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EVALUATION OF THE ADAPTIVE POTENTIAL OF PROMISING SHALLOT ACCESSIONS 

 
1Bilenka O.M., 2Horhan T.M., 1Pidlubenko I.M., 1Ovchinnikova O.P., 1Shtepa L.Yu. 
1Institute of Vegetable and Melon Growing of National Academy of Agrarian Sciences of Ukraine 

1 Institutska Str., Seleksiine Village, Kharkivska Oblast, Ukraine, 62478 

E-mail: ovoch.iob@gmail.com 
2Institute of Agroecology and Environmental Management of NAAS of Ukraine 

12 Metrolohіchna Str., Kyiv, 03143 

E-mail: tanja.micaela@gmail.com 

https://doi.org/10.32717/0131-0062-2023-73-6-12  

 

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/m2) 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 

mailto:tanja.micaela@gmail.com
https://doi.org/10.32717/0131-0062-2023-73-6-12
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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 g 

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 oC, 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 oC. 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 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 

A.V., 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). 

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.I., 1984). 

According literature data, the yield of green 

shallot leaves is 1.1...5.5 kg/m2 (but can amount to 

11 kg/m2 (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 18–20oC, in winter – at around 0oC) 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 m2. 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 oC. In 2020, it 

was also dry, and the average daily air temperature 

was below the long-term average by 1.1 oC. 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: 

 

 GACі  = Vi  = − и ,             

where   –  mean across the genotypes; 

             и – population mean. 

To calculate the specific adaptive capacity (SAC), we 

used the following formulae:  

−= RRd  и  ,  

(1 =SAC2 ( ) 22 1

1

1


−
−+

−


m

m
vdd

m
iRR

,  

iiRiRR
m

vdd  −=+
1

, 

where m – number of environments; 

     Rd  – effect of the Rth environment; 

     iRvd  – effect of the ‘ith variety-Rth environment’ in-

teraction; 

     iR – phenotypic value of the trait in the ith variety 

grown in  вирощеного в the Rth environment;  

 
2  – variance of random deviations. 

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

culated as follows: 

Sgi = %100
+GACu

SACi .   

The plasticity of an accessions (bi) (response of an ac-

cession to improvement in environmental conditions) 

was determined by coefficient of regression: 



 

=

R

R

R

RiR

i
d

d

b
2


,  

To identify accessions that combine good values of 

a trait with its stable expression, we used the genomic 

breeding value (GBV): 

GBVі = и + GACі – р iSAC ,  

p= 

iSg2

100 ,       
n

SgSg
Sg n....1+= . 

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/m2); the difference was 1.5 kg/m2 (Table 

1). D-93 and D-89 yielded similarly to the check 

variety; their green leaf yield was 4.3 kg/m2 and 

4.5 kg/m2, respectively. 

 

Table 1. Adaptive potential of the promising shallot accessions for the "green leaf yield" trait  

(mean for 2017–2020) 

 

Accession 

IVMG 

catalogue 

No 

Green leaf 

yield, kg/m2 

Adaptive capacity 
Stability 

(Sgi), % 

Plasticity 

(bi) 
GBVі 

GAC (Vi) SAC (σ2) 

Lira 

(check 

variety) 

37 4.1 -0.2 1.1 24.4 0.6 2.5 

D-57 68 5.6 1.3 2.7 29.3 0.4 2.7 

D-93 105 4.3 0 2.2 34.5 0.9 1.7 

D-107 119 3.7 -0.6 0.4 17.0 2.0 2.7 

D-89 101 4.5 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 05  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 (bi 

= 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. 

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) 
 

Accession 

IVMG 

catalogue 

No 

Plant height, 

cm 

Adaptive capacity 
Stability 

(Sgi), % 

Plasticity 

(bi) 
GBVі 

GAC (Vi) SAC (σ2) 

Lira 

(check 

variety) 

37 40.3 -2.5 5.6 5.8 -6.5 16.8 

D-57 68 43.9 0.4 22.4 10.9 -3.1 23.4 

D-93 105 42.2 -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 05  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. 

