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Ecological stability and high adaptive potential are the main factors for stable performance and yield of
agricultural crops under changing environmental conditions; therefore the selection of stress-resistant geno-
types is relevant at all stages of breeding. Purpose. To evaluate and select promising breeding accession of
shallots by adaptive potential for the "green leaf yield" trait and its components. Methods. Field, laboratory,
computational and analytical methods were used in the study. The study was conducted in outdoors at the In-
stitute of Vegetable and Melon Growing of NAAS in 2017-2020. Five breeding hybrid accessions were in-
vestigated. Lira was the check variety. Results. Having assessed the adaptive potentials of 5 breeding acces-
sions of shallot, we selected a promising environmentally stable accession, D-57, which was noticeable for a
high yield of green leaves (5.6 kg/m?) in combination with the highest general adaptive capacity (GAC =
1.3), high stability (bi = 0.4) and genomic breeding value (GBV = 2.7) for this trait. As to the adaptive poten-
tial for the "plant height" trait, the D-57 accessions also stood out; it was characterized by high general adap-
tive capacity (GAC = 1.3), relative stability (Sgi = 10.9 %) and genomic breeding value (GBV = 23.4). This
accession was also the best in terms of the "plant weight": trait with the genomic breeding value (GBV =
42.4), it had the largest plant weight including a bulb (75.4 g), combined high general (GAC = 17.3) and
specific adaptive capacity (SAC= 129.3) with high plasticity (bi = 2.6). Conclusions. The comprehensive
study of the adaptive potential of 5 promising forms of shallots distinguished the D-57 accession, which was
superior to the check variety, Lira, in terms of green leaf yield, plant height and weight (including a bulb)

and had a high adaptive potential and genomic breeding value for these traits.

Keywords: shallot, green leaves, yield, plant height, plant weight, adaptive potential

Introduction. Adaptability to environmental
factors is one of the main requirements for new va-
rieties, therefore studies and assessments of envi-
ronmental plasticity of varieties, scopes of their
application and adaptation to real natural and cli-
matic conditions are urgent issues of the current
agricultural production (Prysiazhniuk O., 2015).

Yield depression occurs as a result of adverse
environmental factors affecting plants. Here, the
greater inconsistencies between growing condi-
tions and adaptive potentials of plants are, the
greater part of their assimilation products they
spend not on yield, but on protective and compen-
satory reactions, resulting in a decline in the yield.
Depression in the plant performance depends on an
integral physiological indicator that characterizes
the general stability of plants (environmental sta-
bility). Environmental stability and adaptive poten-
tial are the most important factors for the realiza-
tion of the traits and features that are included in

the high-yielding variety model (Orliuk O.P.,
1992).

Achieving environmental stability of the per-
formance as an integral characteristic is not neces-
sarily related to the stability of yield constituents or
of other morpho-biological features. Often with
stable yield, its constituents are unstable (Kilchev-
skiy A.V., 1993).

Combination of high performance with envi-
ronmental stability in intensive varieties, creation
of varieties for large areas, and choice of optimal
conditions for selection at all stages of breeding are
major challenges in breeding for adaptability
(Kilchevskiy A.V., 1995).

Review of Recent Studies and Publications.
The shallot is a species of the Cybulaceae family
and its advantages are determined by several eco-
nomic characteristics, such as a short growing pe-
riod and early ripening of bulbs; high contents of
dry matter (up to 22%) and sugars (up to 12%) in
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bulbs; tightly fitting husk, tightly arranged fleshy
scale leaves; long storability (8-12 months)
(Novikova L.N., 2021, Yuryeva N., 1998, Grinberg
Ye.G., 2009).

The ability to form not only primary but also
secondary lateral shoots (and hence strong branch-
ing) is a feature of shallots and one of the main dif-
ferences from onions. This makes it possible to ob-
tain a nest with up to 30 bulbs weighing 10-50 ¢
each from one planted bulb (Pavlov A.V., 2012)

Polyembryony and lots of leaves allow it to be
successfully used to obtain early outdoor and in-
door grown greenstuff (Grinberg Ye.G., 2009).

Green leaves of shallots contain vitamins A, B,
B1, B2, PP, mineral salts, phytoncides and other nu-
trients. Leaves contain a lot of sugars (4...6%) and
vitamin C (20...90 mg/100 g) (Kokareva V., 1991,
Bilenka O.M., 2009). The maximum amounts of
sugars and ascorbic acid are accumulated 30 days
after regrowth during the intensive growth of
leaves (Ahafonov A.F, 1984).

Green leaves of shallots also contain up to 11 %
of dry matter, up to 2.9 % of crude protein, and
28...34 mg% of essential oil (Pavlov L.V., 2012).
They are also noticeable for low levels of nitrates
(4.3...132.0 mg/kg) (Bilenka O.M., 2009).

There may be up to 73 leaves on a plant; the
leaf number depends on the bud number in a bulb.
First, leaves and roots are formed at the expense of
reserve nutrients of the mother bulb (20-25 days),
and then the plant continues feeding through its
leaves and roots. In shallots, the root system is
weak; roots do not grow around the entire basal
plate, but only on one side. At a soil temperature of
8-10 °C, roots grow faster than leaves and bulbs
take root better, and seedlings emerge in 11-14
days. Roots do not grow in dry soil at a depth of 5
cm when the temperature rises to 20 °C. Their
growth is seen only 20-30 days after planting,
when wet and cool weather sets in (Grinberg
Ye.G., 2009).

Leaves are 25-60 c¢cm long and 0.5-0.8 cm
wide, but can reach 2.0-2.4 cm. There are mini-
mum 4.5 leaves on each shoot; the average number
of leaves is 5.7; and some accessions have 11-12
leaves (Shilyayeva Ye.A., 2019, Klapotovskaya
AV. 2015). Shallot plants are characterized by
rapid gain in green mass related to the weight of
planted material — 70-250 % (Kokareva V., 1991).

In the technical ripeness phase, the plant weight
(including its bulb) is 53-85 g (Grinberg Ye.G., 2009).

The shallot yield can exceed that of onions by 10—
63 %, so its outdoor growing for leeks is more effec-
tive than onion growing (Grinberg Ye.G., 2012).

Bunyck 73, 2023

Outdoor grown shallots can be harvested 35-45
days after planting. Short-season varieties are no-
ticeable for even and intensive growth, and leaf
tips turn yellow quite early. In later-ripening
forms, leaves turn yellow much later and they
maintain their marketable appearance for a long
time (Yershov I.1., 1984).

According literature data, the yield of green
shallot leaves is 1.1...5.5 kg/m? (but can amount to
11 kg/m? (Poldma P., 2006)) and depends on plant-
ing design, variety, harvesting time and planted
bulb size (Seredin T.M., 2021, Grinberg Ye.G.,
2009, Kovalenko Ye.M., 2010, Bilenka O.M., 2009,
Bilenka O.M., 2018).

The genotypic variability of the performance
quantitative traits, which characterize the leaf
weight per plant and yellowing of leaf tips (which
affect the marketability of products), is important
(Grinberg Ye.G. 2009).

Some publications report a wide diversity of
shallot forms and varieties in terms of environmen-
tal resilience (Bilenka O.M., 2009, Aklilu S., 2014,
Suzan V.G., 2009).

Materials and Methods. The study was con-
ducted outdoors at the Institute of Vegetable and
Melon Growing (IVMG) of NAAS in 2017-2020.
Shallot bulbs were stored in boxes, in a layer of 5—
12 cm thick, in a cold-warm way (in spring and au-
tumn at 18-20°C, in winter — at around 0°C) from
August to March (inclusive).

Bulbs were planted in the soil with 35-cm inter-
row spacing and 1-cm interplant distance in the
row within the first 10 days of April. Leeks were
harvested within the second 10 days of May; plants
were dug out of the soil and cleaned of plant resi-
dues and roots. Green leaves were described and
measured during the harvesting period. Twenty-
five plants of each shallot accession were assessed.

The record plot was 2 m?. Lira was taken as the
check variety. The April-June weather in the study
years differed. In 2017, this period was very wet
and cool. In 2018 and 2019, there was insufficient
amount of precipitation during the growing period
with the average daily air temperature exceeding
the long-term average by 0.7-3.3 °C. In 2020, it
was also dry, and the average daily air temperature
was below the long-term average by 1.1 °C. The
April-May precipitation amount was 83.5 mm in
2017, 36.5 mm in 2018, and 52.0 mm in 2019, 31.5
mm in 2020 (the long-term average is 70.3 mm).
The distribution of precipitation between 10-day
periods was very uneven.

Five promising hybrid shallot accessions were
investigated.
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The study was carried out in accordance with
the methodological recommendations " Methodical
Approaches to Shallot Breeding and Seed Produc-
tion" (Korniyenko S.I., Bilenka O.M., 2013),
"Guidelines for alliaceous crop breeding™ (1989).
Experimental data were processed by analysis of
variance (Dospekhov B.A., 1985). The adaptive po-
tential and genomic breeding value were calculated
in accordance with the methodical guidelines for
environmental trials of vegetables (Kilchevskiy
A.V., Khotyleva L.V., 1985). The general adaptive
capacity (GAC) was calculated as follows:

GACi = Vi = Z_— u,
where } — mean across the genotypes;
u — population mean.

To calculate the specific adaptive capacity (SAC), we
used the following formulae:

dp=xr —u,

(1azsAC=mllz(dR VI L

- X0,
m

dp +vdipz = 7ir _%XZP
where m —number of environments;
d, —effect of the R" environment;
vd,, — effect of the ‘i variety-R" environment’ in-
teraction;
X — phenotypic value of the trait in the i variety
grown in suporenoro B the R™ environment;
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o —variance of random deviations.

The relative stability of an accession (Sgi) was cal-

culated as follows:
Sgi=—AC 1000
u+GAC

The plasticity of an accessions (b;) (response of an ac-
cession to improvement in environmental conditions)
was determined by coefficient of regression:

z Xir XU
b - R
I Zdé
R
To identify accessions that combine good values of
a trait with its stable expression, we used the genomic

breeding value (GBV):
GBVi=u+GAC;—px oSAC;,

p= 100 @ZM
289, n

The purpose of the study was to evaluate and
select promising breeding lines of shallots by adap-
tive potential for "green leaf yield" trait and its
components.

Results. In the sample under investigation, D-
57 was the only accessions that was superior to the
check variety, Lira, in terms of the green leaf yield
(5.6 kg/m?); the difference was 1.5 kg/m? (Table
1). D-93 and D-89 yielded similarly to the check
variety; their green leaf yield was 4.3 kg/m? and
4.5 kg/m?, respectively.

Table 1. Adaptive potential of the promising shallot accessions for the "green leaf yield" trait
(mean for 2017-2020)

IVMG

Adaptive capacity

. Green leaf Stability  Plasticity
Aocession catalogue iy kgim  GAC (V)  SAC(@)  (Sg).% (o)  CoV
Lira
(check 37 41 -0.2 11 24.4 0.6 25
variety)
D-57 68 5.6 1.3 2.7 29.3 0.4 2.7
D-93 105 43 0 2.2 345 0.9 1.7
D-107 119 3.7 -0.6 0.4 17.0 2.0 2.7
D-89 101 45 0.2 0.5 9.8 0.0 3.4
D-83 95 3.3 -0.2 0.2 13.3 2.5 2.6
LSD os 1.2

The general adaptive capacity (GAC) for the
"green leaf yield" in this group ranged -0.6 to 1.3.
The highest GAC was recorded for D-57 (GAC =
1.3) and D-89 (GAC =0.2).

The highest specific adaptive capacity (SAC)
was intrinsic to D-57 (SAC = 2.7) and D-93 (SAC
= 2.2). D-89, D-107 and D-83 more weakly re-
sponded to changes in vegetation conditions (SAC
= 0.2-0.5). The relative stability of the trait (Sgi)
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additionally indicated these peculiarities. Thus, the
relative stability of the green leaf yield in the last
accessions was quite high and amounted to 9.8—
17.0 %, while in D-57 and D-93 it was lower
(29.3-34.5 %), that is, their yields were more vari-
able and depended on growing conditions.

With improved vegetation conditions, the green
leaf yield was significantly increased in D-107 (bi
= 2.0) and D-83 (bi = 2.5), but it decreased when
growing conditions worsened.

D-93 (bi = 0.9) was noted to show an optimal
plasticity of the "green leaf yield" trait. D-89 was
indifferent to growing conditions, as evidenced by
the coefficient of regression on the environment (b;
= 0); this was also confirmed by the highest rela-
tive stability of the trait (Sgi=9.8%) and a low lev-
el of the specific adaptive capacity (SAC = 0.4).

The highest genomic breeding value (GBVi) was
also recorded for D-89 (GBVi = 3.4); it was at-
tributed to high stability of this trait over the years,
as indicated by low specific adaptive capacity, high
relative stability (Sgi) and coefficient of regression
on environment (bi). The genomic breeding value of
D-57, D-107 and D-83 was similar to that of Lira
(check variety) (GBVi=2.5) - 2.6-2.7.
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The plant height and weight (including a bulb)
are the main constituents of the green leaf yield in
shallots. In our shallot accessions, the check varie-
ty, Lira, was taller than D-57 (43.9 cm) and D-89
(47.1 cm); the other accessions were similar to Lira
(41.1-42, 6 cm) (Table 2).

The general adaptive capacity of the studied ac-
cessions for the "plant height" trait ranged -1.7 to
4.3. D-89 showed the highest general adaptive ca-
pacity (GAC = 4.3). D-57 GAC of 0.4 also stood
out for its high general adaptability to growing
conditions. The other accessions showed a rather
low general adaptability of the train under investi-
gation to the environmental conditions.

The specific adaptive capacity (SAC) varied
widely - from 15.4 to 78.9. The highest SAC in D-
89 indicated that, when growing conditions change,
the height will vary widely. The check variety, Lira,
was the least adapted to specific growing conditions
(SAC = 5.6). This was also confirmed by the high-
est value of the relative stability of the plant height
(Sgi = 5.8%), i.e., the plant height in Lira was hard-
ly dependent on growing conditions.

Table 2. Adaptive potential of the promising shallot accessions for the "plant height" trait
(mean for 2017-2020)

IVMG

Adaptive capacity

. Plant height, Stability  Plasticity .
Accession cat?\llggue om GAC (V) SAC (6?) (Sg), % (b) GBV;i
Lira
(check 37 40.3 -2.5 5.6 5.8 -6.5 16.8
variety)
D-57 68 43.9 0.4 22.4 10.9 -3.1 234
D-93 105 422 -0.6 28.2 11.9 -3.2 19.7
D-107 119 42.6 -0.2 42.8 15.3 -2.4 15.3
D-89 101 47.1 4.3 78.9 18.8 -2.3 9.7
D-83 95 41.1 -1.7 15.4 9.5 -2.8 24.7
LSD o5 2.3

Analyzing the relative stability of the plant
height (Sgi) in this group of accessions, we should
note its rather high level. The relative stability of
the accessions’ plant height ranged 9.5% to 18.8%.
The most variable plant height across the years was
observed in D-89 (Sgi = 18.8%); D-57 (Sgi =
10.9%) and D-83 (Sgi = 9.5%) maintained their
plant height more stably.

The coefficient of environmental plasticity (bi)
in all the accessions under investigation studied
was significantly below 1, indicating their low sen-

sitivity of this characteristic to changes in vegeta-
tion conditions.

The genomic breeding value (GBVi) is a com-
plex indicator of the adaptive potential of an acces-
sion, which depends on the GAC, SAC, stability
(Sgi), and the population mean of a trait. By the
genomic breeding value, the check variety, Lira,
exceeded D-57 (GBV = 23.4) and D-83 (GBV =
24.7). The highest genomic breeding value in D-83
was attributed to its low specific adaptive capacity
(SAC = 15.4) for the "plant height" trait and its in-
significant variability (Sgi = 9.5%), which was
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confirmed by its stability across the years, although
the plants of this accession were the shortest in the
sample and - 41.1 cm tall. D-57 was superior to the
check variety in terms of the general adaptive ca-
pacity (GAC = 0.4); its specific adaptive capacity
was low (SAC = 22.4); and its plants were tall in
all the study years.
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As to the "plant weight" trait, the check variety
was heavier than D-57 (75.4 g) by 20.6 g, the other
accessions weighed similarly to the check variety
or lighter (Table 3).

Table 3. Adaptive potential of the promising shallot accessions for the "plant weight" trait
(mean for 2017-2020)

IVMG

Adaptive capacity

, , Stability  Plasticity .
Accession cat?\llzgue Plant weight, g GAC (V) SAC (6?) (Sgy). % (b) GBV;
Lira
(check 37 54.8 -3.3 80.7 16.4 1.3 28.6
variety)
D-57 68 75.4 17.3 129.3 15.1 2.6 424
D-93 105 59.4 1.2 173.3 22.2 2.4 21.1
D-107 119 48.1 -10.0 45.6 14.0 0.9 28.5
D-89 101 58.4 0.3 362.8 32.6 0.9 2.1
D-83 95 52.6 -55 12.0 4.7 0.5 45.1
LSD ¢s5 9.1

In terms of the general adaptability of the plant
weight, D-57 (GAC = 17.3), D-93 (GAC = 1.2)
and D-89 (GAC = 0.3) exceeded the check variety.

The plant weight depended the most on specific
growing conditions in D-89, which showed the
highest specific adaptive capacity (SAC = 362.8).
Vegetation conditions had a weak effect on this
characteristic in D-83 (SAC = 12.0). D-57 and D-
93 were also characterized by a rather high SAC
(129.3 and 173.3), indicating a considerable re-
sponse of the "plant weight" trait to specific grow-
ing conditions.

The relative stability of the "plant weight" trait
in the shallot accessions ranged 4.7 to 32.6 %. D-
83 (Sgi = 4.7 %) showed the greatest stability of
this trait. Over the years, the plant weight with
bulb varied the most in D-89 (Sgi = 32.6 %). In Li-
ra (check variety), this trait varied within 16.4 %.

In the studied sample, D-57 (bi = 2.6) and D-93
(bi = 2.4) were the most plastic in terms of the
plant weight. D-107 and D-89 were optimally plas-
tic (bi = 0.9) for this trait, and D-83 was the most
stable (bi = 0.5).

As to the genomic breeding value for the "plant
weight" trait, we selected D-57 (GBVi = 42.4), as
its plant weight was the largest (75.4 g) in combi-
nation with high general (GAC = 17.3) and specif-
ic (SAC = 129.3) adaptive capacities as well as
with high plasticity (bi=2.6). D-83 was also char-
acterized by high genomic breeding value (GBV =
45.1), but it was due to high stability of the trait
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(SAC =12.0, Sgi = 4.7 %, bi = 0.5); however, the
plant weight was similar to that in the check varie-
ty (52.6 g).

Conclusions. Thus, having assessed the adap-
tive potential of the 5 best forms of shallots, we se-
lected D-57, which was superior to the check va-
riety, Lira, in terms of the green leaf yield (5.6
kg/m2), plant height and weight with bulb (43.9
cm and 75.4 g, respectively) as well as in terms of
high adaptive potential and genomic breeding val-
ue for these traits. The selected accession is prom-
ising for use in breeding programs to create shallot
varieties with high adaptive potentials.
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OLIHKA AJAIITUBHOI'O HOTEHHIIAJY IMEPCIIEKTUBHUX 3PA3KIB HUBYJII ITAJIOT

Binennka O.M.}, Fopran T. M., Miany6enxo .M.}, Opuinnikosa O.I1.%, Iltena JL.FO.!
TncruryT oBouiBHMITBA i GamuTannuirBa HAAH Vkpainu
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ExosmoriyHa cTilKicTh 1 BUCOKHI alaNTUBHUI MOTEHIaN € TOJIOBHUMH (akTopamMu (popMyBaHHS CcTali-
JILHOT MPOAYKTUBHOCTI 1 YPOXKaHHOCTI CLIBCHKOTOCMIONAPCHKUX KYJBTYP B MIHJIIMBHX YMOBaX HaBKOJMIIHBO-
T0 CepeNoBHINA, TOMY JOOIp CTIHKHX JO CTPECIiB T€HOTHUIIIB € aKTyaJbHUM Ha YCiX eramax CeJIeKIIHHOTO
npouecy. Mera. OIiHKa 1 BUIJICHHS IEPCIIEKTUBHIX CEJIEKIIHHIX 3pa3KiB MOy MIaJoT 3a piBHEM aja-
THUBHOTO TTOTCHITIATY 32 O3HAKOK «YPOXKaMHICTh 3€JICHUX JIMCTKIBY Ta 1i CKiIanoBux. Meroau. B mocimi-
JOKEHHSIX BUKOPHUCTOBYBANHU TOJBOBI, 1a00OpaTopHi, po3paxyHKOBO-aHATITHYHI METOAU. J{OCTiKEeHHs po-
Boawiuch y [HcTuTyTi oBowiBHHMITBA 1 OamranHuTBa HAAH y 2017-2020 pp. y Bigkputomy 1pyHTi. OO0’ €KT
JIOCITHKEHb — 5 ceneKiiiinmx (opm riopuaHoro noxomkensst.. Crannapt copt — Jlipa.. Pesynbratu. B pesynbrari oniHku
aJJalITHBHOT'O MOTEHIIIaTy 5 CeNeKIiHAK GopM IHOYI MATOT BHALICHO TIEPCTIEKTUBHUM €KOJIOTIYHO CTA0UTLHUI 3pa-
30K JI-57, SIKuii BiI3HAYAETHCS BUCOKOO YPOXKANHICTIO 3€JEHNX JIMCTKIB (5,6 KI/ M%), HAMBUIIOK 3arajibHOK aJarl-
tuBHOIO 3matHicTiO (3A3i =1,3), Bucokow crabimphicTio (D= 0,4) i ceneKIiitHOIO IIHHICTIO TEHOTHITY
(CLI'i=2,7) 3a 1aHOI0 03HAKOO. 332 03HAKOIO «BHCOTA POCIUHY» 32 aJallTHBHUM TMOTEHITIATIOM TEX BHIIJTHBCS
3pasok J[-57, SKHil XapaKTepu3yeThCsl BUCOKAMH TTOKa3HUKaMM 3arajbHoi amantuBHOI 3maTtHoCcTi (3A3: =1,3),
BigHOCHOT cTabinbHOoCTI (SQi=10,9 %) i cenekiiiinoi 1innocti renotuny (CIIIi=23,4). Jauuii 3pasok OyB
KpaIlyM 1 32 03HAKOIO «Bara POCIMHWY 3 TIOKa3HUKOM celleKniiHo1 minHocTi reHotuiy (CL['=42,4), BiH MaB
HaOIBIIy Bary pociauHu 3 muOynuHOoIo (75,4 T), moeaHyBaB BHCOKY 3araibHy (3A3i=17,3) i cneuudiuny
amantuBHy 31atHicTh (CA3i =129,3) ta Bucoky miactuusicth (Di=2,6). BucHoBku. B pesynbrari nmpoBese-
HOTO KOMIUIEKCHOTO JTOCITI/DKEHHS aIallTUBHOTO MOTEHIliATy 5 MepcrneKTHBHUX (OopM HUOYJIi MIaloT BHUIi-
JieHO 3pa3ok J[-57, sxuit nepeBuiiyBaB cranaapT copt Jlipa 3a ypokalHICTIO 3€JICHUX JIMCTKIB, BUCOTOIO Ta
Baror0 POCIMHU 3 MUOYJIUHOIO i MaB BHCOKWW aJalTUBHUH IMOTEHINAN 1 CeNeKIiiHy MiHHICTh TeHOTHITY 3a
JTAHAMU O3HAKaMH.

Knrouoei cnosa: 1uOyis majioT, 3eJeHi JUCTKH, YPOXKAUHICTh, BUCOTA POCIUHHY, Bara POCIUHH, aJarTHB-
HUH ITOTEHITIaN
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SELENIUM-CONTAINING BIOLOGICALLY ACTIVE COMPOSITE FORMULATIONS AS
EFFECTIVE GROWTH REGULATORS FOR IMPROVING SOWING QUALITY OF SEEDS AND
MORPHO-BIOLOGICAL PARAMETERS OF WHITE AND PURPLE CABBAGE HEADS
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Abstract. Purpose. To analyze regulatory effects of selenium-containing biologically active formulations
manufactured in Ukraine on the sowing quality of seeds and on morpho-biological parameters (level and uni-
formity) of productive organs (heads) in varietal populations of cabbage plants. Methods: General scientific,
measuring, weighing, and variation statistics. Results. The regulatory effects of selenium-containing composite
formulations, D-8SE and D-AMSSE, were tested on three white cabbage varieties (Kharkivska Zymova, Ukrain-
ska Osin, and Bilosnizhka) and one purple cabbage variety (Paleta). D-AMSSE was more effective; the cabbage
varieties differently responded to its application, depending on genotypes, however they similarly increased the
head weight (by 22—23 %). An analogous pattern was observed for head density (it increased by 13-22 %). In the
control, there was a medium or strong correlation between the head weight and head volume. Depending on
treatment with the studied formulations, a stable increase in the Pearson’s pairwise correlation coefficient (rp) was
noted for the four cabbage varieties (r, = 0.55...0.95). D-8SE and D-AMSSE positively affected the sowing quali-
ties of cabbage. A statistically significant increase in the seed germination energy by 8.99-15.64 %, laboratory (by
10.25-19.18 %) and field (by 13.05-23.24 %) germination abilities was observed in the four varieties. Conclu-
sion. Tests of D-8SE and D-AMSSE confirmed their high efficiency as growth regulators to optimize the growth
of apical meristems of cabbage plants, making formation and maturation of heads more even and uniform within
the varietal populations. D-8SE and D-AMSSE beneficially affected the sowing quality of cabbage compared to
the standard growth regulator - gibberellic acid (GAs). In particular, for Kharkivska Zymova, there was 0.80- to
1.23-fold advantage of the composite formulations in the field germination ability. In Ukrainska Osin, this there
was a 1.38- to 2.05-fold increase in in the field germination ability; in Bilosnizhka — 2.60- to 2.77-fold; in Paleta —
3.12- to 3.38-fold.

Key words: white cabbage, purple cabbage, selenium-containing composite formulations, morpho-
biological parameters of heads, sowing quality of seeds, growth regulators.

Introduction. The Institute of Vegetable and table storehouses in autumn and winter and im-
Melon Growing of NAAS breeds late-ripening prove the quality of heads used for commercial
cabbage varieties, namely white cabbage (Brassica purposes. Appropriate weight, volume and density
oleraceae L. convar. capitata (L.) Alef. var. alba are especially important for heads. Hence, depend-
DC) and purple cabbage (Brassica oleracea L. var. ing on growing conditions, it is desirable to reduce
capitata L. subvar. rubra). Cabbage is a biennial percentages of plants with underdeveloped apical
vegetable, in which the vegetative phase of devel- zones and with incompletely formed heads without
opment (the first year of life) plays an important desirable density and weight. Cabbage is character-
role in ontogenesis, since during this period the ized by wide polymorphism of morphological fea-
main productive organ (head) is formed; in the re- tures, especially in the vegetative phase of devel-
productive period (the second year of life), it will opment. In many countries worldwide, it is a mass
determine the seed productivity of plants. During consumption product, as it is capable of producing
the head formation, one should take into account high yields of up to 80-100 t/ha with intensive cul-
morpho-biological parameters of heads, which en- tivation technologies. Harvesting, which accounts
sure better storability of foundation stock in vege- for more than 40% of labor costs, remains a prob-
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lematic issue. In almost all varieties, heads do not
ripen simultaneously; their weight, size and density
vary a lot, which makes mechanized harvesting
significantly more complicated. It is extremely dif-
ficult to achieve complete uniformity of heads, as
varieties are populations that combine heterozy-
gous biotypes differing to a greater or lesser extent
one from another by several quantitative traits
(Zhuk, O. Ya., 2008). To ensure the effective oper-
ation of cabbage harvesters, varieties must have
stable indicators of their growth and development,
among which yield, maturation evenness, re-
sistance to diseases and splitting, biological and
morphological uniformity of plants are especially
important (Balkaya, A. et al, 2005; Cervenski, J. et
al, 2011b). Thus, the model of white cabbage vari-
eties suitable for mechanized harvesting provides
the following intervals of variations for morpho-
statistical parameters of plants: the leaf rosette di-
ameter is < 70 cm, not many leaves; identical
height of the outer head —15-20 cm; uniform
weight and size of heads (weight 1.5-2.5 kg, diam-
eter 15-20 c¢cm) (Krutskikh, B.N. & Horoshikh,
N.N., 1978). Since quantitative traits in cabbage
plants are controlled by numerous genes, they con-
siderably vary in ontogenesis, depending on grow-
ing conditions. Foreign researchers reported that
the head weight significantly varied both in varie-
ties and F1 hybrids. The coefficient of variation
was 41.0% in the varieties and 8.8-26.0% in the F1
hybrids. The greatest variability of the outer head
height was recorded for the varieties (CV =
14.4...27.4%). Bulgarian hybrids were also hetero-
geneous according to this parameter (CV =
7.2...25.8%). Dutch hybrids with a coefficient of
variation ranging 7.4% to 8.4% were more uniform
(Popkov, Yu. D. & Stozharova, I. A., 1989). To
achieve plant homogeneity in new cabbage varie-
ties, it is also important to study the variability of
morphological and economic-biological traits in
new lines as starting materials for breeding (Kibar,
B. etal, 2016; Ozer, M.O., 2021).

Application of growth regulators, which can ac-
tively influenc physiological processes of growth
and development, especially with regard to the uni-
formity and synchronicity of productive organ
maturation, is a way to overcome the negative
phenomenon of asynchronous growth and devel-
opment of cabbage plants of some varietal popula-
tions (Kotecha, A. V. et al, 2011 ; Puzik LM. &
Haiova, L.O., 2018). In any vegetable species, all
processes in ontogenesis are mainly regulated by
three important systems: genetic, hormonal and
trophic (Shevelukha, S. V., 1990). Studies of inter-

14

Bunyck 73, 2023

actions between these three important autoregula-
tion systems are of primary importance for breed-
ing and require solving several problems. The first
and main objective is in-depth studying biological-
ly active substances that can act as growth regula-
tors and affect those growth processes in vegetable
species that are important through the lens of
breeding and seed production (Ponomarenko, S. P.,
2005; Tkachuk, O.0., 2014). Use of selenium-
containing biologically active compounds or com-
posite formulations based on biological forms of
selenium is a promising trend in this sphere. From
literature, it is known that adequate nutrition of
plants must include this trace mineral, which is
able to many-fold increase their resistance to vari-
ous negative environmental stressors (Brown, T. A.
& Shift, A., 1982; Vihreva, V. A. et al , 2001). Se-
lenium has high restorative and regenerating poten-
tials, allowing for significant boost in the plant per-
formance (Mechora, S. et al, 2012; Sharma, V. K.
et al, 2015). Elimination of selenium deficit, i.e.
achievement of high stress tolerance of vegetable
seedlings, is possible by timely application of sele-
nium-containing growth regulators.

Analysis of Recent Studies and Publications.
Selenium is a vital (essential) trace mineral for all
higher plants, as it directly participates in numerous
intracellular processes that ensure the vital activity
of cells. The main mechanism of biological action
of selenium-containing compounds is their partici-
pation in antioxidant processes (Davydova, O. Ye. et
al, 2009; Pilon-Smits, E. A. & Quinn, C. F., 2010).
Selenium-containing compounds are also involved
in the regulation and activation of syntheses of pol-
yunsaturated fatty acids, pigments and carotenoids
(Lu, J., & Holmgren, A., 2009). In plant cells, sele-
nium is actively bound by organic substances - ami-
no acids, proteins, nucleic acids, and polysaccha-
rides. Chloroplast proteins contain selenocysteine
and selenomethionine (Davydova, O. Ye. et al,
2009). Selenium is also required for synthesis of se-
lenocysteine-linked tRNA. It is metabolyzed by re-
placing sulfur in sulfur-containing compounds
(Rezanka, T. & Sigler, K., 2008). Thus, plants pro-
duce organic selenium-containing compounds, pri-
marily selenocysteine and selenomethionine, from
inorganic ones (Whanger, P. D., 2002).

In view of natural/climatic changes, the devel-
opment of approaches and methods that facilitate
adaptation of vegetable species, which are affected
by various biotic and abiotic stressors of the envi-
ronment, to new growing conditions has been in-
tensified recently. In this aspect, development of
phytohormonal agents and growth regulators as
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well as of selenium-containing formulations is a
promising trend (Ibatullin, I. I. et al, 2004). Recent
studies of the biological role of selenium have con-
firmed its active role in the growth and develop-
ment of higher plants. It was revealed that this
trace mineral was necessary in small doses (0.05—
0.10 mg/kg of dry matter (dm)) and toxic in large
doses (2-5 mg/kg dm) (Mirza, H. et al, 2020). In
plants, selenium is found as selenate (Se®*), sele-
nite (Se**), selenide and thioselenite (Se?*) and as
dimethyl selenide (DM Se) and dimethyl
diselenide (DMD Se) as part of some compounds
etc. (Davydova, O. Ye. et al, 2009). Numerous
studies proved the stress-protective activity of se-
lenium and its ability to neutralize the negative im-
pact of various environmental stressors on plants.
In particular, the amounts of free radicals (which
cause peroxide stress) in tissues of six plant species
of the Fabaceae family decreased due to selenium
during intensive growth (4lford, E. R. et al, 2014;
Philip, J. W., 2016). Chinese scientists confirmed
the influence of selenium on the redox balance in
cabbage plants (Brassica campestris cv. Chiba),
which were treated with aqueous solutions of sele-
nium-containing compounds. Inorganic forms of
selenium were discovered to beneficially affect re-
dox enzymes, increasing their activities, hence
minimizing detrimental impact of different stress-
ors on cabbage plants (Han-Chul, K. et al, 2004). It
was demonstrated that selenium preserved hydra-
tion of plant tissues during droughts, without re-
ducing transpiration intensity. Upon water deficit,
the protective effect of this trace mineral was man-
ifested as intensive inflow of water from soil due
to stimulation of the water-absorbing capacity of
roots (Kuznetsov, V. V. et al, 2003). Selenium,
which is detected in seed coats of some vegetable
species, also performs a protective function due to
the fact that its content in the coat can be 2-20
times greater than that in the pericarp, depending
on plant species. Studies on 7 perennial Allium L.
species (10 varieties) and 15 Brassica L. varieties
proved the positive effect of selenium on seed
germination, which is attributed to specific endog-
enous regulation of the physiological process by
this trace mineral (Golubkina, N. A. et al, 2005).
Chinese researchers found that selenium-
containing yeast as a source of selenium had a con-
siderable effect on the growth and quality of white
cabbage. The results showed that initial treatment
of juvenile cabbage plants with selenium-
containing yeast at an effective concentration of 16
mg/kg increased the total plant weight, head
weight and size by 48.4%, 88.3% and 25.4%, re-
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spectively, compared to the control values. The
main sources of selenium in white cabbage heads
were its organic forms - selenocysteine and me-
thylselenocysteine. Selenium-containing yeast at a
dose of 8 mg/kg increased the contents of amino
acids, soluble sugars, vitamin C, phenolic acids,
and glucosinolates in productive organs by 12.3—
81.6% (Liao, X. et al, 2021).

Another team of foreign researchers also investi-
gated effects of different concentrations of selenite
(0.1-0.4 mmol/L) on the growth and nutritional
quality of white cabbage. They found that selenite
concentrations of 0.1-0.2 mmol/L induced the ac-
cumulation of primary (soluble proteins, sugars, and
free amino acids) and secondary (vitamin C, glucos-
inolates, flavonoids, anthocyanins, and phenolic ac-
ids) metabolites and enhanced the activities of anti-
oxidant enzymes (glutathione peroxidase, catalase,
and superoxide dismutase) (Yu, L. et al, 2023).

The Scientific and Engineering Center "AKSO"
of NAS of Ukraine investigated the protective po-
tentials of plant growth regulators, antioxidants,
and trace minerals, including selenium compounds,
on Smuhlianka and Syrena Odeska wheat varieties
grown on artificially created acute deficit of phos-
phorus, which is a stress factor, no less dangerous
than drought. Pre-sowing treatment of grain with
10“% aqueous solution of sodium selenate
(NazSeQ.) intensified root growth, increased the
total length of roots by 45-70% and enhanced root
exudation of acids by 53-65%. It was experimen-
tally established that sodium selenate had complex
properties of a growth and development stimulator
of wheat plants, improving their phosphorus nutri-
tion, as well as an antioxidant and anti-stressor
(Davydova, O. Ye. et al, 2009).

Thus, despite a great number of foreign studies
on regulatory effects of selenium on the growth
and development of agricultural plant species,
there have been very few studies of this trace min-
eral or its organic forms in vegetable species in
Ukraine. Therefore, there is an urgent need to ex-
pand such exploratory studies, especially in respect
to optimization of the creation of initial forms for
breeding.

Purpose. To analyze regulatory effects of sele-
nium-containing biologically active formulations
manufactured in Ukraine on the sowing quality of
seeds and on morpho-biological parameters (level
and uniformity) of productive organs (heads) in va-
rietal populations of cabbage plants during the
vegetative phase of development.

Method and Materials. In accordance with the
objective, we studied two new selenium-containing
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composite formulations - D-8SE and D-AMSSE
produced by Vysokyi Vrozhai LLC (Kyiv,
Ukraine). For biotests of these formulations on
cabbage, the well-known regulator Mars-1 (the
closest prototype of D-8SE and D-AMSSE), which
had been was previously studied on growing white
cabbage plants at the Institute of Vegetable and
Melon Growing of NAAS, was chosen as a refer-
ence (standard). Mars-1 was established to have a
double function: it can act as a fungicide against
pathogens (viruses and fungi) and as a growth reg-
ulator for economically valuable plant species
(Mazalova, 1. V. et al, 2000).

To carry out biotests of D-8SE and D-AMSSE,
white and purple cabbage plants, which were
grown in the field, were used during the vegetative
phase of their development. In particular, we used
3 white cabbage varieties (Bilosnizhka, Ukrainska
Osin, and Kharkivska Zymova) and 1 purple cab-
bage variety (Paleta) bred by the Institute of Vege-
table and Melon Growing of NAAS. The white and
purple cabbage varieties were grown at the exper-
imental base of the Institute of Vegetable and Mel-
on Growing, which is located in the Kharkivska
Oblast (Selektsiine village). The agro-climatic
zone of the study site is the Eastern Forest Steppe
of Ukraine. Seeds were planted in the field within
the first 10 days of May. The seedling arrangement
was 70x70 cm. Cabbage was grown in compliance
with the traditional farming technique without arti-
ficial irrigation (Horova, T. K. & Yakovenko, K. I.
(Eds.), 2001). The first treatment of seedlings with
regulators was carried out in early June. During the
vegetation period, plants were treated four times
with a month interval. Twenty plants were used in
each experimental variant. Aqueous solutions of
regulators at a concentration of 2 ml/L were used
for treatment. This concentration was selected in
agreement with the manufacturers’ recommenda-
tions, both for the test formulations and for the ref-
erence, Mars-1 (Mazalova, 1. V. et al, 2000). Plants
that were treated with water were taken as the ab-
solute control. Each treatment was carried out with
a knapsack sprayer in the afternoon, between 4.00
p.m. 5.00 p.m. For the morphometric analysis of
cabbage plants, the following parameters were
measured: weight, volume and density of cabbage
heads at the end of the growing period. To calcu-
late the head volume (V), we approximated heads
to the ellipsoid of rotation and used the following
formula: V = 1/6 * 7 * a * b2, where a - diameter
of the shorter axis of the ellipsoid, 2 - diameter of
the longer axis. Biometric measurements of heads
were conducted at the end of the vegetation period
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of cabbage plants within the first 10 days of Octo-
ber before putting them into a storehouse for win-
ter. Arithmetic mean values of statistical parame-
ters and their standard errors were used to analyze
the obtained data (Dospekhov, B. A., 1985). The
regulators were tested on cabbage in 2020-2022.

The composite formulations were tested on
cabbage seeds both in the laboratory and in the
field. For this purpose, 100 seeds of each cabbage
variety were placed in gauze bags and incubated in
aqueous solutions of the studied substances (2
ml/L) without illumination in a thermostat at 25°C
for 1 day. The experiments were replicated 5 times.
Control seeds were soaked in distilled water. Gib-
berellic acid (GK3) was used as reference solution;
seeds were soaked in water-diluted GK; (phyto-
hormonal control, 2 mg/L).

When conducting biotests of substances, we
followed the requirements for assessing the sowing
and varietal qualities of vegetable seeds, which are
specified in DSTU 7160:2010 (DSTU 7160:2020,
2021). The sowing quality of seeds was determined
by such indicators as germination energy (at day
3), laboratory (at day 8) and field (at day 10) ger-
mination abilities, which were calculated as the
portion of germinated seeds at days 3, 8 and 10 re-
lated to the total number of sown seeds (expressed
as a percentage). After treatment, seeds were
washed three times with distilled water and germi-
nated in Petri dishes on wetted filter paper sheets
without illumination in a thermostat at 25°C. The
energy of seed germination and laboratory germi-
nation ability of seeds were determined in labora-
tory experiments. To calculate the field germina-
tion ability of seeds, seeds that had been pre-
treated with tested biologically active substances in
the laboratory were sampled, washed three times
with distilled water and sown outdoors. All the
above parameters were expressed as percentages.
To analyzed data, we used variation statistics
(Dospekhov, B. A., 1985).

Results. Results on treatment of vegetating
cabbage plants with three selected composite for-
mulations and regulators (D-8SE, D-AMSSE and
Mars-1) are summarized in Table 1. The statistical-
ly significant values are in bold and underlined; the
parameters with a clear upward trend but within
the standard error of the control value are in bold.

By head weight, D-AMSSE is the leader. When
the four cabbage varieties were treated with D-
AMSSE, there was a statistically significant in-
crease in the head weight compared to the control
(untreated plants). In particular, the head weight in-
creased by 23%in Kharkivska Zymova and Bilos-
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nizhka and by 22% in Ukrainska Osin and Paleta.
Considering the actions of the other investigated bi-
ologically active agents, we should note, first of all,
rather wide variations in their influence on growth
processes in certain cabbage genotypes. In particu-
lar, Mars-1 proved to be the most effective agent of
the tested compounds in stimulating the head weight
growth in Bilosnizhka white cabbage (36% increase
in weight). When Paleta purple cabbage plants were
treated, its efficiency was lower than that of D-8SE,
but with a statistically significant increase in the
head weight by 20%. D-8SE was less efficient than
D-AMSSE and Mars-1, because when plants were
treated with this agent, we observed a clear upward
trend in the head weight, but within the margins of
the standard error of the control. Bilosnizhka’s re-
sponse to this regulator turned out to be an excep-
tion: there was a statistically significant increase in
the head weight by 28%.

Bunyck 73, 2023

Head volume and density are other important
indicators. Increased weight in combination with
increased density and optimal volume, which
would not go beyond the accepted limits of varia-
tions of these parameters according to the devel-
oped variety model, is especially valuable for im-
proving quality. The best ratio of the head weight
and volume was recorded for D-AMSSE on
Kharkivska Zymova plants. D-8SE and Mars-1
gave the best ratios on Bilosnizhka plants. When
Ukrainska Osin white cabbage plants were treated
with any of the test formulations, we observed a
specific varietal response: a statistically significant
decrease in the head volume compared to the con-
trol. D-AMSCE treatment resulted in a statistically
significant increase in the head weight in this va-
riety with a clear upward trend in the head density,
but with overlapping standard errors with the con-
trol (Table 1).

Table 1. Effects of the selenium-containing formulations, D-8SE and D-AMSSE, on white and purple cab-
bage heads, mean for 20202022

Regulator Head weight (m),

Heat volume (V), ¢

Correlation be-

Head density (p =  tween the head

kg 108 md m/V), kg/m? weight and vol-
ume, rp *
Kharkivska Zymova white cabbage
Control 1.77+0.17 2.93+0.45 666.02+47.73 0.63
Mars-1 1.77+0.19 2.58+0.23 672.25+42.28 0.86
D-AMSSE 2.17+0.18 2.87+0.16 726.39+64.10 0.55
D-8SE 1.89+0.17 2.36+0.22 717.53+46.27 0.86
LSDo.0s 0.18 0.27 50.10 -
Ukrainska Osin white cabbage
Control 2.10+0.17 3.04+0.23 695.92+36.71 0.77
Mars-1 1.98+0.95 2.46+0.24 786.23+32.64 0.95
D-AMSSE 2.56+0.20 2.41+0.22 699.00+37.74 0.93
D-8SE 2.31+0.18 2.46+0.21 764.83+49.12 0.84
LSDo.os 0.16 0.23 38.9 -
Bilosnizhka white cabbage
Control 2.18+0.20 2.74+0.24 800.80+55.12 0.69
Mars-1 2.97+0.13 3.6+0.24 862+42.48 0.59
D-AMSSE 2.67+0.22 3.0+0.24 880.26+41.72 0.87
D-8SE 2.80+0.23 3.07+0.22 903.62+34.48 0.91
LSDo.05 0.20 0.23 435 -
Paleta purple cabbage
Control 1.23+0.10 1.88+0.12 650.19+42 .44 0.89
Mars-1 1.48+0.12 2.21+0.17 695.38+56.86 0.92
D-AMSSE 1.50+0.13 1.77+0.16 795.20+56.43 0.92
D-8SE 1.35+0.12 1.89+0.15 700.36+40.84 0.81
LSDo.os 0.12 0.15 49.2 -

Note: * statistical significance of the Pearson pair correlation coefficient (r,) at p < 0.05.

17



Vegetable and Melon Growing

Volume, 73, 2023

Osouienuymeo i baumaHHUymeo

The increase in the head weight in the four
treated cabbage varieties was associated with
changes in the head density. This is a beneficial
point in the physiological reaction of treated plants,
because internal tissues of denser cabbage heads
will be less prone to damage by fungal and bacteri-
al infections when put to winter storage. A statisti-
cally significant increase in the Paleta head density
compared to the control (by 22%) was observed af-
ter its plants had been treated with D-AMSSE, in
Bilosnizhka after D-8SE treatment (by 13%) and in
Mars-1-treated Ukrainska Osin (by 13%).

There was a strong linear correlation between
the head weight and volume (Table 1). Depending
on treatment, the Pearson pairwise correlation co-
efficient (rp) ranged 0.55 to 0.95 in the four select-
ed cabbage varieties. In the control, there was a
medium (r, = 0.3...0.7) or strong correlation (rp, >
0.7) between these parameters. Kharkivska Zy-
mova (rp = 0.63) and Bilosnizhka (r, = 0.69)
showed a medium correlation, while a strong cor-
relation was noted for Ukrainska Osin (r, = 0.77)
and Paleta (rp, = 0.89). With some exceptions,
treatment with the tested agents changed the corre-
lation strength almost to the functional level (r, =
1.0). This experimental fact indicates the direct ef-
fects of D-8SE and D-AMSSE and their closest
prototype, Mars-1, on the apical meristems of cab-
bage plants, as the regulators influence the even-
ness of formation and maturation of heads in some
varietal populations.

