** | 8.88** | -2.82** | -4.56**
BT17xBB31 | 2.53** | -2.81** | 2.10** |-29.58** | -16.22** | 4.66** | 7.62** | -11.25** | 5.14** | 105 |-15.86** | -8.27**
BT17xBMS | 14.35%* | -0.73** | 3.63** | 17.01** | 39.21** | 66.33** | 6.92** | 1.22** | 3.79** | 7.18** | -4.65** | -20.44**
BT17xBT13 | -5.91%* | -10.80%* | -6.89%* | 36.91** | -42.73** | -15.25* | 928** | 3.46%* | 4.22** | 4.01%* | -7.47** | -20.44**
BT17 xBT6 -0.84** -6.00** 7.31%*% | -24.44%* | -66.56%* | -51.25%* | 14.44** 8.35%* 8.85%* 7.91%* -4.00%* | -20.44**
BT17xBT15 | 0.84** | -11.81** | -8.25%* | -25.56** | -94.79** | -90.15** | 9.04** | 3.23** | 27.00** | -0.49%* | -19.48** | -20.44**
BMOxBBl | 8.86** | -4.80* | -2.00%* | -68.20** | 34.05** | 41.36** | 27.05** | 19.95** | 24.48** | -3.77** | -9.18** | -25.40**
BM9xBB23 | 3.38%* | -0.60** | -7.20%* | -67.08** | -30.90** | -4.73** | -6.49%* | -11.72** | 4.72** |-16.55** | -21.24** | 27.05**
BM9xBB26 2.53%*% | -12.28** | -11.31%* | 57.91%* | 189.20** | 315.14** | 41.45** | 12.47** | 22.10** 8.39%* 2.29NS 3.86**

BM9xBB31 | 1.27** |-11.45%* | 3.42** | -67.08** | -34.82%* | -8.52** | -8.38** | -24.45** | -19.35%* | -3.89%* | 20.76** | -4.56**

Crosses
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Datta et al.