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) 
 

Accession 

IVMG 

catalogue 

No 

Plant weight, g 

Adaptive capacity 
Stability 

(Sgi), % 

Plasticity 

(bi) 
GBVі 

GAC (Vi) SAC (σ2) 

Lira 

(check 

variety) 

37 54.8 -3.3 80.7 16.4 1.3 28.6 

D-57 68 75.4 17.3 129.3 15.1 2.6 42.4 

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 -5.5 12.0 4.7 0.5 45.1 

LSD 05  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 

(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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Екологічна стійкість і високий адаптивний потенціал є головними факторами формування стабі-

льної продуктивності і урожайності сільськогосподарських культур в мінливих умовах навколишньо-

го середовища, тому добір стійких до стресів генотипів є актуальним на усіх етапах селекційного 

процесу. Мета. Оцінка і виділення перспективних селекційних зразків цибулі шалот за рівнем адап-

тивного потенціалу за ознакою «урожайність зелених листків» та її складових. Методи. В дослі-

дженнях використовували польові, лабораторні, розрахунково-аналітичні методи. Дослідження про-

водились у Інституті овочівництва і баштанництва НААН у 2017-2020 рр. у відкритому ґрунті. Об’єкт 

досліджень – 5 селекційних форм гібридного походження.. Стандарт сорт – Ліра.. Результати. В результаті оцінки 

адаптивного потенціалу 5 селекційних форм цибулі шалот виділено перспективний екологічно стабільний зра-

зок Д-57, який відзначається високою урожайністю зелених листків (5,6 кг/ м2), найвищою загальною адап-

тивною здатністю (ЗАЗi =1,3), високою стабільністю (bi= 0,4) і селекційною цінністю генотипу 

(СЦГi=2,7) за даною ознакою. За ознакою «висота рослин» за адаптивним потенціалом теж виділився 

зразок Д-57, який характеризується високими показниками загальної адаптивної здатності (ЗАЗi =1,3), 

відносної стабільності (Sgi=10,9 %) і селекційної цінності генотипу (СЦГi=23,4). Даний зразок був 

кращим і за ознакою «вага рослини» з показником селекційної цінності генотипу (СЦГi=42,4), він мав 

найбільшу вагу рослини з цибулиною (75,4 г), поєднував високу загальну (ЗАЗi=17,3) і специфічну 

адаптивну здатність (САЗi =129,3) та високу пластичність (bi=2,6). Висновки. В результаті проведе-

ного комплексного дослідження  адаптивного потенціалу 5 перспективних форм цибулі шалот виді-

лено зразок Д-57, який перевищував стандарт сорт Ліра за урожайністю зелених листків, висотою та 

вагою рослини з цибулиною і мав високий адаптивний потенціал і селекційну цінність генотипу за 

даними ознаками. 

 

Ключові слова: цибуля шалот, зелені листки, урожайність, висота рослини, вага рослини, адаптив-

ний потенціал 
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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-8SЕ and D-АМSSЕ, 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 (rp = 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-8SЕ and D-АМSSЕ 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 (GA3). 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 

Melon Growing of NAAS breeds late-ripening 

cabbage varieties, namely white cabbage (Brassica 

oleraceae L. convar. capitata (L.) Alef. var. alba 

DC) and purple cabbage (Brassica oleracea L. var. 

capitata L. subvar. rubra). Cabbage is a biennial 

vegetable, in which the vegetative phase of devel-

opment (the first year of life) plays an important 

role in ontogenesis, since during this period the 

main productive organ (head) is formed; in the re-

productive period (the second year of life), it will 

determine the seed productivity of plants. During 

the head formation, one should take into account 

morpho-biological parameters of heads, which en-

sure better storability of foundation stock in vege-

table storehouses in autumn and winter and im-

prove the quality of heads used for commercial 

purposes. Appropriate weight, volume and density 

are especially important for heads. Hence, depend-

ing on growing conditions, it is desirable to reduce 

percentages of plants with underdeveloped apical 

zones and with incompletely formed heads without 

desirable density and weight. Cabbage is character-

ized by wide polymorphism of morphological fea-

tures, especially in the vegetative phase of devel-

opment. In many countries worldwide, it is a mass 

consumption product, as it is capable of producing 

high yields of up to 80–100 t/ha with intensive cul-

tivation technologies. Harvesting, which accounts 

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 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. et al, 2016; Özer, M.Ö., 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 L.M. & 