In particular, Mars-1 and D-8SE strengthened
the correlation compared to the control in
Kharkivska Zymova white cabbage (r, = 0.86 vs 1,
= 0.63). D-AMSSE was an exception, as it, on the
contrary, weakened the correlation to medium (rp =
0.55) (Table 1). The composite formulations had
the greatest effects when tested on Ukrainska Osin;
they strengthened the relationship (r, = 0.84...0.95)
compared to the control (r, = 0.77). D-8SE and D-
AMSSE proved to be more effective than Mars-1
in strengthening the relationship on Bilosnizhka
white cabbage. With D-8SE and D-AMSSE, the
correlation coefficient increased (r, = 0.87...0.91)
compared to the control (r, = 0.69). Mars-1 weak-
ened the correlation to medium (r, = 0.59) in this
variety. In Paleta purple cabbage, there was a
strong correlation between the head weight and
volume (r, = 0.89) in the control, therefore D-8SE,
D- AMSSE and Mars-1 did not significantly
strengthen this correlation (r, = 0.81...0.92).

Cabbage seeds that are grown for sowing must
meet the requirements of state standards. DSTU
7160:2010 stipulates the following requirements
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for varietal qualities of seeds: varietal purity of
original seeds — 99%); of elite seeds — 98%; of re-
productive seeds — 97%. The germination ability
should be at least 80% for original and elite seeds
and 75% for reproduction seeds. The water content
in seeds should not exceed 9%. Under compliance
with the technological regulations for storage,
seeds retain their commercial germination ability
for 5-6 years. According to the requirements of
DSTU 7160:2010, pre-sowing treatment with
growth regulators is an effective measure to ensure
high quality of seeds. In order to select the most ef-
fective regulators, it is advisable to test them pre-
liminary for initiation of seed germination in the
laboratory. This technique helps to find the best
regulators with beneficial effects on seed germina-
tion in less expensive laboratory experiments and
then to use them in large-scale field tests. Other re-
searchers noted that selenium and its biological
forms had strong regulatory effects on the germi-
nation of seeds of agricultural plant species
(Golubkina, N. A. et al., 2005). Taking into ac-
count the above, we evaluated D-8SE and D-
AMSSE first in the laboratory and then in the field
for their potential to improve the sowing quality of
cabbage seeds. Data from these experiments are
summarized in Table 2. In terms of energy of seed
germination, all the tested formulations were more
effective than the control (distilled water). Depend-
ing on treatment, there was a statistically signifi-
cant increase in the energy of seed germination by
8.96-15.64% in Kharkivska Zymova, by 7.35-
13.24% in Ukrainska Osin, by 3.95-12.96% in Bi-
losnizhka and by 4.46-11.01% in Paleta. The con-
trol energy of seed germination was 65.15% in
Kharkivska Zymova, 62.12% in Ukrainska Osin,
65.37% in Bilosnizhka, and 68.19% in Paleta. Of
the tested agents, gibberellic acid was less effective
than D-8SE or D-AMSSE. After GAs application,
the energy of seed germination increased by 3.95-
8.96% in the four cabbage varieties. A similar var-
iation range of the energy of seed germination was
observed for D-AMSE (11.01-15.64%); for D-
8CE, the energy of seed germination varied be-
tween 8.69% and 13.24%.

Similar patterns were observed for the laborato-
ry germination ability of seeds. Compared to the
distilled water control, all the tested agents resulted
in a statistically significant increase in the labora-
tory germination ability of seeds of all the cabbage
varieties (Table 2). The difference in the laboratory
germination ability between the treated and control
variants was 12.01-16.98% in Kharkivska Zy-
mova. A similar difference was detected in Ukrain-
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ska Osin (5.78 - 12.77%), Bilosnizhka (4.27 -
15.02%), and Paleta (4.97 - 19.18%). Of the tested
agents, gibberellic acid was less effective than D-
8SE or D-AMSSE; its regulatory effect was mani-
fested as a rise in the laboratory germination ability
of seeds of the four cabbage varieties by 4.27—
12.01%. A similar variation range of the laboratory
germination ability was noted for D-AMSSE
(10.57-19.18%) and D-8SE (10.25-15.04%). The
control laboratory germination ability was 72.37%
for Kharkivska Zymova seeds, 67.55% for Ukrain-
ska Osin seeds, 70.12% for Bilosnizhka seeds, and
74.28% for Paleta seeds (Table 2).

Field germination ability of seeds is a rather
important indicator for cabbage seeds. If an agent
is able to increase the number of germinated seeds,
it is possible to increase the sowing quality of
seeds to the level required by DSTU 7160:2010.
Like in the in laboratory tests, a positive upward
dynamics in seed germination was traced in the
field experiments with pre-sowing treatment.
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Compared with the control (soaking of seeds in
distilled water prior to sowing), the field ability in-
creased up to 70.24 - 77.31% for Kharkivska Zy-
mova seeds (control - 57.19%), to 61.55-73.45%
for Ukrainska Osin seeds (control — 50.21%), to
65.15-75.38% for Bilosnizhla seeds (control —
59.37%), and to 71.36 —86.14% for Paleta seeds
(control — 65.15%). The increase in the absolute
values of the field germination ability was statisti-
cally significant in the D-8SE, D-AMSSE and GA3
experiments. The field germination ability of seeds
increased by 13.05-20.12% in Kharkivska Zy-
mova, by 11.33-23.24% in Ukrainska Osin, by
5.78- 16.01% in Bilosnizhka, and by 6.21-20.99%
in Paleta. Thus, summarizing the results of tests of
D-8SE and D-AMSSE, we should emphasize their
positive effects on the germination energy, labora-
tory and field germination abilities of seeds of the
four cabbage varieties.

Table 2. Effects of the selenium-containing formulations, D-8SE and D-AMSSE, on germination energy,
laboratory and field germination abilities of cabbage seeds, mean for 2020—2022

Laboratory germina- Field genimation

Treatment Germination energy, % tion ability, % ability, %
Kharkivska Zymova white cabbage
Control 69.15+0.43 72.37£2.15 57.19+£2.36
Mars-1 78.11+0.59 84.38+1.27 73.55+£2.79
D-AMSSE 84.79+0.38 89.35+1.07 77.31+1.85
D-8SE 82.14+0.45 85.14+1.36 70.24+2.57
LSDo.05 1.15 1.84 2.71
Ukrainska Osin white cabbage
Control 62.12+2.17 67.554+0.69 50.2142.48
Mars-1 69.47+1.57 73.3340.38 61.54+1.30
D-AMSSE 73.35+1.38 78.12+0.55 65.88+0.93
D-8SE 75.36+2.06 80.32+1.28 73.45+1.48
LSDo.os 1.35 2.26 2.48
Bilosnizhka white cabbage
Control 65.37+2.11 70.12+0.55 59.37+2.06
Mars-1 69.32+1.35 74.39+1.06 65.15+1.48
D-AMSSE 78.06+1.32 85.14+2.35 74.39£1.27
D-8SE 74.23+1.58 80.37+1.92 75.38+0.99
LSDo.os 1.29 2.02 2.95
Paleta purple cabbage
Control 68.19+1.73 74.28+1.64 65.15+1.47
Mars-1 72.65+1.39 79.25+1.26 71.36%1.55
D-AMSSE 79.20+0.95 93.46+1.59 84.54+1.48
D-8SE 76.88+2.05 89.32+1.48 86.14+0.70
LSDo.05 1.75 1.22 2.30

Conclusions. Tests of the composite formula-
tions, D-8SE and D-AMSSE, confirmed their high
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biological activity as growth regulators capable of
increasing the qualitative and quantitative parame-
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ters of cabbage plants in the vegetative phase of
development. D-AMSSE turned out to be the most
effective agent; different cabbage genotypes re-
sponded differently to its application, but their
head weight increased similarly (by 22-23%). An
analogous pattern was observed for such an im-
portant quantitative indicator as the head density
(13-22% increase). D-8SE treatment was only ef-
fective in Bilosnizhka; as to the other cabbage va-
rieties, there was a steady upward trend in all mor-
phometric parameters, but within the standard error
limits of the control values. The effect Mars-1 was
selective: it was more effective in Bilosnizhka and
Paleta. It was found that there was a medium (rp, =
0.3...0.7) or strong (rp > 0.7) linear correlation be-
tween the head weight and volume in the control.
Depending on treatment, we observed a stable in-
crease in the Pearson correlation coefficient (rp) (rp
= 0.55...0.95) in the four cabbage varieties. This
experimental fact attests to the direct effects of D-
8SE, D-AMSSE and Mars-1 on the apical meri-
stems of cabbage plants, as the agents improve the
evenness of the head formation and maturation
within the varietal populations. Summarizing our
results on the composite formulations, D-8SE and
D-AMSSE, we should emphasize their beneficial
effects on the germination energy, laboratory and
field germination abilities of seeds of the four cab-
bage varieties. Both formulations statistically sig-
nificantly increased the germination energy by
8.99-15.64%, the laboratory germination ability by
10.25-19.18%, and field germination ability by
13.05-23.24%. At the same time, the reference
regulator, gibberellic acid (GAs3), was significantly
inferior or equal to the tested agents in terms of ef-
fectiveness. In particular, in Kharkivska Zymova,
we recorded a 1.45- to 1.75-fold superiority of the
composite formulations in terms of energy of seed
germination. As to laboratory germination ability,
there was a 1.06-to 1.41-fold advantage of D-8SE
and D-AMSSE over GAs. For field germination
ability, we observed a 0.80- to 1.23- fold ad-
vantage of D-8SE and D-AMSSE over GAs. Cor-
responding values for Ukrainska Osin were 1.53-
to 1.80-fold, 1.83- to 2.21-fold and 1.38- to 2.05-
fold; for Bilosnizhka — 2.24- to 3.21-fold, 2.40- to
3.52-fold and 2.60- to 2.77-fold; for Paleta — 1.95-
to 2.47-fold, 3.03- to 3.86-fold and 3.12- to 3.38-
fold.

References

Alford, ER., Lindblom, S.D., Pittarello, M.,
Freeman, J.L., Fakra, S.C., Marcus, M.A., Broeck-
ling, C., Pilon-Smits, E.A., Paschke, M.W. (2014).

20

Bunyck 73, 2023

Roles of rhizobial symbionts in selenium hyperac-
cumulation in Astragalus (Fabaceae). American
journal of botany. 101(11):1895-1905.
https://doi.org/10.3732/ajb.1400223

Balkaya, A., Yanmaz, R., Apaydin, A., Kar H.
(2005). Morphological characterization of white
head cabbage (Brassica oleracea var. capitata
subvar. alba) genotypes in Turkey. New Zealand
Journal of Crop and Horticultural Science.
33:333-341.

Brown, T.A,, Shift, A. (1982). Selenium: toxicity
and tolerance in higher plants. Biol. Rev. 57:59-84.

Cervenski, J.,  Gvozdanovic-Varga, J.,
Glogovac, S. (2011b). Local cabbage (Brassica
oleracea var. capitata L.) populations from Serbi-
an Province of Vojvodina. African Journal of Bio-
technology. 10(27):5281-5285.
https://doi.org/10.5897/AJB10.2686

Davydova, O.Ye., Veshytskyi, V.A., Yavorovskyi
P.P. (2009). Physiological-biochemical and stress-
protective functions of selenium in plants. Fizi-
ologiia i Biokhimiia Kulturnykh  Rastenil.
41(2):109-123.

Dospekhov, B.A. (1985) Methods of field exper-
imentation. Moscow: Agropromizdat. 350 p.

State Standard of Ukraine DSTU 7160:2020.
“Seeds of vegetables, melons, fodder and aromatic
crops. Varietal and sowing qualities. Specifica-
tions”. Valid from 01/09/2021]. Official edition.
Kyiv: Derzhstandart Ukrainy. 20 p.

Golubkina, N.A., Golubev, F.V., Temichev, A.A.
(2005). Protective function of selenium in the seed
coat of plants. Vestnik RASKhN. 4:54-57.

Han-Chul, K., Jung-Bong, K., Young-Sang, K.,
Seok-Cheol, S. (2004). Seleno compounds-
included bimodal function as measured for oxi-
doreductive potentials in Brassica campestris cv.
Chiba. Journal of Applied Biological Chemistry.
47(4):167-172.

Horova, T.K. & Yakovenko, K.I. (Eds.) (2001).
State-of-art methods of vegetable and melon breed-
ing. Kharkiv: Osnova. 369 p.

Ibatullin, LI, Veshytskyi V.A., Otchenashko
V.V. (2004). Use of selenium in crop production
and animal husbandry. Kyiv: Feniks, 208 p.

Kibar, B., Karaagag, O., & Kar, H. (2016). De-
termination of morphological variability among
cabbage (Brassica oleracea var. capitata L.) hy-
brids and their parents. Journal of the Institute of
Science and Technology. 6:31-44.
http://dx.doi.org/10.21597/jist.2016119273

Kotecha, A.V., Dhruve, J.J., Vohol, N.J. (2011).
Effect of foliar application of micronutrients and
growth regulators on growth and yield of cabbage



https://doi.org/10.3732/ajb.1400223
https://doi.org/10.5897/AJB10.2686
http://dx.doi.org/10.21597/jist.2016119273

Vegetable and Melon Growing

Volume, 73, 2023

Osouienuymeo i baumaHHUymeo

(Brasicca oleracea L. var. capitata) cv. GOLDEN
ACRE. Asian Journal of Horticulture. 6(2):381-
384.
http://dx.doi.org/10.22271/chemi.2021.v9.i17.11485

Krutskikh, B.N., Khoroshikh, N.N. (1978).
White cabbage cultivation technology. Kartofel i
Ovoshchi. 12:28-31.

Kuznetsov, V.V., Kholodova, V.P., Kuznetsov,
VI.V., Yagodin, B.A. (2003). Selenium regulates the
water status of plants during drought. Doklady
RAN. 390(5):713-715. [in Russian]

Liao, X., Rao, S., Yu, T., Zhu, Z., Yang, X., Xue,
H., Gou, Y., Cheng, S., Xu, F. (2021). Selenium
yeast promoted the Se accumulation, nutrient qual-
ity and antioxidant system of cabbage (Brassica
oleracea var. capitata L.). Plant Signaling & Be-
havior, 16(6):1907042.
https://doi.org/10.1080/15592324.2021.1907042

Lu, J., Holmgren, A. (2009). Selenoproteins.
Journal of Biological Chemistry, 284(2):723-727.
https://doi.org/10.1074/jbc.R800045200

Mazalova, 1.V., Dindorokho, V.H., Halushko,
V.P., Mazalov, V.K., Artomov, A.F., Chernyshov,
S.1., Syromolot, Ye.A. (2000). Mars-1 formulation
for pre-sowing treatment of agricultural crops
(Ukrainian invention patent No. 27093). “Scien-
tific-Technological Institute of Transcription,
Translation and Replication” Joint-stock company.
https://uapatents.com/10-27093-sklad-mars-1-dlya-
peredposivno-obrobki-nasinnya-
silskogospodarskikh-kultur.html

Mechora, S., Germ, M. & Stibilj, V. (2012). Se-
lenium compounds in selenium-enriched cabbage.
Pure and Applied Chemistry, 84(2):259-268.
https://doi.org/10.1351/PAC-CON-11-07-19

Mirza, H., M. H. M., Bhuyan B., Raza A.,
Hawrylak-Nowak, B., Matraszek-Gawron R., Na-
har K., Fujita, M. (2020). Selenium Toxicity in
Plants and Environment: Biogeochemistry and
Remediation Possibilities. Plants. 9(12):1711.
https://doi.org/10.3390/plants9121711

Ozer, M.O. (2021). Morphological variability of
red head cabbage (Brassica oleracea L. var. capi-
tata L. subvar. rubra) populations. Genet Resour
Crop Evol. 68:1033-1043.
https://doi.org/10.1007/s10722-020-01046-8

Philip, J. W. (2016). Selenium accumulation by
plants, Annals of Botany. 117(2):217-235.
https://doi.org/10.1093/aob/mcv180

Pilon-Smits, E.A., Quinn, C.F. (2010). Seleni-
um metabolism in plants. In Cell Biology of Met-

21

Bunyck 73, 2023

als and Nutrients. Springer: Berlin/Heidelberg,
Germany, P. 225-241.

Ponomarenko, S.P. (2005). High technologies
in agriculture. AhroSvit. 4:16-21.

Popkov, Yu.D., Stozharova, 1.A. (1989). Com-
parative characteristics of white cabbage hybrids
and varieties of different origins. Breeding and
seed production of vegetables and melons. Mos-
cow: NIHIOKh, 40-45 p.

Puzik L.M., Haiova, L.O. (2018). Effects of
plant growth regulators on the growth, develop-
ment and yield of cauliflower hybrids. Tavriiskyi
Naukovyi Visnyk. Series: Ahrarni Nauky. 103:105—
112.

Rezanka, T., Sigler, K. (2008). Biologically ac-
tive compounds of semi-metals. Studies in Natural
Products Chemistry. 35:835-921.
http://dx.doi.org/10.1016/S1572-5995(08)80018-X

Sharma, V.K., McDonald, T.J., Sohn, M., An-
quandah, G.A.K., Pettine M., Zboril R. (2015). Bi-
ogeochemistry of selenium. A review. Environ
Chem Lett. 13:49-58.
https://doi.org/10.1007/s10311-014-0487-x

Shevelukha, S.V. (ed.) (1990). Plant growth
regulators. Moscow: Agropromizdat, 185 p.

Tkachuk, O.0. (2014). Environmental safety
and prospects for plant growth regulators. Visnyk
Vinnytskoho Politekhnichnoho Instytutu. 3:41-44

Vikhreva, V.A., Gryanin, V.N., Gnis, V.K,
Blinokhvatov, A.F. (2001). Adaptogenic role of se-
lenium in higher plants. Byulleten Bashkirskogo
Gosudarstvennogo Universiteta. 2(11):65-66.

Whanger, P.D. (2002). Selenocompounds in
plants and animals and their biological signifi-
cance. Journal of the American College of Nutri-
tion. 21(3):223-232.
https://doi.org/10.1080/07315724.2002.10719214

Yu, L., Chen, Q., Liao, X., Yang, X., Chao, W.,
Cong, X., Zhang, W., Liao, Y., Ye, J., Qian, H.,
Zhao, Y., Cheng, S., Xu, F. (2023). Exploring ef-
fects of exogenous selenium on the growth and nu-
tritional quality of cabbage (Brassica oleracea var.
capitata L.). Horticulturae. 9:330.
https://doi.org/10.3390/horticulturae9030330

Zhuk, O.Ya. (2008). Morphological characteris-
tics of white cabbage (Brassica oleraceae L. con-
var. capitata (L.) Alef. var. aiba DC) plants and
their variability depending on the variety. Sor-
tovyvchennia ta Okhorona Prav na Sorty Roslyn.
2(8):34-39.



http://dx.doi.org/10.22271/chemi.2021.v9.i1z.11485
https://doi.org/10.1080/15592324.2021.1907042
https://doi.org/10.1074/jbc.R800045200
https://uapatents.com/10-27093-sklad-mars-1-dlya-peredposivno-obrobki-nasinnya-silskogospodarskikh-kultur.html
https://uapatents.com/10-27093-sklad-mars-1-dlya-peredposivno-obrobki-nasinnya-silskogospodarskikh-kultur.html
https://uapatents.com/10-27093-sklad-mars-1-dlya-peredposivno-obrobki-nasinnya-silskogospodarskikh-kultur.html
https://doi.org/10.1351/PAC-CON-11-07-19
https://doi.org/10.3390/plants9121711
https://doi.org/10.1007/s10722-020-01046-8
https://doi.org/10.1093/aob/mcv180
http://dx.doi.org/10.1016/S1572-5995(08)80018-X
https://doi.org/10.1007/s10311-014-0487-x
https://doi.org/10.1080/07315724.2002.10719214
https://doi.org/10.3390/horticulturae9030330

Vegetable and Melon Growing Volume, 73, 2023

OsouisHuymeo i baumanHuymeo Bunyck 73, 2023
YK 635.342 + 635.341: 631.53.02: 581.17

CEJIEHOBMICHI BIOJIOTTYHO-AKTUBHI KOMIO3UIIAHI MTPENMAPATU SIK EGEKTHUBHI
PET'YJIATOPU POCTY ISl TOKPAIIEHHSI IIOCIBHUX SIKOCTE HACIHHSI TA MOP®O-
BIOJIOTTYHUX ITOKA3HUKIB I'OJIOBOK KAITYCTH BLJIO- i YEPBOHOT' OJIOBOI
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Mera — TpOBECTH aHANI3 PETYJSITOPHOTO BIUIMBY CEJICHOBMICHHX O10JIOTIYHO-aKTUBHUX IIperapaTiB
BITYM3HSIHOTO BHPOOHMIITBA HA MOCIBHI SIKOCTI HaciHHS Ta HA (OpMyBaHHS 1 BUPIBHSHICTH B MEXaX COPTOBHX
nonyJsiiii MOp¢poOIONIOriYHNX MOKA3HUKIB MPOJYKTUBHUX OPraHiB (TOJOBOK) POCIMH KAaIyCTH T'OJIOBYACTOI.
Mertoau. 3aralbHOHAYKOBi, BHMIpPIOBAIbHI, 3BaKyBalIbHO-BaroBi, BapialiiiHOi craTUCTHKU. Pe3yabraTm.
Ha TPBOX COPTaxX KalycTH OL10rosnoBoi copTiB XapKiBchbka 3UMOBa, YKpaiHChbKa OCiHb, BilocHKKa Ta omHOMY
copti Kamyctu uepBoHoronoBoi [lamera. Haiibinein edextuBauM BusiBuBcs mnpenapar J-AMCCE, npu
3aCTOCYBaHHI SIKOTO COPTOBI TEHOTHITH KAITyCTH PEaryBajil 3 Pi3HOI COPTOBOIO PEAKIIIEI0, 30UIBIIYIOYN Macy
TOJIOBOK Ha MPHOJIM3HO OJHAKOBOMY piBHI (Ha 2223 %). Tex caMe CTOCYEThCS TAKOTO MMOKA3HKKA, SK NIUIBHICTh
roJIoBOK (30utbiueHHs Ha 13-22 %). Y KOHTpOJIbHOMY BapiaHTi JOCTILY MK PIBHSMH NPOSBY JBOX KUIBKICHUX
o3HaK “Maca ronoBok” i “O0’e€M roI0BOK” iCHYBaB CepeiHii i CHIbHUN KOpPEISLiHHMIA 3B’ SI30K. 3aIeKHO Bif
BapiaHTy 00pOOKH IOCHIKYBAaHUMH 3aCO0aMH, Y YOTHPHOX COPTIB KaIyCTH T'OJIOBYACTOI BiIMIYEHO CTaOiuIbHE
3poctanHs koedimienTy mapHoi xopemsmii ITipcona (rp) (rp = 0,55...0,95). TIpenmapatu J-8CE i JI-AMCCE
BUSIBIUI TIO3UTHMBHHN BIUIMB Ha TIOCIBHI SIKOCTI KaIyCTH TOJIOBYAcTOl. Y HYOTHPHOX COPTIB BiIMIYEHO
CTATUCTUYHO JOCTOBIpHE 301JIbIIEHHS €HEepril MpopocTaHHs HaciHHs Ha 8,99-15,64 %, naboparopnoi (Ha 10,25—
19,18 %) Ta mommsoBoi (Ha 13,05-23,24 %) cxoxocti HaciaHsA. BucHoBku. [IpoBeneHi BunpoOyBaHHs MpenapariB
J-8CE i I-AMCCE nigTBepaunu ix BUCOKY €(eKTHUBHICTb, SIK PEryJSITOPIB POCTY B acleKTi ONTUMI3alii pocTy
aNmKaIbHUX MEPUCTEMATHIHUX 30H POCTY POCIIMH KaITyCTH TOJI0OBYACTOT, BILTUBAIOYH HA JIPYKHICTh (POpMyBaHHS
1 BU3piBaHHS TOJIOBOK B Mekax mMeBHHX coproBux nomyisimiil. Ilpenapatu I-8CE i JI-AMCCE no3utuBHO
BIUIMHYJTM HA MTOCIBHI SKOCTI KaITyCTH T'OJIOBYACTOl MOPIBHIHO 13 €TAIOHHUM PETYIBITOPOM POCTY — T10epesioBOI0
kucnotoro (I'K3). 3okpema, mist copty XapkiBcbka 3MMOBa iepeBara KOMIIO3HIIIHHUX MPeTapaTiB 3a MOKa3HUKOM
“ITosnboBa cxokicTh HaciHHs cranoBwia 0,80—1,23 pasu. [y copry Ykpainceka ociab — 1,38-2,05 pasis. st
copry binocHixkka — 2,60-2,77 pazu. st copty Ilanera — 3,12-3,38 pazm.

Knrwuosi cnosa: xarycra 0i70T0JI0Ba, KalycTa YepBOHOTOJIOBA, CEJICHOBMICHI KOMIIO3HITIHI TIpenapary,
Mop}o0iooTivHI MOKa3HUKH TOJIOBOK, TIOCIBHI SIKOCTI HACIHHS, PETYJISITOPH POCTY.
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MAIN PERIODS OF GROWTH AND DEVELOPMENT OF F; CUCUMBER HYBRIDS AND
THEIR YIELDS DEPENDING ON WEATHER
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Purpose. To evaluate effects of weather on growth and development of cucumber plants, lengths of
the main interphase periods, and cucumber yield the Left-Bank Forest-Steppe of Ukraine; to select breeding-
valuable genotypes for heterosis breeding under climatic changes. Methods. Field, analytical, measuring,
statistical. Results. The study was conducted outdoors at the Institute of Vegetable and Melon Growing of
NAAS in 2019-2020. The weather in the study years varied significantly, allowing us to assess its influence
on phenological processes of growth and development of cucumber plants. Summarizing the results, we es-
tablished that sufficiently high average daily air temperature (25.3-25.8 °C), a large amount of unevenly dis-
tributed precipitation (0—-104 mm), with little or no precipitation during certain phases of cucumber devel-
opment, significantly affected the growing period length and yield of the cucumber hybrids under investiga-
tion. We found that the onset of mass anthesis of female flowers did not vary significantly across the years,
averaging 33-36 days. (35 days in the check accession). Fructification started on day 37—40 in 2019 and on
day 42-45 in 2020, which was 4-6 days later. Fructification lasted 32-40 days in 2019 and 20-24 days in
2020, which was 12-16 days longer. Analysis of the cucumber yield dynamics over the study years showed
that the weather in 2019 was more favorable for the growth and development of cucumber plants. Thus, in
2019, the total yields of hybrids ranged 20.8 t/ha to 64.9 t/ha. In 2020, at high temperatures and low air hu-
midity, the total yield was 12.7-26.9 t/ha, which was significantly lower (by 41.4-61.0 %). Conclusions.
The weather in the study years reflected the climate instability in the Forest-Steppe of Ukraine. The lengths
the main periods of the growth and development of cucumber hybrid plants and their yields were revealed to
vary significantly under variable growing conditions. We selected hybrids with annual parameters that would
be valuable for further breeding: by early ripeness — F1 ‘BD 96-18” / ‘Tsezar’, F1 ‘RD 96 2-95°/ ‘Dzherelo’,
F1 ‘RD 96 2-95° / ‘Heim’ and F; ‘Mah-62’ / ‘Toma-18’ (42 days); by fructification length — F; ‘RD 96 2-95°/
‘Dzherelo’ (35 days), F1 ‘Mah-62’ / ‘Toma-18’, F; ‘BD 96-18’/ ‘Heim’ and F1 ‘RD 96 2-95/
‘Heim’ (32 days); by yield capacity — F; ‘Mah-62’ / ‘Toma-18’ (45,9 t/ha), F1 ‘BD 96-18°/ “Toma-18’ (39,3
t/ha), F1 ‘Krak’ / ‘RD-96 2-95° (36,8 t/ha), F1 ‘RD 96 2-95°/ ‘Heim’ (35,8 t/ha), F1 ‘BD 96-18’/ ‘Heim’ (34,6
t/ha), and F1 ‘RD 96 2-95°/ ‘Dzherelo’ (34.2 t/ha). The selected hybrids yielded significantly more than the
check F1hybrid ‘Ajax’ (by 80-142 % or by 19.0 t/ha).

Key words: F1 hybrid, cucumber, temperature, precipitation, anthesis, fructification, yield.

Introduction. Today, the agricultural produc- Review of Resent Studies and Publications.
tion problem has been significantly aggravated be- Cucumber is one of the most common vegetables.
cause of intense pace of global and regional climat- It has been very popular among the population for
ic changes, which are manifested as an increase in a long time. Both fresh and canned cucumbers are
average annual air temperatures, frequent droughts, eaten. Cucumber fruits are rich in biologically ac-
which cover up to 50-70 % of the territory of tive substances; contain aromatic substances, en-
Ukraine (Basok B.l. & Bazieiev Ye.T., 2020). zymes that facilitate assimilation of proteins and
Global changes in the climate in recent years have vitamins B and C, carbohydrates, Ca and P ions
made an important objective — creation of new (Deepa S.K. et al., 2018; Murri I.K., 1961).
genotypes with powerful genetic potentials of high Today, drastic climatic changes pose a big chal-
performance and adaptability— more urgent in or- lenge for agricultural production. It was document-
der to harvest stable yields. ed that the average annual air temperature in the

territory of Ukraine started rising by 1.5 times fast-
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er than in the world as a whole. The difference be-
tween the initial and final temperatures for the pe-
riod of 1991-2020 increased from 0.5 °C to 1.2 °C
(Basok B.l. & Bazieiev Ye.T., 2020). A rapid in-
crease in the sum of temperatures in March and a
considerable increase in the average daily tempera-
tures in July-August are inherent in these changes.
In addition, water supply is getting worse due to
insufficient precipitation; its seasonal distribution
has become irregular: May. September and Octo-
ber amounts are similar to or higher than the multi-
year averages. but there is a great precipitation def-
icit in other months. Reduced precipitation in July-
August, when anthesis and fructification occur, is
especially negative (Vdovenko S.A. & Pala-
marchuk I.1., 2021). There are very high risks that
intense droughts could increase in number. Water
deficit and high temperatures disrupt most of met-
abolic processes in plants, impairing hormonal bal-
ance and causing alterations in subcellular struc-
tures. The degree of damage largely depends on
plants’ resistance to heat and drought as well as on
hydrothermal stress duration and intensity (Par-
kash V. et al., 2021).

Studying peculiarities of yield formation and
developing special technology models in order to
prevent risks and predict possible losses of yields
are the main ways to overcome the negative impact
of climatic changes on yield (Surhan O.V., 2020).
Successful breeding of hybrids for resistance to bi-
otic and abiotic stressors depends on the availabil-
ity of starting materials with high levels of valua-
ble morphological and biological characteristics,
including heat and drought resistance. Creation of
such genotypes (lines. varieties and hybrids) re-
quires the improvement of existing methods of
evaluation and selection of valuable cucumber
starting materials, development of new methods
and their effective application, which will allow for
significant acceleration of breeding and synthesis
of genotypes with high adaptive potentials
(Serhiienko O.V. et al., 2022).

Onset dates of some phases of growth and de-
velopment and lengths of both the growing period
as a whole and its parts are informative breeding
traits, which determine the adaptability of a geno-
type to growing conditions (Serhiienko O.V.,
2016). Growing period length is determined by
genotype. However, both the entire vegetation pe-
riod of cucumber plants and interphase periods de-
pend on weather and technological factors
(Kharkina T.G. & Morkovskaya Ye.F., 1999). Soil
and climatic conditions of cucumber cultivation
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were also demonstrated to have a significant im-
pact on yield (Polovyi A.M. et al., 2021).

Cucumber is a temperature and water-
demanding crop. Growth stops when temperature
drops below 14.5 °C or rises above 42 °C. Extend-
ed periods at temperature of below 10 °C are harm-
ful for plants. Short frosts (below 1.5 °C) kill cu-
cumber plants. The most intensive growth is ob-
served at 28-32 °C (Kuperman F.M.. 1982; Singh
M.C. et al,. 2017). Cucumber does not tolerate soil
or air droughts. The highest yields are harvested at
a relative air humidity of >90 % and a water con-
tent of 85-95 % related to the full moisture content
of the soil. It was shown than insufficient air hu-
midity could be to some extent compensated by
moistening the soil (Rahil M.H. & Qanadillo A,
2015).

A drastic rise in temperature, large fluctuations
in daily temperature maxima and minima, pro-
longed high temperature without sufficient soil
moisture are extremely unfavorable for cucumber.
A drop in temperature below 20 °C leads to a sharp
reduction in the ability of plants to absorb nutri-
ents. Even average daily air temperatures, slight
daily temperature fluctuations, a slow decrease in
temperature at the end of the growing period are
most favorable for cucumbers (Vashchenko S.F.,
1956; Bolotskykh A.S., 2001, 2002).

Environmental requirements of cucumber are
closely associated with its origin. Its homeland is
tropical regions of Southeast Asia, which are char-
acterized by high temperatures, frequent precipita-
tions and high sunlight intensity. However, the cul-
tivation of cucumber for thousands of years in dif-
ferent climatic zones has left its mark and to a cer-
tain extent changed the ecological nature of the
crop. This made it possible to create varieties and
hybrids adapted to cultivation in areas with a tem-
perate climate.

Nevertheless, an upward trend in the average
daily air temperatures and uneven distribution of
precipitation in the last decades are the main caus-
es of deterioration of conditions during cucumber
plants' growth and development phases, including
key ones. Many scientists reported that the same
variety grown under different weather conditions
differed both in the entire growing period length
and in its parts. Given the need of the population
for sufficient amounts of vitamin-rich vegetables,
the creation of new, more productive F; cucumber
hybrids is a priority line to increase the efficiency
of agricultural production and is of great social,
scientific and practical importance.
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Hence, the purpose of our study was to describe
weather effects on the growth and development of
cucumber plants of different breeding genotypes,
lengths the main interphase periods, and yield in
the eastern Forest-Steppe of Ukraine and to select
breeding-valuable genotypes for heterosis breeding
under of sharp climatic changes.

Material and Methods. The influence of
agrometeorological conditions on the cucumber
growth. development and yield was studies out-
doors at the experimental base of the Institute of
Vegetable and Melon Growing of NAAS located
in the Left-Bank Forest-Steppe of Ukraine (central
mid-humid area of the Kharkivska Oblast; the cli-
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mate of the zone is temperate-continental) in 2019-
2020.

The soil is a typical low-humus heavy loamy
chernozem. The humus content in the arable layer
was 4.0-4.5%; the P.Os content was 11-15
mg/100 g of soil; the KO content was 8-10
mg/100 g of soil; pH of salt extract was 7.0-7.5.

In 2019-2020, the weather was characterized
by insufficient rainfall; air temperatures during the
cucumber growing period were higher than the
multi-year averages. Figures 1-3 illustrate the
agrometeorological parameters (precipitation. air
temperature) during the growing period in the
study years.
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Figure 1. Precipitation (mm) profile during the cucumber growing period, 2019-2020 (MYA = multi-year
average)
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Figure 2. Air temperature profile during the cucumber growing period in 2019 (AD AT = average daily air
temperature; Max AT = maximum air temperature; Min AT = minimum air temperature; MY DA
AT = multi-year daily average air temperature; MYA Max AT = multi-year average maximum air
temperature; MYA Min AT = multi-year average minimum air temperature)
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Figure. 3 Air temperature profile during the cucumber growing period in 2020 (AD AT =
average daily air temperature; Max AT = maximum air temperature; Min AT = minimum air
temperature; MY DA AT = multi-year daily average air temperature; MYA Max AT = multi-year
average maximum air temperature; MYA Min AT = multi-year average minimum air temperature)

Breeding material in the amount of 10 F; hy-
brids obtained by synthetic selection was studied.
F1 hybrid ‘Ajax’ (Netherlands) was taken as the
check hybrid. Phenological observations of the
main periods of the growth and development of
cucumber plants were done: “emergence — anthesis
of female flowers”, “emergence — fructification”
and fructification length (CMEA’s extended har-
monized classifier, 1980; Methods of state trials of
agricultural crop varieties, 2001). Fruits were har-
vested in accordance with the requirements of the
state standard (DSTU 3247-95, 1996). Mathemati-
cal and statistical methods were used to process
experimental data and test significance of differ-
ences (Dospekhov B.A., 1985). The farming tech-
niques were conventional for the Forest-Steppe of
Ukraine (Yakovenko K.I., 2001).

Results. The weather variability during plant
growing has a considerable impact on quantitative
and qualitative parameters of agricultural plant
products, which significantly depend on water
availability and temperature, i.e. on precipitation
amount and frequency and air temperature
(Serhiienko O.V., 2016). Different genotypes dif-
ferently respond to environmental changes; there-
fore studies were focused on identifying cucumber
hybrid combinations with high resistance to ad-
verse environmental conditions, mainly to fluctua-
tions in daily temperatures and soil moisture.

The temperature profile is known to have the
greatest effect on the cucumber growth, develop-
ment and performance. It is known that 12-13 °C
is the most favorable temperature for cucumber
seed germination; 22-24 °C is optimal for plant
growth; at 40-45 °C physiological processes stop,
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so such temperatures are detrimental. The optimal
temperature for cucumber plant growth is closely
associated with sunlight intensity and carbon diox-
ide concentration (Kuperman F.M., 1982; Singh
M.C. et al., 2017; Bolotskykh. A.S., 2002).

In 2019, the weather was favorable for the
growth and development of cucumbers. Giving
plants a chance to fulfill their potentials (Fig. 2).
Analyzing the temperature profile, we noted that
cucumber plants were exposed to significant tem-
perature fluctuations during the growing period. In
the hot summer months, plants were exposed to
high temperatures (higher than 33.0 °C), which had
a negative impact on the cucumber growth, devel-
opment and yield. In June-August, the minimum
temperature (6.0-9.0 °C) exceeded the multi-year
average by 1-6.5 °C. The strongest deviations to-
wards increasing daytime temperatures were ob-
served starting from the 10" of June to the end of
the month. On some days, the temperature reached
33-34 °C or even higher. The peak of the maxi-
mum daily air temperature was recorded at 37 °C
(within the third 10 days of June). During the
growing period, precipitation was not abundant,
but wetting was sufficient during the crucial peri-
ods of the plant growth and development, contrib-
uting to high yields of the cucumber hybrids. The
highest amount of precipitation was recorded dur-
ing the third 10 days of May, which was 5.1 mm
more than the multi-year average and contributed
to the intensive development of plants. At the fruc-
tification onset (the first 10 days of July; a crucial
period), the precipitation amount was 38 mm with
the multi-year average of 25.4 mm, which ensured
even fructification.
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However, the weather in 2020 was less favora-
ble for cucumber. During the cucumber emergence
within the second 10 days and third 10 days of
May, there were big fluctuations in the average
daily (15.0-14.7 °C) and minimum (0.0-2.0 °C) air
temperatures, significantly delaying the emer-
gence. The traditional inflow of cold air masses
during the second 10 days and third 10 days of
May combined with a large amount of precipita-
tion, which was almost five-fold compared to the
multi-year average, negatively affected the emer-
gence of seedlings, delaying (on average by 14
days) further growth and development of plants as
well as harvest of marketable young cucumbers.
Reproductive organs were formed during the sec-
ond-third 10 days of June at high air temperature
(3234 °C) and water deficit (2.5-8.0 mm. with the
multi-year average for this period of 21.2-25.9
mm). These factors slowed down the growth and
development of plants, considerably reducing the
number of female flowers (by 25-40 %), which is
known to impair the outflow of macronutrients, to
raise energy costs for evaporation, to reduce
plants’ resistance to diseases, and to disrupt fructi-
fication. Abundant precipitation during the third 10
days of May (104 mm. which is 77.1 mm more
than the multi-year average) and the first 10 days
of June (20 mm vs. the multi-year average of
17.9 mm) contributed to the intensive growth of
the vegetative mass, which was ensured by the op-
timal temperature mode (20.2-25.8 °C). At the
same time, the second 10 days and third 10 days of
June were characterized by low air humidity and
soil moisture because of a small amount of precipi-
tation (2.5 and 8.0 mm. respectively. with its irreg-
ular distribution) and high average daily air tem-
perature (24.4-25.8 °C, with the maximum of
32.0-34.0 °C). There was no precipitation at all
(0.0 mm) during the first 10 days of July. At the
same time, the second 10 days of July had a big
(55 mm) amount of precipitation, which, combined
with low average daily temperatures (22.2 °C, with
the minimum of 10°C), caused intensive develop-
ment of Peronospora brassicae and damage to cu-
cumber plants, decreasing young cucumber yields
and marketability.

We noted that the weather during the cucumber
growing period significantly influenced the growth
period lengths and development of promising F:
hybrids. Lengths of phenological phases outdoors
are an integrated indicator of hybrids’ responses to
environmental changes (Table 1).

All hybrids under investigation were grown un-
der identical weather conditions and we found that
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growth and development phases did not differ sig-
nificantly between genotypes within a year unlike
year-to-year variations.

Data show that the “emergence — anthesis of
female flowers” lasted on average 33-36 days
(35days in the check hybrid), with weather-
induced 2- to 3-day differences: 30 - 35 days in
2019 and 33-37 days in 2020. Hybrids with the
shortest mean periods (33 days) were selected: F;
‘SD 96-18° / ‘RD 96 2-95°, F1 ‘BD 96-18" /
‘Tsezar’, F; ‘Mah-62’ / ‘Toma-18’, F1 ‘RD 96 2-
95’/ ‘Heim’ and Fi ‘SD 96-18” / ‘RD 96 2-95°
(Am =1); F; ‘Mah-62’ / ‘“Toma-18’ and F1 ‘BD 96-
18’ / “Tsezar’ (Am = 0) were most stable cross the
years.

F1 hybrids under investigation are classed as
early-ripening or mid-early; their the “emergence —
fructification onset” periods lasted on average 40—
43 days, with weather-induced 4- to 5-day differ-
ences: 37-41days in 2019 and 42-45days in
2020. Hybrids that began to bear fruits earlier than
the others were selected: in 2019 — F; ‘RD 96 2-
95’ / ‘Heim’ (37 days); in 2020 — Fy ‘SD 96-18° /
‘RD 96 2-95°, F; ‘BD 96-18’ / ‘Tsezar’ and F;
‘Mah-62° / ‘Toma-18’ (42 days). Analysis of the
averaged data distinguished the following early-
ripening F1 hybrids: F1 ‘BD 96-18” / ‘Tsezar’ (40
days); F1 ‘Ivol D 96’ / ‘RD 96 2-95°, F1 ‘SD 96-
18’ / ‘RD 96 2-95°, F; ‘Mah-62’ / ‘Toma-18’, and
F; ‘RD 96 2-95°/ ‘Heim’ (41 days). F1 ‘SD 96-18” /
‘RD 96 2-95* (Am =2 days) and F1 ‘Mah-62’ /
‘Toma-18* (Am =3 days) were most stable cross
the years.

Fructification in hybrids lasted on average 26—
35 days, with significant (12-16 days) weather-
induced differences: 32-40 days in 2019 and 20—
24 days in 2020. Long fructification (32-35 days)
was intrinsic to F; ‘Mah-62’ / ‘Toma-18’, F; ‘RD
96 2-95°/ ‘Dzherelo’, F1 ‘BD 96-18’/ ‘Heim’ and
F1 ‘RD 96 2-95° / ‘Heim’. The longest fructifica-
tion was recorded for F1 ‘RD 96 2-95° / ‘Dzherelo’
(35 days), with a variation amplitude of 16 days
between the years with variation limits of 24—
40 days, which was 8 days longer than in the check
hybrid (27 days) or 4.5-fold compared to the sam-
ple mean. Besides the check hybrid, the smallest
variation amplitude of this trait between the years
was observed in F; ‘Ivol D 96’ / ‘RD 96 2-95°
(Am = 13 days) and F1 ‘SD 96-18” / ‘RD 96 2-95°
(Am =12 days), with the sample mean of
16.1 days.
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Table 1. Interphase periods of the growth and development of F1 cucumber hybrids (F1 cucumber hy-
brid nursery. 2019-2020)

Number of days from emergence to

anthesis of female flowers

fructification onset Fructification length. days

Hybrid
019 A0 Men 2019 200  Men 2019 200  Men

E;i;j;‘an’ (check hy- 34 36 35 40 44 42 34 20 27
F1 ‘Ivol D 96" / ‘RD
o aon. 35 37 36 39 45 41 33 20 27
F.°SD 96-18" / ‘RD
o 33 34 33 Y 32 20 26
gé,Krak / ‘RD-96 2- 32 36 34 39 45 42 40 21 31
Tg:Mah‘&’ / ‘Fora- 35 36 35 38 45 42 40 22 31
F1°BD 96-18°/ 33 33 33 38 42 40 40 22 31
Tsezar
Eé,BD 96-18’/ “Toma- 4, 35 34 38 45 42 40 22 31
E:Mah'ﬁz’ [*Toma- 44 33 33 39 42 41 40 23 32
F1°RD 96 2-95/ 33 36 35 39 45 42 40 24 35
Dzherelo
F.BD 96-187/ ‘Heim® 32 36 34 a1l 45 43 40 24 32
F1°RD 96 2-95°/ 30 36 33 37 45 M@ 40 2 32
Heim

X 3290 353 341 389 441 415 381 220 305

Lim 30-35 3337 3335 37-41 4245 4042  32-40 20-24 26-35

Am 5 4 3 4 3 2 8 4 9

So, our study demonstrated that the weather in
the study years had different effects on the hybrids,
that is, the genotypes differently responded to
changes in the environment. Three hybrids were
most stable in terms of the onsets and lengths of
growth and development phases: F: ‘SD 96-18 /
‘RD 96 2-95°, F; ‘BD 96-18 / ‘Tsezar’, and F;
‘Mah-62’ / ‘Toma-18’; their averaged data were
vary similar to yearly data, with the smallest varia-
tion amplitude of the “emergence — onset of anthesis
of female flowers” (Am = 0-1 day) and “emergence
— fructification onset” (Am = 2-4 days) periods. F;
‘SD 96-18" / ‘RD 96 2-95” should also be highlight-
ed, as its variation amplitude for the “fructification
length” trait was the smallest (12 days).

Genetic improvement to increase and maximize
the performance of varieties as the ultimate indica-
tor characterizing their economic value is a main-
stream in cucumber breeding. Cucumber yield sta-
bility and amount are determined by values and ra-
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tio of quantitative traits that are formed during cer-
tain stages of organogenesis and, in turn, depend
on how optimal or intensive factors that support
the plant life are.

During the growing period, cucumber plants
absorb water unevenly. Cucumber plants require
the largest amounts of water in the phase of 2—4
true leaves, during anthesis and fructification (Bo-
lotskykh A.S., 2002). Water deficit during these pe-
riods has a negative effect on the development of
plants. leading to a significant decrease in the
yield, especially at elevated temperature of the air.