Table 3, Continued
DFF NF PH sD

SH(%) | HB(%) | RH(%) | RH(%) | HB(%) | SH(%) | SH(%) | HB(%) | RH(%) | SH(%) | HB(%) | RH (%)
BM9xBMS | -5.06** | -17.58%* | -17.28%* | 4.53** | 83.87** |167.63** | 12.03** | 5.77** | 8.61** | 9.25%* | 3.10** | -8.27**
BMOx BT13 | -19.83** | -29.89** | -24.00** | -22.73** | -67.68** | -40.69** | 1.56** | -4.11%* | -3.27** | 4.26** | -1.6INS | -20.44**
BMOxBT6 | 5.49%* | -7.76%* | 8.93** | -62.51%* | -83.41** | -69.70%* | 2.32** | -3.40%* | -2.81** | -13.38** | -18.25** | -20.44**
BMOxBT15 | -1.69%* | -14.03** | -14.02** | 22.70** | -91.41** | -83.07** | 4.59%* | -1.25%* | 21.62** | -8.27** | -13.43** | -20.44%*
BBLxBB23 | 16.46** | 7.40%* | 7.60** | -67.08** | -30.90** | -7.47** | -17.20%* | -15.67** | -3.08** | -13.87** | -15.31** | -20.44**
BBLxBB26 | -0.84** | -15.15%* | -11.82%* | -79.55%* | -62.55** | -47.64** | -15.92%* | -33.15%* | -24.92** | -22.75** | -18.27** | -25.40**
BBLxBB31 | 18.57** | 9.76** | 16.60** | -69.33** | -39.27** | -17.13%* | 1.56** | -16.25** | -7.45** | -2.19 |-19.36** | 27.05**
BB1xBM5 |-18.57** | -29.30** | -27.03** | -21.06** | 38.85** | 95,94** | 11.37** | 10.95%* | 12.17** | -12.77** | -4.14** 3.86**
BB1xBT13 13.08** 4.68%* 10.52*%* | -28.43** | -70.06** | -45.48%* | -18.34** | -21.52*%* | -19.25** | -16.55%* | -12.05** | -4.56**
BB1xBT6 | 53.59%* | 42.18"* | 63.96** | -60.22** | -82.40%* | -68.11** | -16.91** | -20.59** | -18.07** | -15.09** | -6.68** | -8.27**
BB1xBT15 |-20.25%* | -30.26** | -28.27** | 117.01** | -84.80** | -70.10** | 13.40** | 15.49** | 38.06** | -14.48** | -6.02** | -20.44**
BB23xBB26 | 20.68** 3.24%* 7.12%% | -71.57** | -47.94%* | -44.40** | 0.62NS | -20.00** | 1.41** 5.60** 3.83%* | -20.44**
BB23xBB31 | -4.64** | -12.06"* | -6.42** | 31.22** |159.78** | 167.36** | 10.37** | -8.98** | 13.83** | -0.97 |-18.35** | -20.44**
BB23xBM5 | -7.17** | -10.41%* | -16.98** | 49.97** | 163.79** | 187.58** | 7.86** | 7.46** | 24.67** | -1.95** | -3.50** | -20.44**
BB23xBT13 | 13.92** | 5.07** | 11.11** | -10.26** | -62.46** | -37.40** | 2.51** | -1.50** | 16.00** | -0.36NS | -2.03** | -25.40**
BB23xBT6 | 10.55** | 1.95** | 17.75** | 0.00NS | -55.75** | -26.91** | -5.12** | -9.33** | 7.03** | -14.11%* | -15.55%* | 27.05**
BB23xBT15 | -0.28%* | -20.67** | -18.56** | 140.83** | -83.14** | -67.36** | 12.08** | 54.24** | 61.56** | -14.48** | -15.90** | 3.86**
BB26xBB31 | 16.88** | 22.57** | 10.14** | -55.69** | -12.28** | -15.69** | 33.58** | 6.21** | 8.15** | 3.04** |-15.04** | -8.27**
BB26xBM5 | 9.70** | -4.76** | -5.45%* | 42.02** | 149.82** | 155.33** | 22.45** | -2.64** | 8.29** | -5.35** | 0.13NS | -20.44**
BB26xBT13 | 32.49%* | 37.12** | 24.11** | -72.73** | -88.50%* | -81.43** | -7.06** | -26.10** | -19.13** | -25.06** | -20.72** | -20.44**
BB26xBT6 | -5.01** | 18.62** | -4.09** | 81.77** | -19.56** | 20.57** | 40.41** | 11.64** | 21.88** | -6.57** | -1.15** | -20.44**
BB26xBT15 | -3.38%* | -15.50** | -16.42** | 32.92%* | -90.69%* | -82.07** | 29.70** | 3.13** | 35.21** | -6.45** | -1.03** | -20.44**
BB31xBMS5 | 5.06%* | -8.79** | -0.20NS | 74.37** | 206.71** | 225.45** | 16.82** | -3.67** | 5.41** | 1.82 |-16.04** | -25.40%*
BB31xBT13 | 6.75** | 10.48%* | 11.21** | -2.90** | -50.38%* | -32.93** | 1.51** |-16.29%* | -9.90** | 4.01** | -14.24** | 27.05**
BB31xBT6 | -0.42%* | 4.42%* | 4.42%* | 13.05%* | -49.97** | -18.22** | 7.89%* | -11.03** | -4.48%* | -0.73** | -18.15** | 3.86**
BB31xBT15 | -15.19%* | -25.83** | -19.11** | 189.16** | -79.75** | -60.89%* | 26.67** | 4.45** | 3522%* | -6.33** | -22.77** | -4.56**
BM5xBT13 | -2.95%* | -15.75%* | -837%* | 25.53*%* | -47.49%* | -15.10** | 2.70** -1.32%* 0.46NS 5.11%* 10.77%* | -20.44%*
BM5xBT6 | 25.74** | 9.16%* | 29.28%* | 508** |-53.50%* | -25.64** | -7.72%* | -11.82%* | -9.98%* | 12.41** | 29.05** | -20.44**
BM5x BT15 | -29.54** | -38.83** | -38.60** | 197.10%* | -79.19%* | -59.98** | 17.00** | 16.57** | 40.58** | 5.60** | 26.16** | -20.44**
BT13xBT6 -3.80** -0.45** 9.35%* 64.76** | -31.08** | -29.14%* | 16.34** | 11.18%* | 11.48** 5.72%* 11.41%* | -20.44%*
BT13xBT15 | -9.28** | -20.66** | -14.00** | 354.46** | -68.18** | -45.48%* | 14.63** | 10.15** | 34.74** | -4.50** 0.64NS | -25.40**
BT6 xBT15 -8.44%* | -19,93** -23.89%* | -94.67** | -90.80** | -3.84** -8.10%* | 12.67** | -20.07** | -8.24** | 14.06**