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-

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.O., 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, Š. 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 

(Řezanka, 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 (Se6+), sele-

nite (Se4+), selenide and thioselenite (Se2+) 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 (Alford, É. 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-

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 

10-4% aqueous solution of sodium selenate 

(Na2SeO4) 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, I. 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, I. 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 * π * a * b2, where a - diameter 

of the shorter axis of the ellipsoid, b2 - diameter of 

the longer axis. Biometric measurements of heads 

were conducted at the end of the vegetation period 

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 25oС 

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 GK3 (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 25oС. 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-8SЕ, D-АМSSЕ 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%. 

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-8SЕ and D-АМSSЕ, on white and purple cab-

bage heads, mean for 2020–2022 

 

Regulator 
Head weight (m), 

kg 

Heat volume (V), • 

10-3 m3 

Head density (ρ = 

m/V), kg/m3 

Correlation be-

tween the head 

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-8SЕ 1.89±0.17 2.36±0.22 717.53±46.27 0.86 

LSD0.05 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-8SЕ 2.31±0.18 2.46±0.21 764.83±49.12 0.84 

LSD0.05 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-8SЕ 2.80±0.23 3.07±0.22 903.62±34.48 0.91 

LSD0.05 0.20 0.23 43.5 – 

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-8SЕ 1.35±0.12 1.89±0.15 700.36±40.84 0.81 

LSD0.05 0.12 0.15 49.2 – 

Note: * statistical significance of the Pearson pair correlation coefficient (rp) at p < 0.05. 
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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 (rp = 0.3...0.7) or strong correlation (rp > 

0.7) between these parameters. Kharkivska Zy-

mova (rp = 0.63) and Bilosnizhka (rp = 0.69) 

showed a medium correlation, while a strong cor-

relation was noted for Ukrainska Osin (rp = 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 (rp = 

1.0). This experimental fact indicates the direct ef-

fects of D-8SЕ and D-АМSSЕ 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 (rp = 0.86 vs rp 

= 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 (rp = 0.84...0.95) 

compared to the control (rp = 0.77). D-8SЕ and D-

АМSSЕ proved to be more effective than Mars-1 

in strengthening the relationship on Bilosnizhka 

white cabbage. With D-8SЕ and D-АМSSЕ, the 

correlation coefficient increased (rp = 0.87...0.91) 

compared to the control (rp = 0.69). Mars-1 weak-

ened the correlation to medium (rp = 0.59) in this 

variety. In Paleta purple cabbage, there was a 

strong correlation between the head weight and 

volume (rp = 0.89) in the control, therefore D-8SЕ, 

D- AMSSE and Mars-1 did not significantly 

strengthen this correlation (rp = 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 

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 GA3 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-

8СЕ, 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-

8SЕ or D-АМSSЕ; 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-8SЕ (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. 

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-8SЕ, D-АМSSЕ 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-8SЕ and D-АМSSЕ, 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-8SЕ and D-АМSSЕ, on germination energy, 

laboratory and field germination abilities of cabbage seeds, mean for 2020–2022 

 

Treatment Germination energy, % 
Laboratory germina-

tion ability, % 

Field genimation 

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-8SЕ 82.14±0.45 85.14±1.36 70.24±2.57 

LSD0.05 1.15 1.84 2.71 

Ukrainska Osin white cabbage 

Control 62.12±2.17 67.55±0.69 50.21±2.48 

Mars-1 69.47±1.57 73.33±0.38 61.54±1.30 

D-AMSSE 73.35±1.38 78.12±0.55 65.88±0.93 

D-8SЕ 75.36±2.06 80.32±1.28 73.45±1.48 

LSD0.05 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-8SЕ 74.23±1.58 80.37±1.92 75.38±0.99 

LSD0.05 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-8SЕ 76.88±2.05 89.32±1.48 86.14±0.70 