Yield is a complex characteristic that signifi-
cantly depends on growing conditions: the more
favorable growing conditions are, the higher
chances for genotypes to fulfill their potentials are.
The yields of the hybrids under variable growing
conditions, along with averaged data, are summa-
rized in Table 2.
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Table 2. Characterization of F1 cucumber hybrids in terms of the “total yield” trait. 2019-2020

Total yield
2019 2020 Mean
Hybrid % to the % to the % to the
t/ha check t/ha check t/ha check hy-

hybrid hybrid brid

F1 ‘Ajax’ (check hybrid) 208 100 171 100 190 100
F1 ‘Ivol D 96’ / ‘RD 96 2-95° 303 146 245 143 274 144
F1°SD 96-18’ / ‘RD 96 2-95’ 333 160 140 82 237 125
F; ‘Krak’ / ‘RD-96 2-95° 512 246 23 131 368 194
F1 ‘Mah-62’ / ‘Fora-18’ 402 193 211 124 307 162
F1‘BD 96-18’ / ‘Tsezar’ 452 217 127 74 290 153
F1‘BD 96-18°/ ‘Toma-18’ 572 275 214 125 393 207
F1‘Mah-62’ / ‘Toma-18’ 649 312 269 157 459 242
F1 ‘RD 96 2-95°/ ‘Dzherelo’ 440 212 243 142 42 180
F1‘BD 96-18’/ ‘Heim’ 440 212 252 148 346 182
F1‘RD 96 2-95°/ ‘Heim’ 465 224 251 147 358 189

LSD o5 261 - 332 - - -
X 434 209 21.3 125 324 171
Lim 208649 212-312 140269 74-157 190459 125242
Am 441 100 129 83 269 117

Analysis of the obtained data made it possible
to distinguish a number of F; hybrids by mean
yield. Thus, the highest yield (45.9 t/ha) was har-
vested from F; ‘Mah-62’ / “Toma-18’. It should be
noted that this hybrid yielded the most by years:
64.9 t/ha under the favorable weather conditions in
2019 and 26.9 t/ha in the unfavorable year of 2020,
which by 2.4—fold or by 58.5 % less; it was superi-
or to the check hybrid by 212 % or by 57 %, re-
spectively. F1 ‘BD 96-18°/ ‘Toma-18’ was also no-
ticeable for its high yield (the mean yield was
39.3 t/ha; 57.2 t/ha under the favorable weather
conditions in 2019 and 21.4 t/ha in the unfavorable
year of 2020, which is by 2.7—fold or by 63 % less;
it yielded by 175 % and 25 % more than the check
hybrid, respectively.

In general, all studied hybrids tended to de-
crease their yields in 2020 by 1.2-3.6 times or by
19.1-71.9 %, with the sample mean of 2.1 times or
47.8 %, respectively, which again confirmed the
dependence of this characteristic on weather condi-
tions. The smallest variation amplitude of this
characteristic was recorded for the check hybrid,
F1 ‘Ajax’ (Am =3.7 t/ha), and F; ‘Ivol D 96° /
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‘RD 96 2-95° (Am =5.8 t/ha), which gave low
mean yields: 19.0 t/ha, 27.4 t/ha, respectively. Of
the hybrids that significantly exceeded the check
hybrid and yielded a lot, the following hybrids
should be noted, as they were the most stable com-
binations with smaller variation amplitudes of this
parameter: F; ‘Mah-62° / ‘Fora-18" (Am=19.1
t/ha), F1 ‘RD 96 2-95°/ ‘Dzherelo’ (Am= 19.7
t/ha), F1 ‘BD 96-18°/ ‘Heim’ (Am = 18.8 t/ha), and
F1 ‘RD 96 2-95°/ ‘Heim’ (Am = 21.4 t/ha ), which
corresponded to a decrease in this indicator by 1.7—
1.9 times or by 42.7-48.0 %. The largest variation
amplitude of this parameter was observed in F;
‘BD 96-18" / ‘Tsezar’ (32.5 t/ha, which corre-
sponds to a decrease in this parameter by 72 % or
by 3.6-fold). F1 ‘SD 96-18’ / ‘RD 96 2-95°, F1
‘Krak’ / ‘RD-96 2-95°, F1 ‘BD 96-18’ / ‘Toma-18’
and F1 ‘Mah-62’ / ‘Toma-18’ also had wide varia-
tion amplitudes of this parameter, depending on
growing conditions (Am=19.3-38.0 t/ha), which
corresponded to a decrease in yield by 2.3 2.7
times or by 58.0-63.0 % and characterizes the
these hybrids as intensive genotypes.
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Conclusions. The weather in the study years re-
flected the climatic instability of the Forest-Steppe
of Ukraine. The variability of the lengths of the
main periods of the growth and development of
hybrid cucumber plants and their significant varia-
bility in terms of yield under variable growing
conditions were demonstrated for the genotypes
under investigation. The hybrids that are valuable
for further breeding were selected by average an-
nual parameters: F; ‘BD 96-18” / ‘Tsezar’, F1 ‘RD
96 2-95°/ ‘Dzherelo’, F1 ‘RD 96 2-95° / ‘Heim’
and F1 ‘Mah-62’ / ‘Toma-18’ by early ripeness (42
days); F1 ‘RD 96 2-95°/ ‘Dzherelo’ (35 days); F1
‘Mah-62’ / ‘“Toma-18’, F1 ‘BD 96-18’/ ‘Heim’ and
F1 ‘RD 96 2-95°/ ‘Heim’ (32 days) by fructifica-
tion length; and F1 ‘Mah-62° / ‘Toma-18" (45.9
t/ha), F1 ‘BD 96-18°/ ‘Toma-18" (39.3 t/ha), F:
‘Krak’ / ‘RD-96 2-95° (36.8 t/ha), F1 ‘RD 96 2-
95’/ ‘Heim’ (35.8 t/ha), F1 ‘BD 96-18°’/ ‘Heim’
(34.6 t/ha) and F;1 ‘RD 96 2-95°/ ‘Dzherelo’ (34.2
t/ha) by yield, as they yielded significantly more
(by 80-142 % or by 19.0 t/ha) than the check hy-
brid, F1 ‘Ajax’.
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Merta pocaiaskeHb — BUABJICHHS BIUIMBY IOTOJAHUX YMOB Ha TEMITH POCTY 1 pO3BUTKY POCIHH OTipKa,
TPHUBAIOCTI OCHOBHUX MiX(a3HUX MepioiiB, GopMyBaHHs Bpoxkaro oripka B JliBobepesxxnoMy Jlicocteny Y-
paiHu Ta BUIUICHHS CEJCKIIHO-I[IHHUX TeHOTHITIB JIJIs TETEPO3UCHOI CENeKIlii B yMOBax 3MiH KiiMaTy. Me-
Toau. [1omp0BI, aHATITHYHO-BUMIPIOBANIBHI, cTaTuCTHYHI. Pe3yabTaTu. J{oCTiHKEHHS MPOBOAMIOCH BITPO-
noBxk 2019-2020 pp. B IacTuTyTi OBOUiBHHMLTBA i GamranHuuTBa HAAH B yMoBax Biakpuroro rpyHry. Ilo-
TOJIHI YMOBH B POKH TPOBEJICHHS JTOCHTIPKEHb 3HAYHO PI3HUJIMCH, IO JO3BOJIMIO HaM OI[IHUTH iX BIUIMB Ha
(eHOJIOTIYHI POLIECH POCTY 1 PO3BUTKY POCIUH OTipKa. ¥Y3arajibHIOIOUH PE3YJIbTaTH CIIOCTEPEKEHb NOCITi-
JDKECHHSIMA BCTAaHOBJICHO, IO JOCTaTHRO BHCOKI MOKA3HUKH CEPEeIHBROA000BOI TeMrepaTypu moBiTps (25,3 -
25,8°C), BenMKa KiJbKICTh OTAaJiB 3 HEPIBHOMIpHHUM iX posmoaisoM (Big 0 mo 104 mwm) Ta 3HaYHUM iX gedi-
UTOM Y OKpeMi ()a3u pO3BUTKY OTipKa Maid iCTOTHUH BIUIMB Ha TPUBAJICTh BEreTaliiHOro mnepioay ta ¢o-
PMYBaHHS YPOXKAHHOCTI JOCHTIKYBaHUX TiOpUIHUX KOMOiHaIii oripka. BecraHOBNEHO, 10 HACTAHHS Maco-
BOT'O LBITIHHS XIHOYMX KBITOK 32 pOKaMH PI3HWJIOCS HE iCTOTHO i, B CEPEIHbLOMY, CIIOCTEpiranock Ha 33-36
o0y, y crannapty Ha 35 no0y. [loyarok mmonoHomenHs y 2019 p. BinOyscs na 37-40 noOy, y 2020 p. Ha
42-45 no0y, mo Ha 4-6 ai6 mizuime. [lepion miogonomenus y 2019 p. tpusas 32-40 ni6, y 2020 p. — 20-24
nmobu., mo Ha 12-16 xi6 goBme. AHani3 AMHaMIKH (pOpMyBaHHS YPOXKAHOCTI OTipKa 3a POKH JOCIHIIKEHb
MoKa3as, 1m0 noroaHi ymosu 2019 p. Oynu OUIBII CIIPUATIMBINI JUISt POCTY 1 PO3BUTKY POCIWH OTipka. Tak y
2019 p. 3aranpHa yposkalHICTh TiOpuAiB 3Haxommmacs B Mexkax 20,8-64.9 t/ra. ¥ 2020 p. Ha T BUCOKHX
TEMIIEpaTyp i HU3bKO1 BOJIOTOCTI MOBITpSI 3arajibHa BpoKalHICTh cTaHOBHIA 12,7-26,9 T/ra, mo Ha 41,4-61,0
% ictoTHO MeHmie. BucHoBku. [loromHi yMOBH B pOKH JOCTIKEHb Bi0Opa3win KIIMATUIHY HECTallib-
Hicth Jlicocreny Ykpainu. BusiBieHo MiHIMBICTb PiBHS MPOSIBY O3HAK TPHUBAIOCTI OCHOBHUX NEPIOJIiB POCTY
1 pO3BUTKY POCIWH TiOpuIHMX KOMOIHALIN OripKa Ta 3HA4YHy HOTO MIHJIMBICTB 32 BPOXKAMHICTIO 33 3MIHHHUX
YMOB BHPOIIYBaHHS JOCHIPKYBaHUX TCHOTHITB. BHIiIEHO 3a cepeHbOPIYHUMHU TMOKAa3HUKAMH I[iHHI IS
MOTAITBINOT CENEKITIHOT poOoTH TiOpHaHI KOoMOiHaIii: 3a panHpocTuriicTio — F1 BT 96-18 /11e3ap, F1 PIT 96
2-95/ xxepeno, F1 P11 96 2-95 / T'eiim, F1 Mar-62 / Toma-18 (42 moOu); 3a TpHUBAJIiCTIO MEPIOAy IUIOJIOHO-
menns — F1 PJ] 96 2-95/ JIxepeno (35 ni6); F1 Mar-62 / Toma-18, F1 B/ 96-18/ I'eiim, F1 PJ] 96 2-95/ T'eiim
(32 nmo6wm); 3a yposxkaiinictio — F1 Mar-62 / Toma-18 (45,9 1/ra), F 1 BJI 96-18/ Toma-18 (39,3 1/ra), F1 Kpak
/ PI1-96 2-95 (36,8 1/ra), F1 P/ 96 2-95/ I'eiim (35,8 1/ra), F1 B/l 96-18/ T'eiim (34,6 1/ra), F1 PJ] 96 2-95/
xepeno (34,2 %), mo ictotHo Ha 80-142 % nepesuuryBano ctanaapt Aske Fi1 (19,0 1/ra).

Kniouoei cnoea: Tidpun, oripok, TeMIiepaTypa, Orajiu, IBITiHHI, IUI0OHOIICHHS, YPOXKaNHICT
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Purpose. To evaluate heterosis in new F; hybrids and to select the best ones with the greatest dominance and
heterosis for the "growing period length”, "yield", "marketability" and "mean marketable fruit weight" traits for fur-
ther use in breeding for heterosis. Object. Twenty-seven F; watermelon hybrids and 22 parents. Methods.
General scientific, measuring and weighing, computational and statistical. Results. F1 watermelon hybrids
and their parents were screened for the following characteristics: lengths of interphase periods, total yield,
marketability, and mean marketable fruit weight. Analysis of the growing period and its parts showed that in
the hybrids the "emergence - ripening" period ranged 71 to 80 days in 2021 and 60 to 84 days in 2022. The
variation limits were from 6 to 24 days. The "anthesis of male flowers - anthesis of female flowers" and "an-
thesis of female flowers — fruit setting"” were the most stable interphase periods across the years both in the
hybrids and in the parents. Eleven hybrids were classed as ultra-early, as their "emergence - ripening" period
did not last longer than 63 days in 2022 or 72 days in 2021. On average in the hybrids across the study years,
the variation amplitude (Am) of the "total yield" trait was 30.9 t/ha; of the “marketability” trait — 16%; of the
"mean marketable fruit weight" trait — 2.9 kg. In the parents, Am was 43.1 t/ha, 20% and 2.8 kg for the ‘total
yield’, ‘marketability” and "mean marketable fruit weight" traits, respectively. The variation limits (Lim) of
the "yield" and "marketability" traits in the parents were wider than those in the hybrids. On the opposite, the
variation limits of the "% to the check accession" and "mean marketable fruit weight" traits in the study years
were wider in the hybrids. In breeding for yield, 10 F; hybrids, which were significantly superior to the
check F1 hybrid, ‘Kazka’, (130-166% to the check hybrid), are of practical value. Analysis of dominance and
heterosis in the F1 hybrids allowed us to select the best combinations with the greatest dominance and heter-
osis for yield (hp=0.39-3.94; X=101-136), marketability (hp=0.11-7.00; X=101-106) and mean marketable
fruit weight (hp=0.26-99.00; X=100-164). Based on high indicators of dominance and heterosis, 10 F1 hy-
brids were selected for further breeding; they were also noticeable for a set of economically valuable charac-
teristics: early ripening, high yield, marketability, evenness, resistance to biotic factors, etc. Fruits of the se-
lected hybrids are attractive in appearance and have excellent palatability. The selected F1 hybrids are valua-
ble for breeding to create competitive first-generation watermelon hybrids. Conclusions. The interphase pe-
riods that were most stable across the years were determined. Eleven ultra-early hybrids were selected. Ten
F1 hybrids, which in two study years were significantly superior to the check F1 hybrid, ‘Kazka’, (130-166%
to the check hybrid), are of practical value. High marketability was noted in 6 hybrids. Analysis of domi-
nance and heterosis in the F1 hybrids allowed us to select 10 combinations with the greatest dominance and
heterosis for yield (hp=0.39-3.94; X=101-136), marketability (hp=0.11-7.00; X=101-106) and mean market-
able fruit weight (hp=0.26-99.00; X=100-164) for further breeding, as they are of practical value for heterosis
breeding

Key words: watermelon, breeding, F1 hybrid, breeding trait, dominance, heterosis, breeding value.

Introduction. Watermelon (Citrullus lanatus 0.V, 2002). Watermelons contain easily digestible
(Thumb.) Matsum. Et Nakai) is a valuable food calcium and iron salts and are used as a remedy for
product; it is a source of vitamins and medicinal various diseases. Fruits are used mainly fresh, but
ingredients, which are important for health. Wa- can be processed. Expansion of the assortment of
termelons are grown for ripe juicy fruits that are highly adaptable watermelons is very important.
rich in sugars. Depending on growing conditions, New gourd varieties and hybrids allow for a 15-
the sugar content can vary from 4 to 12%. Water- 20% increase in yields without significant addi-
melon is rich in vitamin B9 some essential amino tional costs. Hybrids are obtained via hybridization
acids and mineral salts (Kravchenko V.O., Prylipko of two specially created and well-selected initial
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parent forms. F; hybrid plants are more homoge-
neous and uniform in their biological and morpho-
logical characteristics than conventional varieties.
However, one should take into account that as the
yield capacities varieties and hybrids grow, their
demand for cultivation technologies increases con-
siderably and the yield amount and quality be-
comes more dependent both on biotic and abiotic
factors.

The global approach to fulfillment of the bio-
logical potential of watermelons consists in the use
of various genetic methods to change the heredity
of plants, among which heterosis breeding holds a
special place. In the context of agriculture intensi-
fication, new requirements are put forward to new
genotypes; the main of them are high uniformity of
traits and features, stability of their expression,
high yield, and top quality of products. These ob-
jectives can be solved by using heterosis, a genetic
phenomenon, which has been widely used in vege-
table and gourd breeding over the past fifty years.

Analyzing successes in the breeding of com-
mercial hybrids, we should note that they depend
on the availability of a wide assortment of specific
lines, which allows for a quicker response to
changes of the current market. In addition, with
heterozygous hybrids, it is easier to protect copy-
right and conduct effective controlled seed produc-
tion.

Review of Recent Studies and Publications.
As of today, there are 127 watermelon varieties
and hybrids in the Register of Plant Varieties Suit-
able for Dissemination in Ukraine. Most of them
are varieties and only 22.8% of the watermelons in
the Register are hybrids (4.7% of them were bred
in Ukraine). For today's conditions, the Register
comprises too few hybrids, as due to heterosis, it is
possible to increase yields by 15-30% (State Regis-
ter of Plant Varieties Suitable for Dissemination in
Ukraine in 2022).

Today, hybrid breeding is much more promis-
ing than variety breeding, which is almost at the
end of its resources, having reached the biological
limit of performance. In hybrids, it is no problem
to combine important features such as yield, re-
sistance, fruit quality, adaptability, etc. significant-
ly increasing the efficiency of heterosis breeding.
Varieties of any crop have a common genetic basis
and are highly related, and it is genetically regulat-
ed heterosis that can give new opportunities for in-
creasing the efficiency of breeding and for provid-
ing the population with high-quality vegetable and
gourd products in scientifically justified quantities.
Most breeders came to the conclusion that stable
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heterosis in watermelons could be only achieved in
interline hybrids from homogeneous lines. Hetero-
sis is manifested when environmentally and geo-
graphically distant forms are crossed, especially if
the female line is a local form, and the male form
is distant in origin (Kravchenko V., Prylypko O.,
2002).

As above mentioned, new high-yielding varie-
ties and hybrids with high fruit quality and re-
sistance to biotic and abiotic factors are an im-
portant factor in achieving high yields (Umber-
tayev l., Makhmadzhanov S. (Eds.), 2015; Zhou,
X.G., Everts, K.L., 2004; Serhiienko O.V., 2017).
Cultivation of varieties and hybrids with complex
resistance are ecologically safe, meaning no pollu-
tion of the environment or residual amounts of pes-
ticides in products. Identification of new sources of
valuable traits, including those with a strong heter-
osis effect, is a very important area in gourd stud-
ies, as it can solve the problem of competitive hy-
brids with desirable parameters.

50% of the foreign market is represented by
watermelon hybrids. The Dutch company Nun-
hems Zaden is the world’s leader in creating het-
erotic watermelon hybrids; every year it offers new
competitive hybrids, for example: ‘Crisby’, ‘Tro-
phy’, ‘Lady’, ‘Dumara’, ‘Red Comet’, ‘Red Star’,
etc. Seminis Vegetable Seeds, Inc, which created
hybrids ‘Crimson Glory’, ‘Madera’, ‘Pata Negra’,
‘Royal Majesty’, ‘Royal Sweet’, ‘Red Sweet’, etc.,
was an active player in this field. Russian, Hungar-
ian, Chinese, Japanese, and American breeders are
intensively working to create heterotic watermelon
hybrids (Global market of watermelons and mel-
ons, 2019).

The leading countries worldwide refuse to grow
varieties and massively introduce heterotic hybrids
into agricultural production, which characterizes
the current policy. The main advantage of hybrids
is not only heterosis in terms of performance
(30%), but also their ability to combine traits that
are difficult to combine in varieties. (Orliuk A.P.,
Didenko V.P., 2009; Sokolov S.D., 2003). As gourd
cultivation becomes more popular in the private
sector, the demand for attractively looking, high-
yielding, short-season, top-quality, intensive, sim-
ultaneously ripening, heterotic hybrids has in-
creased. Consumers need delicious, disease-
resistant, early-ripening, cold-resistant, cheap, new
hybrids with long shelf lives. Success in the breed-
ing of commercial hybrids depends on the availa-
bility of a wide assortment of specific lines, which
allows for a quicker response to changes in the cur-
rent market. It is hybrids that can yield more, com-
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bining several economically valuable traits in one
genotype and additionally facilitating copyright
protection of completed scientific innovations. Hy-
brid breeding promotes close interactions between
seed producers and originators, positively affecting
the entire production process of vegetables and
fruits and introduction of domestic developments
at agrarian enterprises of various forms of owner-
ship.

Hence, the study was focused on evaluating
dominance degrees and heterosis effects in new
watermelon hybrids (in comparison with their par-
ents) versus the check accessions for further use in
breeding for heterosis.

Purpose. To evaluate heterosis in new F; hybrids
and to select the best ones with the greatest domi-
nance and heterosis for the "growing period length”,
"yield", "marketability” and "mean marketable fruit
weight" traits for further use in breeding for heterosis.

Materials and methods. The experiments were
carried out in the experimental breeding crop rota-
tion fields of the Institute of Vegetable and Melon
Growing of NAAS located in the Left-Bank For-
est-Steppe of Ukraine (central moderately humid
area of the Kharkivkyi District of the Kharkivska
Oblast) in 2021-2022. The climate of the study site
is temperate-continental. The experiments were
carried out outdoors on a natural background of in-
fections. Twenty-seven F; watermelon hybrids and
22 parents were studied. Fi hybrid ‘Kazka’
(Ukraine) and variety ‘Max Plus’ (Ukraine) were
taken as check accessions. The record plot was
19.6 m2. The experiments were conducted in two
replications. Economically valuable characteristics
in the hybrids were evaluated in comparison with
those in their parents. Dominance degree and het-
erosis in the F; watermelon hybrids were deter-
mined. The study was conducted in accordance
with conventional methods (Horova T.K., Yako-
venko K.I. (Eds.), 2001; Yakovenko, K. I. (Eds.),
2001; Korniienko S. 1., Serhiienko O. V., Krutko R.
V., 2016; Lymar A.O. et al. , 2001). Data were sta-
tistically processed, as BA Dospekhov described
(Dospekhov V.A., 1985). Data were mathematically
processed in Statistica. Dominance degree and het-
erosis effect were determined, as it is recommend-
ed in the guidebook "Genetics of Quantitative
Traits. Genetic Crossings and Genetic Analysis"
(Litun P.P., Proskurnin N.V., 1992). The farming
techniques were traditional for watermelon grow-
ing in this soil/climate zone (Yakovenko, K. I.
(Eds.), 2001; DSTU5045:2008, 2008).
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Results. The F; watermelon hybrids and their
parents were screened for the following character-
istics: lengths of interphase periods, total yield,
marketability, and mean marketable fruit weight.

Analysis of the growing period and its parts
showed that the "emergence - ripening" period in
the hybrid ranged 71 to 80 days in 2021 and 60 to
84 days in 2022. In the parent, this period was 75-
82 days (2021) and 67-84 days (2022). The varia-
tion amplitude of the growing period parts was 6 -
24 days. On average across the study years, the
variation limits (Lim) were 66-82 days in the hy-
brids and 71-83 days in the parent; the variation
amplitude (Am) of the "emergence - ripening" peri-
od was 16 days in the hybrids and 12 days in the
parents (Table 1).

All hybrids and parents were classed as early-
ripening by growing period and its parts. The max-
imum variation range was recorded for the "emer-
gence - stem formation” and “emergence - ripen-
ing" interphase periods. The "anthesis of male
flowers — anthesis of female flowers" and "anthesis
of female flowers — fruit setting" were the most
stable interphase periods across the years both in
the hybrids and in the parents.

The following F1 hybrids were categorized as
ultra-early: Fi; ‘Limono 2/Mak’, Fi1 ‘Lesh-
chyna/Mak’, F; ‘Mak’/‘Lypa’, F: ‘Limono
2’/‘Pershyi’, F1 ‘Shar’/‘Leshchyna’, F1 ‘Mak/‘No.
543’, F1 ‘No. 543°/‘Mak’, F1 ‘Pershyi’/‘Chorna’,
F1 ‘Chorna’/*Pershyi’, F1 ‘Ohoniok’/‘Chorna’, and
F1 ‘Br-19°/‘Shar’. The "emergence - ripening" pe-
riod in these hybrids was not longer than 63 days
in 2022 or 72 days in 2021.

The variation amplitude (An) of the total yield
in the F1 hybrids was 28.6 t/ha and 47.2 t/ha in
2021 and 2022, respectively; the variation limits
(Lim) were 15.4-43.0 t/ha and 32.0-79.2 t/ha, re-
spectively (Table 2).

On average in the hybrids across the study
years, the variation amplitude (Am) of the "total
yield" trait was 30.9 t/ha; of the “marketability”
trait — 16%; of the "mean marketable fruit weight"
trait — 2.9 kg. In the parents, A, was 43.1 t/ha, 20%
and 2.8 kg for the ‘total yield’, ‘marketability” and
"mean marketable fruit weight" traits, respectively.
The variation ranges (Lim) of the "yield" and
"marketability” traits in the parents were wider
than those in the hybrids. On the opposite, the var-
iation ranges of the "% to the check accession" and
"mean marketable fruit weight" traits were wider
in the hybrids.
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Table 1. Variation ranges and limits of the growing period parts in the F; hybrids and parent,
days (2021-2022)

Interphase period

= g g E 2 § E . = 8
Variation rangeand & E 3 2 < g £ 2 § B £ =
amplitude of the in- | le S3 & Ex g = 3 ]
terphase period cgs 28 @2 > @ o S T S 27 =
F1 hybrids
Lim 22-30 37-43 38-47 7-17 11-19 1-7 1-10 71-80
2021 Am 8 6 9 10 8 6 9 9
2022 Lim 20-34 32-43 35-47 6-21 11-22 1-8 1-9 60-84
Am 14 11 12 15 11 7 8 24
_ Lim 21-32 35-43 37-47 7-19 11-21 1-8 1-9 66-82
Mean (X) A 11 8 10 12 10 7 8 16
Parents
2001 Lim 21-44 38-42 38-47 5-19 3-21 1-7 1-10 75-82
Am 23 14 9 14 18 6 9 7
2022 Lim 14-30 26-41 34-46 6-17 10-22 2-8 2-9 67-84
Am 16 15 12 11 12 6 7 17
Lim 18-37 32- 36-47 6-18 7-22 2-8 2-10 71-83
Mean (X) Am 19 10 11 12 15 6 8 12

The following F1 hybrids, which in two years of
research significantly (130-166% to the check ac-
cession) outperformed the F; check hybrid,
‘Kazka’, are valuable in breeding for yield: F; ‘Br-
19°/‘Rada’, F; ‘Harna’/‘K 605°, F1 ‘Lypa’/‘Harna’,
Fi1 ‘Limono 2’/‘Mak’, F1 ‘Leshchyna’/‘Mak’, F1
‘Mak’/‘Lypa’, F1 ‘Mak’/*No. 543°, F: ‘Ly-
pa’/*Mak’, Fi1 ‘Harna’/*Mak’, and Fi1 ‘No.
543’/‘Mak’. High marketability was noted in Fi
‘Lypa’/*Mak’, F1 ‘No. 543°/‘Mak’, F; ‘Shar’/’Br-
19°, F;1 ‘Lypa’/ ‘Harna’, F1 ‘K 605’/ ‘Harna’, and
Fi1 ‘Limono 2’/ ‘Pershyi’.

In 2021-2022, the dominance degree and heter-
osis were determined (Table 3).

The variation amplitude (Am) of the domi-
nance degree (hp) for the “yield” trait was 4.56,
with Lim of -0.62-3.94 in 2021; in 2022, Am was
16.93 and Lim was - 15.54-1.39. The variation am-
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plitude (An) for the heterosis effect (X) for the
“yield” trait was 37, with the variation range of 99-
136 in 2021; in 2022, the corresponding indicators
were 93 and 49-170.

Having determined the dominance degree and
heterosis effect in the F1 hybrids, we selected com-
binations with the highest degree of dominance
and strongest effect of heterosis for the "yield",
"marketability" and "mean marketable fruit
weight" traits. Ten best Fi hybrids were selected
for further breeding due to their high degree of
dominance and strong effect of heterosis.

The selected F1 hybrids were also noticeable for
a set of economically valuable characteristics (high
yield, marketability, uniformity, resistance to biotic
factors, etc) in comparison with the check hybrid
(Table 4).
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Yield constituents

Variatior) range ar_wd ampli- Total yield Marketability. Mean marketable
tude of yield constituents tha % to the _check % y fruit weight, kg
accession
F, hybrids
LSDgs 2.19
2021 Lim 15.4-43.0 59-166 57-65 1.8-3.7
An 28.6 106 8 1.9
LSDgs 3.5
2022 Lim 32.0-79.2 74-181 75-99 0.9-4.9
An 47.2 107 24 4.0
_ Lim 23.7-54.6 67-173 66-82 1.4-4.3
Mean (1) An 30.9 106 16 2.9
Parents
LSDgs 2.7
2021 Lim 15.4-40.1 59-155 57-65 1.9-3.1
An 24.7 96 8 1.2
LSDgs 7.7
2022 Lim 18.5-60.1 38-125 60-92 1.4-5.9
An 51.6 87 32 4.5
_ Lim 17.0-50.1 49-140 59-79 1.7-45
Mean (X) An 431 01 20 2.8

Table 3. Dominance degree (hp) and heterosis effect (X) in the best F1 watermelon hybrid, mean for 2021-

2022

Dominance degree and heterosis

Mean marketable

Hybrid Yield Marketability Fruit weight
hp X hp X hp X

Fi‘Lypa’/‘Mak’ 2.82 128 7.00 106 2.60 125
F1 ‘Leshchyna’/*Mak’ 2.06 101 0.50 102 99.00 122
F1 ‘Limono 2°/‘Pershyi’ 1.70 115 1.00 104 3.67 126
F1 ‘Shar’/‘Leshchyna’ 1.24 121 1.00 105 3.67 126
F1°‘No. 543°/‘Mak’ 2.25 136 1.00 102 0.26 100
F1 ‘Limono 2°/*Mak’ 0.39 105 0.40 101 1.40 112
F1 ‘Skarbnytsia’/‘Such’ 3.94 136 5.00 118 4.00 106
F1‘Mak’/‘No. 543’ 0.61 118 0.11 101 1.9 133
Fi ‘Lypa’/‘Hamna’ 0.98 124 1.00 102 19.00 106
F1‘Br-19’/‘Rada’ 1.39 170 0.60 105 .80 164
In the entire sample (27 accessions):
2021 Lim -0.62-3.94  99-136 -3.00-7.00 98-118 -0.67-5.80 91-133

Anm 4.56 37 10 20 6.47 42

Lim -15.54-1.39  49-170 -19.0-1.33  79-118 -0.6-89.0  72-133
2022 An 16.93 93 20.33 39 89.6 61
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Table 4. Characterization of the best F1 watermelon hybrids in terms of economically valuable charac-
teristics, mean for 2021-2022

Economic characteristics

“Emergence — Yield Mean
Hybrid ripening” pe- . % tothe Marketability, marketable
riod, days Total yield, check ac- % fruit
tha cession weight, kg
F1 ‘Kazka’ (check hybrid) 79 315 100 87 3.0
F1‘Lypa’/‘Max Plus’ 73 43.0 137 82 3.1
F1 ‘Leshchyna’/‘Maks Plus’ 71 54.6 173 93 2.9
F1 ‘Limono 2°/‘Pershyi’ 74 40.7 129 84 2.7
F1 ‘Shar’/‘Leshchyna’ 76 37.5 119 96 2.4
F1 ‘No. 543’/‘Maks Plus’ 76 41.3 131 90 2.3
F1 ‘Limono 2°/Maks Plus’ 73 41.1 130 81 2.6
F1 ‘Skarbnytsia’/*Sich’ 75 33.8 107 84 2.4
F1‘Maks Plus’/*No. 543’ 73 41.6 132 89 2.6
F: ‘Lypa’/‘Harna’ 78 50.6 161 81 3.0
F1 Bryz’/‘Radost’ 75 39.2 124 82 3.0
Mean (X) for the entire sample (27 accessions):
Lim 66-82 23.7-54.6 67-173 66-82 1.4-4.3
An 16 30.9 106 16 2.9

Fruits of the selected F; hybrids were attractive
in appearance, had excellent palatability, ripened
early and are valuable in breeding to create com-
petitive F1 watermelon hybrids.

Conclusions. The F; watermelon hybrids and
their parents were screened for lengths of inter-
phase periods, yield, marketability and mean mar-
ketable fruit weight. The "anthesis of male flowers
- anthesis of female flowers" "anthesis of female
flowers - fruit setting" interphase periods were
found to be most stable across the years both in the
F1 hybrids and in the parents. Eleven ultra-early
hybrids were identified; their "emergence - ripen-
ing" periods were not longer than 63 days in 2022
or 72 days in 2021. In breeding for yield, 10 F1 hy-
brids are of the practical value, because in two
years of research they were significantly superior
(130-166% to the check hybrid) to ‘Kazka’ (F1
check hybrid). High marketability was noted in 6
hybrids. Having determined the dominance degree
and heterosis effect in the F; hybrids, we selected
combinations with the highest degree of domi-
nance and strongest effect of heterosis for the
"yield" (hp = 0.39-3.94; X = 101-136), "marketa-
bility" (hp = 0.11-7.00; X = 101-106) and "mean
marketable fruit weight" (hp = 0.26-99.00; X =
100-164) traits. Based on high degrees of domi-
nance and strong effect of heterosis, the following
10 F: hybrids were selected for further heterosis
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breeding; they were also noticeable for a set of
economically valuable characteristics (early ripen-
ing, high vyield, good marketability): F: ‘Ly-
pa’/*Mak’, Fi1 ‘Leshchyna’/Mak’, F1 ‘Limono
2’/‘Pershyi’, Fi1 ‘Shar’/‘Leshchyna’, Fi ‘No.
543’/*Mak’, F; ‘Limono 2’/‘Mak’, F; ‘Skarbny-
tsia’/’Sich’, F1 ‘Mak’/’No. 543, F1 ‘Ly-
pa’/‘Harna’, and F; ‘Br-19°/°‘Rada’.
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CTYIIHb JOMIHAHTHOCTI TA E®EKT 'ETEPO3UCY I'IBPUIHUX KOMBIHAIIIN F; KABYHA

Ceprienko O.B., Illa6era O.M., Jlinnik 3.I1., Ceprienko M.b.

[HcTUTYT OBOUIBHUIITBA 1 OamTaHHULTBA HarioHansHOT akageMil arpapHUX HayK YKpaiHu
ByJ. [HCTHTYTCBKA, 1, cen. Cenekiiine XapkiBChKoi 0011, Ykpaina, 62478

E-mail: ovoch.iob@gmail.com

https://doi.org/10.32717/0131-0062-2023-73-32-39

Merta. Buznauuty piBeHb pOsIBY F€TEPO3UCY B HOBHMX NiOpUIHMX KOoMOiHawii F; Ta BUALINTH Kpalll 3 HaHBUIMMH

MOKa3HUKAMU CTYIEHsS JOMIHAHTHOCTI Ta €(EeKTy TeTepO3HCY 3a O3HAKAMH «TPUBATICTh BETeTALliHOTO MEpiomy»,
«YPOXKaMHICT», «TOBAPHICTEY Ta «CEPEeIHS Maca TOBAPHOTO IUIOAY» ISl MOAAJIBIIOr0 BUKOPUCTAHHS Y CeleKLii Ha
rereposuc. 00’ ekT. 27 ribpuaHnx KoMOiHamii F1 kaByHa Ta 22 OarbkiBChki (opMu. MeToau. 3araibHOHAYKOBI,

BHMIPIOBAJIbHO-BAroBi, pO3paxyHKOBi, cTaTucTHuHi. Pe3ynabraTn. [IpoBeaeHo CKpUHIHT TiOpHIHUX KOMOIHAIiMA
F1 Ta GarbkiBChKHX (hOpM KaByHA 3a O3HAKAMU: TPUBATICTh MK(A30BUX MEPIOAIBY, «3arajibHa YPOXKaWHICTHY,

«TOBApHICTH» Ta «CepeHs Maca TOBAPHOTO IUIOAY». AHalli3 TPUBAJIOCTI BereTaliiHOTO Nepioy Ta HOro CKJaIo-
BHX II0Ka3aB, IO pO3Max BapilOBaHHS MEPIOy «CXOIW — JOCTHTAHHSD» y TiOpumHuX KomOiHamiii y 2021 pormi
ckimanaB 71-80 ni0, y 2022 pomi — 60-84 no6wu. JlimiT BapiroBaHHS piBHS NMOKAa3HUKIB CKJaaaB Bix 6 mo 24 mio.
Haii6inein crabiibHa 32 pOKaMH JTOCIIKEHb TPUBANICTh MiX(a30BUX TMEPIOAIB «IBITIHHS YOJOBIUMX KBITOK —
IBITIHHS KIHOYMX KBITOK» Ta IIBITIHHS JKIHOYMX. KBITOK — 3aB’sI3yBaHHS IUIOJIBY, SIK Y TIOPUIHUX KOMOIHAIIIMH,
Tak i O6aThKiBchkHX (opM. Jlo HampaHHIX riOpumaHUX KoMOiHaIii Oymo BigaeceHo 11 dopm, y sSKux nepioa «cxo-
IIA — TOCTUTaHHs T1OpUIHNX KOMOiHaIIN He mepeBuiyBaB 63 n1oou y 2022 p. Ta 72 noou y 2021 p. Y cepeanpo-
My 3a POKH JIOCIiPKEHb aMIUTITya BapiroBaHHA (Am) TiOpUIHMX KOMOIHAIM O3HAKH «3arajbHa YpOKalHICThHY
nopisrioBaia 30,9; ToBapHOCTI — 16; 03HAKH «CePEIHSA Maca TOBAPHOTO IIoay» - 2,9. YV GarbkiBcbkux hopMm (Am)
03HaKW «3arajbHa ypoXKaiHicTh» nopiBHIoBana 43,1; ToBapHOCTI — 20; 03HAKU «CEPETHSI Maca TOBAPHOTO TUIOLY»
- 2,8. Posmax BapitoBanus (Lim) 6atekiBchkux (opm OyB OimbIIMM 3a TiOGPHIHUX KOMOIHAIIH T 03HAK «YpO-
XKaANHICTB» 1 «TOBAPHICTH», pO3Max BapirOBaHHS O3HAK «BIJICOTOK JIO0 CTAHIAPTY» Ta «CEpeaHS mMaca TOBapHOTO
IUIO/TY» 3a POKH JOCIIDKEHb OyB Oijblile HABMAaKH y riOpuaHuX koMOiHamii. Jls cenekuiiHoi po60oTH Ha O3HAKY
“ypoKaiHICTh” MpaKTHYHY I[IHHICTh CTAHOBIATH 10 riOpuaHux kom6iHamii Fi, sKi 3a 1Ba pOKH JOCHTIDKEHb 1CTO-
THO (130 — 166 % BinMHOCHO cTaHAApTY) NepeBulyBany cTaHaapT Kaska F,. ¥V pesynbraTi BU3HAUEHHsS CTyIEHS
JIOMIHaHTHOCTI ¥ eekTy rerepo3ucy riOpumHux komOiHaniid F1 BuaineHo kpami riOpuaHi KomOiHaii 3 HalBU-
[IAMH [TOKA3HUKaMH CTYIEHS JOMIHAHTHOCTI Ta e()eKTy reTepO3nCy 3a 03HaKamu «ypoxaiuicte» (hp=0,39-3,94;
X=101-136), «roapuicte» (hp=0,11-7,0; X=101-106) Ta «cepemus maca toaproro mioay» (hp=0,26-99,00;
X=100-164). 3a BUCOKHMH MMOKA3HUKAMH CTYIEHS TOMIHAHTHOCTI Ta eeKTy TeTepO3UCy IS MOJANBINOI CeIeK-
uiiHoi podotu BuaineHo 10 ridopugHux komoOiHalii F1, sKi BiAPI3HAIOTHCS TaKOXK 32 KOMIUIEKCOM TOCTIOJAPCHKO-
[[IHHUX MOKa3HHUKIB — PAHHBOCTHTIIICTIO, BUCOKOIO BPOXXaHHICTIO, TOBApHICTIO, BUPIBHAHICTIO, CTIMKICTIO 110 Oio-
TUYHHMX YMHHUKIB Ta iH. [0, BUAIeHNX TiOpuaHUX KOMOIHAIH, MalOTh NMPUBAOIMBHI 30BHIIIHIN BUIIIAA Ta
BHCOKI CMaKoBi skocTi. Bupineni ribpuani komOinanii F; MaroTh HiHHICTh 171 CENEKLiHHOI poOOTH 3i CTBOPEHHS
KOHKYPEHTO3JaTHUX TiOpuiB KaByHa MEPILOro MOKOJIiHHS. BucHOBKH. BusHaueno Haiibinbmn cTabinbHi 3a po-
KaMU CKJIAJ0Bi BereramiiiHoro nepiony. Bumineno 11 HagpanHix riOpuaHux xomOiHaiii. IIpakTudHy IiHHICTB
craHoBIATH 10 ri0puaHux komOiHawii F1, ski 3a aBa poku pociimxerb icToTHO (130 — 166 % BigHOCHO cTaHAAp-
Ty) nepesununy cranaapT Kaska F,. Bucoky ToBapHicTh OyJ10 BiamideHo y 6 riGpuaHux KoMOiHalii. ¥ pesyJb-

TaTi BU3HAYCHHS CTYICHS JOMIHAHTHOCTI i eeKTy reTepo3ucy ribpumnux komOinamiit F1 Bumineno 10 ribpun-
HUX KOMOiHalii F1 3 HaBUIIMMHM MOKa3HUKAMH CTYIICHS JOMIHAHTHOCTI Ta €(eKTy TeTepO3UCy 3a O3HaKaMu
«ypoxaiinicte» (hp=0,39-3,94; X=101-136), «roBapnicte» (hp=0,11-7,00; X=101-106) Ta «cepeaHs Maca ToBap-
noro wioxy» (hp=0,26-99,00; X=100-164) mis HoAaNBIIOT CEIEKIIHHOT pOGOTH, SKi CTAHOBIIATH NPAKTHYHY ILiH-
HICTb JJISl TETEPO3UCHOT CeNeKIIi.

Knrouosi cnosa: xaByH, cenexiis, riOpuaHa koMOiHamis F1, cenmekiiiiiHa o3HaKa, CTYIEHb NOMIHAHTHOCTI,
e(eKT TeTepo3ucy, ceNeKIliiiHa IiHHICTb.
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BREEDING VALUE OF SHALLOT CULTIVARS AND LOCAL FORMS IN TERMS OF
ECONOMIC CHARACTERS FOR THE RIGHT-BANK FOREST-STEPPE OF UKRAINE

Sych Z. D., Kubrak S. M., Shubenko L. A.
Department of Genetics, Breeding and Seed Production
Bila Tserkva National Agrarian University

Bila Tserkva, Ukraine

E—mail: kubraksweta@ukr.net
https://doi.org/10.32717/0131-0062-2023-73-40-49

Purpose. To indentify the best shallot cultivars and local forms by growing period length, bulb yield, leaf
productivity, and bulb weight and number per clump in the Right-Bank Forest-Steppe of Ukraine. Methods.
Statistical processing, field assessments, computational and analytical methods. Results. Collection shallot
accessions were evaluated for growing period lengthand, bulb weight, number and performance. Early-
ripening accession ‘Sh-8” with a vegetation period of 74 days was selected. Local form ‘Sh-1’ from the Ky-
ivska Oblast region turned out to be the best in terms of the mean bulb weight per clump (26.7 g). Acces-
sions from Kyivska (‘Sh-1°, ‘Sh-2’), Dnipropetrovska (‘Sh-6’, ‘Sh-9”), and Chernihivska (‘Sh-10") Oblasts
yielded the most (30.5, 25.4, 18.9, 18.1, and 19.4 t/ha, respectively). The check cultivar, ‘Lira’, yielded 15.5
t/ha. The smallest yields were harvested from the following accessions: ‘Sh-4’ (12.2 t/ha), ‘Sh-7’ (12.0 t/ha),
‘Sh-11" (11.9 t/ha), ‘Sh-12” (13.8 t/ha ha), ‘Sh-13 (13.2 t/ha), and ‘Sh-14’ (13.0 t/ha). Two accessions, which
came from the Kyivska (‘Sh-3)’ and Dnipropetrovska (‘Sh-6") Oblasts were found to be best adapted to the
environmental conditions of the Right-Bank Forest-Steppe of Ukraine. Their Lewis’s phenotypic stability
factors were close to 1. A local form from the Dnipropetrovska Oblast, ‘Sh 9* was the worst adapted acces-
sions, as its Lewis’s phenotypic stability factor was as high as 1.2. The maximum leaf length was recorded
for accessions from the Kyivska (‘Sh-1°, ‘Sh-2’; 38.0 and 35.8 cm, respectively) and Chernihivska (‘Sh-10’;
36.2 cm) Oblasts. Conclusions. Due to this study, shallot accessions with short growing periods, great
weights and numbers of bulbs and yield were selected for the conditions in the Right-Bank Forest-Steppe of
Ukraine. ‘Sh-1’ sample originating from the Kyivska Oblast showed the best results in terms of the bulb
weight (26.7 g) and yield (30.5 t/ha). However, it turned out to be late-ripening (86 days), and only formed
on average 4 bulbs per clump. The maximum leaf length was 38 cm was. ‘Sh-8’, a local form from the
Dnipropetrovska Oblast, was the most early-ripening (74 days).

Key words: shallots, yield, growing period, cultivars, local forms, bulb weight, leaf traits.

Introduction. Shallot (Allium sera var. aggrega- than 500,000 tons, followed by New Zealand, Mex-
tum G.Don.) is a vegetable that is commonly grown ico, Iran, Irag, Cambodia and Cameroon
in tropical countries, including Indonesia, and used (FAOSTAT, 2018).
as a spice for daily cooking, medicine, cosmetics, Recently, the demand for shallots in the glob-
and dietary supplements (Stanley J. Kays, 2011). It alproduction has risen significantly, resulting in in-
is a valuable and indispensable consumer product in tensification of the breeding of this crop, which re-
Indonesia, which is confirmed by annually increas- quires searching for and studying local forms that
ing product consumption and price fluctuations are widespread in Ukraine (Korniienko S. I. et al.,
(Herlina L. et al., 2019). Shallot production reaches 2013; Bilenka O. M., 2015; Bilenka O.M., 2018).
7.21% of the total vegetable production in Indonesia Creation of new cultivars is a long and expensive
and ranks third after cabbages and potatoes (Rah- process. However, screening of existing local forms
mawati A. et al., 2018, Arifin B. et al., 2019). Its for adaptation to production in certain environmen-
pungent aroma and unique palatability are indispen- tal conditions and their use as starting materials in
sable for cooking (Tabor G., 2018). Shallots are breeding can accelerate this process. Development
used to treat some diseases in folk medicine, as the and evaluation of available shallot cultivars is a sus-
plant contains antiseptic compounds with antimi- tainable strategy to boost performance and produc-
crobial activities (Askari-Khorasgani & Pessarakli tion. Tolerant local forms is one of the most effec-
M., 2019; Wulaisfan R., Musdalipah, & Nurhadiah, tive and inexpensive options.

2018). The first positions in the annual production Review of Recent Studies and Publications.
of bulbs are occupied by China and Japan - more Shallot is a close relative of onion. Shallot, despite
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some differences in anthesis time, easily crosses
with onion and gives fertile offspring, and these two
varieties show a strong cytological and morphologi-
cal similarity (Rabinowitch & Kamenetsky, 2002).