Crosses

Note: DFF — days to 50% flower opening, NF - number of fruits per plant, PH - plant height, SD - stem
diameter, RH - relative heterosis, HB - heterobeltosis, SH - standard heterosis
Source: collected from authors' research

Table 4. Percentage of heterosis for vegetative growth traits in eggplant hybrids

a TSS TPC DPPH (antioxidant activity)

rosses SH (%) HB (%) RH (%) SH (%) HB (%) RH (%) SH (%) HB (%) RH (%)
BB12xBT17 0.98** -3.86%* 2.30** -1.79%* -20.70** -13.06** 23.81%** 8.13** 11.85**
BB12xBM9 0.00NS 8.24** 8.68** 24.59%* -10.09** -5.05%* 17.98** 3.04** 7.90**
BB12 xBB1 -3.44%* -2.96%* 0.64NS -19.98** -35.39%* -23.87*%* -6.09%* -17.98** -8.87%*
BB12xBB23 -4.18** 1.04%** 2.36*%* 56.91** 26.69** 28.59%* 5.20** -8.12%* -5.43%*
BB12xBB26 -4.91%* 2.93** 6.03** 48.48** 15.94** 17.88** 14.67** -3.35%* -1.64%*
BB12xBB31 -5.16** -1.53%* 0.52** 6.35%* -14.14%** -0.95** 19.93** 3.86** 4.30**
BB12 xBM5 -3.44%* 4.52%* 6.07** -3.13%* -21.79** -13.82%* 5.37** -7.98%* 1.60**
BB12xBT13 -1.65** -2.84%* 1.60** -12.08** -42.67%* -36.56%* 2.07** -10.85** -9.52%*
BB12 xBT6 7.37*%* 5.30** 10.49** 59.60** -5.75** 8.87*%* 0.12NS -18.68** -15.73**
BB12xBT15 11.06** -21.39%* -4,94%* 49.70** -12.32%* 1.64** 16.00%* 1.31%* 26.74%*
BT17 xBM9 -0.74%* -5.50%** 0.94%* -20.42%* -42.57*%* -5.05%* 8.86%* 1.86** 3.16**
BT17xBB1 1.11%* -3.74%* -1.14%* -11.20** -13.02** -23.87** -2.08%* -8.37** -1.34%*
BT17xBB23 -4,18%* -8.77** -4,12%* 44 83** 20.53** 28.59%* -1.25%* -7.60%* -8.08**
BT17xBB26 1.97%* -2.92%* 6.21%* 63.16%* 27.41%* 17.88** 2.83*%* -13.33** -8.80**
BT17xBB31 -5.41%* -9,94%* -6.04%* -9.47** -11.32%* -13.06** -10.82%* -22.77*%* -19.79**
BT17 xBM5 -4,91%* -9.47** -2.33%* 16.68** 14.30** -5.05%* 14.59** 7.23%* 14.70**
BT17xBT13 4,18%* -0.82%* 1.01%* -21.37*%* -48.72%* -23.87*%* -5.78%* -15.23** -13.57**
BT17 xBT6 -2.70%* -7.37%* -5.99%* 9.36** -35.42%* 28.59%* 0.55** -18.33** -12.56**
BT17 xBT15 4.67*%* -25.91%* -15.01** 50.91** -11.59** 17.88** -2.71%* -8.96%* 10.90**
BM9xBB1 -4.91%* -4.44%* -0.51%* 21.64%* -12.23%* -13.82%* 3.35%* -0.80** 5.58**
BM9xBB23 3.32%* 3.83** 10.80** 41.27** 1.94%** -36.56** 28.28%** 18.80** 20.94%**
BM9xBB26 3.69** 4.20** 16.09** 10.60** -20.19** 8.87** 4,78*%* -11.69** -5.96%*
BM9xBB31 -5.16** -4.69%* 0.92** -6.51%* -32.54%** 1.64** -9.00** -21.19** -17.13**
BM9 x BM5 -3.93*%* -3.46%* 5.96** 6.08** -23.45%* -11.42%* 1.02** -3.03%* 2.51**
BM9xBT13 5.16** 3.88** 9.04** 65.08** 7.65%* -5.05** 20.26** 8.20** 11.69**
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Table 4, Continued
Crosses TSS TPC DPPH (antioxidant activity)