LSD0.05 1.75 1.22 2.30 
 

Conclusions. Tests of the composite formula-

tions, D-8SЕ and D-АМSSЕ, confirmed their high 

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-

8SЕ, D-АМSSЕ 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-8SЕ and 

D-АМSSЕ, 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 (GA3), 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-8SЕ 

and D-АМSSЕ over GA3. For field germination 

ability, we observed a 0.80- to 1.23- fold ad-

vantage of D-8SЕ and D-АМSSЕ over GA3. 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. 
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Мета – провести аналіз регуляторного впливу селеновмісних біологічно-активних препаратів 

вітчизняного виробництва на посівні якості насіння та на формування і вирівняність в межах сортових 

популяцій морфобіологічних показників продуктивних органів (головок) рослин капусти головчастої. 

Методи. Загальнонаукові, вимірювальні, зважувально-вагові, варіаційної статистики. Результати. 

Випробування регуляторної дії селеновмісних композиційних препаратів Д-8СЕ і Д-АМССЕ проводилося 

на трьох сортах капусти білоголової сортів Харківська зимова, Українська осінь, Білосніжка та одному 

сорті капусти червоноголової Палета. Найбільш ефективним виявився препарат Д-АМССЕ, при 

застосуванні якого сортові генотипи капусти реагували з різною сортовою реакцією, збільшуючи масу 

головок на приблизно однаковому рівні (на 22–23 %). Теж саме стосується такого показника, як щільність 

головок (збільшення на 13–22 %). У контрольному варіанті досліду між рівнями прояву двох кількісних 

ознак “Маса головок” і “Об’єм головок” існував середній і сильний кореляційний зв’язок. Залежно від 

варіанту обробки досліджуваними засобами, у чотирьох сортів капусти головчастої відмічено стабільне 

зростання коефіцієнту парної кореляції Пірсона (rp) (rp = 0,55…0,95). Препарати Д-8СЕ і Д-АМССЕ 

виявили позитивний вплив на посівні якості капусти головчастої. У чотирьох сортів відмічено 

статистично достовірне збільшення енергії проростання насіння на 8,99–15,64 %, лабораторної (на 10,25–

19,18 %) та польової (на 13,05–23,24 %) схожості насіння. Висновки. Проведені випробування препаратів 

Д-8СЕ і Д-АМССЕ підтвердили їх високу ефективність, як регуляторів росту в аспекті оптимізації росту 

апікальних меристематичних зон росту рослин капусти головчастої, впливаючи на дружність формування 

і визрівання головок в межах певних сортових популяцій. Препарати Д-8СЕ і Д-АМССЕ позитивно 

вплинули на посівні якості капусти головчастої порівняно із еталонним регулятором росту – гібереловою 

кислотою (ГК3). Зокрема, для сорту Харківська зимова перевага композиційних препаратів за показником 

“Польова схожість насіння” становила 0,80–1,23 рази. Для сорту Українська осінь – 1,38–2,05 разів. Для 

сорту Білосніжка – 2,60–2,77 рази. Для сорту Палета – 3,12–3,38 рази. 

 

Ключові слова: капуста білоголова, капуста червоноголова, селеновмісні композиційні препарати, 

морфобіологічні показники головок, посівні якості насіння, регулятори росту. 
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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 °С), 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 F1 ‘Mah-62’ / ‘Toma-18’ (42 days); by fructification length – 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 yield capacity – F1 ‘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 F1 hybrid ‘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-

tion problem has been significantly aggravated be-

cause of intense pace of global and regional climat-

ic changes, which are manifested as an increase in 

average annual air temperatures, frequent droughts, 

which cover up to 50–70 % of the territory of 

Ukraine (Basok B.I. & Bazieiev Ye.T., 2020). 

Global changes in the climate in recent years have 

made an important objective – creation of new 

genotypes with powerful genetic potentials of high 

performance and adaptability– more urgent in or-

der to harvest stable yields. 

Review of Resent Studies and Publications. 

Cucumber is one of the most common vegetables. 

It has been very popular among the population for 

a long time. Both fresh and canned cucumbers are 

eaten. Cucumber fruits are rich in biologically ac-

tive substances; contain aromatic substances, en-

zymes that facilitate assimilation of proteins and 

vitamins B and C, carbohydrates, Ca and P ions 

(Deepa S.K. et al., 2018; Murri I.K., 1961). 