Since shallot reproduce itself mainly vegetative-
ly, pathogens (fungi, bacteria and viruses) are ac-
cumulated in bulbs, worsening performance and
quality. Use of bulbs as planting material poses sev-
eral problems: a large amount (1.2 t/ha) of bulbs is
required, which is expensive and requires long stor-
age with significant post-harvest losses. Bulbs also
pass fungal diseases, such as Fusarium spp., and la-
tent viruses (SLV) from generation to generation
(Kotlinska T., 1995). Great damage is caused by
sucking pests (nematodes, thrips, mites, and onion
sucker), which overwinter between dry and juicy
scales during storage, and move to leaves in spring.
They, in addition to direct damage to plants, are
vectors of many viral and bacterial diseases.

In Ukraine, local forms and cultivars do not yield
much (0.5-1.4 kg/m?), with the mean bulb weight
per clump of 7.9-18.3 g and bulb number per clump
of 4.4-7.4 (Bilenka O. M., 2018). Strong branching
of shallot plants makes it possible to obtain a clump
containing 4-10 bulbs of different sizes from one
planted bulb, allowing for simultaneous segregation
of large (commercial) and small (intended for plant-
ing) bulbs. Each bulb, after rooting and growing,
forms up to 10 shoots, which bear 5-7 leaves in
compacted tufts. The length of the maximally de-
veloped leaf is 25-54 cm, and the plant weight in
the technical ripeness phase is 53-85 g. Green shal-
lot leaves are rich in total sugar (4-5%), at the level
of perennial onion species (Kovalenko Ye., 2005;
Bilenka O. M., 2018).

Farmers consider several factors, including pro-
duction potential, market demand, environmental
adaptability, seed availability, and price, when they
select cultivars for planting (Sych Z.D. & Kubrak
S.M., 2023).

Shallot cultivars and local forms grown in
Ukraine have not yet been enough studied regard-
ing their response to environmental factors. At the
same time, they occupy an important position in
production and home gardening. Shallots can be
grown for bulbs and leek forcing both outdoors and
indoors. Shallot is a multigerm plant; hence, it is
most suitable for leek growing (Sych, Z.D. & Ko-
valenko Ye. M., 2007).

Shallot is a crop that is propagated mainly vege-
tatively, but foreign breeders have already created
cultivars and hybrids that are also suitable for gen-
erative reproduction in industrial conditions (Aklilu
S., 2014).
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Onion business is considered profitable and has
been quite popular recently. Some farmers continue
to grow local forms, which they bred themselves, as
such forms are well adapted to regional conditions.
There are few high-yielding cultivars suitable for
dissemination in Ukraine in the State Register (Mel-
nyk S.1., 2019; Melnyk S.I., 2020; Hriunvald N.V.,
2021; Hriunvald N.V., 2022). Foe example, 3 and 4
cultivars were included in the State Register in 2022
and 2021, respectively.

Cultivation of shallots obtained from another re-
gion, without proper growing of planting material
and rehabilitation, leads to rapid degeneration and
decreased yields after 2-3 generations. Therefore,
the problem of selecting the best shallot cultivars by
growing season length, the number and weight of
underground bulbs, leaf productivity, resistance to
diseases and pests, and yield requires constant in-
vestigation.

Our purpose was to indentify the best shallot
cultivars and local forms by growing period length,
bulb yield, leaf traits, and bulb weight and number
per clump in the Right-Bank Forest-Steppe of
Ukraine.

Materials and Methods. The study was con-
ducted in the Right-Bank Forest-Steppe of Ukraine,
in an experimental field of Bela Tserkva National
University, in 2019-2020. The shallot collection
comprised 30 cultivars and local forms from differ-
ent regions of Ukraine: Kyivska, Dnipropetrovska,
Kirovohradska, Chernihivska, and Cherkaska Ob-
lasts. The accessions were evaluated in compliance
with "Experimantation Methods in Vegetable and
Melon Growing" (Yakovenko K. I. (Eds., 2001).
Cultivar ‘Lira’ bred by the Institute of Vegetable
and Melon Growing of NAAS was used as a con-
trol. The soil in the experimental site is typical low-
humus mid-loamy chernozem. No irrigation was
used. Cultivation was carried out by conventional
technology (Bondarenko H.L. & Yakovenko K.I.,
2001). Shallot cultivars were planted by tape meth-
od according to a 50+20+20x10 cm design (the den-
sity was 286,000 plants/ha). The record plot was 3
m?. Bulb harvest was started when signs of leaf dry-
ing appeared in the first half of July ("Distinction,
Uniformity and Stability Tests on Vegetable, Potato
and Mushroom Cultivars", 2021).

Shallot bulbs were stored in boxes, packed in
layers of 5-12 cm thick, by cold-warm method un-
der uncontrolled conditions (in spring and autumn at
18-20 °C, in winter at around 0°C) from August to
March (inclusive).

Lewis’s phenotypic stability factor (SF) was cal-
culated using the following formula: SF = HE / LE,
where HE and LE - high and low yields in different
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years, respectively (Yakovenko K. 1. (Eds), 2001). Its
closeness to 1 indicated high stability, and moving
away from 1, on the contrary, meant instability. Da-
ta were statistically processed by analysis of vari-
ance in Statistica 7 (Sych Z.D., 1993).

Results. The study showed that, in 2019, acces-
sion ‘Sh-1°, which came from the Kyivska Oblast,
had the longest growing period (as long as 85 days)
(Table 1). The shortest period of 73 days was rec-
orded for the control shallot cultivar, ‘Lira’. The
growing periods in ‘Sh-7’, ‘Sh-8’ (Dnipropetrovska
Oblast; 74 and 73 days, respectively), ‘Sh-11°, and

Bunyck 73, 2023

‘Sh-12” (Chernihivska Oblast; 75 days each), ‘Sh-
13°, ‘Sh-14’ (Cherkaska Oblast; 75 days each).

In 2020, the growing season of different local
shallot forms ranged from 74 days (‘Sh-8’) to 86
days (‘Sh-1’). In the control cultivar, ‘Lira’, it was
75 days. The growing periods were one to two days
longer than that in ‘Lira’ in the following acces-
sions: ‘Sh-4’, ‘Sh-7°, ‘Sh-14’ (77 days), ‘Sh-11’,
‘Sh-12’, and ‘Sh-13’ (76 days). However, the grow-
ing periods of ‘Sh-2’, ‘Sh-6’, ‘Sh-9’, and ‘II-10’
were 5-7 days longer than that in ‘Lira’.

Table 1. Growing periods of shallot cultivars and local forms

Growing period, days

Accession Origin
2019 2020 Mean for 2019-2020

Lira (control 2 kivska Oblast, UKR 73 75 74

cultivar)
Sh-1 Kyivska Oblast, UKR 85 86 86
Sh-2 Kyivska Oblast, UKR 79 82 81
Sh-3 Kyivska Oblast, UKR 77 79 78
Sh-4 Kyivska Oblast, UKR 76 77 77
Sh-5 Kyivska Oblast, UKR 75 78 77
Sh-6 Dnipropetrovska Oblast, UKR 78 80 79
Sh-7  Dnipropetrovska Oblast, UKR 74 77 76
Sh-8  Dnipropetrovska Oblast, UKR 73 74 74
Sh-9  Dnipropetrovska Oblast, UKR 79 81 80
Sh-10 Chernihivska Oblast, UKR 79 82 81
Sh-11 Chernihivska Oblast, UKR 75 76 76
Sh-12 Chernihivska Oblast, UKR 75 76 76
Sh-13 Cherkaska Oblast, UKR 75 76 76
Sh-14 Cherkaska Oblast, UKR 75 77 76
LSD 05 1.3
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Of the shallot cultivars under investigation on
average for 2019-2020, the earliest ripening of bulbs
was observed in ‘Sh-8°, which was delivered from
the Dnipropetrovska Oblast. Its growing period was
the same as that of ‘Lira’ (74 days). Bulbs ripened
one or two days later in ‘Sh-4’, ‘Sh-5", ‘Sh-7°, ‘Sh-
11°, ‘Sh-12’, ‘Sh-1’3, and ‘Sh-14’. ‘Sh-2’, ‘Sh-6’,
‘Sh-9°, ‘Sh-10" had intermediate duration. Their
growing periods lasted 81, 79, 80, and 81 days, re-
spectively.

The bulb yields of the shallot cultivars and local
forms differed between two years. The yield level
directly depended on both environment and geno-
type. Thus, ‘Sh-1’ (Kyivska Oblast), ‘Sh-2’ (Ky-
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ivska Oblast), ‘Sh-6" (Dnipropetrovska Oblast), and
‘Sh-10" (Chernihivska Oblast) gave high yields in
2019 (Table 2): 28.4, 24.5, 18.5, and 18.2 t/ha, re-
spectively, which was 13.2, 9.3, 3.3, and 3.0 t/ha
more than in the control cultivar (‘Lira’). A good
yield was also harvested from ‘Sh-9°, which came
from the Dnipropetrovska Oblast: it yielded 16.3
t/ha of bulbs or by 1.1 t/ha more than ‘Lira’. ‘Sh-3’
(14.8 t/ha) and ‘Sh-8’ (14.6 t/ha) yielded almost as
much as the control cultivar. ‘Sh-4’ and ‘Sh-11" de-
livered from the Kyivska and Chernihivska Oblasts,
respectively, produced the lowest yields of bulbs:
11.6 and 11.2 t/ha, respectively.

Table 2. Yield capacity of the shallot local forms

Bulb yield, t/ha . L?Wi:’sb Pl!ltenfo-
Accession Origin —typic stabifily tac-
2019 2020 Mean for 2019 tor (SF)
2020
Lira (control -\ ivska Oblast, UKR 152 1538 155 1.0
cultivar)

Sh-1 Kyivska Oblast, UKR 28.4 32.6 30.5 1.1

Sh-2 Kyivska Oblast, UKR 24.5 26.3 25.4 1.1

Sh-3 Kyivska Oblast, UKR 14.8 155 15.2 1.0

Sh-4 Kyivska Oblast, UKR 11.6 12.8 12.2 1.1

Sh-5 Kyivska Oblast, UKR 141 15.2 14.7 1.1

Sh-6 Dnipropetrovska Oblast, 185 19.3 18.9 10
UKR

sh-7 Dnipropetrovska Oblast, 114 125 120 11
UKR

Sh-8 Dnipropetrovska Oblast, 146 155 151 11
UKR

sh-9 Dnipropetrovska Oblast, 16.3 19.8 18.1 19
UKR

Sh-10 Chernihivska Oblast, UKR 18.2 20.6 194 1.1

Sh-11 Chernihivska Oblast, UKR 11.2 125 11.9 1.1

Sh-12 Chernihivska Oblast, UKR 13.2 14.3 13.8 1.1

Sh-13 Cherkaska Oblast, UKR 12.7 13.6 13.2 1.1

Sh-14 Cherkaska Oblast, UKR 12.6 134 13.0 1.1

LSD 05 1.6
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The weather in 2020 was favorable for shallot
growth, development and yield. The best yields in
2020 were harvested from ‘Sh-1" (KyivskaOblast),
‘Sh-2’ (Kyivska Oblast), ‘Sh-6" (Dnipropetrovska
Oblast), ‘Sh-9’ (Dnipropetrovska Oblast), and ‘Sh-
10’ (Chernihivska Oblast): 32.6, 26.3, 19.3, 19.8,
and 20.6 t/ha, respectively. It was more than the
yield harvested from the control cultivar, ‘Lira’, by
16.8, 10.5, 3.5, 4.0, and 4.8 t/ha, respectively.

Lower yields were harvested in 2020 from ‘Sh-
4’ (Kyivska Oblast), ‘Sh-7" (Dnipropetrovska Ob-
last), and ‘Sh-11’° (Chernihivska Oblast): from 12.5
t/ha (‘Sh-11" and ‘Sh-7’) to 12.8 t/ha (‘Sh-4’). “Sh-
3’ (15.5 t/ha), ‘Sh-5" (15.2 t/ha), and ‘Sh-8 (15.5
t/ha) yielded almost the same as ‘Lira’.

On average for the two study years, the follow-
ing accessions had significantly increased yields of
bulbs: ‘Sh-1” (30.5 t/ha), ‘Sh-2’ (25.4 t/ha), ‘Sh-6’
(18.9 t /ha), ‘Sh-9* (18.1 t/ha), and ‘Sh-10" (19.4
t/ha). ‘Sh-4> (12.2 t/ha), ‘Sh-7 (12.0 t/ha), ‘Sh-11’
(11.9 t/ha), ‘Sh-12” (13.8 t/ha), ‘Sh-13" (13.2 t/ha),
and ‘Sh-14" (13.0 t/ha) yielded significantly less.
‘Sh-3* and ‘Sh-8” from Kyivska and Dniprope-
trovska Oblasts, respectively, yielded almost the
same as the control cultivar, ‘Lira’ (15.5 t/ha).

Adaptability in vegetatively propagated crops is
of great importance, as it characterizes the biologi-
cal potential of a crop. Most of the shallot acces-
sions under investigation were collected in differ-
ent regions of Ukraine, and therefore were created
in different conditions. Growing of such accessions
under non-optimal conditions can reduce their
yields, and sometimes lead to their death. In 2019,
the spring was early: as early as in May, the air
temperature was higher than the optimum for shal-
lots. In the middle of the period of bulb formation
and ripening, there was an excessive amount of
precipitation, contributing to mass appearance of
diseases and disrupting the ripening process. All
these led to a decrease in the shallot yield in 2019
compared to 2020.

The shallot accessions’ adaptability differed be-
tween the two study years. ‘Sh-3” (Kyivska Oblast)
and ‘Sh-6’ (Dnipropetrovska Oblast) turned out to
be best adapted to the Right-Bank Forest-Steppe.
Their Lewis’s phenotypic stability factors were 1.
Accessions from other Oblasts were slightly worse
adapted to the4 environment: ‘Sh-7° and ‘Sh-8’
from the Dnipropetrovska Oblast, ‘Sh-10°, ‘Sh-11°,
and ‘Sh-12’ from the Chernihivska Oblast, ‘Sh-13’
and ‘Sh-14’ from the Cherkaska Oblast. This group
should include four accessions from the Kyivska
oblast (‘Sh-1°, ‘Sh-2’, ‘Sh-4’, and ‘Sh-6"), which
can be explained by hereditary features. Their Lew-
is’s phenotypic stability factors were 1.1. A local
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form originating from the Dnipropetrovska Oblast,
‘Sh 9°, was worst adapted to the growing conditions
in the Right-Bank Forest-Steppe. Its Lewis’s pheno-
typic stability factor was 1.2.

The bulb weight and number per clump directly
affected the shallot yield (Table 3). The mean bulb
weight per clump in 2019 ranged from 24.9 g (‘Sh-
1’) t0 9.8 g (‘Sh-11"). However, good results regard-
ing this indicator were noted for ‘Sh-2’ (Kyivska
Oblast), ‘Sh-9’ (Dnipropetrovska Oblast), ‘Sh-13’
(Cherkaska Oblast), and ‘Sh-14" (Cherkaska Ob-
last). The meant bulb weight was 14.3 g in the first
two accessions, and 14.8 g and 14.7 g in the third
and fourth accessions, respectively. In ‘Lira’ (con-
trol cultivar), the mean bulb weight per clump was
13.3 g. In ‘Sh-3" (13.0 g), ‘Sh-4> (13.5 g), ‘Sh-6’
(13.0 g), ‘Sh-8* (12.8 g), and ‘Sh-10 (12.7 g), the
mean bulb weight clump was similar to that in the
control cultivar.

In 2020, the weather was more favorable for the
growth and development of shallot plants. There-
fore, we observed an increase in the mean bulb
weight per clump in some accessions and an in-
crease in the bulb number per clump in others. The
heaviest bulbs were formed in local forms that came
from the Kyivska Oblast and were well adapted to
the environmental conditions: ‘Sh-1° and ‘Sh-2’.
Their mean bulb weight per clump in 2020 was 28.5
g and 15.3 g, respectively, exceeding than in the
control cultivar by 14.7 and 1.5 g. The lighted bulbs
were harvested from ‘Sh-12° (10.0 g), ‘Sh-5" (10.6
g), ‘Sh-3’, ‘Sh-7°, ‘Sh-8’, and ‘Sh-11" (10.9 g). In
‘Sh-6’, the mean bulb weight per clump was 13.5 g,
which was similar to that in ‘Lira’ (13.8 g).

On average for 2019-2020, the mean bulb weight
per clump differed between the shallot cultivars and
local forms. In ‘Sh-1" (Kyivska Oblast), it was 26.7
g and significantly higher than that in ‘Lira’ (13.6
g). The lightest bulbs were noted for ‘Sh-7" (10.5 g)
and ‘Sh-11” (10.4 g).

Plants of accessions originating from the Ky-
ivska (‘Sh-2’) and Chernihivska (‘Sh-10") Oblasts
had the greatest number of bulbs — 6. ‘Sh-3’, ‘Sh-5’,
‘Sh-6°, ‘Sh-8°, ‘Sh-9°, had ‘Sh-12’ as many as 5
bulbs per clump. The other ac

cessions had on average 4 bulbs per clump in the
conditions of the Right-Bank Forest-Steppe.

In 2019-2020, we established a pattern that the
yields of most accessions increased in the favorable
year due to additional bulbs per clump. This phe-
nomenon was observed in ‘Sh-3°, ‘Sh-4’, ‘Sh-5’,
‘Sh-8°, ‘Sh-9°, ‘Sh-10’, ‘Sh-12’°, ‘Sh-13’, and ‘Sh-
14°. In this case, the mean bulb weight per clump
decreased from 0.7 g (‘Sh-10") to 3 g (‘Sh-14").
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Table 3. Bulb weight and number per clump in the shallot local forms

Mean bulb weight per clump, g

Bulb number per

Accession Origin clump
2019 2020 Mean for
2019-2020
Lira
(control  Kharkivska Oblast, UKR 13.3 13.8 13.6 4
cultivar)
Sh-1 Kyivska Oblast, UKR 24.9 28.5 26.7 4
Sh-2 Kyivska Oblast, UKR 14.3 15.3 14.8 6
Sh-3 Kyivska Oblast, UKR 13.0 10.9 12.0 5
Sh-4 Kyivska Oblast, UKR 135 11.2 12.4 4
Sh-5 Kyivska Oblast, UKR 12.3 10.6 115 5
i Dnipropetrovska Oblast,
Sh-6 UKR 13.0 13.5 13.3 5
i Dnipropetrovska Oblast,
Sh-7 UKR 10.0 10.9 10.5 4
i Dnipropetrovska Oblast,
Sh-8 UKR 12.8 10.9 119 5
i Dnipropetrovska Oblast,
Sh-9 UKR 14.3 11.6 13.0 5
Sh-10  Chernihivska Oblast, UKR 12.7 12.0 12.4 6
Sh-11  Chernihivska Oblast, UKR 9.8 10.9 104 4
Sh-12  Chernihivska Oblast, UKR 11.6 10.0 10.8 5
Sh-13 Cherkaska Oblast, UKR 14.8 11.9 134 4
Sh-14 Cherkaska Oblast, UKR 14.7 11.7 13.2 4
LSD 05 2.9 0.9

For the complex use of shallots, for both bulbs
and leek during plant starting, leaf characteristics
are important. In particular, it is important to
evaluate plants for the leaf number and length, bulb
shape and arrangement of leaves above the soil
surface (Table 4). In particular, leaves can be
spreading or erect, correlating with the bulb shape.
Rounded bulbs are associated with spreading leaves,
while elongated bulbs — with erect ones, and the
latter is most valued in growing this crop for leek,
especially for plant starting.

Analysis of the morphological traits of the
shallot cultivars and local forms demonstrated the
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variability of the maximum leaf length, leaf number
and bulb shape. In 2019, the maximum leaf length
ranged from 30.2 cm (‘Sh-17) to 37.3 cm (‘Sh-1°).
In the control cultivar (‘Lyra’), the maximum leaf
length was 32.8 cm; it was also similar (did not
differ significantly from that in ‘Lira’) in ‘Sh-3” and
‘Sh-6> — 33.0 and 32.6 cm, respectively. Tall plants
were formed by accessions from the Kyivska (‘Sh-
2”) and Chemihivska (‘Sh-10") Oblasts — 35.3 and
35.4 cm, respectively. In ‘Sh-4°, ‘Sh-7’, ‘Sh-11",
‘Sh-12°, ‘Sh-13°, and ‘Sh-14’, the longest leaves
were shorter than in the control cultivar by 1.0 -2.6
cm.
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Table 4. Morphological characteristics of the shallot local forms

Maximum leaf length,

Accession Origin cm Leaf nulmber Bulb shape
2019 2000 Mean for  per plant
2019-2020
Lira (control Kharkivska Oblast, .
cultivar) UKR 32.8 354 34.1 28 Elliptical
Sh-1  Kyivska Oblast, UKR 37.3 38.6  38.0 28 Round-flat with downward
and upward narrowing
Sh-2  Kyivska Oblast, UKR 353 362 3538 42 Round-flat with downward
narrowing
Sh-3 Kyivska Oblast, UKR 33.0 34.1 33.6 32 Elongated and cigar-shaped
Sh-4 Kyivska Oblast, UKR 30.2 31.3 30.8 25 Elongated and cigar-shaped
Sh-5  Kyivska Oblast, UKR 33.8 354 346 32 Round-flat with downward
and upward narrowing
Dnipropetrovska .
Sh-6 Oblast, UKR 326 34.1 334 35 Elongated and cigar-shaped
i Dnipropetrovska ——
Sh-7 Oblast, UKR 30.7 32.0 314 28 Elongated and cigar-shaped
i Dnipropetrovska Round-flat with downward
Sh-8 Oblast, UKR 338 344 341 32 and upward narrowing
i Dnipropetrovska Round-flat with downward
Sh-9 Oblast, UKR 335 343 339 3 and upward narrowing
Sh-10 Chernihivska Oblast, 354 370 36.2 39 Round-flat with down.ward
UKR and upward narrowing
Sh-11 Chernihivska Oblast, 305 318 312 28 Round-flat with down.ward
UKR and upward narrowing
Sh-12 Chernlhb/szs Oblast, 318 328 393 32 Elongated and cigar-shaped
Sh-13 Cherkaska Oblast, 308 314 311 o5 Elongated and cigar-shaped
UKR
Round-flat with downward
Sh-14 CherkaslgROblast, 30.2 31.9 31.5 25 and upward narrowing
LSD 05 0.77 6.5

Analysis of the morphological traits of the shal-
lot cultivars and local forms demonstrated the varia-
bility of the maximum leaf length, leaf humber and
bulb shape. In 2019, the maximum leaf length
ranged from 30.2 cm (‘Sh-1’) to 37.3 cm (‘Sh-1").
In the control cultivar (‘Lyra’), the maximum leaf
length was 32.8 cm; it was also similar (did not dif-
fer significantly from that in ‘Lira’) in ‘Sh-3’ and
‘Sh-6> — 33.0 and 32.6 cm, respectively. Tall plants
were formed by accessions from the Kyivska (‘Sh-
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2”) and Chernihivska (‘Sh-10”) Oblasts — 35.3 and
35.4 cm, respectively. In ‘Sh-4°, ‘Sh-7’, ‘Sh-11’,
‘Sh-12°, ‘Sh-13°, and ‘Sh-14’, the longest leaves
were shorter than in the control cultivar by 1.0 -2.6
cm.

The more favorable weather conditions in 2020
affected the length of shallot leaves. The best values
of this parameter were recorded for accessions from
the Kyivska (‘Sh-1° and ‘Sh-2’) and Chernihivska
(‘Sh-10) Oblast: 38.6, 36.2, and 37.0 cm, respec-
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tively, which were by 3.2, 0.8, and 1.6 cm shorter
than ‘Lira’ longest leaves. ‘Sh-4’ (31.3 cm), ‘Sh-7’
(32.0 cm), ‘Sh-11" (31.8 cm), ‘Sh-12” (32.8 cm),
‘Sh-13” (31 .4 cm), and ‘Sh-14 (31.9 cm) had the
shortest leaves.

On average for the two study years, the longest
leaves were formed by ‘Sh-1" and ‘Sh-2° (Kyivska
Oblast) and ‘Sh-10" (Chernihivska Oblast): 38.0,
35.8 and 36.2 cm, respectively. Significantly shorter
leaves were formed by ‘Sh-4’ (Kyivska Oblast; 30.8
cm), ‘Sh-7’ (Dnipropetrovska Oblast; 31.4 cm),
‘Sh-11" (Chernihivska Oblast; 31.2 cm), ‘Sh-12’
(Chernihivska Oblast; 32.3 c¢m), ‘Sh-13" (Cherkaska
Oblast; 31.1 cm), and ‘Sh-14" (Cherkaska Oblast;
31.5 cm). There were no significant differences in
this parameter between ‘Sh-3°, ‘Sh-5°, ‘Sh-6’, ‘Sh-
8’, and ‘Sh-9’. Their maximum leaf length ranged
from 33.4 cm (‘Sh-6’; Dnipropetrovska Oblast) to
34.6 cm (‘Sh-5’, Kyivska Oblast).

As to the leaf number per plant, all the acces-
sions under investigation were similar to the control
cultivar, ‘Lira’, which had 28 leaves per plant on
average for the two years. Two accessions from the
Kyivska and Chernihivska Oblasts (‘Sh-2’ and ‘Sh-
10’) turned out to be exceptions in terms of this pa-
rameter: their leaf number per clump was 42 and 39,
respectively.

Conclusions. Data demonstrated that, on aver-
age for 2019-2020, the control cultivar, ‘Lira’, and a
local form from the Dnipropetrovska Oblast, ‘Sh-8’,
had the shortest growing periods of 74 days. ‘Sh-1’
(Kyivska Oblast) had the longest growing period: as
long as 86 days.

The highest yields of bulbs were harvested from
the following local forms: ‘Sh-1" (30.5 t/ha), ‘Sh-2’
(25.4 t/ha), ‘Sh-6" (18.9 t/ha), ‘Sh-9° (18.1 t /ha),
and ‘Sh-10’ (19.4 t/ha). The worst yields were given
by ‘Sh-4> (12.2 t/ha), ‘Sh-7> (12.0 t/ha), ‘Sh-11’
(11.9 t/ha), ‘Sh-12’ (13 .8 t/ha), ‘Sh-13" (13.2 t/ha),
and ‘Sh-14’ (13.0 t/ha).

On average for the two study years, the yield in
2020, which was a favorable year for growing shal-
lots, was increased in most accessions due to in-
creased number of bulbs per clump. This phenome-
non was noticed for ‘Sh-3°, ‘Sh-4’, ‘Sh-5°, ‘Sh-8’,
‘Sh-9°, ‘Sh-10°, ‘Sh-12°, ‘Sh-13’, and ‘Sh-14’. In
this case, the mean bulb weight per clump decreased
from 0.7 g (‘Sh-10") to 3 g (‘Sh-14").

The greatest bulb weight per clump of 26.7 g
was recorded for an accession originating from the
Kyivska Oblast, ‘Sh-1°. The lightest bulbs were
formed by ‘Sh-7" (10.5 g) and ‘Sh-11" (10.4 g).

As to the bulb number per clump, two accessions
stood out: ‘Sh-2° and ‘Sh-10’, which had 6 bulbs
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per clump. Good values of this parameter were also
observed in ‘Sh-3°, ‘Sh-5°, ‘Sh-6’, ‘Sh-8’, ‘Sh-9’,
and ‘Sh-12’: 5 bulbs per clump.

The maximum leaf length was recorded for ‘Sh-
1’ (38.0 cm), ‘Sh-2" (35.8 cm), and ‘Sh-10" (36.2
cm). However, the largest number of leaves per
plant was observed in ‘Sh-2’ (42), ‘Sh-6" (35), ‘Sh-
9’ (35), and ‘Sh-10" (39).
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Merta. Buginutu kpamnii copTv Ta miclieBi GOpMH MIANOTY 3a TPUBAIICTIO BEreTaliiHOTO Mepioy, ypo-
JKaMHICTIO TUOYJIMH, MPOAYKTHUBHICTIO JIMCTKIB, MAacOIO Ta KIJIbKICTIO IMOYNHH y «THi3A» B ymoBax IIpaBo-
oepexnoro Jlicocteny Ykpainu. Meroau. CTaTHCTHYHI, TIOJIHOBOI OIIHKH, PO3PaXyHKOBO-aHATITHYHI. Pe3y/ib-
TaTH. [IpoBeeHO OLIHIOBAHHS KOJNEKIIHHMX 3pa3KiB MOy aJ0T 332 TPHUBAIICTIO BEreTalliifHOTO Tepioy, Ma-
COI0, KUTBKICTIO Ta yposkaiHiCTIO 1IMOyMH. Bunineno panabocTurivid 3pas3ok 111-8 3 TpuBaiicTio BereraiiiHOro
nepiony 74 nobu. Haiikpamoro 3a cepeaHbOI0 Macoro UOYJMH y THi3II (26,7 T) BusiBMiacs Micuesa ¢popma
1I-1 3 KuiBcbkoi obnacti. HaiiBuioro BpoxaiiHicTIO IMOYJIMH XapakrepusyBanucs 3pasku 3 Kuiecbkoi (I1-
1, II-2), Tninponerposcbkoi (I1-6, 111-9) Ta Yepniriscbkoi obnacreit (111-10) — Bignosiauo 30,5; 25,4; 18,9;
18,1; 19,4 t/ra. Y copry-kouTposto Jlipa 1ieii mokasHuk ckianae 15,5 1/ra. HaliHmkya BOHA 3a BUPOIIYBaH-
ust 3paskis 11-4 (12,2 t/ra), -7 (12,0 t/ra), I-11 (11,9 1/ra), 111-12 (13,8 1/ra), 111-13 13,2 (1/ra) Ta 111-14
(13,0 1/ra). Haiikpaie NpucTOCOBaHUMH JI0 YMOB HaBKOJIHIIHBOTO cepenosuia [IpaBobepexHnoro Jlicocre-
my YKpainu BUSBUIIMCS ABa 3pa3ky, 3 KuiBcrkoi (I11-3) ta JninpomerpoBebkoi obnacreit (I1-6). Koedirient
crabinpHOCTI JIeBica y HUX AOPIBHIOBAB 1, 10 CBIMYMTH PO HAUBUIIMN CTYIiHb CTAOLIHLHOCTI 0 3MIHU KJIi-
MaTHIHUX yMOB. Hafiripmre agantyBanacs MicieBa dopma i3 JHinpomneTpoBcbkoi obmacti — 11 9, B sikoro
el MOKa3HUK CTaHOBUB 1,2. MakcumaibHa JOBXKHHA JIMCTKA HalOinbma y 3pas3kiB i3 KuiBcbkoi (ILI-1, 11-2
— Bignosigao 38,0 i 35,8 cm) Ta UepHniriecskoi odmacteit (I11-10 — 36,2 cM). BucHOBKH. Y pe3ysbTaTi poBe-
JICHUX JOCIIHKEHb BUAUICHO 3pa3Ky HUOYI IAOT 3 KOPOTKUM BETeTalliiHUM IepioJioM, BEJIMKOIO Macolo 1 Ki-
JIBKICTIO IMOYJIMHY Ta BPOXaWHICTIO KyIbTypH B ymMoBax IIpaBobepeskHoro Jlicocreny Ykpainu. Haiikpari pe-
3yJBTaTH 33 Macor 1uoymuH (26,7 1) Ta Bpoxkaiinictio (30,5 T/ra) oTpUMany BiJ BUPOIIYBaHHS 3pa3Kka MOX0-
okeHHM 13 KuiBepkoi obmacti -1, OxgHak 3a TpUBaJIiCTIO BETeTAIifHOTO Mepioy BiH BUSBUBCS MI3HbOCTH-
riuM (86 1ib), a 'y «rHi3A» GopMyBaniocs B cepegHboMYy Juiie 4 muOyaruan. MakcuMaiabHa JOBXKHHA JIMCTKA
ckianana 38 cm. HaiiGinei panapocturnum (74 nobu) Oyna MictieBa ¢popma 3 Jninponerposiuau [11-8.

Knwouogi cnosa: nulyns-manoT, ypoxaii; mepion Bereraiii, copTd, MicieBi (GopMu, Maca IHOYJIVMHHY,
03HAKH JIUCTKIB.
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The purpose was to investigate the effect of mycorrhizal formulation Mycofriend on biometric parame-
ters, productivity and biochemical composition of potatoes, as well as to determine the economic effect of its
use. Methods. Field, laboratory, statistical. The study was conducted at the Institute of Vegetable and Mel-
ons Growing of NAAS. Results. The results on the effect of different doses of mycorrhizal formulation My-
cofriend (complex of mycorrhizal fungi: Glomus VS, Trichoderma harzianum; microorganisms supporting
the formation of mycorrhiza and rhizosphere of plants: Streptomyces sp., Pseudomonas fluorescens; phos-
phate-mobilizing bacteria: Bacillius megaterium var. phosphaticum, Bacillus subtilis, Bacillus mucilogino-
sus, Enterobacter sp) on biometric parameters, yield and its constituents and biochemical composition of tu-
bers are presented. Mycofriend clearly tend to increase the potato yield. On average, it was higher than the
control (33.6 t/ha) by 4.6 t/ha and 4.4 t/ha at Mycofriend concentrations of 1.0 L/t and 2.0 L/t, respectively.
Myecofriend also increased biometric parameters in comparison with the control (without treatment). In par-
ticular, the plant height after treatment of tubers with 1.0 L/t and 2.0 L/t increased by 0.19 m and 0.26 m, re-
spectively; at the same time, the plant weight was also increased by 278 g and 590 g, respectively. There
were upward trends in the contents of starch (by 1.29-3.03%) and ascorbic acid (by 4.08-5.94 mg/100 g) in
tubers. Additional costs in the experiments ranged UAH 5935 to UAH 18,67 1/ha. However, a reduction in
the prime costs by 0.17-0.33 UAH/kg was achieved, leading to a corresponding increase in the profitability
of cultivation by 8.8-12.8 %. The most economically justified dose of the formulation was 1.0 L/t. Conclu-
sions. It is possible to treat potato tubers with mycorrhizal formulation Mycofriend at a dose of 1.0 L/t and
2.0 L/t during pre-planting preparation, which significantly improves biometric parameters (plant height and
vegetative weight). The highest gain in the yield was noted with 1.0 L/ha of Mycofriend — 4.6 t/ha. Here, the
most significant decrease in the prime costs and increase in the profitability were observed.

Keywords: mycorrhiza, potato, yield, biometric parameters, biochemical parameters, economic efficiency.

Introduction. In view of the climatic changes to the shortage of organic and mineral fertilizers
observed in the territory of Ukraine, there is a need and plant protectors, an effective way to solve the
to switch to new, more adapted, economically justi- problem of increasing the potato yield is to apply
fied and economical technologies in order to adapt biologicals, which help actively use soil nutrients
plants to stressful weather conditions. This will al- and fertilizers, boost protective capacities of plants,
low increasing the productivity of agricultural crops, their resistance to diseases, stresses, adverse
preserve and improve natural resources, ensure the weather conditions and have growth-stimulating
preservation of soil fertility and effective use of nu- and antimicrobial effects. This makes it possible to
trients (Didenko & Konovalova, 2019). reduce the amount of pesticide load by 20-30%

Since it is impossible to avoid extreme mete- without  reducing  their  protective  effect
orological factors when growing potatoes in (Polishchuk et al., 2013). Application of biologi-
Ukraine, the search for ways to minimize their cals to restore soil fertility and to obtain high-
negative impact on plants is gaining relevance quality plant products is a strategic trend in the
(Holovatiuk et al., 2021). New high-yielding varie- modern agriculture development.
ties and high-quality planting material can ensure Among agricultural biologicals, microbial
the maximum performance of plants if they are ful- agents play an important role. These are ecologi-
ly supplied with nutrients, timely cared and effec- cally safe agents with complex action, because mi-
tively protected against weeds, diseases and pests, croorganisms in their formulations not only fix ni-
optimal level of soil moisture is maintained during trogen from the atmosphere or dissolve phosphates
the growing period, and technological regulations in the soil, but also produce amino acids as well as
are followed (Bilinska et al., 2021). However, due other compounds and substances with antipatho-
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genic activities, restraining the development of
phytopathogens, do not pollute the environment
and are safe for animals and humans. In addition,
enhancement of resistance of plants to adverse en-
vironmental factors (high and low temperatures,
water deficit, phytotoxic pesticides) is an important
aspect of the action of microbial agents. The
harsher the soil, climatic and weather conditions
are, the more important the role of biologization in
crop cultivation technologies becomes. This ex-
plains the feasibility of using biologicals to im-
prove plant nutrition and increase product quality
(Kovalenko et al., 2019).

Mialkovskyi and Bezvikonnyi (2022) reported
that biologicals allowed increasing the assimilation
surface of plants due to the stem number and
height. In turn, this contributed to the formation of
a larger vegetative mass and enlarged the assimila-
tion surface. The plant performance rose due to
application of biologicals, Kartoplex and Amino-
rost, because the number of marketable tubers in-
creased. The yield increased by 4.2-5.1 t/ha, de-
pending on varieties.

The drastic climate changes that we have ob-
served in recent decades have a huge impact on ag-
riculture. Currently, drought is one of the most in-
fluential factors limiting the productivity of agricul-
tural crops. Water deficit in plants delays the growth
of leaves and stems, and, in case of prolonged
drought, the growth of roots, suppresses photosyn-
thesis and respiration, accelerates leaf aging, results
in retarded and underdeveloped generative organs,
and finally leads to a significant drop in yield.

Experts think that it is possible to help plants
cope with stresses by using mycorrhizal fungi-
based biologicals. Mycorrhiza is a type of mutually
beneficial symbiosis between plants and zygomy-
cete fungi. During the formation of a mycorrhizal
symbiosis, the fungus colonizes the root cortex tis-
sues, establishing inner mycelium and modifying
the cells contacting with the mycorrhiza. Having
taken root on a plant, mycorrhizal fungi multiply
on plant roots and spread into the surrounding soil
as a large mass of absorbing threads, increasing the
plant's absorption of water and nutrients. These
threads are more than an order of magnitude thin-
ner than root hairs and therefore are able to pene-
trate into the finest pores of soil minerals; there are
such pores even in each sand grain. In 1 cm? of the
soil surrounding the roots, the total length of my-
corrhizal threads is from 20 to 40 meters. Mycor-
rhizal fungus increases the water absorption area
by almost 100 times. It also increases the absorp-
tion of not only relatively immobile ions from the
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soil, i.e. phosphorus, potassium, calcium, magnesi-
um, sulfur, zinc, copper, iron, but also enhances
absorption and transport of much more mobile ni-
trogen ions, especially under arid conditions. To-
day, not only experimental, but also production in-
dicators prove that agricultural crop cultivation us-
ing mycorrhizal formulations is several orders of
magnitude more stable and effective in increasing
yields while reducing production costs.

At the 7 International Conference on Mycor-
rhiza (New Delhi, 2013), the following results on
yields that were increased due to mycorrhiza in dif-
ferent soils and in different climates were reported:
soybeans yielded 15-40 % more, corn — 20-70 %
more, spiked cereals — 15-30 % more, vegetables —
30-200 % more.

Review of Resent Studies and Publications.
Trichoderma spp.-containing formulations were
proven to positively affect morphological parame-
ters of plants, such as root length, biomass, height,
numbers of leaves, branches, fruits, etc. (Halifu,
Deng, Song, Song, 2019; Sajeesh, 2015). T. harzi-
anum significantly enlarges the cucumber root bi-
omass (Yedidia, Srivastva, Kapulnik, Chet, 2001)
and increases the number of lateral roots (Contre-
ras-Cornejo, Macias-Rodriguez, Cortes-Penagos,
Lopez-Bucio, 2009). T. longipile and T. tomento-
sum significantly increase the total leaf area of
cabbage seedlings when they are grown in a green-
house (Rabeendran, Moot, Jones, Stewart, 2000).
Trichoderma spp. beneficially regulates physiolog-
ical processes in plants, such as photosynthesis,
gas exchange, absorption and assimilation of nutri-
ents, water exchange, etc. The fungus improves the
absorption of magnesium, a key component of
chlorophyll (Doni et al., 2014). Harman et al. re-
vealed that different strains of Trichoderma secret-
ed acids such as coumaric, glucuronic and citric
acids, which promote the release of phosphate ions
that are unavailable to plants in most soils (Zhao et
al., 2014). T. harzianum strain in the soil increased
the availability of phosphorus, iron and zinc to
plants. Enhanced growth of roots and shoots in re-
sponse to Trichoderma inoculation boosted uptake
of Cu, Na, Zn and other trace elements (Li et al.,
2015). Treatment with various Trichoderma spe-
cies guaranteed high yields of agricultural crops
such as mustard, wheat, corn, tomato, etc. (Tucci et
al., 2011; Haque, llias, Molla, 2012; El-Katatny,
Idres, 2014; Naznin et al., 2015; Idowu , Olawole,
Idumu, Salami, 2016) and was a cheap, effective
and environmentally safe method of biocontrol of
phytopathogenic microflora in agrocenoses (Sood
et al., 2020). Although Trichoderma is currently
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the most extensively studied fungal biocontrol
agent, with some species already commercialized
as biopesticides or biofertilizers, their widespread
use is hindered by unpredictable field performance
(Alfiky, Weisskopf, 2021). The stimulating effect of
Trichoderma spp. was noted in many studies.
Thus, positive effects of these fungal species on
the growth of roots and above-ground mass of
eggplant, pepper, and tomato were reported (Ro-
zenfeld, Vashchenko, 2005). At the same time,
some researchers (Pidoplichko, 1953) observed a
phytotoxic effect and inhibition of the germination
of coniferous seeds by fungi of the genus Tricho-
derma, which are noticeable for high enzymatic ac-
tivity. Other scientists pointed to the fact that stim-
ulatory and inhibitory effects depended on the fun-
gus species of the genus Trichoderma (Alvarez-
Garcia et al., 2022).

Since potatoes yield in soil, effects of pre-
planting treatment with mycorrhizal fungi consist
not only in root formation, but also in stolon and tu-
ber formation. Here, concentrations of beneficial
microorganisms in soil affect both nutrient amounts
and influx rates of nutrients reaching plants. There-
fore, studies of effects of different doses of biologi-
cals in pre-planting treatment of tubers on the potato
performance features are relevant.

The purpose was to investigate the effect of
mycorrhizal formulation Mycofriend on biometric
parameters, productivity and biochemical composi-
tion of potatoes and to determine the economic ef-
fect of its application.

Materials and Methods. The study was con-
ducted at the Institute of Vegetable and Melon
Growing of NAAS in accordance with methods
accepted in potato, vegetable and gourd growing in
20202022 (Dospekhov, 1985; Bondarenko & Ya-
kovenko, 2001; Kutsenko, Osypchuk & Podhai-
etskyi, 2002). Field and laboratory experiments
were carried out. Analysis of variance was used to
test significance of the results.

The study design involved treatment of tubers
of the Sifra potato variety by spraying with differ-
ent concentrations of mycorrhizal formulation My-
cofriend1-2 days prior to planting:

1. Control (no treatment)

2. Treatment of tubers with 0.3 L/t of Mycofriend.
3. Treatment of tubers with 1.0 L/t of Mycofriend.
4. Treatment of tubers with 2.0 L/t of Mycofriend.

Mycofriend is a complex of mycorrhizal fungi:
Glomus VS and Trichoderma harzianum; microor-
ganisms that support the formation of mycorrhizae
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and rhizosphere of plants: Streptomyces sp., Pseu-
domonas fluorescens; phosphate-mobilizing bacte-
ria Bacillius megaterium var. phosphaticum, Bacil-
lus subtilis, Bacillus muciloginosus, Enterobacter
sp; and biologically active substances (phytohor-
mones, vitamins, amino acids).

Potatoes were planted within the third 10 days of
May in accordance with the 70x35 cm arrangement
(plant density = 40,800 plants/ha); harvesting was
completed within the third 10 days of August. The
planting rate was 3 t/ha. The record plot was 25 m?
in four replications. During the growing period, the
biometric parameters were measured; the yield and
its constituents were determined; tubers were bio-
chemically analyzed; and the main economic indica-
tors of the Mycofriend-containing technology of po-
tato growing were calculated. Fertilizers were ap-
plied before planting at the dose of NgoPaoKgo. Drip
irrigation was carried out; the lowest moisture con-
tent in the soil was maintained at 75-80 %.

Results. The meteorological conditions in the
study years significantly influenced the growth and
development of potato plants and caused fluctua-
tions in the yields level of the studied varieties
(Figs. 1 and 2). A significant increase in the maxi-
mum air temperature during the 2020 and 2021
growing periods was associated with high average
daily temperatures in critical phases of the potato
growth and development, which did not meet bio-
logical needs of the crop. Under these conditions,
stolons and tubers developed mainly at night. To a
large extent, this situation was caused by very little
precipitation from mid-June to mid-August. This
trend regarding weather changes has been observed
in the study location for the last 20-25 years, con-
firming meteorological forecasts about climatic
changes in the country and the world. However,
the weather variability over the years is character-
istic of the Eastern Forest-Steppe of Ukraine. Thus,
in 2022, the average daily air temperature had a
uniform profile and was lower than the long-term
average. The average daily air temperature in the
critical developmental phases of 17-21°C enabled
vegetative mass to intensively grow, preventing the
soil from overheating and favoring the develop-
ment of underground parts of plants. The uniform
distribution of precipitation in June, July and Au-
gust helped maintain an optimal microclimate in
the potato plantations. Due to sufficient moisture
supply and moderate air temperature without ex-
treme fluctuations, lots of tubers were formed,
which meant a corresponding increase in the yield.
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Figure 1. Average daily air temperatures during the 2020-2022 growing periods

During the 2020 growing period, 230.5 mm
fell; in 2021-256.5 mm; and in 2022-344.4 mm
(long-term average = 276.5 mm). Thus, in 2020—
2022, we obtained data on the effectiveness of in-
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oculation of tubers with Mycofriend under differ-
ent growing conditions. Of particular interest are
the results obtained in 2020 and 2021, when the
weather was relatively unfavorable.
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Figure 2. Rainfall dynamics during the 2020-2022 growing periods.

Rapidness of transition of potato plants to
autotrophic nutrition and the bushing intensity are the
main criteria for the effectiveness of preparation of
tubers for planting. Depending on concentrations of
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beneficial microorganisms, temperature and water
content in the root formation zone of the soil, plants
change their intensity of absorption of nutrients and
water. Increased doses of Mycofriend for pre-
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planting inoculation of tubers enhanced the growth of
shoots and leaves. However, the mean height of
plants was 0.72 m in 2020 and 0.70 m in 2021, while
in 2022 it amounted to 0.82 m. The weather also
affected the bush habitus and assimilation surface
area. The mean weight of plants was 858 g in 2020
and 860 g in 2021, but in 2022 it increased to 1,300
g. At the same time, there was an upward trend in the
biometric parameters of plants in the Mycofriend

Bunyck 73, 2023

experiments (Table 1). With Mycofriend, plants were
taller compared to the control by 0.16-0.26 m,
depending on the formulation doses. The
corresponding increase in the plant weight was 88-
590 g. Analysis of the biometric parameters
demonstrated that the largest vegetative mass of
plants was achieved when Mycofriend was applied at
adose of 1.0 L/t or 2.0 L/t.