SH (%) HB (%) RH (%) SH (%) HB (%) RH (%) SH (%) HB (%) RH (%)
BM9 xBT6 0.00NS -1,93** 3.30** -38.05** -63.41%* -23.87** 5.43%* -14.37** -7.23**
BM9 xBT15 -0.98** -29.91%* -14.98** 95.19** 14.33%* 28.59** 13.08** 8.55%* 30.91**
BB1xBB23 -4.42%* -3.95%* -1.64** -37.70** -48.15** -13.06** 1.46%* -6.05** 1.66%*
BB1xBB26 -1.72%* -1.23** 5.40** 13.21%* -11.60** -5.05** -5.99** -20.76** -10.56**
BB1xBB31 -1.72*%* -1.23** 0.38** 9.73** 20.74** -23.87** -2.42%* -15.50** -5.76**
BB1xBMS5 -1.23** -0.74** 4.42** -8.25%* -9.12%* 28.59** -1.40** 6.11*%* 6.86**
BB1xBT13 -3.69** -4.85%* -4.04** -16.59** -45.61** 17.88** 7.48%* -3.30** 6.02%*
BB1xBT6 -2.95%* -4.82%* -3.66** -28.41** -57.72** -0.95%* -11.06** -27.76%* -17.16**
BB1xBT15 17.69** -16.70** -2.24** 58.55%* -7.13** -13.82** 9.99** 20.06** 37.33%*
BB23 xBB26 -3.19** 2.07** 6.49%* -2.43** -23.81** -0.01NS -4.03** -19.11** -15.30**
BB23xBB31 -6.39%* -1.30** -2.06** 12.60** -6.29** 0.01NS -4.15%* -17.00** -14.22**
BB23xBM5 -2.21%* 1.53** 5.99** 76.54** 46.92** 59.69** -6.15%* -13.09** -6.57**
BB23xBT13 -1.23** -2.47** 0.75** 6.69** -30.42** -21.99** -12.01%* -20.83** -19.69**
BB23 xBT6 3.69** 1.69** 5.37** 81.41** 7.13%* 0.00NS 2.09%* -17.08** -11.65%*
BB23xBT15 17.44%* -16.87** -0.52** 87.66** 9.92%* 0.00NS 25.27** 16.00** 41.90**
BB26 xBB31 -7.00** -3.44** 1.47** -26.84** -42.87** -13.06** -1.94** -17.35*%* -16.24**
BB26 x BM5 1.97** 5.87** 15.44%** -40.74** -53.73** -5.05** -15.16%* -28.49** -19.79**
BB26 xBT13 -7.86** -9.02** -2.09** -22.58** -49,52** -23.87** -27.64%* -39.01** -37.02**
BB26 x BT6 7.37** 5.30%* 13.65** 25.37** -25.96** 28.59** 5.98** -13.93** -12.34**
BB26 x BT15 5.65** -25.22%* -7.43** 0.26NS -41.27** 17.88** -7.52%* -22.05** -1.21%*
BB31xBM5 -5.90** -2.30%* 1.19%* -41.35%* -41.91%* -38.85%* 8.41** -6.12%* 4.04**
BB31xBT13 -4.42%* -5.58** -3.23** -71.32%* -81.30** -76.52** -26.37** -36.23** -35.01**
BB31xBT6 3.19%* 1.20%* 4.09** 2.09** -39.71** -21.54** -8.54** -25.71*%* -23.33**
BB31xBT15 7.13%* -24.17** -9.82** 124.67** 31.60** 71.77** 23.88** 7.27** 34.62**
BM5xBT13 -1.23** -2.43** 3.47** -4,69** -37.85** -29.84** 5.98** -4,65** 3.87**
BM5 xBT6 0.25** -1.69** 4.62** 39.19** -17.80** 37.86** 26.01** 2.35%* 16.66**
BMS5 xBT15 10.93** -21.48** -3.94** 45.27** -14.91** 43.89** 23.90** 33.34** 53.45**
BT13xBT6 4.67** 2.65%* 3.05%* 104.61** 20.83** -13.06** 6.54** -13.47** -9.04**
BT13xBT15 4.91%* -25.74%* -13.53** 88.37** 10.33** -5.05%* -4.91** -14.44** 5.83**
BT6xBT15 11.06** -21.36** -8.69** 192.43** 71.29%* 71.98** 7.31%* -12.84** 11.96**