Today, drastic climatic changes pose a big chal-

lenge for agricultural production. It was document-

ed that the average annual air temperature in the 

territory of Ukraine started rising by 1.5 times fast-

https://doi.org/10.32717/0131-0062-2023-73-23-31
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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 ºС to 1.2 ºС 

(Basok B.I. & 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.I., 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 

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 ºС or rises above 42 ºС. Extend-

ed periods at temperature of below 10 ºС are harm-

ful for plants. Short frosts (below 1.5 ºС) kill cu-

cumber plants. The most intensive growth is ob-

served at 28-32 ºС (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 F1 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-

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 P2O5 content was 11–15 

mg/100 g of soil; the K2O 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. 

 

 
 

Figure 1. Precipitation (mm) profile during the cucumber growing period, 2019–2020 (MYA = multi-year 

average) 

 

 
 

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 F1 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 °С 

is the most favorable temperature for cucumber 

seed germination; 22–24 °С is optimal for plant 

growth; at 40–45 °С physiological processes stop, 

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 10th 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 ºС) and minimum (0.0–2.0 ºС) 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 

(32–34 °С) 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 °С). 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 °С, with 

the minimum of 10°С), 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 F1 

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 

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 

(35 days 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: F1 

‘SD 96-18’ / ‘RD 96 2-95’, F1 ‘BD 96-18’ / 

‘Tsezar’, F1 ‘Mah-62’ / ‘Toma-18’, F1 ‘RD 96 2-

95’/ ‘Heim’ and F1 ‘SD 96-18’ / ‘RD 96 2-95’ 

(Am = 1); F1 ‘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: 37–41 days in 2019 and 42–45 days in 

2020. Hybrids that began to bear fruits earlier than 

the others were selected: in 2019 – F1 ‘RD 96 2-

95’ / ‘Heim’ (37 days); in 2020 – F1 ‘SD 96-18’ / 

‘RD 96 2-95’, F1 ‘BD 96-18’ / ‘Tsezar’ and F1 

‘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’, F1 ‘Mah-62’ / ‘Toma-18’, and 

F1 ‘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 F1 ‘Mah-62’ / ‘Toma-18’, F1 ‘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 F1 ‘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) 
 

Hybrid 

Number of days from emergence to 

Fructification length. days 
anthesis of female flowers fructification onset 

2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 

F1 ‘Ajax’ (check hy-

brid) 
34 36 35 40 44 42 34 20 27 

F1 ‘Ivol D 96’ / ‘RD 

96 2-95’ 
35 37 36 39 45 41 33 20 27 

F1 ‘SD 96-18’ / ‘RD 

96 2-95’ 
33 34 33 40 42 41 32 20 26 

F1 ‘Krak’ / ‘RD-96 2-

95’ 
32 36 34 39 45 42 40 21 31 

F1 ‘Mah-62’ / ‘Fora-

18’ 
35 36 35 38 45 42 40 22 31 

F1 ‘BD 96-18’ / 

‘Tsezar’ 
33 33 33 38 42 40 40 22 31 

F1 ‘BD 96-18’/ ‘Тоmа-

18’ 
32 35 34 38 45 42 40 22 31 

F1 ‘Mah-62’ / ‘Тоmа-

18’ 
33 33 33 39 42 41 40 23 32 

F1 ‘RD 96 2-95’/ 

‘Dzherelo’ 
33 36 35 39 45 42 40 24 35 

F1 ‘BD 96-18’/ ‘Heim’ 32 36 34 41 45 43 40 24 32 

F1 ‘RD 96 2-95’/ 

‘Heim’ 
30 36 33 37 45 41 40 24 32 

X̄ 32.9 35.3 34.1 38.9 44.1 41.5 38.1 22.0 30.5 

Lim 30-35 33-37 33-36 37-41 42-45 40-42 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: F1 ‘SD 96-18’ / 

‘RD 96 2-95’, F1 ‘BD 96-18’ / ‘Tsezar’, and F1 

‘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. F1 

‘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-

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 

 