Table 1. Effect of Mycofriend on the biometric parameters of potatoes, 2020—2022

Plant height, m

Plant weight, g

Dose, L/t 2020 2021 2022  Mean 2020 2021 2022  Mean
No treatment (control) 059 055 0.64 0.59 688 692 920 767
03 070 068 087 075 640 646 1280 855
1.0 075 074 086 078 851 849 1436 1045
2.0 084 082 090 085 1251 1255 1564 1357
LSDus 007 006 003 82 74 106

Mycofriend-induced activation of growth pro-
cesses not only promoted the development of the
photosynthetic surface in plants, but also intensi-
fied the stolon and tuber formation. Regardless of

the weather, the gain in the potato yields ranged
2.1 t/ha to 4.6 t/ha related to the control (33.6 t/ha)
(Table 2). The most pronounced gain was achieved
with 1.0 L/t and 2.0 L/t of Mycofriend.

Table 2. Effect of Mycofriend on the potato yield in 2020-2022

Yield, t/ha
Dose, L/t 2020 2021 2022 Mean
No treatment (control) 32.0 31.9 36.8 33,6
0.3 35.6 324 39.1 35,7
1.0 38.1 35.0 41.6 38,2
2.0 37.6 35.4 41.1 38,0
LSDos 41 2.7 3.8

The vyield structure also changed under the in-
fluence of the formulation. Thus, the mean weight
of tubers in the control was 60 g, and the number
of tubers was 13.6/bush (Table 3). Treatment of
tubers with Mycofriend at a dose of 2.0 L/t resulted
in the maximum mean weight of tubers of 66 g, but

not the greatest number of tubers (14.3/bush). The
greatest number of tubers (14.6/bush) was obtained
when Mycofriend was applied at a dose of 1.0
L/ha, which made it possible to obtain the greatest
gain in the yield in this variant.

Table 3. Effect of Mycofriend on the potato yield structure in 2020—2022

Tuber number per bush

Mean weight of tubers, g

Dose, Lt 2020 2021 2022  Mean 2020 2021 2022  Mean
No treatment (control) 133 128 147 13.6 59 61 61 60
0.3 137 130 154 140 64 61 62 62
1.0 142 133 164 146 66 64 62 64
2.0 136 131 160 143 68 66 63 66
LSDos 02 02 03 32 26 21
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Biochemical analyses showed that in the con-
trol the commercial product had the lowest
amounts of starch (8.73%), ascorbic acid (10.9
mg/100 g) and nitrates (40.0 mg/kg) (Table 4).
Treatment of tubers with Mycofriend at a dose of
1.0 L/ha produced yields with the highest amount
of starch (11.76%) and the lowest amount of total

Bunyck 73, 2023

sugars (0.86%). Increasing the dose of Mycofriend
to 2.0 L/ha allowed increasing the dry matter con-
tent to 15.5% and the ascorbic acid content to 16.9
mg/100 g as well as accumulating the largest
amount of nitrates (43.5 mg/kg), although this
amount was not higher than the permissible level
(250 mg/kg).

Table 4. Effect of Mycofriend on the biochemical composition of potato tubers,
mean for 2020-2022

Dry Starch, Total Ascorbic Nitrates,
Dose, L/t matter, % sugars, % acid, mg/kg
% mg/100 g
No treatment (control) 14.9 8.73 1.02 10.9 40.0
0.3 14.0 10.12 0.89 15.0 40.6
1.0 14.8 11.76 0.86 15.8 41.2
15.5 10.43 0.89 16.9 435

Analysis of the main economic indicators of the
Mycofriend-containing technology of potato grow-
ing indicated their improvement compared to the
basic technology (Table 5). Additional costs in the
experimental variants range UAH 5935 to UAH

18,671/ha. However, due to increased yields, the
prime costs were reduced by 0.17-0.33 UAH/Kg,
meaning a corresponding increase in the profitabil-
ity of cultivation by 8.8-12.8%.

Table 5. Economic indicators of the potato growing with Mycofriend application,
mean for 2020-2022

Total costs, Prime costs, Profitability,
Dose, L/t UAH/ha UAH/Kg i
No treatment (control) 194598 5.79 33.6
0.3 200533 5.62 424
1.0 208776 5.46 46.4
2.0 213269 5.61 425

1.0 L/t turned out to be the most economically
justified dose of the formulation: its prime cost was
UAH 5.46/kg (UAH 5.79/kg in the control) and the
profitability was 46.4% (33.6% in the control).

Discussion. Mycorrhizal fungi are obligate
symbionts that have a positive effect on the growth
and development of host plants, increasing its pro-
vision with mineral nutrients resistance to adverse
environmental conditions.

Mycorrhizae on potatoes enhances growth,
boosts resistance to pathogens and increases yield.
Colonization of roots with fungi increases the dry
matter content both in vegetative mass and in
roots, chlorophyll content and tuber yield. Such
positive effects are attributed to increased rates of
absorption of phosphorus, iron and magnesium by
potato plants and to increased coefficients of utili-
zation of phosphorus from the soil. In addition,
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fungus colonization reduces frequencies of some
infections on potatoes or reduces the intensity of
diseases. Some researchers noted that these fungi
had a bioprotective function against the leaf patho-
gen Phytophthora infestans, as potato plants with
mycorrhiza less suffered from disease as a result of
the activation of systemic plant resistance to path-
ogens.

The obtained results confirm data on beneficial
influence of useful microbiota on the the potato
performance. This pattern was also observed in
growing periods with adverse meteorological fac-
tors. The effectiveness of pre-planting treatment of
potato tubers is confirmed by improved economic
indicators of potato cultivation. The effectiveness
of the investigated element of the technology has
been confirmed by numerous studies, which
demonstrated that this approach be an additional
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reserve for increasing the potato performance in
the Ukrainian climate.

Conclusions. Mycorrhizal formulation My-
cofriend can be used to treat potato tubers at a dose
of 1.0 L/t and 2.0 L/t during pre-planting prepara-
tion, significantly improving the biometric parame-
ters (plant height and vegetative mass). The highest
gain (4.6 t/ha) in the yield was noted when tubers
were treated with Mycofriend at a dose of 1.0 L/ha.
Concurrently, the most significant decrease in the
prime costs and increase in the profitability were
recorded.
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A1 MIKOPU30®OPMYIOUYOI'O ITIPEITAPATY MIKO®PEH/I HA ITIPOAYKTUBHICTb
KAPTOILJII

Meabuuk O.B., lyxina H.I'., CtoB6ip O.II.

[HcTutyT OBOUiBHMIITBA 1 OamTaHHUITBA HarlioHanbHOT akageMii arpapHUX HayK Y KpaiHu
By [HCTHTYTCBKA, 1, cen. CenekuiiiHe, XapKiBchbka 0011., YKpaiHa, 62478

E-mail: melnik.matilda@gmail.com

https://doi.org/10.32717/0131-0062-2023-73-50-58

MeTa — TOCHIIATH Iit0 MiKOpH30(hopMyr0oUdoro npemnapary MikodpeH Ha 6ioMeTpUdIHI TOKa3HUKH, TIPO-
JOYKTHUBHICTB 1 010XIMIYHHH CKJIaJ KapTOILUTi, a TAKOK BU3HAUYUTH €KOHOMIUHMIA e()eKT Bil HOTO BUKOPUCTaH-
Hs1. Metoau. [lonpoBuii, maboparopuuii, craructnaHui. JlocimKeHHs MPOBOAWIN B [HCTUTYTI OBOYiBHUIIT-
Ba i OamranHuuTBa HAAH. PesyabTaTu. HaBeneno pe3ynpTaTé BIUIMBY Pi3HUX 103 MIKOPU30(OPMYIOUOTO
npemnapary Mikodpenn (komiieke mikopuszodopmyrounx rpudis: Glomus VS, Trichoderma harzianum; mik-
poopraniaMiB, M0 NIATPUMYIOTH YTBOPEHHsS MiKOpu3n Ta pusocdepu pocnuH: Streptomyces sp.,
Pseudomonas Fluorescens; ¢ocharmobinizyroui 6akxtepii: Bacillius Megaterium var. phosphaticum, Bacillus
Subtilis, Bacillus Muciloginosus, Enterobacter sp) na 6iomeTpu4Hi MOKa3HWUKH, BPOXKAWHICTh, CTPYKTYPY
Bpokaro Ta OloximiuHui ckiax Oynp0. BukopucranHs mikopuzodopmyrouoro mpenapaty Mikodpena 3a-
Oe3neuye 4iTKy TEHICHIIIIO O 30UThIICHHS MMOKA3HUKIB YPOXKaHHOCTI KapTorwii. B cepenapoMy BoHa Oyia
BHUIIIOIO HiXK Ha KOHTpoJIi (33,6 T/ra) Ha 4,6 1 4,4 T/ra 3a KoHIIeHTpauii npenapary 1,0 ta 2,0 /T BiIMOBIIHO.
3acTocyBaHHS MIKOPH30(pOPMYIOUOTo TpernapaTy J03BOJIMIO 30UIBIIATH TAKOXK 1 010METPpHYHI MOKa3HUKU Y
MOPIBHSIHHI 3 KOHTpoJieM (6e3 00poOku). Tak, 30kpeMa, BUCOTa POCIIMH Y BapiaHTi 3 KOHLIEHTPALIEIO Tperna-
paty 1,0 1/t 36inpmmnack Ha 0,19 M, a 3 koHtenTpamnieto 2,0 1/T Ha 0,26 M; IpH IEOMY Maca POCIHHH TaKOX
30inpmmIacs BignoBiaHo Ha 278 T ta 590 r. Takoxk crocrepiraeTbes TSHISHIIS 10 3pOCTaHHS BMICTY KpOX-
mamo (Ha 1,29-3,03 %) ta ackopOinoBoi kucioTu (Ha 4,08-5,94 mr/100 1) y 6ynpbax. [logaTkoBi BUTpaTH y
BapiaHTax JOCIiy cKiaaarTh Bif 5935 no 18671 rpH /ra. [Ipore 0CATHYTO 3MEHIIICHHST COOIBapTOCTI MPO-
nykuii Ha 0,17-0,33 rpH/KT, 00 TPU3BETO 0 BiAMOBIAHOTO 3pOCTaHHS PEHTA0ENHHOCTI BHPOIILYyBaHHA Ha
8,8-12,8 %. Haiibinbpi ekoHOMIUHO OOIpyHTOBaHOIO € Jo03a mpenapaty 1,0 1/T. BucnoBku. Bukopucranus
U1t 00poOKHM Oyb0 KapTorut Mikopu3odopMyodoro npenapaty MikodpeH Mo)kHa TPOBOJUTH 3 JT03yBaH-
M 1,0 1/t ta 2,0 1/T 3a nepeacaguBHOI MIATOTOBKH, [0 3HAYHO MOKpAIy€e OiOMEeTpHYHI TIOKa3HUKH (BHCO-
Ty POCJHH 1 Macy BereTaTuBHOI Macu). HaiiBumii mpupict BpokaiiHocTi OyB BiIMideHHI Ha BapiaHTi 3 00-
pobkoro Mikodppennom y no3i 1,0 n/ra — 4,6 1/ra. [Ipu npoMy crmocrepiraeTbCsi HaAHOIBII CYyTTEBE 3MEH-
IIeHHS cO0IBapTOCTI MPOAYKIIii Ta 3pOCTaHHS PEHTA0EIBbHOCTI.

Knrouoei cnoea. mikopusa, KapTOILUIs, BPOXKAHHICTh, OlOMETpPHYHI MOKAa3HMKH, OIOXIMIYHI MOKAa3HUKH,
eKOHOMIYHA e()eKTUBHICTb.
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ALLELOPATIC COMPATIBILITY OF COMMON BEAN AND COMPANION CROPS

Chefonova N.V., lvanin D. V., Vitanov O. D.

Institute of Vegetable and Melon Growing of NAAS of Ukraine,

1 Instytutska Str.. Selektsiine village. Kharkivska Oblast. Ukraine, 624788
E-mail: ovoch.iob@gmail.com

https://doi.org/10.32717/0131-0062- 2023-59-71

Purpose. To investigate the allelopathic compatibility of common bean seeds and companion crops, to
establish interaction patterns using water extracts from seeds and other plant parts of common bean and
companion crops. Methods. Laboratory, statistical. Results. Biotest: interaction of germinating seeds of
bean and companion crops in Petri dishes. Biologically active substances from winter and spring triticale
seeds (the bean seeds/seeds of companion crops ratio was 1:10) negatively affected bean seedlings, which
was seen from all parameters under investigation: hypocotyl length (with the root included), length of the
longest adventitious root, the adventitious root number, and true leaf length (with epicotyl included). At a ra-
tio of 1:5, winter triticale-induced inhibition of hypocotyl growth was enhanced up to 38 %, while, on the
contrary, spring triticale had a neutral effect on this parameter. A stimulating effect (106 %) of spring tritica-
le seeds on the true bean leaf length (with epicotyl) was noted. For winter and spring triticale in a ratio of 1:1
(compared to the control — without seeds of companion crops), inhibition of the growth of the hypocotyl with
the root by 21 % and the true leaf with the epicotyl by 10-9 %, respectively, is observed. Biotest: germina-
tion of bean seeds in a water extract from whole seeds of bean and companion crops in Petri dishes. Water
extract from spring triticale seeds in a ratio of 1:2 had the greatest stimulating effect on the tap root and the
first leaf lengths; winter triticale extract in a ratio of 1:4 had the greatest effect on the adventitious root an ep-
icotyl lengths; bean extract in a ratio of 1:2 had the greatest effect on the epicotyl length. Biotest: germina-
tion of bean seeds in a water extract from vegetative mass, roots and post-harvest residues of bean and com-
panion crops in Petri dishes. Water extracts from roots of bean, winter and spring triticale weakly inhibited
the main bean root elongation. A neutral allelopathic effect on the bean seed germination was exerted by ex-
tract from post-harvest residues of spring triticale. A water extract from top parts of bean had a negative alle-
lopathic effect on germinating bean seeds, indicating self-incompatibility of this crop. Conclusions. The la-
boratory tests showed that biologically active substances from seeds of both winter triticale and spring triti-
cale at a ratio of 1:10 were toxic for bean ssedlings. Combined germination of bean and spring triticale seeds
at a ratio of 1:5 had a more positive effect compared to other ratios of seeds of companion crops, and com-
bined germination of bean seeds with spring and winter triticale seeds at a ratio of 1:1 demonstrated very
similar parameters of germinating bean seeds. It was found that water extracts from bean and spring triticale
in a ratio of 1:2 and from bean and winter triticale (1:4) had a clear allelopathic effect on the bean parame-
ters. Water extracts from winter triticale (1:1) and spring triticale (1:4) were more toxic to bean seedlings.
Water extracts from roots of bean, winter and spring triticale weakly inhibited the main bean root elongation.
A water extract from the aboveground parts of bean had a negative allelopathic effect on the germinating
seeds of bean, indicating self-incompatibility of this crop. A neutral allelopathic effect on the germination of
bean seeds was exerted by extract from post-harvest residues of spring triticale. Combined germination of
seeds of bean and companion crops in the laboratory allows for assessments of peculiarities of seed germina-
tion and mutual influence of components as early as at the initial stage, for selection of crops for growing in
heterogeneous fields aimed at forming a highly productive agrophytocenosis.

Key words: common bean, seeds, companion crops, biotests, allelopathy.

Introduction. Famous Ukrainian scientists beans, among other grain legumes, is a strategical-
A.O. Babych (Babych A.O., Petrychenko V.F., ly necessary high-protein crop, and the economic
Poberezhna A.A., 1994), V.F. Kaminskyi (Kamin- and bioenergetic effects of its cultivation are prom-
skyi V.F., Holodna A.V., Shliakhturov D.S., 2008), ising and relevant. All this has prompted a recent
S.I. Ivaniuk (lvaniuk S.V., Lekhman A.A. , Ovcha- growth of the bean-sown area in Ukraine (Ovcha-
ruk O.V., 2015) confirmed that bean, like soy- ruk O.V., 2015).
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Under current farming conditions, the vast ma-
jority of vegetables are mainly grown using inten-
sive technologies in highly specialized crop rota-
tions. This is sure to accelerate the soil degrada-
tion, to worsen the phytosanitary condition of the
agrocenosis and to pollute the environment greatly.
As a result, energy costs increase, in particular, for
soil cultivation, synthetic fertilizers, growth regula-
tors, and plant protectors, the quality of products
deteriorates, and sometimes yields also decrease.
The main difference between an organic producer
and a traditional producer is his/her attitude to the
land. For organic farmers, land is not only a means
of production, but also a living environment that
develops (Vitanov A.D., 2007).

Agroecosystems (agrocenoses), unlike natural
ecosystems, are poorly adapted. The philosophy of
alternative (organic) agriculture in vegetable grow-
ing is based on the creation of conditions for self-
regulation and self-maintenance of ecosystems,
which, like natural ones, should comprise diversity
(diversification). Introduction into practice of so-
called intercropping (polycrop), which means
growing two or more plant species on the same ar-
ea, that is, in one plant community, seems to be a
promising trend. Such a community is managed by
special technological measures. Compatibility of
vegetables and companion crops is preliminarily
determined using special allelopathic tests (Kamin-
skyi V.F. (Ed), 2016).

Review of Resent Studies and Publications.
Vegetable production faces problems of yield reduc-
tion due to soil fatigue and autotoxicity upon con-
tinuous cultivation for several years. In current crop
production, allelopathic relationships between plants
are gaining importance, becoming a scientific basis
for the development of reasonable crop rotations
and mixed (thickened) fields to increase the perfor-
mance of agrocenoses, to prevent soil fatigue in
monocrops, to control weeds, pests, phytopatho-
gens, etc. (Grodzinskuy A.M. 1965; Wato T., 2020).

Allelopathy is a biological phenomenon by
which plants produce physiologically active sub-
stances — allelochemicals. Allelochemicals is very
diverse chemically; their composition can even
vary in the same plant. Allelochemicals can im-
prove or slow down all signs of plants’ vital activi-
ty in a biocenosis. In this regard, a plant, falling in-
to one or another biocenosis, changes its require-
ments for environmental conditions that ensure its
optimal development (Hrodzinskyi, O.M., 1973).
This is of direct importance to agriculture: an ex-
cess of physiologically active substances in the bi-
ocenosis is as harmful to the growth and develop-
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ment of plants as their deficit (Golovko Ye.A.,
Bilyanovskaya T.M., Vorobey I. et al.,, 1999;
Kosolap N.P., 2008; Yurchak L.D., 2005).

Allelopathy is important for the performance of
phytocenoses. Allelopathic interactions through
plant secretions are an ecological factor. Most ag-
ricultural crops were shown to have a certain alle-
lopathic activity (Holovko Ye.A., Puzik V.K., 2003;
Simagina N.O., 2006; Bukharov A.F., Baleyev
D.N., Bukharova A.R., 2011). Plants release vari-
ous biochemical substances into the environment
— simple and complex, organic and mineral, ac-
tive and neutral. These substances undergo com-
plex chemical transformations and play important
roles in the formation of "allelopathically neutral”
systems — chemically self-regulated biogeoceno-
ses (Grodzinskiy A.M., 1965; Hnatiuk N.O., 2003;
Yurchak L.D., 2005; Bohovin A.V., 2009).

Most allelopathy assessments involve biotests
of plant or soil extracts, filtrates, fractions, and res-
idues that affect seed germination and seedling
growth in laboratory and field experiments. Bi-
otests in Petri dishes with aqueous extracts from
different parts of donor plants showed a considera-
ble phytotoxic activity, depending on concentra-
tions, with the greatest effect of aqueous leaf ex-
tracts (Mushtag W., Siddiqui M.B., 2018).

Laboratory biotests are the first step used to in-
vestigate possible involvement of allelopathy in
plant-plant, plant-microorganism and plant-insect
relationships and interactions (Kondratyev M.M.,
Budarin S.M., Larikova Yu.S., 2014; Inderjit, Foy
C.L., Dakshini K.M (Eds.), 1999). Biotests are use-
ful and necessary tools for studying the allelopa-
thic potential of plant or soil extracts and for eval-
uating the activity of extracts upon purification and
identification of allelochemicals. Almost all reports
about allelopathy describe biotests used to demon-
strate allelopathic activity (Haugland E. Brand-
saeter L.O., 1996; Macias F.A., Molinillo J.M.G.,
Varela R.M, Galindo J.C.G., 2007). Biotests are
most widely used to test allelopathic activity in ex-
tracts of germinating seeds in Petri dishes on filter
paper, sand, soil, or agar. Percentage of seed ger-
mination in recipient plants was commonly used to
measure effects of allelochemicals. It is an express-
method for a large number of biological replicates.
Description of seed and fruit germination is a
widely used analytical approach, but several stud-
ies demonstrated that it was not the most sensitive
parameter (Kadioglu 1., Yanar Y., 2004; Leather
G.R., Einhellig F.A., 1988)., Root length more of-
ten turns out to be a more sensitive growth indica-
tor than germination, possibly because roots only
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elongate by increasing the number and volume of
cells (Leather G.R., Einhellig F.A., 1986). Measur-
ing root length and volume is not so easy as count-
ing the number of germinated seeds and describing
their condition (color, branching, hairs) (Wardle
D.A., Njchotson K.S., Rahman A., 1993).

Biotests using aqueous extracts of plants are
useful to prove the presence of allelochemicals;
such effects often disappear in the field due to ad-
sorption of allelochemicals by soil particles, de-
composition and leaching (De Almeida F.S., 1985).
With due account for critical comments on biotests
of aqueous extracts, screening biotests using intact
plant seedlings were developed. Seedlings were al-
so used in allelopathy studies (Wu H.; Haig T.,
Pratley J., Lemerle D. and An., 2000). From labor-
atory results, it was concluded that biologically ac-
tive substances from common bean seeds did not
inhibit the growth of seedlings of the studied vege-
tables. Vegetable seedlings became longer when
germinated together with bean seeds than without
them. Cucumber seedlings were 6.0 cm long or by
0.5 cm longer compared to the control; late-
ripening white cabbage seedlings - 7.1 cm long or
by 0.3 cm longer; early potato seedlings - 3.6 cm
long or by 1.0 cm longer; red beet seedlings - 6.8
cm long or by 1.8 cm longer; tomato seedlings -
6.5 cm long or by 0.8 cm longer (Harbovska T.M.,
Zelendin Yu.D., Chefonova N.V., Honcharenko
V.Yu., 2020).

Cultivation of sweet corn in fields thickened
with garden pea and green bean allows harvesting
high yields not only of the main crop (3.7 t/ha of
sweet corn), but also of the compacting plant (0.7
t/ha of garden pea and 2.2 t/ha ha of green bean)
(Didukh N.O., 2013).

Volatile emissions from winter crop and peren-
nial legume (white clover, hairy tare, and crimson
clover) residues prevent the germination and de-
velopment of onion, carrot, and tomato seedlings.
Tests in a germination chamber showed that alfalfa
residues were toxic to the germination of cucumber
seeds and their seedlings. Alfalfa roots were also
toxic to pre-germinated cucumber seeds. However,
cucumber seedlings grew normally if chemicals
were leached in crushed root- containing medium
and seeds were stored for 1 day prior to planting
(Bradow J.M., Connick W.J.Jr., 1990).

Laboratory tests (in Petri dishes) did not reveal
negative effects of seeds of companion crops (win-
ter and spring components) on the seedling length
and germination energy of onion seeds. In general,
water extractions from aboveground phytomass
and roots of companion crops significantly sup-
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pressed the germination of onion seeds on day 3 of
germination. Later (on days 7 and 10), suppression
got weaker. Aqueous extracts from roots of com-
panion crops were less toxic to germinating onion
seeds than extracts from aboveground phytomass.
Extract from onion roots and aboveground phyto-
mass collected during the leaf lodging phase was
most toxic for onion seedlings: Control 2 — germi-
nation ability was 24-36% on day 3; Control 1
(distilled water) — it was 51-55%. (Vitanov O.D.,
Zelendin YU.D., Chefonova N.V., Melnyk O.V.,
Ivanin D.V., 2020).

Therefore, there is an urgent need for further re-
search to widely apply allelopathy in agriculture.
Given a limited number of recommendations in
scientific literature, laboratory and field studies of
allelopathic compatibility of common bean and
companion crops are required to grow seed pllants
in polycrop agrocenoses (Mix Cropp).

Purpose: To investigate the allelopathic com-
patibility of seeds of common bean and companion
crops; to establish interaction patterns using water
extracts from seeds and other plant parts of com-
mon bean and companion crops.

Methods. The study was carried out in the la-
boratory conditions of the Laboratory of Adaptive
Vegetable Growing of IVMG NAAS in 2021. We
studied the compatibility of common bean ‘Kni-
ahynia’ with the following companion crops: win-
ter triticale ‘Tymofii’ and spring triticale ‘Kripost
Kharkivska’. Their allelopathic effects were as-
sessed in the laboratory (Figs. 1, 2.) and the field
(Fig. 3.). Allelopathic properties of plants were de-
termined by biotests (Hrodzinskyi, O.M., 1973).
The experiments and observations were carried out
in accordance with "Experimentation Methods in
Vegetable and Melon Growing" (Bondarenko,
N.L., Yakovenko, K.I. (Eds), 2001). The record plot
was 0.7 m x 2.0 m = 1.4 m?, in six replications.

Biotest procedures

Interaction of seeds in Petri dishes (biotest:
interaction of germinating seeds of bean and com-
panion crops). Sorted, swollen seeds of common
beans are placed on filter paper moistened with
distilled water in a thermostat at 23...25°C. Seeds:
control (10 bean seeds); various experimental
combinations with seeds of other species (10 bean
seeds/10 seeds of a companion crop [ratio 1:1]; 5
beans seeds/25 seeds of a companion crop [ratio
1:5]; 5 bean seeds/50 seeds of a companion crop
[ratio 1:10]). On day 3, germinated seeds are sam-
pled and the tap root length, hypocotyl length,
length of adventitious roots, epicotyl length, and
length of the first true leaf are measured. Their
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growth is expressed as a percentage related to the
growth of control seedlings, which is taken as
100%. Experiments are carried out in three replica-
tions. Results are compared with the control.

Extraction method (biotest: germination of
bean seeds in water extracts from whole seeds of
bean and companion crops). Bean seeds are placed
on filter paper moistened with distilled water and
exposed in a thermostat at 23...25°C for 48 hours.
When roots are 3-5 mm long, bean seedlings are
transferred to Petri dishes filled with distilled water
(control) or extracts from whole seeds of bean or
companion plants (Grodzinskiy A M., 1991).

To prepare water extracts from seeds by active
extraction, 5 g of seeds of bean and companion
crops are weighed, poured with 50 mL of hot tap
water (85°C), incubated at room temperature for a
day, with periodically stirring. Then the extracts
are filtered through filter paper, diluted with water
in ratios of 1:1, 1:2 and 1:4 (experimental solu-
tions), cooled to 4..10°C and stored until use
(Mushtaq W., Siddiqui M.B., 2018).

On day 5, the tap root length, hypocotyl length,
length of adventitious roots, epicotyl length, and
length of the first true leaf are measured. Experi-
ments are carried out in three replications. Results
are compared with the control (distilled water).

Extraction method (biotest: germination of
bean seeds in water extracts from vegetative mass,
roots and post-harvest residues of bean and com-
panion crops). Plants are sampled in the specified
phenological phase of development: plants are dug

Bunyck 73, 2023

out, roots are washed from the soil, and dried at
40°C in a thermostat to a constant weight. A
weight of crushed aboveground plant parts or of
roots is placed in a glass container, and distilled
water is added in a ratio of 1:20 (1 g of plant
mass/20 mL of distilled water). The container is
shaken so that the plant mass is completely sub-
merged in water. Extraction lasts one day at 20°C.
Water-soluble compounds are solved. After 1 day,
extract is transferred into another container and fil-
tered. Bean seeds are placed on filter paper in Petri
dishes and 3 mL of extract is added (3 mL of dis-
tilled water in the control). Petri dishes are incu-
bated in a thermostat at 23...25°C. On day 5, the
tap root length, hypocotyl length, length of adven-
titious roots, epicotyl length, and length of the first
true leaf are measured. Experiments are carried out
in three replications. Results are compared with the
control. Control bean seeds (10 seeds) were soaked
in distilled water (C-1) or in water extract from
aboveground parts of bean plants (C-2), or in water
extract from bean roots (C-3).

Results and Discussion. Root length is a more
sensitive growth indicator than germination

(Leather G.R., Einhellig F.A., 1986), so we con-
ducted the biotest for the compatibility of bean
seeds with seeds of companion plants in Petri dish-
es in ratios of 1:1, 1:5, 1:10 and measured the tap
root length, hypocotyl length, length of adventi-
tious roots, epicotyl length, and length of the first
true leaf (Fig. 1)

Figure 1. Germination of bean seeds with seeds of compnio-n pl

~y -

ants i Petri dishes in a ratio

of 1:1, 1:5 and 1:10.
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Biotest: interaction of germinating seeds of
bean and companion crops in Petri dishes. We es-
tablished that biologically active substances from
winter and spring triticale seeds (ratio 1:1) inhibit-
ed the hypocotyl and root growth by 21% and the
true leaf and epicotyl growth by 10-9%. At the
same time the number of adventitious roots in the

Bunyck 73, 2023

experiments with winter triticale was similar to the
control (C); the length of the longest adventitious
root in the experiments with spring and winter trit-
icale decreased by 21-26% compared to the con-
trol experiment with common bean seeds (C) (Ta-
ble 1).

Table 1. Compatibility of bean seeds with seeds of companion plants in Petri dishes, 2021

Hypocotyl Length of the Number
ypocoty 9 True leaf and
. and root longest ad- of adven- .
Experiment i, . % epicotyl %
length, ventitious titious
lengtgh, mm
mm root, mm roots
Bean (C) 120 100 53 100 12 100 19 100
Winter tritica- 94 79 39 74 12 100 17 90
lel:1
Winter tritica- 74 62 34 65 11 92 16 87
le 1:5
Winter tritica- 68 57 23 44 9 75 15 79
le 1:10
iP1r|ng triticale 94 79 42 79 11 92 17 91
iPSrmg triticale 107 89 45 85 12 100 20 106
Spring triticale 91 76 33 62 12 100 15.5 83
1:10
LSDgs 19 - 4 - 0.9 0.9

At a ratio of 1:5, winter triticale-induced inhibi-
tion of the hypocotyl growth was enhanced to
38%, but spring triticale seeds, on the contrary, had
a neutral effect on this parameter. A stimulating ef-
fect of spring triticale seeds on the true leaf length
(with epicotyl included) was noted: 106% com-
pared to the control experiment with bean seeds
(C). The results showed that biologically active
substances from seeds of both winter triticale and
spring triticale at a ratio of 1:10 were to be toxic to
bean seedlings. Combined germination of bean
seeds with spring triticale seeds at a ratio of 1.5
had a more positive effect compared to other ratios
of seeds of the companion crops, and combined
germination of bean seeds with spring and winter
triticale seeds at a ratio of 1:1 gave similar parame-
ters of germinating bean seeds.

Biotest: germination of bean seeds in water ex-
tracts from whole seeds of bean and companion
crops in Petri dishes. Extracts from whole seeds of
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many plants were found to inhibit germination.
The influence of external conditions on the release
of substances by seeds has been little studied. It is
obvious that all factors that enhance the hydration
of proteins, solubility of various substances and
permeability of protoplasm will facilitate the re-
lease of substances from seeds. The release of sub-
stances by seeds largely depends on their biologi-
cal features (Grodzinskiy A.M., 1991).

Our allelopathy studies included testing the
compatibility of bean seeds with water extracts
from whole seeds of bean and companion plants.
We compared experimental solutions (diluted with
water in ratios of 1:1, 1:2 and 1:4) between
themselves and with the control and concluded
where biologically active substances from seeds of
the companion plants did not inhibit the growth of
bean seedlings (Fig. 2).
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Figure 2. Germination of common bean seeds in water extracts from seeds of the companion crops
in aratio of 1:1, 1:2 and 1:4. 1 — bean (C); 2 — bean; 3 — spring triticale; 4 — winter triticale.

Different concentrations of water extracts from distilled water) — 32 mm (Fig. 3). A strong alle-
bean, winter and spring triticale affected the tap lopathic effect was noted with water extract from
root length in germinating bean seeds: almost all bean seeds (1:2) — 139 mm, winter triticale seeds
variants positively affected or had no effect (no (1:4) — 148 mm and spring triticale seeds (1:2) —
difference compared to the control experiment with 159 mm.

200
159
148
g 150 139

ﬁ 103

5 100 23 2

e 78

[«

2

48
§ 50 32 36 i
, o
Control 1:1 1:2 1:4 1:1 1:2 1:4 1:1 1:2 1:4
Bean Winter triticale Spring triticale
LSD =17.4

Figure 3. The tap root length in bean seedlings depending on water extracts from seeds of the companion
plants (ratio 1:1, 1:2 and 1:4).
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An increase in the adventitious root length was
observed in almost all variants compared to the
control (distilled water). We observed a clear alle-
lopathic effect of water extracts from bean seeds

150

123

100

mm
2

50

14

, il

Control

Adventitious root length.

1:1
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(1:2) — 123 mm, winter triticale seeds (1:4) — 128
mm and spring triticale seeds (1:2) — 114 mm on
the adventitious root length of been seedlings (Fig.
4).

Winter triticale Spring triticale

LSD =9.83

Figure 4. The adventitious root length in bean seedlings depending on water extracts from seeds of the
companion plants (ratio 1:1, 1:2 and 1:4).

Water extract from winter triticale (1:1) did not
have a significant effect on the hypocotyl growth.
A strong stimulating allelopathic effect was seen in
the following variants: water extract from bean

140
120
100

80

60

24
. i
0

37
1:1 1:2

Hypocotyl length. mm

47
Control 1:4

Bean

sseds (1:2) — 117 mm, winter triticale seeds (1:4) —
98 mm and spring triticale seeds (1:2) — 95 mm
(Fig. 5).

08

77
| I
1:2 1:4

Winter triticale

95

)

1:1

Spring triticale

LSD =9.50

Figure 5. The hypocotyl length in bean seedlings depending on water extracts from seeds of the companion
plants (ratio 1:1, 1:2 and 1:4)
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Water extract from winter triticale seeds (1:1) ter) value — 3 mm A strong stimulating allelostatic
tended to shorten the epicotyl to 2 mm, while water effect on the bean epicotyl growth was recorded
extracts from bean seeds and spring triticale seeds for water extract from winter triticale seeds (1:4) —

in a ratio of 1:4 had no significant effect and this 12 mm (Fig. 6).
parameter was similar to the control (distilled wa-

¥

Epicotyl length. mm

A

12
8
6 6
5
5 1 4
Y

0 . .

1 1:2 14 1:1 1:2 1:4 1:1 1:2 1:4

Control 1

Bean Winter trificale Spring tnticale

LSD =1.10
Figure 6. The epicotyl length in bean seedlings depending on water extracts from seeds of the companion
plants (ratio 1:1, 1:2 and 1:4)

As to the first true leaf length, a positive effect seedlings: from bean seeds (ratio 1:2) — 24 mm,
was noted in most variants; however, the following winter triticale seeds (1:4) — 25 mm and spring trit-
water extracts exerted a pronounced stimulating al- icale seeds (1:2) — 28 mm (Fig. 7).

lelopathic effect on the first leaf growth in beans

0

24 -

28
25
24
21

20 i9

17

16
5 13
12

| I i |
| I
0

1:1 2 1:4 1:1 12 1:4 I:1 12 1:4

The first leaf length. mm

Control

Bean Winter triticale Spring triticale

LSD =4.45
Figure 7. The first leaf length in bean seedlings depending on water extracts from seeds of the companion
plants (ratio 1:1, 1:2 and 1:4)
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We found that water extracts from bean and
spring triticale seeds in a ratio of 1:2 as well as
from winter triticale seeds (1:4) had a clear alle-
lopathic effect on these parameters of bean seed-
lings. Water extracts from winter triticale (1:1) and
spring triticale (1:4) seeds were more toxic to bean
seedlings

Bunyck 73, 2023

Biotest: germination of bean seeds in water ex-
tracts from vegetative mass, roots and post-harvest
residues of bean and companion crops in Petri

dishes. Water extracts from both bean roots (C-3)
and winter and spring triticale roots inhibited the
tap root elongation less than extracts from above-
ground parts (Fig. 8).

Figure 8. Germination of common bean seeds in water extracts from vegetative mass, roots and post-harvest
residues of the companion crops, which were sampled during mass anthesis and after bean harvest, 2021

It was found that water extracts from spring trit-
icale roots did not exert a significant effect on the
tap root length (121 mm) and the adventitious root
length (88 mm); similarly extracts from bean roots
(C-3) did not influence the hypocotyl length (103
mm) and extracts from bean roots (C-3) and tritica-
le spring roots had no effect on the true leaf length
(13 mm), as these parameters were at the control
level: distilled water (C-1) - 134 mm, 90 mm, 106
mm and 14 mm, respectively (Table 2).

Usually, water extract from bean aboveground
parts (C-2) had a significant negative effect on all
parameters of bean seedlings compared to the con-
trol.

The hypocotyl was 103 mm and 104 mm long
with water extracts from bean roots and from
aboveground mass of winter triticale, respectively,
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which did not fifer from the distilled water control
(C-1).

Water extract from aboveground parts of bean
had a negative allelopathic effect on the germinat-
ing seeds of bean, indicating self-incompatibility
of this crop.

Control water extract (C-2) from post-harvest
residues of bean plants suppressed all parameters
of the bean seed germination compared to the dis-
tilled water control (C-1) and other extracts, con-
firming self-incompatibility of this crop (Table 3).
The tap and adventitious root lengths (141 cm and
95 cm, respectively) as well as the hypocotyl
length (107 mm) were not affected by extracts
from post-harvest residues of spring and winter
triticale, being at the distilled water control (C-1)
levels.
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Table 2. Compatibility of bean seeds testing depending on water extracts from vegetative mass and roots of
bean and the companion plants (phase — mass anthesis of bean), 2021

Length, mm

Experiment Tap root Adviz(t)lttlous Hypocotyl Epicotyl T::fe pH
Distilled water (C-1) 134 90 106 10 14 7.3
Bean aboveground mass (C-2) 95 71 82 5 12 6.5
Bean roots (C-3) 107 72 103 7 13 6.6
Winter triticale aboveground mass 96 91 104 8 13 6.5
Winter triticale roots 112 87 93 7 13 6.4
Spring triticale aboveground mass 98 81 98 5 12 6.3
Spring triticale roots 121 88 97 7 13 6.5

LSDgs 17.54 6.3 5.53 1.1 1.04

Table 3. Compatibility of bean seeds depending on water extracts from post-harvest residues of common
bean plants and the companion crops, 2021

Length, mm
Experiment iiti - icot- H
p Tap root Adventitious  Hypo Epicot True leaf Y
root cotyl yl
Distilled water
(C-1) 133 90 107 10 14 7.3
Bean (C-2) 87 67 91 6 13 6.5
Winter triticale 115 87 107 7 13 6.9
Spring triticale 141 95 96 6 13 7.2
LSDgs 148 5.4 10.9 1.7 0.9 —

Conclusions. Germination of common bean
seeds with seeds of the companion crops as well as
with aqueous extracts from seeds of common bean
and the companion crops and with agueous ex-
tracts from aboveground parts, roots and post-
harvest residues under the laboratory conditions
makes it possible to assess their mutual influence
as early as at the initial stage and to select crops for
cultivation in heterogeneous fields to form a high-
performance agrophytocenosis.

The results showed that biologically active sub-
stances from seeds of both winter triticale and
spring triticale at a ratio of 1:10 were toxic for
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bean seedlings. Combined germination of bean
seeds with spring triticale seeds at a ratio of 1:5
had a more positive effect compared to other ratios
of seeds of the companion crops. Upon combined
germination of bean seeds with spring triticale
seeds and winter triticale seeds at a ratio of 1:1, the
parameters of bean seedlings were very similar to
the control ones.

Water extracts from bean and spring ftriticale
seeds at a ratio of 1:2 and from winter triticale
seeds (1:4) had a pronounced allelopathic effect on
the parameters of bean seedlings. Water extracts
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from winter triticale seeds (1:1) and spring triticale
seeds (1:4) were more toxic to bean seedlings.

Water extracts from bean, winter triticale and
spring triticale roots slightly suppressed the tap
root elongation in bean seedlings. Water extract
from aboveground parts of bean was revealed to
have a negative allelopathic effect on germinating
seeds of bean, indicating self-incompatibility of
this crop. A neutral allelopathic effect on the ger-
mination of bean seeds was exerted by extract from
the post-harvest residues of spring triticale.

Biotests with seeds of companion crops and wa-
ter extracts from seeds and various parts of com-
mon bean plants and plants of companion crops
proved to be useful in screening for allelochemi-
cals. Winter triticale and spring triticale can be
used as a forecrop and as a companion crop for
common bean. Allelopathy should be taken into
account when one designs a crop rotation.
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Merta. [locnianTy anenonaTuuHy CyMICHICTh HaciHHS KBAacoJli OBOUYEBOI Ta CyMyTHIX KyJIbTyp. BcraHo-
BHUTH 3aKOHOMIPHOCTI B3a€MOJIii Yepe3 pOCIMHHI BHIIJICHHS 3 BOAHUX BHTSHKOK HACIHHS KBAcOJIi OBOYEBOL
Ta CyMyTHIX KYyJbTYp 1 BOAHMX BUTSDKOK 3 PI3HMX YacTHH POCIIMH KBAacoJli OBOYEBOI Ta CyMyTHIX KYJBTYP.
Metoau. JlabopartopHuii, craTucTuIHHi. Pe3yabTaTH. bioTecT: B3aEMOBIUIMB NPOPOCTAIOYOTO HACIHHS
KBACOJIi i CYITyTHIX KyJIbTyp B Yyamkax [lerpi. biojoriyHo akTHBHI peYOBUHHM 3 HACIHHS TPUTHKAJIE O3UMOTO 1
TPUTHKAJE Aporo (3a CHiBBiAHOMEHHS: | yacTWHA HaCiHHA KBacou 10 10 9acTWH CYIMyTHIX KYJBTYp) MPO-
SBUJIM HETaTUBHHUK e()eKT Ha MPOPOCTKH HACIHHS KBAacOJi 3a BCiMa MOKa3HUKAMHU: JTOBKHWHOIO TIMOKOTHIIS 3
KOpEHEM, JOBXUHOIO HAWIOBIIIOTO MPUIAATKOBOTO KOPEHS, KITBKICTIO MPUAATKOBHX KOPEHIB 1 JOBXKHHOIO
CHPaBXHBOTO JINCTKA 3 CMIKOTHIIEM. 3a CIIiBBiJHOIIEHHS 1:5 MOCHIIOBANIOCS MPUTHIYEHHS POCTY TiOKOTH-
JIFO JII€I0 TPUTHKaJe 03uMoro a0 38 %, 1, HaBIaky, Bi/IMIYeHO HEHTpaTbHUI BIUIMB TPUTHKAJIE SPOTO HA IEH
MOKa3HUK. BUSBICHO CTUMYIIIOIOUY [0 HACIHHS TPUTHUKAJE SIPOTO HAa JOBXKHHY CHPABXHBOT'O JIUCTKA KBa-
coi (3 emikotunem) — 106 %. 3a TpuTHKane 03uMoro i siporo y chiBBigHomeHHi 1:1 (y mopiBHSIHHI JO KOHT-
poito — 0e3 HaCiHHs CYIyTHIX KyJbTYp) CIIOCTEPIraeThCsl MPUTHIYEHHS POCTY TIMOKOTHIIIO 3 KopeHeM Ha 21
%, CIIPaBKHLOTO JIUCTKA 3 emikoTmieM — Ha 10—9 % BignoBinHo. bioTecT: MpopoIyBaHHs HACIHHS KBACOJIi
Ha BOJHIN BUTSDKIN 3 [IJIOTO HACIHHA KBACOJI 1 CYOVTHIX KyabTyp B yamkax Ilerpi. BoqHa BUTS KA 3 HaCiH-
HSl TPUTHKAJIE IpOT0 Y CITIBBiTHOIICHH] 1:2 Mana HalOIbIy CTUMYIIOIOUY 0 Ha TOBKUHY TOJOBHOTO KO-
PEHs Ta MEepIIOro JMCTKA, TPUTHKAJIE 03UMOT0 y CHiBBiJHOIIEHHI 1:4 — Ha TOBXXUHY IIPUAATKOBOIO KOPEHS
Ta CMiKOTWISA, KBACOJII y CHIBBIJHOIICHHI 1:2 — Ha NOBXKHMHY CMIKOTWIL. bioTecT: mpopolyBaHHs HAaciHHS
KBAcOJIi Ha BOJIHIM BUTSDKII 3 BEreTaTUBHOI Macu, KOPEHIB i MOXKHUBHUX PELITOK KBAcOJIi 1 CYNYTHIX KYJIb-
Typ B yamikax [lerpi. BogHi BUTSKKHM 3 KOpEHIB KBACOJi, TPUTHKAJIE O3UMOIO Ta SIporo cjiabo MpUrHivyBain
MIPOPOCTAHHS TOJIOBHOTO KOPEHS KBacoji. ToJiepaHTHHM ajelonaTHIHuid e(heKT Ha MPOPOCTaHHS HACiHHS
KBACcOJIi POSIBUJIA BUTSDKKA 3 TIOKHUBHUX PELITOK TPUTHKaJe sporo. BoaHa BUTSKKaA 3 HaA3eMHOT YaCTHHU
KBacoJIi BUSIBMJIA HETATHBHY aJIeJIONaTUYHY [0 Ha MPOPOCTal0ye HACIHHS caMmoi KBACOIi, IO CBIIYUTH TPO
CaMOHECYMICHICTb 11i€i KynbTypu. BucHoBku. Pe3ynbTaTti nabopatopHUX NOCTIHKEHb CBiqYaTh, 110 Oi0y0-
T9HO aKTUBHI PEYOBHHH 3 HACIHHA SK TPUTHKAJIE O3MMOTO, TaK 1 TPUTHUKAJIE SIPOTO 3a ciiBBigHOmEHHS 1:10
BUSIBIUIMCS] TOKCUYHHUM ISl IPOPOCTKIB HACIHHA KBacoii. CriibHe MPOPOLIyBaHHS HACIHHS KBacoJji 3 HaciH-
HSM TPUTHKAJIE SPOTO 3a CHIBBITHOMIEHHA 1:5 Mae OUIbII MO3UTHBHUN e(DEeKT B IMOPIBHAHHI 3 IHIIMMH CITiB-
BIJTHOIIECHHAMH HACiHHS CYITyTHIX KYJIBTYp, @ CHiJIbHE MPOPOILYBaHHs HACiHHS KBAcOJi 3 HACIHHSAM TPHUTH-
KaJe SIporo Ta 03UMOTO 3a CIIBBIAHOIIEHHS 1:1 — Maiike 0JHAKOBI MapaMeTpH MPOPOCTIOYOT0 HACIHHS KBa-
comi. 3a pe3yJbTaTaMH JOCIIDKEHb BCTAHOBJICHO, LI0 YiTKO BHUPaXXCHMI ajieJIonaTuiHUi BIUIMB HA AaHI IOKa3-
HHKHU KBACOJIi MPOSIBUITA BOHI BUTSDKKH 3 KBACOJIi 1 TPUTHKAJIE SPOTO Y CIiBBITHOMICHHI 1:2, TPUTHKAIE 03UMOT0O
(1:4). Bomni BuTsDKKH 3 TpuTHKaie o3uMoro (1:1) i tpurtukane siporo (1:4) Oyiu OB TOKCHYHUMH JIJISI TIPOPO-
CTKIB KBacoui. BoJiHI BUTSKKY 3 KOPEHIB KBACOJIi, TPUTUKAJIEC 03UMOTO Ta SPOro CJIad0 MPUTHIYYyBaIH MPOPO-
CTaHHS TOJIOBHOTO KOpEeHs KBacoui. BoaHa BUTSXKKa 3 HaI3eMHOI YaCTUHM KBAcOJIi BUSIBWJIA HETATUBHY ajie-
JIOMIATUYHY JiI0 HA IPOpOCTaroue HACIHHS caMol KBacoJi , 0 CBIAYUTH MIPO CAMOHECYMICHICTh Ii€l KyJbTy-
pu. TonepanTHHA aneomaTHIHUH eeKT Ha MPOPOCTAHHS HACIHHS KBACOJIi TPOSBHJIA BUTSDKKA 3 TTICISDKHHE-
BHHUX PEIUTOK TpUTHKaje siporo. CriibHe MPOPOIIyBaHHS HACIHHS KBACOJIi OBOYEBOI i CYNMyTHIX KYJIBTYp B
ab0opaTOPHUX YMOBAX JIA€ 3MOTY YK€ Ha TIOYATKOBIM CTaIii OIIHUTH OCOOIMBOCTI HOTO TPOPOCTAaHHS 1 B3a-
€MOBIUIMB KOMIIOHEHTIB, Mii0paTH KyJIbTYpHU Ul BUPOIIYBaHHS Y TETEPOreHHOMY TIOCIBi 3 METOIO (opMy-
BaHHSI BUCOKOIIPOYKTHBHOTO arpo(iToIeHo3y.