Note: TSS - total soluble solid, TPC - total phenol content, RH - relative heterosis, HB - heterobeltosis, SH - standard

heterosis
Source: collected from authors' research

Table 5. Best hybrids for different traits based on standard heterosis

Crosses Traits
BM9xBB26 Plant height, and yield per plant
BB12xBT6 Number of primary branches per plant
BM5xBT15 Days to first flower opening and days to 50% flower opening
BB12xBT15 Stem diameter
BT13xBT15 Number of fruits per plant
BB31xBT13 Fruit length
BM9xBB1 Individual fruit weight and fruit girth
BT17xBB1 Fruit diameter
BB1xBT15 Total soluble solid
BT6xBT15 Total phenol content
BM9xBB23 DPPH (antioxidant activity)

Source: compiled by the authors from their research

The information of heterosis is a prerequi-
site to develop hybrids is well known. A hybrid
is good when it has abundant of heterosis for
exploitation of commercially. Here, fruit length
is a significant character which is directly cor-
related with yield. That's why positive heterosis
is considerable for this trait, though fruit size
varied on consumer’s choice. The greatest value

)

of RH, HB and SH was found from the hybrids
BM5 x BT13, BM9 x BT13 and BB31x BT13 with the
value of 57.60%, 42.25% and 21.73% respective-
ly which were considered the best hybrids over
the environment. The researcher T. Sharma et
al. (2016) reported more or less similar re-
sults that supported the above results. The top
values of fruit diameter were found from the
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hybrids BT17 x BB1, BM9 x BB1 and BB1x BB31 for
SH, HB and RH respectively. Besides, regarding
fruit girth, the hybrids BB31x BT6, BM9 x BB26
and BM9 x BB1 performed the highest positive
heterosis value for RH, HB and SH respective-
ly. The findings of C. Mistry et al. (2018) support
this researcher result for HB and RH. On the
other hand, the character fruit length to width
ratio BM9 x BT13 hybrid performed the best for
RH and BM9 x BB31 hybrid recorded the best for
HB and SH. The character individual fruit weight
is directly connected to the trait yield per plant.
Thus, the trait individual fruit weight is also cru-
cial trait, as yield per plant is the target. The hy-
brid BT13 x BT6 registered the best for RH, and
BM9 x BB1 hybrid found the best for SH and HB.
Hence, it can be counted these hybrids for indi-
vidual fruit weight. Besides, the final objective
of the breeding program is to increase yield for
each plant. As the character yield is a complex
trait, so the trait yield for each plant is the final
result of its components. Besides, heterosis plays
amajor partinit. Considering all types of hetero-
sis, the hybrid BM9 xBB26 found the best. Breed-
ing between various parents has been attempt-
ed, and non-additive gene action brightens a
high heterosis value for fruit output per plant.