Hybrid 

Total yield 

2019 2020 Mean  

t/ha 

% to the 

check 

hybrid 

t/ha 

% to the 

check 

hybrid 

t/ha 

% to the 

check hy-

brid 

F1 ‘Ajax’ (check hybrid) 20.8 100 17.1 100 19.0 100 

F1 ‘Ivol D 96’ / ‘RD 96 2-95’ 30.3 146 24.5 143 27.4 144 

F1 ‘SD 96-18’ / ‘RD 96 2-95’ 33.3 160 14.0 82 23.7 125 

F1 ‘Krak’ / ‘RD-96 2-95’ 51.2 246 22.3 131 36.8 194 

F1 ‘Mah-62’ / ‘Fora-18’ 40.2 193 21.1 124 30.7 162 

F1 ‘BD 96-18’ / ‘Tsezar’ 45.2 217 12.7 74 29.0 153 

F1 ‘BD 96-18’/ ‘Тоmа-18’ 57.2 275 21.4 125 39.3 207 

F1 ‘Mah-62’ / ‘Тоmа-18’ 64.9 312 26.9 157 45.9 242 

F1 ‘RD 96 2-95’/ ‘Dzherelo’ 44.0 212 24.3 142 34.2 180 

F1 ‘BD 96-18’/ ‘Heim’ 44.0 212 25.2 148 34.6 182 

F1 ‘RD 96 2-95’/ ‘Heim’ 46.5 224 25.1 147 35.8 189 

LSD 05 2.61 - 3.32 - - - 

X̄ 43.4 209 21.3 125 32.4 171 

Lim 20.8-64.9 212-312 14.0-26.9 74-157 19.0-45.9 125-242 

Am 44.1 100 12.9 83 26.9 117 

 

Analysis of the obtained data made it possible 

to distinguish a number of F1 hybrids by mean 

yield. Thus, the highest yield (45.9 t/ha) was har-

vested from F1 ‘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 F1 ‘Ivol D 96’ / 

‘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: F1 ‘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 F1 

‘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: F1 ‘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), 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) 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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Мета досліджень – виявлення впливу погодних умов на темпи росту і розвитку рослин огірка, 

тривалості основних міжфазних періодів, формування врожаю огірка в Лівобережному Лісостепу Ук-

раїни та виділення селекційно-цінних генотипів для гетерозисної селекції в умовах змін клімату. Ме-

тоди. Польові, аналітично-вимірювальні, статистичні. Результати. Дослідження проводилось впро-

довж 2019-2020 рр. в Інституті овочівництва і баштанництва НААН в умовах відкритого грунту. По-

годні умови в роки проведення досліджень значно різнились, що дозволило нам оцінити їх вплив на 

фенологічні процеси росту і розвитку рослин огірка. Узагальнюючи результати спостережень дослі-

дженнями встановлено, що достатньо високі показники середньодобової температури повітря (25,3-

25,8°С), велика кількість опадів з нерівномірним їх розподілом (від 0 до 104 мм) та значним їх дефі-

цитом у окремі фази розвитку огірка мали істотний вплив на тривалість вегетаційного періоду та фо-

рмування урожайності досліджуваних гібридних комбінацій огірка. Встановлено, що настання масо-

вого цвітіння жіночих квіток за роками різнилося не істотно і, в середньому, спостерігалось на 33-36 

добу, у стандарту на 35 добу. Початок плодоношення у 2019 р. відбувся на 37-40 добу, у 2020 р. на 

42-45 добу, що на 4-6 діб пізніше. Період плодоношення у 2019 р. тривав 32-40 діб, у 2020 р. – 20-24 

доби., що на 12-16 діб довше. Аналіз динаміки формування урожайності огірка за роки досліджень 

показав, що погодні умови 2019 р. були більш сприятливіші для росту і розвитку рослин огірка. Так у 

2019 р. загальна урожайність гібридів знаходилася в межах 20,8-64,9 т/га. У 2020 р. на тлі високих 

температур і низької вологості повітря загальна врожайність становила 12,7-26,9 т/га, що на 41,4-61,0 