Knrwouoei cnosa: xBacoisi 0Bo4eBa, HaCiHHA, CYIyTHI KyJIbTypH, 610TeCTH, aJeonaris.
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GOURD GROWING EFFICIENCY USING SILICON-CONTAINING FERTILIZERS IN THE
SOUTH OF UKRAINE
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Purpose. To evaluate the effect of pre-sowing soaking of seeds on the plant performance and economic
efficiency of watermelon and melon growing on drip irrigation in the South of Ukraine. Methods. Field,
measuring, computational, comparative, and mathematical/statistical methods, analysis of economic efficien-
cy. Results. Pre-sowing soaking of seeds in solutions of silicon-containing fertilizers was shown to help ob-
tain early and full-bodied watermelon and melon seedlings, increase the length and number of lateral shoots,
and improve fruit setting. Balanced plant nutrition contributed to high performance of watermelon and melon
plants in the South of Ukraine. The highest yields of watermelon (23.4 t /ha) and melon (17.5 t/ha) fruits
were harvested with 10% Quantum AquasSil solution, which increased the yield by 35.3 and 35.7%, respec-
tively, compared to the untreated control. Silicon-containing fertilizers, 15% Bai-Si and Kelik Potassium-
Silicon solutions, increased the fruit yield in watermelon fields by 22.5% and 19.7%, respectively, compared
to the untreated control. The greatest economic effect of watermelon and melon growing was achieved by
soaking seeds in 10% Quantum AquasSil solution prior to sowing; the profitability amounted to 122 and
101%, respectively. Conclusions. Pre-sowing soaking of seeds in silicon-containing fertilizer solutions con-
tributed to high performance of plants and allowed increasing the economic efficiency of cultivation. The
maximum percentage of fruit setting was recorded after seed treatment with 10% Quantum AquasSil solution.
For example, this parameter was 67% in watermelon ‘Charivnyk’ and 87% in ‘Didona’ melon. In the south
of Ukraine, the economic effect of outdoor watermelon and melon cultivation increased by 16,030-19,220
UAH/ha and 21,230-26,340 UAH/ha, respectively.

Key words: watermelon, melon, seed treatment, silicon-containing fertilizers, performance, economic ef-
ficiency.

Introduction. Currently, under progressive tiash, T., 2020). Application of silicon-containing
global climatic changes on the planet, effects of fertilizers is a way to increase gourd yields.
adverse environmental factors are becoming more Review of Recent Studies and Publications.
and more noticeable, determining the country's po- According to data of the International Food and
sition at the world’s agricultural market. In Agriculture Organization of the United Nations
Ukraine, like in many regions of intensive agricul- (UN FAO), in 2000, 76,382,000 tons of watermel-
ture, high-quality agricultural production depends ons were harvested in the world, in 2010 -
on sharp weather fluctuations during growing peri- 93,530,000 tons, in 2021 — 101,635,000 tons. The
ods of plants. This issue is especially acute for the mean fruit yield increased from 24.3 to 33.5 t/ha
South of Ukraine, where long droughts have often during this period (Agricultural statistics
been occurring in growing periods recently. In- FAOSTAT, 2022). In Ukraine, over the past five
creased aridity of the climate, which is evident at years, gourd yields occupied 61,800-63,600 hec-
the moment and is probable under climatic change tares, of which watermelons were grown on
scenarios, without adaptation measures in the 42,700-43,200 hectares. The Khersonska Oblast
southern regions is most likely to result in a 10 - has been the largest producer of gourds. In 2021,
20% decrease in yields of almost all agricultural 168,500 tons of fruits were harvested, accounting
crops by 2050 and, in the case of a more severe for 67.2% of the gross production in the southern
scenario, such decrease may reach 25% or even region and 33.5% of the total production in
50% (Romashchenko, M., Husiev, Y., Shatkovskyi, Ukraine (Roslynnytstvo Ukrainy. Statistical collec-
A., Saidak, R., Yatsiuk, M., Shevchenko, A., & Ma- tion, 2021).
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Current intensive technologies involve integrat-
ed mineral nutrition of vegetables and gourds due
to increased efficiency of mineral fertilization on
reclamation lands (Lymar V. A., 2015). During
long periods of intensive cultivation of agricultural
crops, the content of available silicon in the soil
drops and this can possibly become a limiting fac-
tor (among others), which reduces yields of agri-
cultural crops (Meena, V. D., Dotaniya, M. L.,
Coumar, V., Rajendiran, S., Ajay, S., Kundu, S.,
and Rao, A.S., 2014). Silicon is a biologically im-
portant element, necessary for plants. The silicon
content in plant biomass ranges 0.02% to 0.15%.
Silicon forms a cuticular-silicon wall in the epi-
dermal cells of leaves, stems and roots, which pro-
tects plants from excessive water loss and regulates
water absorption (Szulc, W., Rutkowska, B., Hoch,
M., Spychaj-Fabisiak, E., and Murawska, B.,
2015). Gross collections depend on the granulo-
metric composition and acidity of soil solutions.
Liming of acidic soils increases the content of
available forms of silicon (Kadalli, G. G., Rudre-
sha, B. A., Prakash, N. B., 2017). Diatomites and
zeolites are the most famous examples of silicon
fertilizers, which are mined as mineral raw materi-
als. These compounds have relatively high solu-
bility and are used in agriculture. When diatomite
was applied at a dose of 150 kg/ha in combination
with 50% of the fertilizer (NPK+manure) amount,
potatoes yielded by 38.7% of tubers compared to
the control (without fertilizers) and by 12.9% com-
pared to the full dose of mineral fertilizers (Maro-
din J. C., Resende J. T. V., Morales R. G. F., Silva
M. L. S., Galvao A. G., Zanin D. S., 2014). In Bra-
zil, studies of three silicate fertilizers, calcium sili-
cate, potassium silicate and sodium silicate, were
conducted; it was shown that the fertilizers signifi-
cantly increased the yield to 60.8 t/ha. Application
of these fertilizers at a dose of 400 kg/ha increased
the yield of marketable products by reducing toma-
to dehiscence (Kleiber, T., Krzesinski, W.,
Przygocka-Cyna, K., and Spizewski, T., 2015). In
Poland, studies were conducted on lettuce plants
that were stressed by manganese excess. Applica-
tion of a complex silicon-containing fertilizer for
fertigation had a positive effect on plants: the rela-
tive water content increased (ratio of the current
water content in the tissue to its content in the
moistened tissue) (Liang, Y., Nikolic, M., Bélanger,
R., Gong, H., and Song, A., 2015). Chinese studies
with soil application of silicon demonstrated that
the tomato yield increased by 8.7-15.9% compared
to the control (without application) (Ma, J. F. and
Yamaji N., 2008). Other scientists confirmed posi-
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tive effects of silicon on resistance to abiotic and
biotic stressors, including drought, lodging, frost,
and soil salinity, plant growth and development in
general, and on yield in sweet pepper (French-
Monar, R. D., Rodrigues, F. A., Korndorfer, G. H.,
and Datnoff, L. E., 2010), cauliflower (Wenneck G.
S., Saath R., Rezende R., e-Vila V. V., Terassi D.
D. S. & Andrean A. F. B., 2023), and China squash
(Mitani, N., Yamaji, N., Ago, Y., Iwasaki, K., and
Ma, J. F., 2011). Application of silicon boosts re-
sistance of gourds to major diseases - bacterial spot
of melons (Ferreira, H. A., Nascimento, C. W. A,
Datnoff, L. E., Nunes, G. H. S., Preston, W., Souza,
E. B., & Mariano, R. L. R., 2015). Chemical analy-
sis of disease- affected leaves revealed some pat-
terns, namely a significant reduction in the con-
tents of phosphorus, potassium, calcium, magnesi-
um, and iron. Adding calcium silicate and lignin
modified with silicic acid to the soil increased the
contents of nitrogen, potassium, phosphorus, and
calcium in plant leaves. An increase in the calcium
level in plants due to silicon application indicates
activation of transport of macronutrients and provi-
sion with nutritional compounds. Under such con-
ditions, the supply of potassium (which is respon-
sible for the water status of plants and ensures their
resistance to drought) to plants is enhanced. It is
known that plants with weak turgor are more sus-
ceptible to pathogenic fungi (Makarenko N. V.,
Zaimenko N. V., 2020). However, silicon is cur-
rently recognized as a minor element for plants,
and there are no economic studies to demonstrate
benefits of silicon-containing fertilizers to growers
(Zellner, W., Tubaria, B., Rodrigues, F. A., and
Datnoff L. E., 2021). Increasing the economic effi-
ciency of production of any economic entity plays
a significant role in its activities; therefore, there is
a need for constant control and search for ways of
its growth (Yaroslavskyi A.O., 2018).

The efficiency of different fertilization regimens
in gourd cultivation depends on technological ap-
proaches of cultivation and soil/climatic conditions.
No studies of the efficiency of silicon-containing
fertilizers for watermelon and melon cultivation in
the Steppe of Ukraine were conducted.

Purpose. To evaluate the effect of pre-sowing
soaking of seeds on the plant performance and
economic efficiency of complex fertilizers in wa-
termelon and melon growing in the South of
Ukraine.

Materials and Methods. The study was con-
ducted in an experimental field of the Institute of
Climate Smart Agriculture of NAAS in 2021-
2022. The soil in the experimental field is so-
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lodized, sabulous chernozem, with a humus con-
tent in the arable (0-30 cm) layer of 1.52 %. The
soil density in the 0-30 cm layer is 1.35 g/cm?; the
total porosity is 34 %. The soil solution was almost
neutral (pH of the water extract was 6.8—7.2).

The studied formulations are modern silicon-
containing fertilizers, which in small doses benefi-
cially affect the germination energy and ability of
seeds and further development of plants. Kelik Po-
tassium-Silicon is a concentrated potassium-silicon
chelate fertilizer (liquid), which contains 20.0 % of
K20, 13.0 % of Si.O and 2.0 % of EDTA. Manufac-
turer: Atlantica Agricola (Spain). Quantum AquaSil
is a domestic highly concentrated complex chelate
fertilizer (liquid). Composition: K,O — 10 %, SiO; —
20 %, humic substances — 1 %. Bai-Si is a domestic
silicon-based immunoprotector. Composition: SiO;
— 5-7 %, KyO — 2.2-3.3%, SiO, — 99.7 %, CuO —
0.54 %, FeO — 0.24 %, ZnO - 0.1 %.

The experiments was carried out with an 8-, 10-
or 12-hour exposure depending on fertilizer con-
centration: 1) sowing of dry seeds (control I); 2)
sowing of water-soaked seeds (control II); 3) pre-
sowing treatment of seeds with 5% solution of
Kelik Potassium-Silicon; 4) 10 % Kelik Potassium-
Silicon; 5) 15 % Kelik Potassium-Silicon; 6) 5 %
Quantum Aquasil; 7) 10 % Quantum AquasSil; 8)
15 % Quantum AgquaSil; 9) 5 % Bai-Si; 10) 10 %
Bai-Si; 11) 15 % Bai-Si. The sown plot was 125
m?, with the record area of 100 m2. Upon seed
treatments, the manufacturers’ recommendations
were taken into account: according to them, the
standard concentrations are as follows: Kelik Po-
tassium-Silicon — 0.6 % solution; Quantum Agua-
Sil — 1.0 % solution; Bai-Si — 150 mL/t, working
solution 1:50. The experiments were carried out in
four replications. Watermelon ‘Charivnyk’ and
melon ‘Didona’ were used in the experiments. The
study was conducted on drip irrigation.

Results. A lot of scientists reported that com-
plex silicon-ontaining fertilizers had positive ef-
fectson the growth and development of gourds
(root weight and number of shoots) (Preston, H. A.
F., Nascimento, C. W. A., Preston, W., Nunes, G.
H. S., Loureiro, F. L. C., and Mariano, R. De L. R.,
2020; Lozano, C. S., Rezende, R., Hachmann, T.
L., Santos, F. A. S., Lorenzoni, M. Z., de Souza, A
H. C., 2018).

In the South of Ukraine, it was shown that pre-
sowing soaking of seeds in solutions of silicon-
containing fertilizers contributed to emergence of
early and full-bodied seedlings of watermelon and
melon; the length and number of lateral shoots in-
creased; fruit setting improved. Silicon-containing
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fertilizers increased the shoot number in watermel-
on plants by 1-2 shoots; the shoots became by
31.9-41.8 % longer; and the fruit setting was en-
hanced by 14-21 %. Pre-sowing soaking of seeds
in solutions of silicon-containing fertilizers in-
creased the shoot number by 1-2 shoots; the shoots
were by 11.5-50.6 % longer; and the fruit setting
was enhanced by 15-19 %.

Percentage of fruit setting is an important indi-
cator when one evaluates experimental variants to
boost resistance of gourds to unfavorable growing
conditions. Fruit set in gourds was shown to be di-
rectly correlated with yield: the coefficient of cor-
relation was 0.70 for watermelon and 0.72 for mel-
on (Fig. 1).

The fruit set percentage, depending on experi-
mental variants, ranged 46 % to 69 % for watermel-
on ‘Charivnyk’ and 60% to 82 % for melon ‘Di-
dona’. Seed treatments influenced to a greater extent
and the influence of concentrations were slightly
weaker. The maximum percentage of fruit set were
noted after Quantum AquasSil treatment of seeds. In
watermelon ‘Charivnyk’, this parameter was 67 %;
in melon ‘Didona’, it was 87 %.

The lowest percentage of fruit set was observed
in the control and, depending on the crop, it ranged
from 46 % (watermelon) to 60 % (melon) (Fig. 2).

The weather in 2020 was favorable for shallot
growth, development and yield. The best yields in
2020 were harvested from ‘Sh-1’ (KyivskaOblast),
‘Sh-2* (Kyivska Oblast), ‘Sh-6’ (Dnipropetrovska
Oblast), ‘Sh-9 (Dnipropetrovska Oblast), and ‘Sh-
10’ (Chernihivska Oblast): 32.6, 26.3, 19.3, 19.8,
and 20.6 t/ha, respectively. It was more than the
yield harvested from the control cultivar, ‘Lira’, by
16.8, 10.5, 3.5, 4.0, and 4.8 t/ha, respectively.

Lower yields were harvested in 2020 from ‘Sh-
4> (Kyivska Oblast), ‘Sh-7" (Dnipropetrovska Ob-
last), and ‘Sh-11" (Chernihivska Oblast): from 12.5
t/ha (‘Sh-11" and ‘Sh-7) to 12.8 t/ha (‘Sh-4°). “Sh-
3’ (15.5 t/ha), ‘Sh-5" (15.2 t/ha), and ‘Sh-8 (15.5
t/ha) yielded almost the same as ‘Lira’.

On average for the two study years, the follow-
ing accessions had significantly increased yields of
bulbs: ‘Sh-1” (30.5 t/ha), ‘Sh-2" (25.4 t/ha), ‘Sh-6’
(18.9 t /ha), ‘Sh-9* (18.1 t/ha), and ‘Sh-10" (19.4
t/ha). ‘Sh-4’ (12.2 t/ha), ‘Sh-7° (12.0 t/ha), ‘Sh-11’
(11.9 t/ha), ‘Sh-12” (13.8 t/ha), ‘Sh-13" (13.2 t/ha),
and ‘Sh-14’ (13.0 t/ha) yielded significantly less.
‘Sh-3’ and ‘Sh-8” from Kyivska and Dniprope-
trovska Oblasts, respectively, yielded almost the
same as the control cultivar, ‘Lira’ (15.5 t/ha).
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Figure 1. Correlation between fruit set on yield in watermelon
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Figure 2. Fruit set percentage in gourds

The silicon-containing complex fertilizers sig-
nificantly increased the gourd yields. Increased
performance of watermelon plants and improved
quality of its fruits after application of silicon-
containing fertilizers into the soil is confirmed by
studies of Spanish and Chinese scientists (Kim, Y.
S.,Kang, H. J., Kim, T. I, Jeong, T. G., Han, J. W.,
Kim, I. J., and Kim, K. 1., 2015), (Toresano, F.,
Diaz, M., Pérez, L., Camacho, F., 2021).

Watermelon ‘Charivnyk’ yielded 17.3-23.4 t/ha
of fruits in the experiments of the Institute of Cli-
mate Smart Agriculture of NAAS, depending on
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fertilization regimen; melon ‘Didona’ yielded
12.9-23.4 t/ha.

The highest yield of watermelon fruits (23.4 t/ha)
was harvested after treatment with 10% Quantum
AgquaSil solution; the gain compared to the untreat-
ed control was 35.3 %, with the highest concentra-
tion of 30.6 %. With 5 % Kelik Potassium-Silicon
solution, 20.7 t/ha of fruits were harvested, which is
plus 19.7 % to the control (untreated seeds). 10 %
solution of this formulation increased the yield by
18.5 % compared to the. The LSDogs between the
variants was 1.2. Pre-sowing soaking of seeds in 15
% Bai-Si solution resulted in a fruit yield of 21.2
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t/ha, which was plus 22.5 % to the untreated control.
10 % solution of this formulation increased the yield
by 13.9 % compared to the control, with the corre-
sponding LSDg g5 0f 0.7.

In the melon fields, the highest yield of melon
fruits (17.5 t/ha) was harvested with pre-sowing
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soaking of seeds in 10 % Quantum AquaSil solu-
tion; the gain compared to control | was 35.7 %.
15% solution of this formulation increased the
yield by 31.0% compared to control I (Fig. 3). The
LSDo.gs between the variants was 1.3.

N <

Figure 3. Performance of melon plants depending on pre-sowing treatment with silicon-containing ferti-
lizer solutions, mean for 2020-2022

5 9% and 10 % Kelik Potassium-Silicon solutions
increased the plant performance by 19.4 % and 18.6
%, respectively. Pre-sowing soaking of seed in 10 %
and 15 % Bai-Si solutions increased the yield by
14.0 % and 22.5 %, respectively. Thus, the highest
yields of watermelon and melon were achieved with
10 % Quantum AquaSil fertilizer solution (the
LSDo_gs was 04)

The experience of economically developed
countries shows that high and stable yields of
agricultural crops are only possible provided
intensification of their growing technologies. The
essence of intensive technologies is to create
optimal conditions for growing field crops, with due
account for natural environmental factors. The
southern regions of Ukraine are most suitable for
growing watermelons of high commercial quality.
This is attributed to light- and medium-textured
soils, which are warm up well and have the average
daily temperature and relative air humidity close to
the optimal values in addition to adequate lighting.
At the same time, there is a threat of crop failure
because of droughts and high air temperatures
during intensive anthesis and growth, so it is
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necessary to constantly search for ways to
compensate these risks with assessments of the crop
not only from the point of view of its performance,
but also from an economic point of view, because
economic evaluation of a technological process of
production or individual branches of the economy
allows for detection of specific opportunities for
improving the efficiency of their functioning
through certain measures and methods.

Therefore, one of our objectives was to evaluate
the economic efficiency of the studied techniques in
watermelon cultivation. The main efficiency criteria
were: production costs per hectare, cost of 1 ton of
fruits, net profit per hectare, and profitability. The
production costs per hectare and the cost of 1 ton of
fruits were calculated on the basis of compiled
technological charts and current methodical
recommendations in compliance with standards and
prices that are currently valid at enterprises. The
production costs per hectare were determined by
purchase wholesale prices. The net profit was
defined as difference between the yield cost and its
production costs.
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The experimental data (Tables 1, 2) indicate that
the gourd cultivation in the Southern Steppe of
Ukraine is profitable.

The results of analysis of the economic
efficiency of watermelon  cultivation are

Bunyck 73, 2023

summarized in Table 1. The total production costs
for watermelon cultivation were 15,210-15,810
UAH/ha; the operating profit was 10,670-19,220
UAH/ha; the profitability amounted to 70-122 %.

Table 1. Efficiency of watermelon growing depending on pre-sowing treatment of seeds with solutions of
the silicon-containing fertilizers, mean for 2020-2022

Pre-sowing soaking of . Cost of . Economic
. Cultivation Operating L effect (ad-
seeds Yield, sold . Profitability, o
t/ha cots, products profit, % dltlopal
Concent- UAH/ha UAH/hal UAH/ha profit),
Formulation . UAH/ha
ration, %
No treatment i 173 15210 25880 10,670 70 X
(control 1)
Water (con-
trol I1) - 17.9 15,550 26,850 11,300 73 0,660
5 20.7 15,710 30,980 15,270 97 4,600
Kelik Potas-
sium-Silicon 10 20.5 15,720 30,680 14,960 95 4,290
15 17.8 15,680 26,70 11,020 70 0,350
5 20.6 15,720 30,900 15,180 97 4,510
Quantum
AquaSil 10 23.4 15,810 35,030 19,220 122 8,550
15 22.6 15,800 33,900 18,100 115 7,430
5 17.8 15,650 26,700 11,050 71 0,380
Bai-Si 10 19.7 15,720 29,550 13,830 88 3,160
15 21.2 15,770 31,800 16,030 102 5,360

The greatest economic effect from watermelon
cultivation (19,220 UAH/ha) was achieved via pre-
sowing soaking of seeds in 10% Quantum AquaSil
solution: plus 8,550 UAH/ha to control I. The prof-
itability was 122 %, or by 52 % higher than in con-
trol 1. 15 % Bai-Si solution allowed gaining the op-
erating profit of additional 5,360 UAH/ha. The prof-
itability was 102 %, or by 32% more than in the
control. When watermelon was grown with Kelik
Potassium-Silicon, the best result was obtained with
5 % solution for seed soaking. Under these condi-
tions, the operating profit of 15,270 UAH/ha was
secured, meaning plus 4,600 UAH/ha to control I.
The profitability increased by 27%. With 10 % solu-
tion, the there was a 25 % rise in the profitability.

In Table 2, the economic efficiency indicators of
melon cultivation with pre-sowing treatment of
seeds with solutions of the silicon-containing ferti-
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lizers are summarized. The total production costs
for melon cultivation were 25,930-26,250 UAH/ha;
the operating net profit was 12,770-26,340
UAHV/ha; the profitability was 49-101 %.

The greatest economic effect from melon culti-
vation (26,340 UAH/ha) was obtained from pre-
sowing soaking of seeds in 10 % Quantum Aquasil
solution: plus 13,570 UAH/ha to control 1. The
profitability was 101 %, or higher than control | by
52 %. 15 % Bai-Si solution allows one to gain the
operating profit of additional 8,460 UAH/ha com-
pared to control 1. The profitability was 81 %, or
by 32 % higher than in the untreated control. When
melon was grown with Kelik Potassium-Silicon,
the best result (operating profit of 19,950 UAH/ha)
was achieved with 5 % solution; the increase was
7,180 UAH/ha compared to control I; the profita-
bility increased by 27 %.
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Table 2. Efficiency of melon growing depending on pre-sowing treatment of seeds with solutions of the sil-
icon-containing fertilizers, mean for 2020-2022

Cost of Economic
Pre-sowi ki f seed iva- - -
re-sowing soaking ot seeds Yield, C_:ultlva sold _Operat_ Profitability eff_e(_:t (ad
: t/ha tion cots, prod- ing profit, % dltlopal
Formula-  Concentration UAH/ha ucts, UAH/ha ' profit),
tion , % UAH/ha UAH/ha
No treatment i 129 25930 38700 12,770 49 X
(control 1)
Water (con- ; 138 26,020 41,400 15,390 59 2,620
trol 1)
5 15.4 26,250 46,200 19,950 76 7,180
Kelik Potas- 6,990
sium-Silicon 10 15.3 26,140 45,900 19,760 76
15 13.3 26,050 39,900 13,850 53 1,080
5 15.4 26,130 46,200 20,070 77 7,300
Quantum
Aquasil 10 17.5 26,160 52,500 26,340 101 13,570
15 16.9 26,220 50,700 24,480 93 11,710
5 13.3 26,170 39,900 13,730 52 0,960
Bai-Si 10 14.7 26,160 44,100 17,940 69 5,170
15 15.8 26,170 47,400 21,230 81 8,460

Conclusions. The maximum percentage of fruit
set was recorded for seed treatment with 10 %
Quantum AgquasSil solution. Thus, this parameter
was 67 % in watermelon ‘Charivnyk’ and 87 % in
melon ‘Didona’.

Watermelon ‘Charivnyk’ produced the maxi-
mum Yyield (23.85 t/ha) when its seeds were treated
with Quantum AgquaSil, while the lowest vyield
(17.66 t/ha) in the experiment was harvested upon
sowing untreated watermelon seeds. Melon ‘Di-
dona’ gave the maximum yield (17.88 t/ha) after
treatment of its seeds with Quantum AquasSil.

Pre-sowing treatment of seeds with silicon-
containing fertilizer solutions, Kelik Potassium-
Silicon, Quantum AquaSil, and Bai-Si, significant-
ly increased the watermelon and melon yields and
economic efficiency of watermelon and melon
growing in the South of Ukraine. Due to using the
complex silicon-containing fertilizers in the gourd
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cultivation technologies, the profitability of pro-
duction increased by 32-52 %.
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E®EKTHBHICTb BUPOILLYBAHHSI BAIITAHHUX KYJIbTYP 3A BAKOPUCTAHHSI
KPEMHIEBMICHHUX JTJOBPUB B YMOBAX IIIBJIHSA YKPAIHU

Iaéas O. C., *Kocenxo H. I1., 2’Kyn O.B., Pyas B.II.

YHCTUTYT KTiMaTHYHO OPiEHTOBAHOTO CiTbCHKOTO TOCcHoaapcTBa HarlioHanmsHoT akasemii arpapHux
HayK YKpaiHu

ByJ1. Masiiipka mopora, 24, cen. Xmibonapceke, Onecbka 00:1., Ykpaina, 67667

[HCTUTYT OBOYIBHMITBA i GamrTaHHUITBA HarlionanbHOT akaeMii arpapHuX Hayk YKpaiHu

Bya. [HCcTHTYTCBKA, 1, cen. Cenekiiiiine, ByJ. [HCTUTYTCBKa, 1, XapkiBchka 0011., YKpaiHa, 62478
E-mail: icsanaas@ukr.net

https://doi.org/10.32717/0131-0062-2023-73-72-80

Merta aocainkeHb. BU3HAYNTH BIUTMB TIEPEIIIOCIBHOTO 3aMOYYBAaHHsI HACIHHS Ha MMPOAYKTUBHICTH POCIIMH Ta
eeKTUBHICTh BUPOILYyBaHHs KaByHa 1 JMHI 32 KPAIUIMHHOTO 3pOLICHHS Ha miBaHI Ykpainu. Meroau. [lonpoBwui,
BUMIPIOBATbHO-PO3PAXyHKOBUH, TIOPIBHSUIBHUM, MaTEMaTHYHO-CTATUCTHYHUI METO/IH, aHAJ3 €KOHOMIYHOT ede-
KTUBHOCTI. OTpUMaHi pe3yJibTaTu. BCTaHOBIIEHO, 1110 MEepeaoCciBHE 3aMOUyBaHHS HACIHHS y PO3YMHAX KPEM-
HIEBMICHHX JTOOPUB CIIpUsIE OTPUMAHHIO PaHHIX 1 MOBHOIIHHUX CXOJIB KaByHa Ta JWHI, 30UIBIICHHIO TOBXUHH 1
KUTBKOCTI OOKOBHX TTAroHiB, 3aB’s13yBaHHS TUIOIB. JlOCTiKEHHSIME TOBEACHO, IO 30aIaHCOBaHEe KUBIICHHS PO-
CIIMH cnpusie OPMYBAaHHIO BHCOKOI NMPOTYKTHBHOCTI POCIMH KaByHa i IMHI B yMOBax MiBAHSA YKpainu. Busna-
YeHO, 10 HalOUTBIITy BpOXKaWHICTh TUIOAIB KaByHaA (23, 1/ra) 1 auHi (17,5 T/ra) oTprMaHO 32 BUKOPUCTAHHS TIpe-
napaty Kantym AxBaCun (koHUeHTpaist pozunty 10 %), 30inblneHHs Hall HeOOpOOICHUM KOHTPOJIEM CTaHO-
BUTH 35,3 1 35,7 % BiamoBigHo. 3acTocyBaHHsA KpeMHieBMicHUX 100puB Bai-Si (koHmeHTparist 15 %) Ha mociBax
KaByHa 3a0e3reuye 30UTbIICHHS BpOXKalHOCTI TIofiB Ha 22,5 %, 3a 00poOku Kenik Kaniii-Kpemniii — Ha 19,7 %
MOPIBHSHO 3 KOHTpoJeM. HalOinpmii ekoHOMi9HMHA e()eKT TpH BHPOIIYBaHHI IUIOIB KaByHa 1 AWHI OTPUMAaHO
3a TepenrnociBHOTO 3aMouyBaHHs HaciHHs y 10% po3unHi KBantym AxeaCu, piBeHb peHTa0EIbHOCTI CTAHOBHB
1221101 % Bigmosigao. BucHoBkM. [lepenmociBHe 3aMOUyBaHHS HACIHHS Y PO3UYMHAX KPEMHIEBMICHUX JT00pHB
crpusie OPMyBaHHIO BUCOKOI MPOJYKTUBHOCTI POCIHH 1 JTO3BOJISE MIIBUIUTH €KOHOMIUHY €(DEKTHBHICTh BH-
portyBaHHs. BcTaHOBIIEHO MakCHMaTbHI 3HAYEHHS BIICOTKY 3aB’3yBaHHsI IUIOJIIB 32 00pOOKH HACIHHS Mperapa-
ToM KBantym AxBaCun 3 konueHrpatiero 10 %. Tak copt kaByHa YapiBHUK 3a JaHOT B3aeMOii 3a0e3meuuB 1a-
HUH NMOKa3HKK Ha piBHI 67 %, nuas [inona — 87 %. B ymoBax BiIKpUTOTrO IpyHTY MiBIHSA YKpaiHH €KOHOMIYHHI
edexT BUpoIIyBaHHs KaByHa 30inbmmBest Ha 16,03—-19,22 tuc. rpu/ra, muHi — Ha 21,23-26,34 Tuc. rpu/ra.

Kniouogi cnosa: xaByH, nuHsi, 0OpoOJICHHSI HACiHHs, KpEeMHI€BMiCHE IOOpPHBO, BPOXaHHICTh, EKOHOMIYHA
eexTHBHICTD, peHTa0eNbHICTh
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CONTROL OF WHITE CABBAGE DISEASES USING BIOLOGICALS
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Purpose. To investigate effects of biologicals on disease-induced damage to white cabbage plants during
the growing period and on yield. Methods. Informational/analytical (collection and review of publications),
field research (planning and conducting experiments, records of plant damage, harvesting and accounting of
yields), phytopathological (isolation and identification of pathogens), mathematical/statistical (processing of
data). The following biologicals were used in he experiments: Azotobacterin lig. (Azotobacter chroococcum
IMV B-7171), Ecophosphorin lig. (Bacillus megaterium IMV B-7168, Azotobacter chroococcum IMV B-
7171, Agrobacterium radiobacter IMV B-7246), Planrhiz lig. (Pseudomonas fluorescens), Haupsin lig.
(Pseudomonas auerofaciens), Serenade ASO SC, Serenade MAX WP (Bacillus subtilis QST 713), and
Trichodermin lig. (Trichoderma lignorum TD 93). Biologicals were sprayed on plants 3-4 times during the
cabbage growing period. Antifungal potentials of mixtures of biologicals with fungicides were also investi-
gated on white cabbage. Results. During the study years, Alternaria leaf spot, Fusarium wilt, black and soft
rots were dominating diseases on plantations with different varieties of white cabbage. Biologicals effective-
ly restrained the development of both fungal and bacterial diseases of white cabbage. The protective effect of
the biologicals against fungal diseases averaged 45-62%, against bacterial diseases — 65-79%. The effective-
ness of mixtures of biologicals and chemicals, in which fungicides were applied at minimally permissible
doses, was similar to that of fungicides applied at full doses. Biologicals, due to their protective and growth-
stimulating properties, significantly increased the crop yield. Conclusions. The potentials of biologicals to
control fungal and bacterial diseases of white cabbage during the growing period were evaluated. The bio-
logicals effectively limited infection-inflicted damage to cabbage. The protective effect of the biologicas
against various diseases of white cabbage during the growing period of different varieties averaged 45-79%.
The biologicals increased the yields of late-ripening white cabbage varieties on average by 14.5-92%.

Key words: biological control, disease affection, protective effect, performance

Introduction. Cabbage (Brassica oleracea var. Chemical plant protectors are usually used to
sapitata L.) is one of the most common vegetables. reduce yield losses from damage by phytopatho-
In Ukraine, white cabbage is grown on about genic microorganisms. However, the global use of
68,000 hectares, which is almost 16% of the vege- pesticides leads to environmental pollution and un-
table-sown area. Households (85-91%) are the desirable sanitary and hygienic consequences
main producers of vegetables in Ukraine. The av- (Apazhev A K, et al., 2022; He Dun-Chun, et al,
erage yield of white cabbage ranges from 30 t/ha to 2021; He M.-H., et al., 2021). The structure of bio-
40 t/ha. Due to its cold tolerance, yield, excellent cenoses is impaired and their capacity for self-
palatability and dietary qualities, cabbage is grown regulation is reduced. Pesticides are accumulated
everywhere. In the vegetable consumer set, cab- in soil, water, and food. Pathogens become more
bage accounts for 25% (Halat, L. M., 2019). resistant to them and, as a result, the effectiveness

Diseases caused by phytopathogenic microor- of pesticides drops.
ganisms result in significant losses of cabbage In this regard, it is extremely important to de-
yields. It was proven that the degree, time of mani- velop and implement environmentally safe meth-
festation, type and intensity of disease develop- ods of plant protection, using natural substances
ment largely depend on growing conditions, mete- and biologicals.
orological factors, varieties’ resistance, fertiliza- Review of Recent Studies and Publications.
tion, harvest timeframe, and storage mode. Application of biologicals for plant protection is
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ecologically, socially and economically expedient.
Unlike chemicals, biologicals have no or negligible
negative effects on the environment but a number
of advantages. First, microorganism-based formu-
lations are not phytotoxic. This can be explained
by the fact that bioagents are a component of the
natural microflora of soil and plants. Compared to
some chemical plant protectors, biologicals do not
disrupt natural connections in the biocenosis, act
selectively, and do not facilitate the emergence of
resistance in harmful organisms. The latter means
that no increase in doses of biologicals is required,
ulike the situation with chemical pesticides (Az-
izbekyan A.A., 2019, Mozhovskyi, O. F., et al.,
2020). The degree of disease suppression achieved
with bioagents can be comparable to the effect of
chemical substances (O'Brien Ph., 2017).

Biological control is most suitable for organic
farming. It is environmentally safe, economically
beneficial and highly specific (Pandit M.A., 2022).
Application of biological control agents and bi-
ostimulants is growing in the world by more than
10% annually (Shocham J., 2020).

Ecologically safe methods of plant protection
are especially relevant for vegetables, as they are
consumed fresh. Wide application of biologicals
allows farmers to completely refuse or significant-
ly reduce application chemical plant protectors on
vegetables and thereby improve the quality and
safety of products. The ecologically safe produc-
tion helps preserve the environment and natural bi-
odiversity and restore the natural fertility of soils.
In addition, due to application of biologicals, the
pesticide load on agrocenoses during growing pe-
riods of crops is reduced; the ecological purity of
grown products and absence of harmful substances
in plants and soil are ensured. Bacteria that are use-
ful for plants positively affect the quality of prod-
ucts; contents of vitamins, flavonoids, and antioxi-
dants increase and they act as plant probiotics in
vegetables (Jimynez-Gumez A., 2017).

Currently, biologicals are used to treat planting
materials, to enrich soils with useful microflora
and to spray plants. They can be used separately or
in combinations with pesticides, which are added
mainly at reduced (minimum permissible) doses.
In our experiments, combinations of biologicals
with fungicides had a protective effect against dis-
eases of vegetables, which in most cases was simi-
lar to or slightly stronger than that of fungicides
applied at full doses (Tytova L.V., Serhiienko V.H,.
2018; Borzykh O.1., et al., 2021).

Biologicals are biological agents - living mi-
croorganisms or products of their vital activity.
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These microorganisms are isolated from the envi-
ronment (soil, plant residues, etc.), that is, they are
part of the circulation of substances in nature. The
effectiveness of biologicals is attributed to the anti-
pathogen activities of microorganisms. Under-
standing mechanisms of action of microorganisms
is important in order to optimize biological control
of plant diseases (Kohl J., 2019). Microorganisms,
which are used for biological control, produce me-
tabolites that trigger growth mechanisms, prevent
plant infections, eliminate biotic and abiotic stress-
es, and increase yields (Pham J. V., 2019).

Researchers noted that bacteria of the genera
Azotobacter, Bacillus, Pseudomonas, Strepthomy-
ces and micromycetes of the genera Alternaria,
Aspergillus, Penicillum, Rhizoctonia, Fusarium,
Trichoderma, Rhizopus, which produce a wide
range of biologically active substances with restor-
ative, immunostimulating and protective effects,
were rather promising and most widespread groups
of microorganisms (Shepstoboieva O.V., et al.,
2009; Boughalleb-M'Hamdi N., et al., 2018).

The level of development of biological methods
of plant protection determines the degree of the
food security of a country, the quality of nutrition
of the population and the nation’s health (Zalizni-
ak, V.0., 2021). In the world, ecologically clean,
i.e. organic, products are more expensive than
those produced by current technologies. However,
vegetables grown via environmentally safe tech-
nologies seem to be promising and in a great de-
mand in the market (Terokhina L.A., Yurlakova
O.M., 2017).

During the growing period, white cabbage is af-
fected by many fungal and bacterial diseases.
Pathogenic microorganisms affect it during the en-
tire vegetation period - from seed germination to
harvest. Among the diseases of white cabbage, Al-
ternaria leaf spot, basal stem rot, Fusarium wilt,
black and soft rots have become most widespread
in recent years; clubroot disease and downy mil-
dew have been less common (Markov 1., 2018;
Butsenko, L., 2020). Indoors, root rot, Fusarium
wilt, and soft rot are the most common diseases
(Zhou L., et al., 2014; Cui W., et al., 2019; Oryn-
bayev, A.T.; et al., 2020; Allayarov A., et al.,
2021). As a rule, there are no varieties with re-
sistance to these diseases. Therefore, protection of
cabbage plants during the growing period is an im-
portant pre-requisite for harvesting high yields.

Our purpose was to investigate effects of bio-
logicals on disease-induced damage to white cab-
bage plants during the growing period and on
yield.
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Materials and Methods. The experiments
were carried out on farms in the Kyivska Oblast
(Borova township, Fastivskyi District; Skvyra Ex-
perimental station; Zlahoda family farm, Bi-
lotserkivskyi District, Kreminne family farm,
Brovarsky District), which are located in the Right-
Bank Forest-Steppe of Ukraine, in 2013 - 2019.
The soil is typical low-humus chernozem, with a
humus content of 2.8-3.6% and pH of 5.9-6.3. The
farming techniques were conventional for this
zone. Seedlings of early-ripening varieties were
planted according to the 50 cm x 30 cm design; of
late-ripening varieties — according to the 70 cm X
40 cm design. The experiments were carried out in
small plots (the plot area was 25 m?) and replicated
4 times.

The following biologicals were used in he ex-
periments: Azotobacterin liq. (Azotobacter chroo-
coccum IMV B-7171), Ecophosphorin lig. (Bacil-
lus megaterium IMV B-7168, Azotobacter chroo-
coccum IMV B-7171, Agrobacterium radiobacter
IMV B-7246), Planrhiz lig. (Pseudomonas fluo-
rescens), Haupsin lig. (Pseudomonas auerofa-
ciens), Kazumin 2L LC (Streptomyces kasugaen-
sis, 20 g/L), Serenade ASO SC, Serenade MAX
WP (Bacillus subtilis QST 713), and Trichodermin
lig. (Trichoderma lignorum TD 93). The titer of
microbial organisms was at least 10° cells/ml. Azo-
tobacterin and Ecophosphorin were provided by
the D.K. Zabolotny Institute of Microbiology and
Virology of NASU; Haupsin, Planrhiz and Tricho-
dermin were developed at the Institute of Plant
Protection of NAAS; Kazumin 2L LC, Serenada
ASO SC and Serenada MAX WP manufactured by
Sumi Agro and Bayer and commercially available.

Protective effects of the biologicals were com-
pared with those of fungicides approved for appli-
cation on cabbage, namely: Quadris 250 SC
(azoxystrobin, 250 g/L), 0.6 L/ha and Infinito
61SC (fluopicolide, 62.5 g/L + propamocarb hy-
drochloride, 625 g/L), 1.6 L/ha. These fungicides
were also used in mixtures with the biologicals. In
mixtures, the minimum permissible doses of the
fungicides were used: by 17% and 25% lower, re-
spectively, than the maximum permissible doses.

The biological were sprayed on plants 3-4
times during the vegetation period with 7- to10-
day intervals, depending on time of the first signs
and degree of disease development. The mixtures
of bacterial and chemical (fungicide) agents were
sprayed 2-3 times during the vegetation period.
The first treatment with the studied formulations
was conducted when the first signs of diseases ap-
peared.
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Disease-induced damage to white cabbage
plants was assessed on natural infections. Diseases
were recorded in accordance with published meth-
ods and our modification of a plant injury assess-
ment scale (Retman S.V., 2014).

0 — No signs of damage;

1 — Slight damage, yellowing (browning), spots
on single leaves;

2 — 3-4 leaves have turned yellow, or individual
rotten spots;

3 — Half of the plant is affected;

4 — The entire plant is affected.

We assessed development of fungal diseases,
damage by bacterial diseases, effectiveness of the
formulations, and yield (Methods of variety trials,
2001). Pathogens were isolated and identified, as it
is customary in phytopathology (Popkova K.V.,
1987).

Data were mathematically and statistically pro-
cessed in Statgraphics Plus.

Results and Discussion. Of fungal diseases
during the study years, Fusarium wilt (causing
agent Fusarium oxysporum f. sp. conglutinans
(Wr.)) dominated on early-ripening cabbage ‘Nis-
sa’ and Alternaria leaf spot (causing agent Alter-
naria brassicae (Berk) Sacc.) — on late-ripening
cabbage ‘Yana’. The Fusarium wilt development
in the control plots during the vegetation period
was 10.5-23.2%; the Alternaria leaf spot develop-
ment — 12.4-40.0% (Table 1).

Bacterial diseases, black rot (causative agent
Xanthomonas campestris pv. sampestris (Dow-
son)) and soft rot (causative agent Erwinia carato-
vora pv. caratovora Bergey et al., Erwinia aroidae
Holland, Pseudomonas fluorescens Mig.) were de-
tected on late-ripening cabbage ‘Ahresor’ and
‘Kamiana Holova’. The incidence of black and soft
rots on white cabbage plants was 10.5-35.1% and
8.6-35.5%, respectively (Table 2).

The biologicals significantly limited the devel-
opment and spread of diseases. On ‘Nissa’, the bio-
logicals restrained the development of Fusarium
wilt by 2.2-2.3 times at the beginning of disease
development in the phase of 4-5 leaves (14-15
BBCH-scale) and by 1.7-1.8 times at the end of the
growing period. On ‘Yana’, the development of
Alternaria leaf spot decreased by 1.9-2.1 times and
by 1.5-1.8 times at the initial stage of development
and at the end of the growing period, respectively,
due to application of the biologicals.

The protective effects of the formulations were
most pronounced at the initial stage of disease de-
velopment. On ‘Nissa’, the protective effects
against Fusarium wilt amounted to 54.3-71.5%; on
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‘Yana’, the protective effects against Alternaria
leaf spot amounted to 53.2-65.4%. As diseases
progresse, the effectiveness of the formulations de-
clined. On average during the growing period, the
effectiveness of the formulations was 45.1-61.6%
on ‘Nissa’ and 44.5-62.5% on ‘Yana’. Azotobacte-
rin lig. exerted the strongest protective effect

Bunyck 73, 2023

against fungal diseases of white cabbage. As Al-
layarov A. reported, a complex biological formula-
tion, Orhanika F, showed high biological activity
against Fusarium wilt of cabbage when applied
under roots prior to planting seedlings and 15 days
after planting seedlings (Allayarov, A. et al., 2021).