Findings of this result that is high heterosis
are almost same findings with the researcher
J. de Sousa § W. Maluf (1998). Hybrids name-
ly BB12 x BT15, BB26 x BB31, and BB12 x BT6 were
found as good for RH, HB and SH respectively
considering the character number of primary
branches per plant. This character performed
low heterosis compared to others such as yield
per plant, number of fruits per plant and indi-
vidual fruit weight. This finding is similar to the
previous researchers N. Dharwad et al. (2012)
and]. Prohens et al. (2013). Earliness is one of the
most crucial factors in the breeding program, in
which days to first flower opening and days to
50% flower opening are two important charac-
ters that assess earliness. In this case, negative
heterosis is desirable over mid parent, better
parent and standard variety. Here, the majori-
ty of the hybrids displayed negative heterosis,
meaning earliness. Among all the studied hy-
brid, the BM5xBT15 cross was the earliest hybrid,
as it had the lowest value of heterosis for both
DF and DFF. Early flowering of eggplant occurs
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due to negative effect of heterosis has been re-
ported by previous reporters S. Kumar & T. Aru-
mugam (2013) and T. Sharma et al. (2016).

The trait number of fruits per plant is one of
the important characters to enhance yield per
plant in eggplant. 28 hybrids showed positive
standard heterosis for this character. In case
of number of fruits per plant, BT13 x BT15 per-
formed the best, considering standard hetero-
sis. Besides, the hybrid BB12x BB1 and BB31xBM5
showed the highest value of RH and HB. Similar
findings were also reported by S. Dash (2017).
The BM9 x BB26 hybrid performed the highest
heterosis value for plant height over check vari-
ety meaning it would be preferable to generate
taller plants over check variety and to devel-
op shorter plant than the check variety, cross
BB1x BT13 perform the better. M. Shahjahan et
al. (2016) found both positive and negative het-
erosis values for RH and HB. Regarding stem
diameter, the hybrid BB12 x BT15 performed the
best positive value of SH following the hybrid
BT17xBB1. Besides, no hybrid performed positive
HB value. Considering the trait TSS, the hybrids
BB1x BT15, BB12 x BM9 and BM9 x BB26 showed
the greatest value of SH, HB and RH respectively
and these three hybrids can consider promising
hybrids for the trait TSS. This result is support-
ed by the earlier researcher A. Patel et al. (2017).
Moreover, the negative heterosis signified low
phenol content in hybrids (Lokesh et al.,, 2025).
Thus, BT6 x BT15 hybrid could be advised as the
best for the trait TPC regarding all types of het-
erosis. Conversely, the highest value for HB and
RH is found in the hybrid BM5 x BT15 and the hy-
brid BM9 x BB23 was best over SH for DPPH (anti-
oxidant activity). Hence, these two hybrids could
be considered to get higher antioxidant activity
in eggplants.

CONCLUSIONS
The developed 55 hybrids for achieving high
yield and high quality showed highly significant
heterosis. Among these, the hybrid BM9 x BB26,
considered the best hybrid, showed significant
positive heterosis (130.79%) over check variety
foryield per plant. Besides, the hybrid BT13xBT15
(354.46%) and BM9 x BB1 (105.04%) performed
the best significant positive standard heterosis
for the character number of fruits per plant and
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individual fruit weight respectively. Addition-
ally, the combination BT17 x BB1, BM9 x BB1, and
BM9 x BB31 showed highly significant standard
heterosis for the character fruit diameter, fruit
girth, and fruit length to width ratio with the
value of 60.28%, 79.915 and 56.75% respective-
ly. On the other side, considering quality of the
combination the hybrid BB1xBT15 and BT6 x BT15
exhibited the best significant positive heterosis
over check for the character of total soluble sol-
id (1769%) and total phenol content (192.43%)
respectively. Besides, the cross combinations of
BM9 x BB23 showed the best performance for
the character DPPH over the check variety. These
findings record a strong foundation for more re-
search and the development of new hybrids with
enhanced quality characters. Further research
could be focused on analysing other quality
traits in these hybrids to more comprehensively
assess quality and further confirmation of yield
and other yield related traits. After analysis of

stability for yield and other yield related perfor-
mances, it can be commercially exploited. More-
over, multi-location and multi-season trials are
recommended to validate the consistency of
heterotic performance under diverse agro-cli-
matic conditions.
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AHani3 retepo3ucy BPOXXaMHOCTI Ta AKOCTi 6aK/ia)kaHiB
(Solanum melongena L.)