% істотно менше. Висновки. Погодні умови в роки досліджень відобразили кліматичну нестабіль-

ність Лісостепу України. Виявлено мінливість рівня прояву ознак тривалості основних періодів росту 

і розвитку рослин гібридних комбінацій огірка та значну його мінливість за врожайністю за змінних 

умов вирощування досліджуваних генотипів. Виділено за середньорічними показниками цінні для 

подальшої селекційної роботи гібридні комбінації: за ранньостиглістю  – F1 БД 96-18 / Цезар, F1 РД 96 

2-95/ Джерело, F1 РД 96 2-95 / Гейм, F1 Маг-62 / Тома-18 (42 доби); за тривалістю періоду плодоно-

шення – F1 РД 96 2-95/ Джерело (35 діб); F1 Маг-62 / Тома-18, F1 БД 96-18/ Гейм, F1 РД 96 2-95/ Гейм 

(32 доби); за урожайністю – F1 Маг-62 / Тома-18  (45,9 т/га), F 1 БД 96-18/ Тома-18 (39,3 т/га), F1 Крак 

/ РД-96 2-95 (36,8 т/га), F1 РД 96 2-95/ Гейм (35,8 т/га), F1 БД 96-18/ Гейм (34,6 т/га), F1 РД 96 2-95/ 

Джерело (34,2 %), що істотно на 80-142 % перевищувало стандарт Аякс F1 (19,0 т/га). 

 

Ключові слова: гібрид, огірок, температура, опади, цвітіння, плодоношення, урожайність 
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Purpose. To evaluate heterosis in new F1 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 F1 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 F1 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 

(Thumb.) Matsum. Et Nakai) is a valuable food 

product; it is a source of vitamins and medicinal 

ingredients, which are important for health. Wa-

termelons are grown for ripe juicy fruits that are 

rich in sugars. Depending on growing conditions, 

the sugar content can vary from 4 to 12%. Water-

melon is rich in vitamin B9 some essential amino 

acids and mineral salts (Kravchenko V.O., Prylipko 

O.V., 2002). Watermelons contain easily digestible 

calcium and iron salts and are used as a remedy for 

various diseases. Fruits are used mainly fresh, but 

can be processed. Expansion of the assortment of 

highly adaptable watermelons is very important. 

New gourd varieties and hybrids allow for a 15-

20% increase in yields without significant addi-

tional costs. Hybrids are obtained via hybridization 

of two specially created and well-selected initial 

mailto:ovoch.iob@gmail.com
https://doi.org/10.32717/0131-0062-2023-73-32-39


Vegetable and Melon Growing                                                                                                 Volume, 73, 2023 

Овочівництво і баштанництво                                                                                              Випуск 73, 2023 

 

33 

 

parent forms. F1 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 

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 I., 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 F1 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 F1 watermelon hybrids and 

22 parents were studied. F1 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 F1 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. I., 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). 

Results. The F1 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: F1 ‘Limono 2/Mak’, F1 ‘Lesh-

chyna/Mak’, F1 ‘Mak’/‘Lypa’, F1 ‘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 (Am) 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, 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 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. 

 

 



Vegetable and Melon Growing                                                                                                 Volume, 73, 2023 

Овочівництво і баштанництво                                                                                              Випуск 73, 2023 

 

35 

 

Table 1. Variation ranges and limits of the growing period parts in the F1 hybrids and parent,  

days (2021-2022) 
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F1 hybrids 

2021 
Lim 22 - 30 37-43 38-47 7-17 11-19 1 - 7 1-10 71-80 

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 

Mean (X̄) 
Lim 21-32 35-43 37-47 7-19 11-21 1-8 1-9 66-82 

Am 11 8 10 12 10 7 8 16 

Parents 

2021 
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 

Mean (X̄) 
Lim 18-37 32- 36-47 6-18 7-22 2-8 2-10 71-83 

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 F1 check hybrid, 

‘Kazka’, are valuable in breeding for yield: F1 ‘Br-

19’/‘Rada’, F1 ‘Harna’/‘K 605’, F1 ‘Lypa’/‘Harna’, 

F1 ‘Limono 2’/‘Mak’, F1 ‘Leshchyna’/‘Mak’, F1 

‘Mak’/‘Lypa’, F1 ‘Mak’/‘No. 543’, F1 ‘Ly-

pa’/‘Mak’, F1 ‘Harna’/‘Mak’, and F1 ‘No. 