Table 1. Effectiveness of the biologicals against fungal diseases of white cabbage

Disease development, % Effectiveness, % Yield
At the injtial Phase of A
Variant stage of disease the At the |n_|t|al Mean for % relat-
development f stage of disease  the grow- t/ha ed to the
(phase of 4-5 ohrmed development  ing period control
leaves) ead
Cabbage ‘Nissa’; Fusarium wilt (Skvyra Experimental Station)
Control 105 23.2 - - 111 -
Azotobacterin lig.
05 Liha 4.5 13.7 57.1 45.1 R
Azotobacterin lig.
0.5 L/ha + Infinito 4.0 10.9 61.9 52.8 11.8 106.3
61 SC, 1.2 L/ha
Trichodermin lig.
oL 48 125 54.3 503 11.7 105.4
Trichodermin lig. 66.7
1.0 L/ha + Infinito 35 7.9 60.4 12.3 110.9
61SC, 1.2 L/ha
Infinito 61 SC, 1.6 30 105 715 616 12.3 110.9
L/ha (reference)
LSDos 2.1 3.2 1.2
Cabbage ‘Yana’; Alternaria leaf spot (Borova township, Kyivska Oblast)
Control (no treat- 124 400 i i 400 i
ment)
Azotobacterin lig.
0.5 L/ha 6.5 26.4 59.7 46.5 455 113.7
Azotobacterin lig.
0.5 L/ha + Quadris 4.5 19.6 63.7 62.5 45.8 114.5
250 SC, 0.5 L/ha
Ecophosphorin lig.
20 L/ha 5.8 22.2 53.2 445 44.8 112.0
Ecophosphorin lig.
2.0 L/ha + Quadris 4.3 20.0 65.4 52.4 45.2 113.0
250 SC, 0.5 L/ha
uadris 250 SC,
86 L/ha 4.6 20.2 62.9 49.5 45.6 114.0
LSDos 1.7 25 - - 2.2 -
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Previous studies demonstrated that protective
effects of biologicals were short-term, not longer
than 3-5 days. Therefore, to extend protective ac-
tion and achieve higher protection efficiency, it is
advisable to use biologicals in mixtures with fun-
gicides (Tytova, L.V., Serhiienko, V.H., 2018; Bor-
zykh O.l., et al., 2021). In our experiments, the
mixtures of biologicals with fungicides, in which
fungicide doses were reduced by 25% and 17%,
had significantly higher protective effects com-
pared to the biologicals alone. The highest effi-
ciency on cabbage ‘Nissa’ was noted with Tricho-
dermin ligl. 1.0 L/ha + Infinito 61 SC, 1.2 L/ha
(on average 60.4%); on cabbage ‘Yana variety’,
the best effect was recorded for Azotobacterin lig.
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0.5 L/ha + Quadris 250 SC, 0.5 L/ha (62.5%).
These protective effects were similar to or even
stronger than those of the corresponding fungicides
at full doses.

A strong protective effect was exerted by
biologicals against bacterial diseases of white
cabbage. On cabbage ‘Ahresor’, the biologicals
reduced black rot-inflected damage to plants by 3.3
(Planrhiz lig.) — 15 times (Serenada MAX WP) in
the rosette phase (41-43 VVSN) and by 3.3-4.1
times in the phase of the formed head (78-79
BBCH) (look Table 2). The effectiveness of
biologicals averaged 70.0-75.8%.

Table 2. Effectiveness of the biologicals against bacterial diseases of white cabbage

Percentage of affected

' by de\éﬂgger:ental Effectiveness, Mean Yield
Variant % (mean for head
Formed the season)  weight, kg % relat-
Rosette head ' t/ha ed to the
control
Cabbage ‘Ahresor’; black rot (Zlahoda family farm, Bilotserkivskyi District)
Control 10.5 35.1 - 2.2 37.8 -
Planrhiz lig. 2.0 L/ha 2.3 10.5 75.8 5.7 60.5 160.1
Trichodermin lig. 2.0 L/ha 4.7 8.9 70.0 5.45 69.2. 183.1
Kazumin 2L LC, 2.0 L/ha 4.1 9.5 74.6 5.65 71.2 192.0
Haupsin, tier 4.0 L/ha 2.9 10.3 71.5 4.7 60.8 160.9
Serenade MAX WP, 4 0.7 8.5 73.0 5.73 715 189.2
kg/ha
LSDgs 1.1 35 - 1.1 2.3 -
Cabbage ‘Kamiana Holova’, soft rot (Kreminne family farm, Brovarsky District)
Control 8.6 355 - 3.2 344 -
Planrhiz lig. 2.0 L/ha 1.1 10.8 69.5 4.8 48.3 140.4
Trichodermin lig. 2.0 L/ha 2.3 12.1 65.9 4.6 475 138.1
Kazumin 2L LC, 2.0 L/ha 1.7 10.0 718 5.0 50.4 146.6
Serenada ASO SC, 6 L/ha 15 9.5 78.6 5.2 52.1 151.5
Serenade MAX WP, 4 1.2 9.0 79.2 5.3 53.1 154.4
kg/ha
LSDos 0.8 3.1 - 0.42 3.7 -

Application of the biologicals against soft rot
on cabbage ‘Kamiana Holova’ reduced lesions by
3.7-7.8 times at the disease manifestation onset
and by 3.3-4.1 times in the phase of the formed
head. The protective effect of the biologicals aver-
aged 65.9-79.2%. The highest effectiveness
against black rot was recorded for Kazumin 2L SC
and Trichodermin lig. (74.6% and 75.8%, respec-
tively); Serenada ASO SC and Serenade MAX WP
were most feective against soft rot (78.6% and 79.2
%, respectively).

85

As Apazhev A. (2022) noted, Rhizoplan (Pseu-
domonas fluorescens) and Trichodermin (Tricho-
derma viride) with fungicidal and stimulating ef-
fects suppressed the development of many diseas-
es, and could be recommended as alternative
means of plant protection. Cui W. (2019) and
Butsenko L. (2020) isolated bacteria of the genus
Bacillus characterized by high antibacterial activi-
ties.

The biologicals contributed to increased per-
formance of the crop. Obviously, this is associated
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with protective and growth-stimulating properties
of bioagents. In early-ripening low-yielding (11.1
t/ha in the control) cabbage ‘Nissa’, the biologicals
increased the yield by 5.4% and 11.5%, and their
mixtures with fungicide - by 10.9% (Table 1).
Late-ripening cabbage ‘Yana’ yielded 40.0 t/ha in
the control; it most conspicuously increased its
yield (by 13.7% and 14.5%) due to Azotobacterin
lig. and Azotobacterin lig. 0.5 L/ha + Quadris 250
SC, 0.5 L/ha.

A significant gain in the yield due to applica-
tion of the biologicals was noted in cabbage
‘Ahresor’ and ‘Kamiana Holova’. They yielded
37.8 t/ha and 34.4 t/ha in the control, respectively.
The biological treatments increased ‘Ahresor’s’
yield by 22.7-33.4 t/ha and ‘Kamiana Holova’s’
yield by 13.1-18.7 t/ha, i.e., their yields increased
by 60.1-92.0% and 38.1-54.4%, respectively (Ta-
ble 2). This is attributed to a significant increase in
the head weight: it was 4.6-5.7 kg in the experi-
mental variants versus 2.2 - 3.2 kg in the control.

Conclusions. Of the fungal diseases during the
study years in the Right-Bank Forest-Steppe of
Ukraine, Fusarium wilt and Alternaria leaf spot
were most common; of the bacterial diseases, black
and soft rots were most frequently detected.

The biologicals, which are based on Azotobac-
ter chroococcum, Bacillus megaterium, Agrobacte-
rium radiobacter, Pseudomonas fluorescens,
Pseudomonas auerofaciens, Bacillus subtilise, and
Trichoderma lignorum, showed strong protective
effects against diseases of white cabbage diseases
during the growing period: the effects averaged
50-75%, depending on cabbage varieties, diseases
and formulations. Biological control of cabbage
diseases helped increase the yield and product
quality. Late-ripening cabbage varieties increased
their yields by 14.5-92%.

In order to prolong the protective effects of the
biologicals and increase the effectiveness of pro-
tective measures against fungal diseases, it is ad-
visable to use mixtures of biologicals with fungi-
cides, in which the minimum permissible doses of
fungicides are used. This allows for reduction in
the pesticide load on agrocenoses and improve the
safety of products.
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KOHTPO.JIb XBOPOE KAITYCTH BLJIOT'OJIOBOI 3A BUKOPUCTAHHSA BIOJIOTTUHUX
IIPEITAPATIB

!Ceprienxo B.I'., 'Bop3ux O.1., 'Tkanenxo I''M., °banan I'. O.,
UncruryT 3axucty pocnvn HanioHansHoi akaemii arpapHux Hayk YKpainu
By BacunbkiBcbka, 33, M. Kuis, 03022, Ykpaina,

2QpechKuil iep>KaBHUi arpapHuil YHIBEPCUTET,

By [TanreneiimMoniBerka, 13, M. Omeca, 65000, Ykpaina
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MeTa. [JocmiauTu BIDIUB 010J0TIYHUX IperapaTiB Ha 0OMEKeHHS YpaKeHHs POCIUH KaIycTu O110Tr010-
BO1 XBopoOamu B mepioa Bererauii Ta ii yposxaitnicts. Meroau. [ndhopmaniliHo-ananitnunuii (30ip marepia-
JIB 1 aHANI3 JITEpaTypHUX IHKEPEN), TTOJTBOBHUX JOCTIDKEHD (3aKIaaKa i POBEICHHS MOCIiiB, 00JiKH ypa-
JKeHHSI pOCTIHH, 30ip 1 00miK yposkato), ¢iTonaroyoriuni (BUALICHHS Ta ineHTH(iKalis 30yAHUKIB XBOP0O),
MaTeMaTHUKO-CTaTUCTHYHI (00poOKa pe3yJibTaTiB AOCHIHKeHB). B mociizax BHKOPUCTOBYBAIM O10JIOTiUHI
npenapatu AzorobakrepuH, p. (Azotobacter chroococcum IMB B-7171), Exodocthopun, p. (Bacillus mega-
terium IMB B-7168, Azotobacter chroococcum IMB B-7171, Agrobacterium radiobacter IMB B-7246),
ITnanpus, c. (Pseudomonas fluorescens), T'ayncun, p. (Pseudomonas auerofaciens), Cepenana ACO, KC,
Cepenama MAKC WP, 3IT (Bacillus subtilis QST 713), Tpuxoaepmin, p. (Trichoderma lignorum TJI 93).
bionpenaparu 3acTOCOBYBaJIM METOAOM OONPHUCKYBaHHS POCINH 3-4 pa3u B nepion Beretauii kamyctu. Ipo-
TH TPUOHHUX XBOPOO KaIyCTH OiJIOrOJNIOBOi TaKOX AOCIIHKYBAIM CyMillli O10JIOTIYHMX TpernapaTiB 3 QyHTi-
munamu. Pesyabratu. Y poku OoCiiKEeHb Ha MOCAAKaxX KallyCcTH O1I0rojoBoi JOMiHYBalIM Ha Pi3HUX COP-
Tax aJbTepHapio3, (y3apio3He B’SHCHHS, CYyJUHHHUN Ta CIU30BUI OakTepio3u. 3aCTOCYBaHHS 0i0JIOTTYHHX
mpemnapariB e(peKTUBHO CTPUMYBAIO PO3BUTOK K TPHOHUX, TaK 1 OaKkTepialbHIX XBOPOO KaIrycTH Oi1oroso-
BO1. 3axucHHH edeKT OionpenapariB MpOTH TPHOHUX XBOPOO cKianaB B cepeaHbomy 45-62%, npotu Oakre-
pianbHUX XBOpob — 65-79%. EdexTuBHICTH CyMimieid 0i0JOTIYHAX Ta XiMIYHHX TpernapariB, B SKUX (YHTI-
UM 3aCTOCOBYBAIM 3 MiHIMaJbHO JOMYCTUMHMH HOpMaMM BUTPaTH, 3HaXOJWach Ha piBHI QyHriIMIIB 3
MMOBHUMH HOpMaMH BUTpaTH. bioJoriuni mpemnaparu 3a paxyHOK aKTHBaIlii 3aXUCHUX 1 PICTCTUMYTIOBAIbHUX
BJIACTUBOCTEH CIIPUSIIM CYTTEBOMY MiABHIICHHIO YPOXKaHHOCTI KyJIbTYpH. BuecHoBKkH. Po3kpuTo moreHmian
010JI0T1YHMX TIpenapariB y KOHTPOJIIOBAaHHI IPHOHMX 1 6aKkTepialbHUX XBOPOO KaITyCcTH O1JI0T0JIOBOI B TIEPio
Bererauii. 3actocyBaHHs OionpenapatiB epeKTUBHO OOMEXKYBaIO ypaKeHHs KallycTH 1HQEeKIiHHUMH XBOPO-
Oamu. 3axucnuil egpexm bionpenapamis npomu x60pob kanycmu 0ino201080i 6npo00e;c nepiody eecemayii
Ha PI3HUX COPMAx NPOmMu PI3HUX X60POO 3HAX0OUBCA 6 cepeOHboMY Ha pieni 45-79%. 3a BuKopHcTaHHS 0io-
npenapariB ypokaifHiCTh Mi3HBOCTUTIIUX COPTIB KaITyCTH O1710TOJIOBOI MiIBUIIMIIACE B CepeHbOMY Ha 14,5—
92%.

Knrouoei cnosa: 610KOHTPOIE, YpaXKEHHS XBOpoOaMu, ehEeKTHBHICTh, MPOTyKTHBHICTH
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Purpose. To justify elements of the post-harvest winter garlic processing technology that will increase
storability and shelf life of garlic. The working hypothesis was based on the assumption that it is possible to
use a modified paraffin-containing coating, which will increase the stability of garlic bulbs during storage.
Methods. General scientific: 1. hypothesis method - drawing up experimental designs; 2. experimental
method — designs of laboratory experiments; 3. methods of analysis and synthesis - drawing conclusions and
summarizing, computational and analytical. Results. Covering bulbs with a mixture of 90% shellac (food
additive, E904) + 10% aloe vera gel ensured a storage length of 145 days with the daily weight loss of
0.036%. 20% sunflower wax increased the storage length up to 142 days with the daily weight loss of
0.036%, while with paraffin coating the storage period was 100 days and the daily weight loss was 0.10%.

It was established that the control specimens of garlic stored at reduced relative air humidity (RAH) (60—
70%) significantly lost their weight. The increase in RAH during storage reduced the weight loss of garlic
bulbs to 8.2%, i.e. 2.5-fold. Covering garlic bulbs with a protective film reduced the weight loss by 4.6-5
times at RAH of 60-70%. Increasing RAH to 75-85% and 90-95% reduced it by 4.7-5.3 and 2.9-3.1 times,
respectively. With similar daily weight loss in the experiments with 75% paraffin + 5% glycerin + 20% sun-
flower wax, with 90% shellac + 10% aloe vera gel, with 85% paraffin + 5% glycerin + 10% sunflower wax,
with 65% paraffin + 5% glycerin + 30% sunflower wax (the daily weight loss was 0.036%, 0.036%, 0.044%,
and 0.044%, respectively), the storage lengths were not equal. Bulb coatings extended the storage period by
25-45 days depending on coating composition. The longest storage (142—145 days) was achieved with 75%
paraffin + 5% glycerin + 20% sunflower wax and with 90% shellac + 10% aloe vera gel (the daily weight
loss was 0.036%). Conclusions. The effects of the protective coatings on the bulb weight amounted to
76.0%, while the RAH contribution was 12.0%, and the interaction of the studied factors accounted for
12.0%.

Key words: winter garlic, weight loss, relative air humidity, protective coatings

Introduction. Garlic, a plant of life, has been amounts to 14 - 17 kg per capita worldwide
known for thousands of years as the best natural (Vanjkevic S.K., 2002).
medicine. There are more than 200 unigue compo- This situation depends on many factors and gar-
nents in this amazing plant. Garlic is used in fresh lic storage technologies are one of them. Long-
and processed forms as a seasoning for various term storage of garlic from harvest to harvest is a
dishes, in sausage and meat production, as well as prerequisite for continuous supply of garlic to the
in salting and preserving vegetables. Garlic oil is population.
used as a flavoring agent (Internet resource; The primary objective of storing vegetables is
Jancic R., 2002). to preserve their quality and deliver good-quality

Experts emphasize that an adult should eat no products to the consumer with minimal weight
more than 15 g per day, which corresponds on av- loss. Vegetables lose their weights because of natu-
erage to 4 cloves (that is, 5.5 kg per year) (Internet ral processes inherent in a living organism: water
resource). evaporation and respiration. The main portion of

Despite the unique properties of garlic, its con- natural losses (70-90%) is attributed to evaporation
sumption rates (per capita) in Ukraine do not reach of water; therefore, a decrease in water content and
physiological ranges, being of 0.6 kg per year, a relative increase in dry matter are observed dur-
while, as a result of national traditions and culinary ing the storage of fruit and vegetable products
processing, the annual consumption of garlic (Pusik L.M., Hordiyenko 1.M., 2011).
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The greatest influence on the intensity of water
and gas exchange with the environment is exerted
by external protective tissues, which serve as a
natural barrier to prevent pulp cells from enhanced
water loss and to inhibit oxygen influx from the
air. The condition and structure of external protec-
tive tissues affect volumes of evaporated water.
Reduction in water evaporation during storage of
vegetables is possible via using paraffin coatings.
However, prospects of widespread use of protec-
tive coatings for storage of vegetables largely de-
pend on their quality and reliability.

Previously, the use of paraffin in food industry
was limited to paraffined milk packages and paraf-
fining surfaces of other containers for food prod-
ucts. Today, paraffin is used much more widely:
edible paraffin is produced under the P-2 brand and
used to cover fruits in order to prevent them from
rotting and contamination. Citrus fruits, pineap-
ples, peaches, pears, apples, coffee beans, as well
as candies, dragees, chocolate and glazed flour
confectionery products are covered with such par-
affin. In cheese making, paraffin is used to cover
cheese rinds (Internet resource).

Pure paraffin coatings, which are recommended
in Ukrainian and foreign scientific literature, have
not been widely used, as they lack the necessary
adhesion and plasticity, so they peel off and crack.
Hence, in order to improve the operational proper-
ties of coatings, the need for targeted modification
of the dispersed structure of paraffin has arisen.
This can be accomplished by adding emulsifiers
and plasticizers to paraffin, with a scientifically
justified selection of optimal compositions of pro-
tective paraffin-containing coatings.

Review of Studies and Publications. Emulsion
wax, an emulsifier that has undeniable advantages,
is one of the components of paraffin-containing
formulations. Firstly, emulsion wax allows even
beginners to create emulsions, as it is extremely
easy to use. Wax emulsions enable one to create
materials with excellent protective properties in a
simple, economical way. Such emulsions are easy
to apply, without thermal or melting, and this easi-
ness leads to expansion of the range of their appli-
cation in industries and everyday life. Preparation
of ready-made mixtures of emulsifiers and addi-
tives can also be of great practical importance, al-
lowing for improvement of both the main parame-
ters of an emulsion and for addition of special
properties with due account for specifics of the in-
tended application sphere. Further development of
technologies for generating and improving wax
emulsions, which are demanded by the market at
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the day being and in the future, determines the rel-
evance and necessity of studies on this topic (In-
ternet resource).

Shellac (food additive, E904) is a component of
paraffin-containing formulations. The main area of
application of shellac is the confectionery industry.
E904 is used as a glazing agent for fresh fruits
(melons, peaches, pineapples, apples, pears, citrus
fruits) to extend their shelf lives. Shellac can be an
ingredient of chocolate glazes of candies, dragees,
and glazed flour products. Shellac is used to cover
chewing gum, coffee beans, and nuts; sometimes it
is added to wax mass to make a protective shell for
elite cheeses. Such wax coatings have the desirable
gas permeability and preserve products well, with-
out affecting the palatability and quality of the
cheese (Internet resource).

A coating based on shellac and aloe gel has
been developed to preserve the quality of apple
slices. To do this, apple slices that had been previ-
ously ozonated in water and soaked for 10 minutes
in a solution containing ascorbic and citric acids
(200 mg/kg each) and Na benzoate, edible coatings
consisting of shellac and aloe gel were applied
alone and in combination (Chauhan O.P., Raju
P.S., Asha Singh, Bawa A.S., 2011). Liquids, in
which products are immersed, and coatings with or
without antimicrobial action are applied directly to
products. Such protection mostly does not elicit
concerns about toxicity. However, accidental trans-
fer of packaging or/and coating components into
food products is not excluded. Therefore, during
the development of packages and coatings, it is
worth focusing on the legal provisions on permis-
sible substances that are used for this purpose (In-
ternet resource).

Edible coatings may represent an alternative to
extend the post-harvest life of perishable fruits
such as strawberries. In a study, effects of edible
coatings from cassava starch, supplemented with
potassium sorbate, on mechanical properties, sur-
face color, sensory perception and respiration rate
of strawberries were evaluated (Costa Garcia Lo-
rena, Pereira Leila Mendes, Luca Sarantopoulos
Claire 1.G., Hubinger Miriam Dupas, 2010).

Good integrity of edible cassava coatings on the
strawberry surface was noted at starch concentra-
tions of 2% and 3%, and the coatings with these
concentrations reduced the strawberry respiration
rate, presenting an opportunity to extend the fruit
shelf life. All coatings beneficially affected, in-
creasing resistance of specimens to water vapor,
but a significant increase was achieved only with
the 3% starch coating. Based on these results, coat-
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ings containing 3% cassava starch and 3% cassava
starch + 0.05% potassium sorbate were selected for
further investigating the shelf life of minimally
processed strawberries (Costa Garcia Lorena, Pe-
reira Leila Mendes, Luca Sarantopoulos Claire
I.G., Hubinger Miriam Dupas, 2010).

Scientists explored consumer-oriented charac-
teristics of a hydroxypropylmethylcellulose-based
coating supplemented with hydrophobic compo-
nents (beeswax and shellac) and food preservatives
(sorbitol, Na benzoate, Na propionate and their
mixtures) as antifungal agents. Intact tangerines
and artificially inoculated with Penicillium digita-
tum or P. italicum were stored at 5°C for 30 days
and at 20°C for 7 days more. It was established
that, during the storage of refrigerated tangerines,
coatings with antifungal additives protected the
fruits from spoilage well (Valencia-Chamorro Sil-
via A., Palou Liuis, Rio Miguel Angel, Perez-Gago
Maria, 2011).

In a study, a tilapia skin gelatin composite coat-
ing, which is transparent and has good barrier
properties against O,, CO; and lipids, was used (W.
Heristika, A. Ningrum). To improve its physico-
chemical and functional qualities, it has to be mod-
ified by adding ingredients such as pectin as well
as hydrophobic components such as garlic essential
oil. Effects of gelatin-pectin composite coating
(75:25, 50:50, 25:75) supplemented with garlic es-
sential oil (2% and 3%) on physical and chemical
properties of red chili peppers stored at room tem-
perature (29°C, RAH 69%) for 14 days were eval-
uated. It was found that 50-50% pectin-gelatin
composite supplemented with 2% or 3% garlic es-
sential oil was the best variant. This treatment re-
duced the weight loss by 36.36% and 37.03% and
pulp softening by 0.547 kg/84 mm? and 0.539
kg/84 mm?, respectively.

The invention of an Israeli startup, Sufresca,
will not only help reduce amounts of plastic waste,
but also extend the shelf lives of vegetables and
fruits (Internet resource). This is an invisible film
that is applied onto fruits. Sufresca films slow
down the ripening and spoilage of vegetables and
fruits and can extend their shelf lives by several
weeks. They slow down the weight loss of fruits
during their storage, simultaneously ensuring op-
timal gas exchange of vegetables and fruits with
the environment. In addition, this packaging is
completely safe and even edible. The coating is
made from plant additives and natural organic
compounds. Edible coatings are ideal for replacing
all conventional disposable plastic packaging be-
cause they are easier to implement in packaging
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plants, require less investments, and even outper-
form the state-of-the-art packaging, i.e. modified
atmosphere packaging. The startup offers biofilm
coatings for onions and garlic, coating for fresh
fruits and vegetables such as avocado, tomato, cu-
cumber, mango, pepper, and selective biocoatings
for berries. Sufresca is not the only one successful-
ly developing bio-packaging.

Effects of protective coatings on the garlic losses
during warm and cold storage at various relative hu-
midity were studied. A new hydrophobic coating of
garlic bulbs with a paraffin formulation (PF) was
proposed and its composition was scientifically ra-
tionalized (the main ingredient was paraffin; ceresin
C-65 was a plasticizer; and a fraction of synthetic fat-
ty acids served as a surfactant). The PF protective
film applied to stored garlic bulbs was proven to re-
duce their moisture and weight losses by 3-13 times
and 12 times, respectively, and to extend the storage
time by 2 times (depending on varieties) compared to
the control (Naumova G.M., 2015).

The composition of a protective paraffin-
containing coating of garlic bulbs is known; com-
prises, in addition to 0.5 wt% of a surfactant frac-
tion of synthetic C17-C20 fatty acids (FA), ceresin
C-67 in the amount of 20 wt%, and paraffin. There
was an almost 2-fold decrease in the water vapor
permeability (WVP) of this formulation (WVP=6.5
g/m? e d) compared to paraffin alone due to high
dispersibility of the crystalline structure of the al-
loy, which is guaranteed by a fine-crystalline phase
of ceresin. The storage of garlic was prolonged
from 96 days to 132 days. The weight loss de-
creased from 24% to 7.7%. The water vapor per-
meability was only 6.9 g/m? e d. However, the dis-
advantage of this formulation consisted in the fact
that the main modifier of the paraffin structure,
ceresin C-67, was added in the amount of 15-20
wt%, and ceresin C-67 is a rather expensive scarce
petroleum derivative. At the same time, the need
for a special surfactant additive, an industrial frac-
tion of synthetic C17-C20 fatty acids to ensure ad-
hesion of the paraffin-ceresin alloy to garlic bulbs
remains (Naumova H.M., Aleksandrova E.A., Kha-
disova ZH.T., Musaieva B.V., 2009).

Wax emulsions are used to impregnate paper
and cardboard, make them waterproof, and create
protective coatings for fruits and vegetables. The
main advantages of wax emulsions compared to
the traditionally used wax heated to high tempera-
tures include effective hydrophobization due to
high dispersibility (the size of solid wax particles is
about 1 micron); a simpler and more effective
method of application; no storage costs (paraffin



Vegetable and Melon Growing

Volume, 73, 2023

Osouienuymeo i baumaHHUymeo

emulsions are stored at 5...30°C, and wax melts at
about 80°C).

Pre-storage treatment of green tomatoes with an
emulsion of natural candelina wax or with an
emulsion of artificial wax substances delayed rip-
ening, but in most cases reduced weight losses. In
Germany, an emulsion consisting of 25% subli-
mated paraffin, 5% waxes and 0.2% disinfectant
(sorbic acid) is widely used for processing fruit and
vegetable products. In Great Britain, formulation
Prolong is used for processing fruits. It is a mixture
of sucrose esters, fatty acids, and sodium carbox-
ymethyl cellulose glycerides. In Russia, a study of
pre-storage surface treatment of fruit and vegetable
products with mixtures or formulations containing
polyvinyl alcohol, calcium chloride, and sorbic ac-
id was conducted. The scientists recommended
treating apples with 0.3% solution of topsin-M in
combination with calcium chloride. This pro-
cessing ensures preservation of apples in a refrig-
erator for more than 4 months with minimal losses
(Puzik L.M., Hordiienko 1.M., 2011).

Wax-based coatings have a lower vapor permea-
bility and moisture resistance than other edible coat-
ings. Nevertheless, wax-, fat- and oil-based coatings
have several serious disadvantages: a non-uniform
application layer, cracking during storage, deteriora-
tion of organoleptic indicators of products.

Ready-made mixtures of emulsifiers and addi-
tives can be of great practical importance, allowing
both for improvement of the main parameters of
emulsions and for addition of special properties
that take into account the specifics of an applica-
tion sphere. Further development of technologies
for generating and improving properties of wax
emulsions, which are demanded by the market at
the day being and in the future, determines the rel-
evance and necessity of studies on this topic (Sol-
omakha I., Zhabynska A., 2016).

The purpose of this study was to rationalize el-
ements of the post-harvest processing technology
for winter garlic, which will allow increasing the
storability and shelf life of garlic products. The
working hypothesis was based on the assumption
that it is possible to use a modified paraffin-
containing coating, which will increase the stabil-
ity of garlic bulbs during storage. To accomplish
the study purpose, we set the following objectives:

- To determine an optimal ratio of ingredients
of the paraffin-containing coatings of garlic bulbs;

- To evaluate the weight loss of garlic bulbs
during storage;
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- To determine the storage length of garlic
bulbs depending on ratios of the ingredients of the
paraffin-containing coatings.

The effect of post-harvest treatment of bulbs
with paraffin-containing coatings on the storability
of winter garlic was the study object.

The Liubasha garlic variety, which is in the
State Register of Plant Varieties Suitable for Dis-
semination in Ukraine, was the study subject.

Materials and Methods. At stage 1 of our
study, standard garlic bulbs of at least 2.5 cm in di-
ameter were picked out. The string bags were num-
bered, weighed, placed in the product mass and
stored in a Polair refrigerating chamber at -1...-
3+0.5°C and relative humidity of 75- 80%. In the
experiment on the influence of relative air humidity
on the weight loss of bulbs, garlic was stored at rela-
tive air humidity of 60-70%, 75-85%, 90-95%.
Garlic was monitored over time. Samples for analy-
sis were taken and prepared in accordance with
DSTU ISO 874-2002. The natural loss of weight
during storage was determined by the fixed sample
method and presented as a percentage related to the
initial weight. A sample was removed from storage
if the natural loss of its weight reached >10% and
the product showed signs of disease and physiologi-
cal disorders. At the end of storage, the yield of
standard products was determined.

The variants of bulb processing were evaluated.
Bulbs were treated with following mixtures: 95%
paraffin + 5% glycerol (control), 85% paraffin +
5% glycerol + 10% sunflower wax (variant 1),
75% paraffin + 5% glycerol + 20% sunflower wax
(variant 2), 65% paraffin + 5% glycerol + 30%
sunflower wax (variant 3), and 90% E904 (shellac)
+ 10% aloe vera gel (variant 4).

Paraffin is a wax-like mixture of saturated hy-
drocarbons (alkanes) of mostly normal structure
from CisHsg (octadecane) to CssHz, (pentatriocon-
tane). Its melting point is within the range of 45 -
65°C; the density is 0.880-0.915 g/cm® (15 °C).
The chemical formula is CrnHan+2.

The main feature of sunflower wax, which was
proposed as a dispersant and plasticizer, is its ef-
fective moisture-protective ability. Percentage of
components of an alloy is one of the factors that
determine manufacturing of an alloy with specified
moisture-protective properties. The added amount
of sunflower wax (10-30 wt%) is regulated by
melting temperature of its alloy with paraffin,
which should not exceed 70°C. This is due to the
need to overheat the melt by 10...15° (not hotter
than 85°C) before dipping garlic into it. Overheat-
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ing above 85°C can negatively affect consumer-
oriented characteristics of garlic.

Paraffin formulation (PF) is prepared by melt-
ing paraffin and sunflower wax in specified pro-
portions to a homogeneous liquid mixture at
80...85°C and thorough mixing.

The water-proof formulation for storing garlic
bulbs is an odourless, light-brown composite paraf-
fin-wax alloy that is solid at room temperature, has
a melting point of 60...65 °C and an unlimited
shelf life under normal conditions.

Results. Relative air humidity plays an im-
portant role in reducing losses of fruit and vegeta-
ble products during storage. This parameter char-
acterizes deficit of water that is required to saturate
a unit volume of air at a certain temperature.
Therefore, relative air humidity exerts a great ef-
fect on the water evaporation-attributed loss of
weight.

A decrease in the relative air humidity enhances
transpiration of water from tissues and evapora-
tion-caused loss of weight and deteriorates the ap-

Bunyck 73, 2023

pearance of fruits and vegetables because of wilt-
ing. An increase in the relative air humidity poses a
threat of droplet-liquid moisture on the product
surface, increasing reported losses. The relative
humidity of 90-95% is optimal for most fruit and
vegetable products, except for vegetables and
fruits, whose external protective tissues reliably
protect them against evaporation. These are nuts
and onions, for which the relative air humidity
should be 70-80%. An increase in the relative air
humidity moistens hygroscopic skins of onions and
garlic, favoring microbiological spoilage. M.A.
Nikolayeva revealed that, when onions were mois-
tened, the weight loss from rotting increased. On-
ions stored at 80% air humidity for six months did
not rot, but at 90-95% the percentage of rotten
bulbs was 9.2%.

It was experimentally proven that bulb coatings
extended the storage length by 25-45 days, depend-
ing on coatings. The longest storage was achieved in
variants 2 and 4 — 142-145 days (Table 1).

Table 1. Weight loss of Liubasha garlic bulbs depending on water-proof coatings, % (2021-2023)

Variant Storage length,  Weight loss, %  Daily weight loss,
days %

Control (95 % paraffin+ 5 % glycerol) 98 10.0 0.11

i 0, i 0,
Variant 1 (85 % paraffin + 5 % glycerol + 195 55 0.044
10% sunflower wax)
Variant 2 (75 % paraffin + 5 % glycerol +
20 % sunflower wax) 142 5.2 0.036

i 0, 1 0,
Variant 3 (65 % paraffin+ 5 % glycerol + 130 53 0.044
30 % sunflower wax)

i 0, 0,
Variant 4 (90 % E904 (shellac) + 10% aloe 145 59 0.036
vera gel)

LSDgs 0.97 0.27

The daily weight loss in the control was 0.1%.
Addition of sunflower wax to the paraffin mixture
reduced the daily weight loss to 0.036-0.044%. On
the other hand, with similar daily weight loss in
variants 2 and 4 (0.036 %) and in variants 1 and 3
(0.044 %), the duration of storage was different.
With a mixture of 90% shellac + 10% aloe vera gel
(4), the storage duration was 145 days (daily
weight loss = 0.036%). 20% sunflower wax ex-
tended the duration of storage up to 142 days (dai-
ly weight loss = 0.036%), while the control treat-
ment was associated with the storage duration of
100 days and the daily weight loss of 0.10%.

Analysis of variance showed that 98% of the
garlic weight loss during storage depended on the
type of bulb coating.
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The second significant factor affecting the quality
of stored products is the relative humidity (RH) dur-
ing storage. Therefore, to check the protective prop-
erties of the developed coating (variant 2 — 75% par-
affin + 5% glycerol + 20% sunflower wax; variant 4
—90% E904 (shellac) + 10% aloe vera gel), Liubasha
garlic was stored at different relative humidity: 60—
70%, 75-85%, and 90-95%. (Fig. 1).

It was found that the control garlic specimens
stored at reduced air humidity (60-70%) signifi-
cantly lost weight. An increase in RAH during
storage reduced the weight loss of garlic bulbs to
8.2%, i.e. 2.5-fold. Covering garlic bulbs with a
protective film reduced the weight loss by 4.6-5
times at a relative humidity of 60—70%. Increasing
the relative air humidity to 75-85% and 90-95%
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reduced it by 4.7-5.3 and 2.9-3.1 times, respec-
tively. Similar studies were conducted by Soloma-
kha 1.V. She reported that treatment of bulbs with
paraffin ensured the weight loss of 5.3-6.8% after

Bunyck 73, 2023

8-month storage. The profit from storing paraf-
fined garlic at +3°C was only +0.61 UAH/t (Irina
Solomakha, Alena Zhabinskiy, 2016).

Loss mass, %

75-85

Relative air humidity, % (GDP)

E Control

m 2 version

4 version

Figure 1. Weight loss of Liubasha garlic bulbs depending on the protective coatings, % (2021-2023)

During storage of garlic at RAH of 60-70%, bulbs
were less affected by diseases, but cloves dried out
more intensively.

Dried out garlic bulbs have smaller cloves;
skins loosely wrap the cloves contributing to
penetration of mold fungi; cloves falling from
basal plates; and bulbs break into individual
cloves. All these decrease the output of standard

products and increase non-standard products after
storage. The coatings, on the one hand, prevented
intensive evaporation of water, and on the other
hand, reduced the development of garlic diseases,
extending the storage length (Fig. 2).
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m Control
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Figure 2. Perventages of diseased and dried out garlic bulbs after storage depending on the relative air
humidity, %

With an increase in RAH during garlic storage, the
portion of dried out bulbs in the control decreased
from 18.8% to 4.0%. The percentage of diseased
bulbs, on the contrary, increased from 3.1 to 6.8%.
The protective coating suppressed disease develop-
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ment the most in variant 4. At different relative hu-
midity, the percentage of bulbs was 1.5-4.4%.

To assess significance of the effect of relative
air humidity and the type of protective coating on
the weight loss during storage, we used analysis of
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variance and found that the contribution of protec-
tive coatings in the bulb weight loss variability was
76.0%, while the relative humidity accounted for
12.0%, and the interaction of the studied factors —
for 12.0%. The least significant difference (LSDgs)
between the variants of factor A (protective coat-
ing) was 0.68; of factor B (relative air humidity) —
0.58, of factors A-B — 1.18.

Conclusions. Covering bulbs with 90% shellac
+ 10% aloe vera gel (4) ensured the storage length
of 145 days with the daily weight loss of 0.036%.
20% sunflower wax extended the duration of stor-
age up to 142 days with the daily weight loss of
0.036%, while the control treatment was associated
with the storage duration of 100 days and the daily
weight loss of 0.10%.

An increase in RAH during storage reduced the
weight loss of garlic bulbs to 8.2%, i.e. 2.5-fold.
Covering garlic bulbs with a protective film re-
duced the weight loss by 4.6-5 times at a relative
humidity of 60-70%. Increasing the relative air
humidity to 75-85% and 90-95% reduced it by
4.7-5.3 and 2.9-3.1 times, respectively. The con-
tribution of protective coatings in the bulb weight
loss variability was 76.0%, while the relative hu-
midity accounted for 12.0% and the interaction of
the studied factors — for 12.0%.

With similar daily weight loss in variants 2 and
4 (0.036 %) and in variants 1 and 3 (0.044 %), the
duration of storage was different.

Bulb coatings extended the storage period by
25-45 days depending on the coating type. The
longest storage of 142-145 days was achieved in
variants 2 and 4.
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BTPATA MACH ILIUBYJ/IMH YACHHUKY O3UMOI'O IIII YAC 3BEPII'AHHA
3AJIEZKHO BIJI OBPOBKU 3AXUCHUM INTOKPUTTAM

Iy3sik JI.M., ITy3ik B.K.

Jlep>kaBHUI 610TEXHOJIOTTYHUI YHIBEPCUTET

ByJI. AmueBchkux, 44, M. XapkiB, Ykpaina, 61000
Email: ludapusik@gmail.com
https://doi.org/10.32717/0131-0062-2023-89-96

Meta. OOrpyHTYBaHHs €JIEMEHTIB TEXHOJIOTII MicIsA30upaabHOi JOPOOKH YacHUKY O3MMOTrO, IO JO3BO-
JIUTH MIBUIIUATH 30€pEXKEHICTh Ta TPUBAJICTh CIIOKUBAHHS YaCHUKY. B 0CHOBY po00d0i rinmoTe3u mokiame-
HO NPUILYIIEHHS MOXXJIMBOCTI 3aCTOCYBaHHsI MOAN(IKOBaHOro napagiHOBMICTHOIO MOKPHUTTS, LI0 103BOJIUTH
MIZBUIIUATH CTIAKOCTI IUOYJIMH YaCHUKY il 4ac 30epiranHs. MeTtoau. 3araibHOHAYKOBI: 1. METOJ TiroTe3 —
CKJIQJIaHHS CXEM JIOCIIIIB; 2. METO]] eKCIIEPUMEHTY — CXeMH JIAOOPATOPHUX AOCHTIMIB; 3. METOJ] aHANII3Y Ta CHHTE-
3y — ()OpMyBaHHS BHCHOBKIB 1 y3araibHeHb, PO3paxyHKOBO-aHamiTHYHI. Pe3yabraTu. [lokputTs nuOyauH cy-
mimmmrio menak 90 % + renp amoe Bipa 10% 3abe3mnedye TpuBanicTs 30epiranas 145 ni6 3 moboBuME BTpa-
tamu macu 0,036 %. Bukopucranus 20 % COHSIIHMKOBOTO BOCKY 301JbIIY€ TPUBANICTh 30epiranus o 142
ni6 3 moboBmmm BTpatamu Macu 0,036 %, Tomi sk 0OpoOka mapadinom BimmosigHo 100 mi6 Ta mM060BOIO
BTparoro macu 0,10 %.

BcTanoBineHo, 110 KOHTPOJIBHI 3pa3Ky YaCHUKY, IO 30epiraroThCs B yMOBaX 3HI)KEHOI BOJIOT'OCTI MTOBITPS
(60-70 %), 3HaynHO BTpavanu y Ba3i. 30uibpmieHHs BBIT mig yac 30epiraHHs 3MEHIIy€e BTpaTH Macu LHOYJINH
qacHUKY 10 8,2%, T00TO y 2,5 pa3u. [lokpuTra nnOyIrH YaCHUKY 3aXHCHOIO IDTIBKOIO 3MEHIIY€ BTpaTH Ma-
cu y 4,6-5 pasiB 3a BigHOCHOI Bojorocti noBitpss 60—70 %. I[lixBuICHHS BiTHOCHOI BOJOTOCTI MOBITPS J0
75-85 %, 1a 90 — 95 % 3menmye y 4,7 —5,312,9 — 3,1 pasis BignosigHo. [Ipu ogHakOBHX 1000BHUX BTpa-
Tax Macu y BapiaHtax mapadin 75 %+ riiuepud 5 % + consmHukoBuUi Bick 20 %, xap4oBa nobaska 904
(memak) 90 % + renp anoe Bipa 10% cranoBuia 0,036 % ta 'y BapianTi napadin 85 %+ rmiuepun 5 %,+ co-
HAIIHUKOBUH Bick 10%, mapadin 65 %+ rminepun 5 % + consmnaukoBuii Bick 30 % — 0,044 % tpuBanicth
30epiranHs Oyna HeoMHAKOBOK. [IOKPHUTTS MOYIHH NOAOBXKY€E TPUBAJICTh 30epiranHs Ha 25 — 45 nib 3ane-
HO Bix BapiaHTy nokputTs. HaiiBuia TpuBainicts 30epiranHs Oyna y Bapiantax napadin 75 %+ raiuepus 5
% + consmHuKoBuUi Bick 20 %, xapuoBa mobaBka 904 (mrenak) 90 % + renp anoe Bipa 10% (0,036 %) i
cranoBuia 142-145 ni6. BucHoBku. Cuia BIUIMBY 3aXHMCHHUX MOKPHUTTIB HAa BTPATy Macu IUOYJIWH CTaHO-
BUTH 76,0 %, Ipu IbOMY BiTHOCHA BOJIOTiCTh MOBiTps BruMBae Ha 12,0%, B3aemonist dakropis, 110 BUBYA-
mmcs — 12,0%.

Knrouoei cnosa: uacnux o3umutl, mpama mMacy, 6i0HOCHA 80102iCMb NOGIMPS, 3AXUCHI NOKPUMMSL.
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GLOBAL OVERVIEW OF THE ONION MARKET AND PRODUCTION PROSPECTS IN
UKRAINE
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Purpose. To overview the onion production in Ukraine and the world, to highlight major challenges and
ways of further efficient development of this segment in the vegetable market under integration processes.
Methods. Dialectical method of cognition to review scientific publications, mathematical-statistical, group-
ing, analysis of statistical series, abstract/logical reasoning. Results. The current onion production in Ukraine
was considered. The portion of this crop in the total agricultural areas and gross production of vegetables
was determined; data on the distribution of onion production by natural and climatic zones of Ukraine and
farm categories are summarized. Factors that inhibit the efficient development of this segment of the vegeta-
ble market were identified; they include: outdated technologies; few or no innovations; few processing, pack-
ing, and storing facilities; lack of professional branding and effective infrastructure; underdeveloped agro-
logistics; non-compliance of domestic vegetable products with European standards. The general strategy and
priority directions of scientific support for further onion production in the context of integration processes
were outlined. Conclusions. As the population’s material well-being improves, the food basket composition
changes in favor of vegetables, including onions, and their consumption rises. Along with the expediency of
the maximum use of the existing natural and economic potentials for onion production, one should be guided
by this waymark when justifying further development of the vegetable industry in Ukraine. Further devel-
opment of the onion production in Ukraine must be directed towards high-intensity production based on new
high-yielding varieties and hybrids, with high palatability, and towards scientific support for the production.
At the same time, in the future, technical re-equipment of the vegetable industry, development of information
support systems, creation of marketing services, and development of market infrastructure are necessary.

Keywords: onion, market, demand, supply, efficiency, zonal distribution, development prospects, scien-
tific support.

Introduction. Today, the global food market is Certain technological aspects of vegetable produc-
developing under the influence of population tion were covered by Lohosha’s R., 2018 publica-
growth, agriculture globalization, weakening of tion. As a general conclusion from these publica-
trade barriers, strengthening of the role of competi- tions, we should note the following: the current
tion, worsening of food security, increasing re- vegetable production in Ukraine requires solving
quirements for and access to food products. This, problems at all levels: state, region and farm. At
in turn, affects the dynamic development of the the state level, protection of domestic producers,
vegetable market due to the growing demand for creation of wholesale food markets, including elec-
vitamin-rich vegetable products, especially onions. tronic auctions, and formation of competition in
As a result, today onions are among the five most procurement, storage and processing are the most
economically important vegetables in the world. important issues. At the regional level, the for-

Review of Recent Studies and Publications. mation of integration structures and processing en-
The global and domestic production of agrarian terprises are the priorities. At the farm level, it is
products was studied by Shubravska O., Moldovan necessary to develop marketing concepts and stra-
L., Paskhaver B., Datsii O., Makarenko P., 2012. tegic plans with due account for farms’ capabili-
Problems of innovative development of agricultur- ties, to increase production volumes and yields,
al production and implementation of advanced and introduce effective innovative solutions into
technologies were studied by economists such as production. It was established that radical shifts in
Prokopyshyn M., 2017, Grebennikova A., 2016, the development of the agro-industrial sphere are
Dorosh-Kizym M., Dadak O., Hachek T., 2017. only possible provided innovative production,
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more complete use of all economic levers and in-
centives, including, first of all, the huge potential
of domestic science with the appropriate state poli-
cy in the vegetable market development.

The global and domestic production of vegeta-
ble products was studied in (Zakharchuk O., 2018,
Supikhanov V., 2009, Blyzkyi R., 2012, Supskyi R.,
2015). At the same time, there are few publications
on the global and domestic market of individual
segments of the vegetable market by product.
Thus, there are no analytical reviews of the onion
market, which would consider zonal distribution of
onion production, problems of onion producers,
etc. Therefore, studies analyzing the onion market
in the context of the global and domestic produc-
tion are relevant and urgent.

Our purpose was to overview the onion pro-
duction in Ukraine and the world, to highlight ma-
jor challenges and ways of further efficient devel-
opment of this segment in the vegetable market
under integration processes.

Materials and Methods. In order to achieve the
purpose, we used the following methods: dialectical
method of cognition to review scientific publications,
mathematical-statistical, grouping, analysis of statis-
tical series, abstract/logical reasoning.

Results. Onion is one of the most important and
popular vegetables. It has been known as a domes-
tic crop for over 6 thousand years. It was grown in
India, Persia, East Asia, China, Iran, and the Medi-
terranean countries, where it was known 4 thou-
sand years B.C. The homeland of onions is Central
Asia and Afghanistan. Onions were grown as a
food plant in Ancient Rome, Greece and Egypt.
For example, the Romans added onions to the
mandatory diet of soldiers. Hippocrates prescribed
onions to patients with rheumatism and gout. On-
ions were a study aid for astronomers. By showing
a section of an onion bulb, ancient scientists clear-
ly explained the universe structure. The onion, af-
ter it was imported to Europe from the Middle
East, was treated as a miracle plant. In the Middle
Ages, knights, like ancient warriors, wore bulbs on
their chests as an amulet, because they believed
that they would protected against sword and arrow
blows. The use of onions as medicine was de-
scribed in ancient books. It was believed that those
who ate a bulb on an empty stomach would not get
sick or age. Among the Slavic peoples, the onions’
authority was and still is quite high today. Onions
appeared in our country in the 12%-13™ centuries.