AHoTauia. [ocuix 6ymo mpoBefeHo 3 55 ri6puzmaMu 6akiakaHa, OTPUMAHUMM B PE3Y/IBTATi
11x11 HamiBAiasenbHUX CXpellyBaHb, Pa30M 3i CTaHZApPTHUM COPTOM Ha JociigHux noiax 10 i 15
VuiBepcurety [TyTpa Manaitsia (Cepganr, mraT Celanrop, Maaisif) IpoTAroM OLHOTO CE30HY — 3
srcroraga 2020 poKy 1o ciueHb 2021 poKy. MeToo AOCTiIKEHHS 6yJI0 CTBOPEHHS BUCOKOBPOKAMHIX
i BUCOROsKicHUX Ti6puziB 6arnaxkaHa. JOCTiIKeHHS TTPOBOIUIIN 38 CXeMOI0 paHZOMi30BaHOTO
TTIOBHOT'O 6JIOKOBOTO AM3aMHY 3 TpbOMa ITOBTOPEHHAMU Y IBOX JIOKALIiAX. JIJIS OL[IHKY reTepo3uUCy
BU3Ha4Yamu 15 Mopdonoriynmx i 6ioximMiuHux o3HaK. Cepel AOCTiIKyBaHux ri6puais BM9 x BB26
6yB BU3HAUEHU K HAaWKpal[Hii 32 BpOXKANHICTIO 3 OMHI€l pOCIMHY 3 ypaxyBaHHIM CTaHIAPTHOTO
reTepo3UCy, reTepobeIETO3UCY Ta BiIHOCHOTO reTepo3ucy. KpiM Toro, ri6puz BB1x BT15 BUSBUBCS
HaMKpaIyM 3a BMiCTOM 3arajIbHUX PO3UMHHUX CyXUX PEYOBUH ITOPiBHSIHO 31 CTAHAAPTHUM COPTOM,
aribpuz BT6 x BT15 — HaMKpalyM 3a BMiCTOM 3aTaJIbHUX pEeHOIBHUX CIIOJYK 3 YpaxyBaHHIM yCixX
TPBOX THUIIIB T€TEPO3UCY: BiLTHOCHOTO, FeTepo6eIbTO3UCY Ta CTAHAAPTHOTO reTepo3ucy. HatoMicTb
HaMBUILi 3HAYEHHS TeTepobeNbTO3UCYy Ta BiZHOCHOTO TETEPO3UCY 338 aAHTHUOKCUAAHTHOIO
aktuBHicTio (DPPH) 6ynu BusBieHi y ribpuay BMS5 x BT15, Tomi Ar riépum BM9 x BB23
TOKa3aB HaMWKpalll pesylIbTaTy 3a CTAHZAPTHUM TeTepo3rcoM. OTKe, Li ABa Tibpuayu MOKHA
PEKOMEHZIyBaTH MJI OTPUMaHHA 6aKIaKaHIB 3 IMiABUIIEHOI0 aHTUOKCUIAHTHOIO aKTUBHICTIO.
OTpuMaHi pe3yabTaTi MOKYTb 6YTH BUKOPUCTAHI celeKlioHepaMu, arpoHOMaMu Ta daxiBLgaMu
3 OBOUIBHUIITBA [JI BiZ60py HaMKpalIMX TiGpUAIB Y MOZABIINX MPaKTUYHUX HOCIIIKEHHIX

KniouyoBi cnoBa: ribpuiy; HamiBaianeabHi CXpelyBaHHI; BIaCHA TPOAYKTUBHICTh; TeTEPO3MUC 3a
KpaIlyM 6aTbKiBCbKUM KOMIIOHEHTOM; AaHTUOKCUIAHTHA aKTUBHICTb
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