Today, onion is one of the most important vege-
tables. Its high value and great strategic importance
is determined by its chemical composition, palata-
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bility, medicinal properties, and good storability. It
is an excellent vitamin remedy, as onion juice kills
microbes and viruses and contains a lot of mineral
salts. Bulbs contain nitrogenous substances (up to
2.5%), sugars (10-11%; glucose, fructose, sucrose,
maltose), polysaccharide inulin, phytin, flavonoids,
quercetin and its glucosides, fats, various enzymes,
calcium and phosphorus salts, phytoncides, citric
and malic acids, vitamins A (3.75 mg%), B1 (60
mg%), B2 (50 mg %), PP (0.20 mg%), and C
(10.5-33 mg%). Onions are a rich source of vita-
mins B, C and E; they also contain minerals - iron,
zinc, sulfur, phosphorus, magnesium, potassium,
calcium, sodium, copper, and iodine. Due to al-
licin, onions have antibiotic and antifungal effects.
70-100 g of onions is enough to satisfy the human
body’s daily need for vitamin C. There are more
than 300 onion species in nature.

Today, onion is a strategic export-oriented crop.
It is noticeable for good storability, transportability
and suitability for mechanized harvesting. In order
to ensure year-round consumption of domestic
vegetables and to increase export volumes, it is
necessary to set an innovation-based stable produc-
tion of onions. The recommended medical norm of
onion consumption per capita is 9 kg/year, includ-
ing 7.4 kg of fresh onions 1.6 kg of processed
ones.

Onions are grown everywhere. The onion area
in the world exceeds 8 million hectares, and the
percentage of onion-sown area related to the total
vegetable-sown area is about 10%. According to
the  British publishing, business intelligence,
and exhibitions group “Informa”, the global vol-
ume of onion production is 993.2 million tons
worth about 24.5 billion dollars. According to in-
dustry experts, the global onion market grows by
2-3% annually and will reach 105 million tons by
2025. China is the largest producer of onions
worldwide, annually producing 23.9 million tons.
India ranks second with 19.4 million tons/year.
Ukraine produces 1.017 million tons of onions per
year and ranks 30-31 in the world (Tables 1, 2).

The gross harvest in Germany and United
Kingdom decreased by 27%: these countries har-
vested 522 677 thousand million tons and 371 889
thousand tons of onions, respectively. At the same
time, the onion production in France only amount-
ed to 458 143 thousand tons, that is, it decreased
by 14%. As a result of a decrease in the onion sup-
ply in 2021 compared to the previous period, pric-
es have been raised in Belarus, Poland, Ukraine
(Eastern European countries) and Uzbekistan Cen-
tral Asia) - the main players in the onion market
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Table 1. Onion production in European countries in 2021

Country Production, Per capita, Area, Yield,
thousand tons kg thousand hectares t/ha
Germany 522 677 6.317 11.294 46.3
France 458 143 6.808 12.812 35.9
Italy 450 645 7.457 12.710 355
United Kingdom 371889 5.631 8.889 41.8
Romania 325074 16.650 30.273 10.7
Greece 225746 20.964 6.397 35.3
Austria 163 292 18.476 3.512 46.5
Belgium 130 775 11.455 2.955 44.3
Portugal 124 396 12.088 5.078 24.5
Albania 100 236 34.921 4.802 20.9
Denmark 61 950 10.700 1.470 42.1
Macedonia 60 958 29.373 3.581 17.0
Sweden 59 360 5.836 1.330 44.6
Serbia 57 880 8.267 4.772 12.1
Hungary 48 483 4.962 1.721 28.2
Bosnia and Herzegovina 44 996 11.89 4.928 9.2
Czech Republic 42 018 3.959 1.545 27.2
Switzerland 39 506 4.652 0.900 43.9
Slovakia 29 302 5.383 0.799 36.7
Croatia 26 858 6.407 0.906 29.6
Lithuania 26 521 9.469 1.699 15.6
Finland 26 242 4.756 1.130 23.2
Latvia 15 154 7.869 0.825 184
Bulgaria 14 921 2.116 1.365 10.9
Slovenia 11274 5.455 0.480 235
Malta 8 234 17.309 0.438 18.8
Cyprus 8 144 9.527 0.200 40.7
Ireland 6 000 1.235 0.214 28.0
Netherlands 14494 84.017 32.723 44.3
Spain 1319.2 26.891 24.205 54.1
Ukraine 1017.1 24.066 55.100 185
Montenegro 867.0 1.393 0.480 18.3
Poland 651.4 16.947 26.548 24.5
Estonia 494.0 0.374 0.202 2.4
Luxembourg 120.0 0.199 0.004 29.3

Source: Formed by the authors on the basis of data (Informa information and analytical portal, 2022).

Table 2. Onion production in the former CIS countries in 2021

Country Production, thousand tons Per capita, kg Area, thousand hectares Yield, t/ha
Azerbaijan 178.249 18.0 11.950 14.9
Belarus 208.873 22.0 10.299 20.3
Armenia 53.922 18.2 2.044 26.4
Georgia 18.500 49 2.100 8.8
Moldova 57.936 16.3 5.390 10.8
Russian Federation 2.023 13.8 88.563 22.9

Source: Compiled by the authors from 2022 data of State Statistics Committee of Ukraine [1].
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In the global fruit and vegetable trade, the sale
of vegetables makes up about 30% compared to the
fruit segment accounting for 70% of the global
fruit and vegetable trade. This means that fruits are
global, and vegetables are local. The production of
vegetables is bigger and their assortment is quite
large, but vegetables are grown more for domestic
consumption and their portion in exports is always
smaller than that of fruits.

Bunyck 73, 2023

According to the UN FAO and the international
information and analytical platform East-
Fruit.com, the absolute leaders in the global vege-
table trade are tomatoes, peppers, frozen vegeta-
bles, and potatoes. The portion of onions, tomatoes
and peppers is 6%, 15%, and 11%, respectively.

The onion production dynamics in Ukraine is
summarized in Table 3.

Table 3. Onion area, gross harvest and yield in Ukraine (farms of all categories)

Period/year Area, Gross harvest, Yield,
thousand hectares thousand tons t/ha
1990 32.7 447.3 13.7
1991-1992 51.0 499.4 9.8
1993-1994 59.7 557.7 9.3
1995-1996 65.8 558.7 8.9
1997-1998 57.3 449.6 7.8
1999-2000 62.7 489.3 7.8
2001-2002 54.0 521.5 9.7
2003-2004 52.1 521.6 10.0
2005-2006 57.2 809.9 14.2
2007-2008 59.7 885.5 14.8
2009-2010 62.6 1025.3 16.4
2011-2012 64.1 1141.3 17.8
2013-2014 58.7 1064.3 18.1
2015-2016 55.4 987.1 17.8
2017-2018 54.8 1014.6 18.5
2019-2020 54.8 976.7 17.8
2021 53.8 1024.4 18.9
2021 related to 1990, % 164.5 229.0 137.9

Source: Compiled by the authors from 2021 data of State Statistics Committee of Ukraine

In Ukraine, the onion-sown area on farms of all
categories was 32.7 thousand ha in 1990; 67.7
thousand ha in 1995; 64.5 thousand ha in 2000;
57.3 thousand ha in 2005; 66.7 thousand ha in
2010; 54.8 thousand ha in 2015, and 53.8 thousand
ha in 2021.

It is obvious that the gross onion harvest
increased over the period of 1990-2021 (Fig. 1).

Using linear regression, we obtained the follow-
ing equation of: y = 367.16 + 23.502 x, where y -
annual gross harvest in tones, x - serial number of
the year under investigation, and 367.16 - intersec-
tion point of the trend line with abscissa axis This
equation shows that every year the gross onion
harvest in Ukraine increased by 23.502 tons within
the statistical range.

The step, where 492.7 thousand tons or 48.6%
of the country's total harvest is produced, is the
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main producer of onions. It should be noted that
the 2021 production only in this zone was similar
to the country’s total production in 1990. In the
forest-steppe, 472.7 thousand tons of onions or
36.7% of the total gross harvest were produced; in
the woodlands — 12.9 thousand tons or 12.1%; and
in the Carpathians — 26.4 thousand tons or 2.6%.
The highest yield was harvested in the forest-
steppe (19.6 t/ha) and steppe (18.6 t/ha), while in
the woodlands and the Carpathians, onions yielded
16.8 t/ha and 13.2 t/ha, respectively.

In Ukraine, onions are sown on about 60.0
thousand hectares. Most of this area (48.4%) is in
the steppe regions of Ukraine; 34.7% - in the for-
est-steppe; 13.3% - in the woodlands, and 3.6% -
in the Carpathians (Table 4).
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Figure 1. Gross onion harvest in Ukraine in 1990-2021 (farms of all categories), thousand tons Source:
Constructed by the authors from 2021 data State Statistics Committee of Ukraine

Analysis revealed another pattern: the onion
production underwent zonal transformations over
the period of 1990-2021. Thus, despite the fact
that this crop is grown mainly in two climatic
zones - steppe and forest-steppe, where almost
65% of the total arable area was located in 2009-
2021, over the last 30 years, the production area in

these zones has grown at a slower rate, than in the
woodlands or in the Carpathians. To model chang-
es in the arable area in a specific zone, we used
linear regression. The equations were as follows:
for the step — y = 32,054 — 0,3031 x; forest steppe
—y =28,367 —0,1804 x; woodlands —y = 10,752 +
0,3364 x; Carpathians — y = 4,1347 + 0,125 x.

Table 4. Onion distribution by natural/climatic zones of Ukraine (farms of all categories), thousand hectares

Zone

Period/year Forest-steppe Steppe Woodlands Carpathians Total
1990 9.3 21.6 1.2 0.6 32.7
1991-1992 155 31.0 3.3 1.2 51.0
1993-1994 18.6 35.3 4.5 1.3 59.7
1995-1996 19.6 38.6 6.0 1.6 65.8
1997-1998 18.1 315 6.0 1.7 57.3
1999-2000 19.0 35.4 6.7 1.6 62.7
2001-2002 16.7 29.1 6.4 1.8 54.0
2003-2004 16.6 27.1 6.6 1.8 52.1
2005-2006 17.0 31.8 6.8 1.6 57.2
2007-2008 16.9 34.1 7.2 15 59.7
2009-2010 18.1 35.1 7.2 2.2 62.6
2011-2012 19.0 35.6 7.3 2.2 64.1
2013-2014 18.0 314 7.2 2.1 58.7
2015-2016 18.7 275 7.2 2.0 55.4
2017-2018 18.9 27.2 7.1 2.0 53.8
2019-2020 19.0 26.5 7.3 2.0 54.8
2021 19.2 27..2 7.4 2.0 55.8
2021 related to 1990, % 206.5 125.9 616.7 333.4 170.6

Source: Compiled by the authors from 2021 data State Statistics Committee of Ukraine
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The top onion-producing regions in Ukraine in
2019-2021 were Khersonska (133 thousand tons),
Odeska (105 thousand tons), Kyivska (72.5 thou-
sand tons), Mykolaivska (72.2 thousand tons),
Dnipropetrovska (68.2 thousand tons), Kharkivska

Bunyck 73, 2023

(65.1 thousand tons), Vinnytska (63.1 thousand
tons), Zaporizhska (42.0 thousand tons), Poltavska
(40.5 thousand tons), and Cherkaska (37.1 thou-
sand tons) Oblasts (Fig. 2).
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Figure 2. Onion production volume and yield in the 10 top onion-producing Oblasts (farms of all catego-
ries), mean for 2019-2021
Source: Constructed by the authors from 2021 data of State Statistics Committee of Ukraine

Agrarian enterprises producing most of onions
are located in Khersonska (73.5 thousand tons),
Mykolaivska (29.9), Odeska (21.4), Dniprope-
trovska (12.5), Cherkaska (9.9), Donetska (6.9),
Kyivska (3.5), Kharkivska (3.2), Zaporizhska
(3.0), and Poltavska (2.3 thousand) Oblasts (Fig.
3).

32,2

The most productive, tolerant to diseases and
pests, early-ripening and well-storable onion varie-
ties and hybrids are a major pre-requisite for ob-
taining high yields. The importance of varieties
cannot currently be underestimated, as they, being
the main element in growing technologies, are an
important way to increase yields and product quali-

ty.
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Figure 3. Late-ripening onion production volume and yield in the 10 top onion-producing Oblasts (agrar-
ian enterprises), mean for 2019-2021
Source: Constructed by the authors from 2021 data of State Statistics Committee of Ukraine

The Institute of Vegetable and Melon Growing
of NAAS develops intensive, resource-saving
technologies for production of marketable vegeta-
bles and seeds, which allow one to significantly

reduce costs while significantly increasing the
plant performance.

Due to 50-year breeding, the Institute and its
network have solved the problem of expanding the
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onion assortment, which is superior to onion ‘Zolo-
tystyy’ by many indicators today. ‘Tkachenkivska’
and ‘Hlobus’ have become varieties - national
brands of Ukraine. Later, ‘Mavka’, ‘Variah’,
‘Veselka’, ‘Bilianka’, ‘Amfora’, and ‘Bella’ were
bred. ‘Liubchyk’’s bulbs are unusually cigar-
shaped; this variety is widely used in production.
In 2021-2022, spicy onion accessions were select-
ed: by total yield — ‘Zahrava’, ‘Maiak’ and ‘Bu-
ran’, as they outperform the reference variety,
‘Harmoniia’, by 11-32% (2.1-2.5 kg/m?); by mar-
ketable yield — ‘Zahrava’, ‘Maiak’, ‘Hospodynia’,
and ‘Buran’ (+24-53% to the reference variety;
2.1-2.5 kg/m?); by marketability — ‘Zahrava’ and
‘Zolotysta’ (100% and 99%, respectively); by early
ripening — ‘Red Baron’ (96 days); by storability —
‘Zahrava’, ‘Maiak’, ‘Buran’, and ‘Chernihivska 4’
(96-95% or + 8% to the reference variety). We also
singled out a semi-hot variety, ‘Amfora’, which is
superior to the reference variety, ‘Mavka’, in terms
of the total yield (+26%; 2.4 kg/m?), marketable
yield (+12%; 2.4 kg/m?), marketability (+12%;
98%), and bulb weight (+8 g; 130 g). ‘Zahrava’,
‘Maiak’, ‘Buran’, and ‘Amfora’ were selected by a
set of characteristics and will be involved in breed-
ing programs. In the hybrid nursery, 4 accessions
were selected be several characteristics; these ac-
cessions were superior to the reference in terms of
yield (+12-36%; 2.2-2.5 kg/m?) and marketability
(97-99%). In the breeding nursery, 1 accession was
selected: it yielded 2.2 kg/m?, its marketability was
99%, and its bulb weighed 142 g.

In the collection nursery of blue chives, acces-
sion 32 (28 days) was distinguished because of the
"growth onset - technical ripeness” phase length. In
the breeding nursery, accession 12 (29 days) stood
out due to the "growth onset - technical ripeness"
phase length and accessions 18 (102 days), 24 (101
days) and 35 (103 days) — due to the "growth onset
- anthesis" phase length. As to the early yield
(19.2, 18.3 t/ha) and total yield (27.5-25.4 t/ha), re-
spectively, accessions 12 and 40 turned out to be
the best ones and work with them will be contin-
ued.

In the shallot breeding nursery, we distin-
guished 5 accessions by bulb yield (18.2-25.8 t/ha),
6 accessions by mean bulb weight (22.4-40.5 g), 1
accession by early ripeness and 1 accessions by
bulb storability (82.8%). In the collection nursery,
the following accessions were distinguished: 8 ac-
cessions by bulb yield (18.2-21.6 t/ha), 4 by bulb
weight (23.2-31.6 g), 1 by early ripening (66 days),
7 by storability (71.7-77.3 %), and 3 by chemical
composition. Two accessions, D-137 and D-93
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(‘Druzhok’), were selected by storability parame-
ters, as they were characterized by a low number of
diseased bulbs and low natural weight loss. D-93
(‘Druzhok’) and D-196, which are promising ac-
cessions for further breeding, were noted for their
high bulb yield and good storability. D-93 (‘Dru-
zhok”) and D-137 were selected as sources of bulb
storability for shallot breeding. A short-season (67
days) accession, D-198, which was superior to the
reference variety in terms of bulb yield by 23.6%
(18.8 t/ha), leaf yield by 34.3% (49.7 t/ha) and 8-
month bulb storability by 14.9% (74.0%), was se-
lected for variety trials. Promising onion varieties
were created: shallot ‘Druzhok’ and ‘Lira’, Welsh
onion ‘Piero’, and leek ‘Danko’.

Depending on agro-climatic changes in a par-
ticular year, these varieties allow planning stable
yields of commercial products of more than 60
t/ha, with a potential of about 90 t/ha. Innovations
and their scientific support will ensure additional
output of products per unit of area and reduction in
time for its processing, with further achieving addi-
tional profit at both large and small agricultural en-
terprises. Introduction of new onion varieties and
hybrids, including varieties with unusually shaped
bulb, into production requires the development of
new technological methods. The Institute has de-
veloped a cassette technology for growing onions,
including on drip irrigation. The Institute is striv-
ing to improve crop rotations and optimize mineral
fertilization. A strategy of protection against dis-
eases and pests has been developed. In the future,
work will continued in these directions, which will
allow harvesting high and stable yields.

Conclusions. Further development of the onion
production in Ukraine must be oriented on high-
intensity production based on new high-yielding
varieties and hybrids with excellent palatability
and on scientific support for their cultivation. At
the same time, in the future, technical re-
equipment of the vegetable industry, development
of information support systems, creation of mar-
keting services and development of market infra-
structure are necessary.

References

Blyzkyi, R.S. Analysis of export-import volumes
of  vegetables in Ukraine. Ekonomika,
Menedzhment, Pidpryiemstvo: collection of scien-
tific papars. Volodymyr Dahl East Ukrainian Na-
tional University. 2012. No. 24 (1). P. 46-52.

Dubovitskiy, A.A., Klimentova, E.A. Problems
and prospects of vegetable growing development.
Technologies of the food and processing industries



Vegetable and Melon Growing

Volume, 73, 2023

Osouienuymeo i baumaHHUymeo

of the agro-industrial complex - healthy food prod-
ucts. 2014. No. 3. P. 89-95.

Dorosh-Kizym, M.M., Dadak, 0.0., Hachek,
T.S. Innovations in the agrarian sector of Ukraine
in the context of the European integration devel-
opment. Naukovyi Visnyk LNUVMB Imeni S.Z.
Gzhytskoho. 2017. Vol. 19. No. 81. P. 123-128.

Hrebennikova, A.A. Development of innova-
tion-based agriculture. Efektyvna Ekonomika.
2016. No. 12. P. 112. URL:
http://www.economy.nayka.com.ua/?0p=1&z=533
8

Kucherenko, T.E. Present and future of domes-
tic vegetable growing [On-line resource]
Propozythiia. No. 2. 2010. Access at:
http://www.propozitsiya.com/?page=146& item-
id=3144

Lohosha, R.V. Peculiarities of the vegetable in-
dustry development. Naukovyi Visnyk Mizhnarod-
noho Humanitarnoho Universytetu. P. 2018. 86—
90. [On-line resource]. Access at:
http://repository.vsau.org/getfile.php/16687.pdf

On the approval of the Concept of the State tar-
get program for the development of vegetable
growing for the period until 2025. [On-line re-
source]. Access at:
https://zakon.rada.gov.ua/laws/show/1333-2020-
%D1%80#Text

Onions for all tastes. [On-line resource]. — Ac-
cess at:
https://soncesad.com/statti/ovochi/czibulya/czibuly
a-na-vsi-smaki.html

104

Bunyck 73, 2023

Onions. [On-line resource]. Access at:
https://www.harbuz.info/cibulya-ripchasta/

Onions - calorie content. [On-line resource].
Access  at: https://www.tablycjakalorijnosti.
com.ua/stravy/tsybulya-ripchasta

Supikhanov, B.K. Development of agrarian
Prokopyshyn, M.M., Sus, T.Yo. Mainstreams of ag-
ribusiness development in Ukraine under globali-
zation. Modern Economics. 2017. No. 4. P. 114-
121. URL: https://modecon.mnau.edu.ua/issue-4-
2017/markets: monograph. K.: NNTs IAE, 2009.
530 p.

Supskyi, R.M. Current aspects of the formation
and functioning of the vegetable market. Prodo-
volchi Resursy. Series: Ekonomichni Nauky. 2015.
No. 4. P. 62-70.

Shubravska, O. V., Moldovan, L. V., Paskhaver,
B. Yo. et al. Innovative transformations of the
agrarian sector of the economy: [monograph] // ed-
ited by Doctor of Economic Sciences O. V. Shu-
bravska/ NAS of Ukraine: Institute for Economics
and Forecasting. K. 2012. P. 496.

State Statistics Service of Ukraine. [On-line re-
source]. Access at: http://www.ukrstat.gov.ua/

Terokhina, L.A., Ruchkin, O.V., Rudnytska,
T.O. Innovations for vegetable growing.
Ovochivnytstvo i Bashtannytstvo. 2011. No. 57.
P.225-230.

Zakharchuk, O.V. Global vegetable market and
Ukraine’s position. Ahrosvit. No. 3, 2018. P. 3-7.



http://www.economy.nayka.com.ua/?op=1&z=5338
http://www.economy.nayka.com.ua/?op=1&z=5338
http://repository.vsau.org/getfile.php/16687.pdf
https://zakon.rada.gov.ua/laws/show/1333-2020-%D1%80#Text
https://zakon.rada.gov.ua/laws/show/1333-2020-%D1%80#Text
https://soncesad.com/statti/ovochi/czibulya/czibulya-na-vsi-smaki.html
https://soncesad.com/statti/ovochi/czibulya/czibulya-na-vsi-smaki.html
https://www.harbuz.info/cibulya-ripchasta/
https://modecon.mnau.edu.ua/issue-4-2017/
https://modecon.mnau.edu.ua/issue-4-2017/
http://www.ukrstat.gov.ua/

Vegetable and Melon Growing Volume, 73, 2023

OsouisHuymeo i baumanHuymeo Bunyck 73, 2023
VIK 635:631. 524. 17
CBITOBUI OI'JIAA PUHKY LIUBYJII TA IIEPCIIEKTUBU BUPOBHUIITBA B YKPAIHI

Pyas B.II., MoruabHa O.M., Teproxina JI. A., lnsinoBa €. M.

IHcTHTYT OBOUIBHHMIITBA 1 OamTaHHUITBA HarlioHanpHOT akaeMii arpapHUX HayK YKpaiHu
cen. CenekuiiiHe, XapKiBcbKUH paiioH, XapKiBcbka o0sacte, 72478, Ykpaina

E-mail: agroscience.rud@gmail.com
https://doi.org/10.32717/0131-0062-2023-73-97-105

Mera craTi - BU3HaUUTH CTaH BUPOOHMITBA LUOYIi pimyacToi B YkpaiHi Ta CBiTi, OOTpyHTYBaHHI Cy-
JacHHUX MPOOJIeM Ta MUIAXiB €PEKTUBHOTO PO3BHUTKY ITLOTO CETMEHTY PUHKY OBOYIB Ha TIEPCIIEKTUBY B YMO-
Bax iHTerpamiiiHux npouecis. Meroam. s JOCATHEHHS MOCTAaBIEHOI METH y Mpolieci poOOTH BUKOPHCTO-
BYBAJIM METOJU: JiaIEKTUIHUI METOJ| I3HAHHS JUIS aHAli3y HAYKOBHX Mpallh YYSHUX MI0A0 MPOOIeMaTHKH
CTaTTi, MaTeMaTHKO-CTaTUCTUYHI, TPyIyBaHb, aHai3 PsIiB AWHAMIKH, aOCTpaKTHO-NOriuHUHA. Pe3yabraTn.
PosrnsiHyTO cydyacHuit craH BUpoOHUITBA IOy pimuactoi B YkpaiHi. BcTtaHoBieHo yacTKy 1€l KylnbTypu
y 3arajbHUX MOCIBHUX IIOIIAX i BaJJOBOMY BUPOOHHLITBI OBOYiB, HABEAEHO JaHi 100 PO3MIILEHHS BUPOO-
HUITBA UOYJIi 32 MPUPOJIHO-KIIIMATHYHUMH 30HAMH YKpaiH! Ta OKPEMHUMH KaTeropisMu rocroaapcts. Bu-
3HAYEHO NPUYMHM, IO CTPUMYIOTH €(DEKTUBHHH PO3BUTOK IILOTO CETMEHTY OBOYEBOTO PHHKY, A0 SKHX Ha-
JIeKATh: 3aCTOCYBAHHS 3aCTapilInX TEXHOJOTINA Ta MPAKTUYHA BiICyTHICTH IHHOBAIIIN; HEAOCTATHS KiIBKICTh
HEOOXITHUX TOTY>KHOCTEH s MOopoOKH, dacyBaHHS, 30epiraHHs; MepepoOKH, BIACYTHICTH mpodeciiiHo-
ro OpeHAMHTY Ta eeKTUBHOI IHQPACTPYKTYPH, HU3BKUH PO3BUTOK arpoJIOTiCTHKH, HEBIAMIOBIAHICTD BITYH3-
HSIHOT OBOYEBOI MPOAYKLii €BpONEHCbKUM CTaHAapTaM. BUkiiageHo 3arajipHy CTparterito i mpiopuTeTHI Ha-
NpSMKH HAyKOBOTO 3a0e3MeueHHs] BUPOOHUIITBA IOy HA MEPCIEKTUBY B yMOBaX iHTErpamiiHiuX MpPOLECiB.
BucHoBKkH. 3 MiABULICHHSIM MaTepiajbHOTO JOOpOOYTY HACENEHHS 3MIHIOETHCS CTPYKTYpPa MPOAOBOILUOTO
KOIIIMKA Ha KOPUCTH 301IbIICHHS CIIOKUBAHHS OBOYEBOI rpynH, y T. 4. HuOymi pimyactoi. Llum opieHTHpOM,
TTOPSI 3 MOMUTEHICTIO MAKCHMAJIBLHOTO BHUKOPHCTAHHSA HAsSBHOTO MPHPOIHO-SKOHOMITHOTO MOTEHITIATY IS
BUPOOHUIITBA IUOYJIi i MOTPIOHO KepyBaTucs, OOIPYHTOBYIOUH PO3BUTOK T'aly3i OBOUIBHUIITBA B YKpaiHi Ha
repcrekTuBy. [lomampimuii po3BUTOK BUPOOHHUIITBA ITMOYII pimdacToi B YKpaiHi HEOOXIIHO CIPSIMOBYBaTH
MO IUIAXY BHCOKO iHTEHCHBHOIO i BUPOOHHMIITBA HA OCHOBI BIIPOBAKCHHS HOBHX BHCOKONPOAYKTHBHHUX
cOpTiB 1 TiOpHiB, 3 BUCOKIMH CMaKOBHMH IOKa3HWKaMU Ta HAYKOBOTO CympoBoxy ii BupoOHHuTBa. [lpu
BOMY Yy TEPCHEKTHBI HEOOXiTHE TEXHIYHE MEePEOCHAIICHHS Taly3i OBOYiBHUIITBA, PO3BUTOK CHCTEM iH(OP-
MaIlifHoTO 3a0e3TeueHHs, CTBOPEHHS CITY’KO MapKETHHTY Ta PO3BUTOK 1HPPACTPYKTYPH PHHKY.

Knwouoei cnosa: nnbynst pimyacra, puHOK, TOIMUT, TPOTO3HLIA, ePEeKTHBHICTh, 30HAIBHE PO3MIIIECHHS,
MEPCIEKTUBY PO3BUTKY, HAYKOBE 3a0€3MeUCHHS.
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« All magnitudes or quantities should be reported in accordance with the International System of
Units (SI), with a space between the units of measurement, symbols and numbers.

Manuscript structure

ubDC Left-aligned

No more than 12 words; left-aligned; in Ukrainian and English; in

Title capitals; in bold type

In Ukrainian and English. For each author: the full name, patronymic
Author’s info and surname; full official name and statutory address of his/her
affiliation; contact e-mail; academic degree and position; ORCID

Abstract
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The section is submitted in Ukrainian and English with identical content (at least 1,800
characters with spaces). The abstract should be informative and structured as follows: Purpose.
Methods. Results. Discussion. Conclusions. Key words.

It is not allowed to copy sentences from the sections of the article - paraphrase them.

Key words

5-7 words or phrases related to the study topic. Do not duplicate the title of the article. Do not
use general words.

Introduction

The section highlights the current state of the problem at the global level and reviews recent
studies and publications with references (7-10 publications) over the past 3-5 years. The
relevance, purpose, objectives and scientific novelty of the study are rationalized. References to
publications should be in round brackets. Do not cite more than three sources in one reference.

Literature review

This section is optional and should covers results of researchers who investigated general or
specific aspects of the study topic. Each researcher's name must be followed by the
corresponding reference from the list of sources.

Materials and methods

The section describes major stages of work and justifies the choice of used methods, techniques,
approaches or actions aimed at obtaining new scientific results and their analysis. Strategies and
criteria of sample formation are explained (if the article contains an empirical part). The
experimental base of the study is indicated. The outlined methods should provide complete
information on the study process so that it can be replicated by other scientists using the same
materials and methods.

Results

The section presents major content of the study, with full justification of obtained data. Tables
and graphs should be provided with results of statistical processing. Results should be
sufficiently substantiated, methodologically correctly presented, be novel and of practical value.

Discussion

The discussion is supposed to interpret the results in at least 500 words. This section should
compare the authors’ results with results of other researchers on this topic: what they have in
common, what are the differences, who considered other aspects of the problem, etc. It is
necessary to compare your own results with five similar works of other domestic or foreign
authors. Reviweing publications on the chosen topic, you should mention the authors’ names and
indicate the essence of their work.

Conclusions
Conclusions should fully and concretely reflect the study results, correspond to the purpose and

title of the article. Verbatim duplication from the abstract is unacceptable. It is important to
outline the prospects for further research on the chosen topic.
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ITPABUJIA JIJIS1 ABTOPIB

Penakiiiero 36iparka «OBOUIBHUIITBO 1 OAIITAHHUIITBOY» MPUHMAIOTHCS 10 IPYKY OPUTIHATBHI
cTarTi 3 PyHIAMEHTAIBHUX NPOOJIeM TaKUX OCHOBHHUX HAIPSIMIB:

['eneTnyni, G10TEXHOJIOTIYHI Ta IMYHOJOTIYHI METOAM ONTHMI3aIlii CEJIEKIIIIHOrO Mpolecy B
OBOYIBHUIITBI

I'enetuyHi pecypcu poCiIvH

CenexkIrisi OBOUYEBHX 1 OAIITAHHUX KYJIBTYP

TexHounorist BUpOILyBaHHS OBOYEBHX 1 OAlITAHHUX KYJBTYP Y BIAKPUTOMY 1 3aXHUIIEHOMY I'PYHTI
TeopernuHi Ta MpUKIIAAHI OCHOBH BEJCHHS HACIHHULITBA OBOYEBUX 1 OAIITAHHUX KYJIBTYD

CucreMu 3aXUCTy OBOYEBUX KYJIBTYP BiJ XBOPOO 1 IIKITHUKIB

OnTuMmi3zallis *KUBJICHHS POCIUH Ta MEXaHi3M BIATBOPEHHSI POJIIOUOCTI IPYHTY

36epiranHs 1 mepepoOKa OBOYEBOI 1 OAIITaHHOT TPOTYKIIIT

[HHOBAIIITHO-1HBECTUIITHUAN PO3BUTOK OBOYEBOTO PUHKY

Pykonuc mnonpaerscs 10 peaakuii MOBOK OpHUriHainy (YKpaiHCBbKOO), MJisi MyOJiiKallii
3aKOPJIOHHUX aBTOPiB — aHrJiiicbkoro. [locimyru nepekany aHrmincpko0 fe3koutmosno. KiabKicTb
aBTOPIB OJIHIET CTATTI HE Mae€ MepeBHINyBaTU S ocid. Ilicis HagaHHS PYKOMUCY IO pEaKili He
JIOTTYCKA€THCSI BHECEHHSI 3MiH /10 aBTOPCHKOTO CKJIALy CTATTi.

Crarti B eneKTpoHHOMY (opMaTi HANpaBSIIOTBCSA JI0 PEAKOJIerii 3a EeJEKTPOHHOIO
ajpecoro: patentiob@gmail.com.

OxkpemuM (aiaoM 10 CTATTI JOIAIOTHCS BIJOMOCTI PO aBTOPIB TBOMA MOBaMH (YKPaiHCHKOIO
Ta aHTTIHCHKOI0): MPI3BHINA, iIMEHA, MO 0ATHKOBI, HA3BU 1 MOILITOBI aIPECH YCTAHOB, J€ BUKOHAHO
poOOTy, a TaKOX KOHTAKTHI TeleQOHHU, €JIEKTPOHHI aJapecH, HayKOBUH CTyMiHb Ta IOCaja.
O06oB's13k0BO 10Aa10ThCs 1eHTH(DiKatiiHI Homepa ORCID koxHoro 3 aBTopiB ctarTi. CTBOpUTH
ORCID mosHa Ha odiriitHoMy caiiti https://orcid.org/.

Ha3Bu ¢aiiniB moBuHHI BiAMOBiIaTH Tpi3BuUIly aBTopa. Hampukmnan: KoHapaTeHKo cTarTs,
Konnparenko _BigomMocCTi.

JlaToro OTpuMaHHS PYKONMCY BBaXKA€ThCS JaTa HAIXOJKEHHA Horo a0 penakuii. Y pasi
HAJXOJKEHHS PYKOIIUCY, 1110 HE BIAMOBIIAE [IUM MIpaBUJIaM, PEaKIIisl 3ajJHIlae 3a coO00 MpaBo He
PO3IJIISIIATH TaKUH MaTepiaj, Mpo M0 MOBIIOMHUTH aBTOPAM.

3AT'AJIBHI BUMOI' 10 O®OPMJIEHHSA PYKOIINCIB

TexHiuHi BUMOTH

Moga nyoikamii English

®opmar ¢aiiny 3 pyKonucom MS Word (*.doc, *docx)
OpienTanis cropiHok KunxkoBa

@opMaT CTOPiHOK A4
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O0csr crarri Bin 4000 mo 7000 cxis (30000-50000 3nakiB 3 mpobinamu),
BKJIFOYHO 3 TAOJIMIISIMH, LTIOCTPATHBHUM MaTepiaioM i
6i6miorpadiyHuM cimckoM

IMpudr Times New Roman

Ioas 2 cM 3 ycix OoKiB

MizkcTpokoBuii iHTepBaJ 1,0

Po3mip mpudty 12 pt

A63an 1,0

BupiBHioBanHst 3a MHUPHUHOIO CTOPIHKU

JlitepaTypHi x:xepesa [IpencrapiieHi aHTTIHCHKOK MOBOIO; BUKOPUCTAHHS TPAHCTITepaIlii
HETIPUITyCTUME

Tabauuni, pucynku, rpadiku, popmyian

TaGnuui, pucynku, rpadiku ta GpopMynu nmoBuHHI OyTH MPOHYMEPOBaHI Ta MOAAHI MICHS MEPIIOTO
MOCWJIaHHA Ha HUX Yy  TeKCTl  (IPUMITKA  pO3MIIIYIOTBCS  OE3MOCEPENHBbO  IMiJI
Tabnunero/pucynkom/rpadikom). Yci abpeBiaTypu MaroTh OyTH po3mM(ppOBaHi IpU HEPUIOMY
3rajyBaHHI B TEKCTI.

®opmynu MaroTh OyTH cTBOpeHi B pemakropi Equation Editor, 3MiHHI MaTeMaTH4Hi BETUYUHH Y
TEKCT1 BiMOBITHO /10 (GOpMYIT HAOUPAIOTHCSI KYPCHUBOM.

Pucynku Ta rpa¢iku nmoBUHHI OyTH pPO3TallIOBaHI MO LEHTPY, OOTIKAHHS 300pa)K€HHsSI TEKCTOM He
JT03BOJISIETHCS.

VYeci po3mipHOCTI (I3UYHUX BEIWYUH MOTPIOHO TOJaBaTH BIAMOBIAHO 10 MiKHApOAHOI CHCTEMH
omuannb (CI). MK OIMHULSAMH BHUMIpY, CUMBOJAMHU Ta IMdpaMu, OO0 SKHUX BOHHM HAJICKATh,
CTaBUTHCS MPOOLIT.

Crpykrypa crarTi

Inpexc YK 3a JIIBUM Kpaem

He Ginbme 12 ciiB, 3a 1iBUM KpaeM; MOJAETHCS YKPATHCHKOIO Ta
Ha3ssa crarTi AHTJIIACHKOI0 MOBaMU; IPOIUCHUMH JIITEpaMU, HAMIB)KUPHUM
pudToM
[lonmaroTecs yKpaiHCHKOIO 1 aHIIIIHCHKOI0 MOBaMHU. IM’s1, 0 6aThKOBI
Ta MPI3BHUIIE aBTOPIB MPOMHUCYETHCS MOBHICTIO, TTOBHI OQIIIiHI HA3BU
Ta IOPUANYHI aJI[pecu YCTAHOB aBTOPIB, KOHTAKTHI €JIEKTPOHHI aJpecH,
HAayKOBHH CTyNiHb Ta ocaaa koxkHoro apropa, ORCID

ABTOpCHKI 1aHi

AHoTanis
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Po3xin mogaeThest yKpaiHChKOIO Ta aHTJIIHCHKOIO MOBAMH 3 1I€HTHUHUM 3MicToM (He MeHiue 1800
3HaKiB 3 MpobiiaMu). AHoTalis Mae O0yTH 1HGOPMATHUBHOIO, CTPYKTYpOBaHOIO 3a cxeMoro: Mera.
Metoau. Pesyabtatu. O6ropopenns. BucnoBku. Kiirouosi ciioBa.

He nomyckaeThcst KOMIIOBATH PEUYCHHS 3 PO3JILIIB CTATTI — nepedpazynTe ix.

Kurouosgi ciioBa

5—7 cniB abo CIOBOCHONIYYEHb, SIKI CTOCYIOThCS TEMHU JIOCIIKEHHS, HE AyOJIIOI0Th Ha3By CTATTi Ta
HE CKJIAIAIOTHC 13 3arajlbHUX CIIIB.

Beryn

VY po31iii BUCBITIIFOETHCS CYYaCHUHN CTaH PO3TIIIHYTOI MPOOJIeMH Ha CBITOBOMY PiBHI, aHAMI3yIOThCS
OCTaHHI JOCHIKeHHS Ta MyOmikamii 3 NMOCHJIAaHHSAMHM Ha peJjeBaHTHI HaykoBi BumaHus (7-10
myOJtikaliiin) 3a octadHi 3—5 pokiB. OOTPYHTOBYETHCS aKTyaIbHICTh, META, 3aBAAHHS JTOCIIKEHHS
Ta HayKOBa HOBM3HA poOoTu. [TocunanHs Ha JiTepaTypy HEOOX1HO MMOIaBaTH y KPYTIIHMX Jy*KKaxX. B
OJIHOMY TIOCHJIaHHI HE BapTO ITUTYBATH OUIBIIE TPHOX JKEper.

Orasj giteparypu

Leit po3ain € GpakyIbTaTUBHUM 1 Ma€ MICTUTH PE3yJIbTaTH IOCTIIKEHb HAYKOBIIIB, 10 3aMaINCh
aHaJIi30M OKPEMHUX aCTEKTiB JOCITIKYBAaHOI TEMH TakK 1 JOCTIKEHHs B 1ijloMy. KoxkHe mpi3Buiie
JOCHTITHUKAa Ma€e OOOB’S3KOBO CYNPOBODKYBATHCh BIJAMOBIIHUM TOCHJIAQHHSAM 31 CIIHCKY
BUKOPHUCTAHUX JKEPEIT.

Marepiaan Ta MeTOaH

VY po3aiii OMUCYIOTHCSI OCHOBHI €Tari HAyKOBO1 POOOTH Ta OOTPYHTOBYETHCS BHOIP BUKOPHCTAHUX
METO/iB, MMPUHOMIB, MAXOMIB YU Jid, CIPIMOBAHUX Ha OTPHUMaHHS HOBHX HAayKOBHX pPE3YJIbTaTiB
JOCTIKeHHsT Ta iX aHami3y. [losicHIoroTbCs cTparerii Ta kputepii (GopMyBaHHS BHUOIPKH (SKIIO
CTaTTd MICTHTh EMIIIpUYHY YaCTUHY), 3a3HAYA€ThCS EKCIEepUMEHTalbHA 0a3a JOCIiIKEHHS.
Buxitagena MeTo 00T Ma€e Ha/IaBaTH MOBHY KapTUHY PO XiJ JOCITIKEHHS y TaKuid Criocio, moo
HOT0 MOTJIM IMTOBTOPUTH 1HIII BUYEHI, BAKOPUCTOBYIOUH Ti K MaTepiaJid Ta METOIH.

PesyabraTn

Y po3aini MpencTaBisSEThCSl OCHOBHUEM MaTepial AOCTI/DKEHHS 3 TIOBHMM OOTPYHTYBaHHSM
OTpUMaHMUX HaAYKOBUX pe3ynbTatiB. Tabmuunuit abo rpadiunuii MmaTepiainu 000B’I3KOBO HABOJASATHCS
3 pe3ynbTaTaMM CTaTUCTMYHOI 0OpoOKM naHuX. Pe3ymbraTH AOCHIIKEHb MalOTh OYTH JOCTaTHBO
OOIPYHTOBaHMMH, METOJOJIOTIYHO MPABMWIIBHO NPEACTABICHHUMH, MaTH HOBHU3HY Ta TPAaKTUYHY
I[IHHICTE.

Oo0roBopenHst

OOroBopenHsi Mae Oa3zyBaTHCs Ha IHTepHpeTallii pe3yiabTaTiB JOCHIHPKEHHS Ta CTAHOBUTH 32
po3mipom He Menme 500 cuiB. Y 1boMy po3IUTi HEOOXITHO TOPIBHATH CBOI PE3yNbTaTH 3
pe3yabpTaTaMu poOiT Ha 0OpaHy TeMy 1HIIMX aBTOPIB: IO CIIJIBHOTO B OTPUMAHUX pe3yibTaTax, sKi
BIJIMIHHOCTI, XTO PO3IJISA/IaB 1HII acIeKTH MpobiemMaTuku Tomo. HeoOxiqHO 31CTaBUTH PE3yJIbTaTH
CBOI'O JOCHIUKEHHS 3 I1’AThbMa aHAJIOTTYHMMHU poOOTaMHU IHIIMX BITYM3HAHUX Ta 3aKOPAOHHHX
aBTopiB. Ilix yac anamizy myOuikariid 3 oOpaHoi TeMHU HEOOXIJTHO 3raJlyBaTH IMPI3BHUIIA aBTOPIB Ta
3a3Ha4YaTU CyTh iX pOoOOTH.

BucnoBku
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BucHOBKM MaloTh MOBHO 1 KOHKPETHO BiTOOpa)kaTH pe3yJIbTaTH JIOCIIKEeHb, BIAMOBIIaTH METI Ta
Ha3Bl CTATTi, JOCIIBHE AYyOJIIOBaHHS 3 aHOTalli HempumycTuMe. Ba)JinBo BKa3aTH NMEpPCHEKTUBU
MOJANBLINX JOCIIIKEHb 00paHOi TEMH.

IMoasiku

Po3nin € 000B’A3KOBUM, y SIKOMY BHCJIOBIIOETHCS TOJ/sIKA OKPEMHUM 0C00aM 4u OpraHizaiisM 3a
MOCWJIbHY TEXHIYHY JOMNOMOry; iaei; (iHaHCOBY (MarepiajbHy) MIATPUMKY, 3aBISKH SKOMY
TOCITIPKEHHS CTAJI0 MOKIIMBUM. SIKIIIO MaeTe KOJHHUX MOJSK, TO BKazyeThes «Hemaey.

Konduiikr inTepecin

ABTOpaM HEOOXIJTHO pO3KpUBATH BCI MOTEHIIHHI mkepena KoHDIikTy iHTepeciB. KonduikTom
iHTepeciB BBaXKA€ThCS Oy/Ib-sSKUi iHTepec a00 BIITHOCHHU, SKI MOXYTh OYTH CIIPHUHHSATI K TaKi, 110
BIUTMBAIOTh Ha OO'€KTUBHICTH aBTOpa. BOHM TOBHMHHI OyTH pPO3KPHUTI, SKIIO MAaKTh MPsME
BiJHOIIEHHsT a0o0 Oe3mocepeHh0 TOB'sI3aHI 3 POOOTOI0, SIKy aBTOPU OIMUCYIOTh Y CBOEMY
pykonuci. HassBHICTh KOH(DJIIIKTY IHTEpECIB HE MepemkopKae myosmikarii. SJKkimo aBTopu He MarOTh
KOH(JIIKTY 1HTEpeciB, BOHU TOBHHHI 3asBUTH IMPO II€ TiJ Yac IMOJAHHS CTATTI Ta BKIIOYUTHU
BIAMOBIMHY 3asaBy A0 po3ainy "Kondmikt iHTepeciB". Akmo KoHQUIKTY I1HTEpeciB HEMae, TO
3a3HavaeThes «Hemaey.

Cnucox BUKOPUCTAHHUX JIZKEPEJ

[Tocunanus B TEKCTI HA JpKepesia HeoOXIAHO BKa3yBaTH y Kpyriaux aykkax "()", Hanmpukiam;
(Shevchenko, 2023). SIkmo moTpiOHO 3a3HAYNTH MOCKIAHHS BCEPEANHI PsIIKa, BApTO BKa3yBaTH PiK
y "()", manpuxnan: "Ceprienko (2023) B cBoiit poOoTi 3a3Hauana....".

VY Takomy BUNAJAKY MpI3BHINA Ta POKH JKEped Y TEKCTI MalOTh YiTKO 30iratucs 3 JaHUMHU y
CTIHMCKY BUKOPUCTaHHX JDKEped. B oqHOMY HMTyBaHHI HE JO3BOJISIETHCS 3rajlyBaTé OiNbIIE TPHOX
TOKepert.

Criucok BUKOPUCTaHMX JDKEPEN MOBUHEH CTAHOBUTH HE MEHIN 25 HalilMeHyBaHb, y TOMY YHCII
3aKOpOHHI, TPAHCIITepallis He JOMYyCKA€EThCs, IKEpeia PO3TALIOBYIOThCS B all(haBITHOMY MOPSIIKY
ta opopmiroroThes 3a APA 6th Referencing Style (2010).

Bcei mxepena nmoBunHi O0yTu npucytHiMu B iHTepHeTi. DOI (3a HasBHOCTI) — 000B’s13KOBUI
€JIEMEHT BUKOPUCTAHHX JKEPEIL.

Bioaiorpadis nmoBuHHa OyTm omyOgaikoBaHa 3a ocTaHHiI 5 pokiB, nomyckaerbesti 5 %
NoCHJIaHb Ha BJAacHi myOuikaunii Ta JekijibKa JxKepesl PAaHHHLOIO BUAAHHA (10 M’sATH) 0e3
ingexcis DOI.

HenpunycTuMo mocujiaTucsi Ha rineprnocujianHs, aBTopedepaTu qucepraniii, MaTepiaan
KOH(pepeHwii, cay:x00Bi maTepiany (ACTY). [locunaTucsa Ha iHTepHET-pecypCcH MOKHA TiIJIbKH
3a Hasisaocti DOI.
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