543’/‘Mak’. High marketability was noted in F1 

‘Lypa’/‘Mak’, F1 ‘No. 543’/‘Mak’, F1 ‘Shar’/’Br-

19’, F1 ‘Lypa’/ ‘Harna’, F1 ‘K 605’/ ‘Harna’, and 

F1 ‘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-

plitude (Am) 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 F1 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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Table 2.  Variation ranges and limits of yield constituents in the F1 hybrids and parent, 2021-2022 
 

Variation range and ampli-

tude of yield constituents 

Yield constituents 

Total yield 
Marketability, 

% 

Mean marketable 

fruit weight, kg t/ha 
% to the check 

accession 

F1 hybrids 

2021 

LSD05 2.19    

Lim 15.4-43.0 59-166 57-65 1.8-3.7 

Am 28.6 106 8 1.9 

2022 

LSD05 3.5    

Lim 32.0-79.2 74-181 75-99 0.9-4.9 

Am 47.2 107 24 4.0 

Mean (X̄) 
Lim 23.7-54.6 67-173 66-82 1.4-4.3 

Am 30.9 106 16 2.9 

Parents 

2021 

LSD05 2.7    

Lim 15.4-40.1 59-155 57-65 1.9-3.1 

Am 24.7 96 8 1.2 

2022 

LSD05 7.7    

Lim 18.5-60.1 38-125 60-92 1.4-5.9 

Am 51.6 87 32 4.5 

Mean (X̄) 
Lim 17.0-50.1 49-140 59-79 1.7-4.5 

Am 43.1 91 20 2.8 
 

 

 

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

2022 
 

Hybrid 

Dominance degree and heterosis 

Yield Marketability 
Mean marketable 

fruit weight 

hp X hp X hp X 

F1 ‘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 

F1 ‘Lypa’/‘Harna’ 0.98 124 1.00 102 19.00 106 

F1 ‘Br-19’/‘Rada’ 1.39 170 0.60 105 5.80 164 

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 

Am 4.56 37 10 20 6.47 42 

2022 
Lim -15.54-1.39 49-170 -19.0-1.33 79-118 -0.6-89.0 72-133 

Am 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 

 

Hybrid 

Economic characteristics 

“Emergence – 

ripening” pe-

riod, days 

Yield 

Marketability, 

% 

Mean 

marketable 

fruit 

weight, kg 

Total yield, 

t/ha 

% to the 

check ac-

cession 

F1 ‘Kazka’ (check hybrid) 79 31.5 100 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 

F1 ‘Lypa’/‘Harna’ 78 50.6 161 81 3.0 

F1 Bryz’/‘Radost’ 75 39.2 124 82 3.0 

Mean (X̄) for the entire sample (27 accessions): 

Lim 66-82 23.7-54.6 67-173 66-82 1.4-4.3 

Am 16 30.9 106 16 2.9 
 

 

Fruits of the selected F1 hybrids were attractive 

in appearance, had excellent palatability, ripened 

early and are valuable in breeding to create com-

petitive F1 watermelon hybrids. 

Conclusions. The F1 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 F1 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 F1 hybrids were selected for further heterosis 

breeding; they were also noticeable for a set of 

economically valuable characteristics (early ripen-

ing, high yield, good marketability): F1 ‘Ly-

pa’/‘Mak’, F1 ‘Leshchyna’/‘Mak’, F1 ‘Limono 

2’/‘Pershyi’, F1 ‘Shar’/‘Leshchyna’, F1 ‘No. 

543’/‘Mak’, F1 ‘Limono 2’/‘Mak’, F1 ‘Skarbny-

tsia’/’Sich’, F1 ‘Mak’/’No. 543’, F1 ‘Ly-

pa’/‘Harna’, and F1 ‘Br-19’/’‘Rada’. 
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Мета. Визначити рівень прояву гетерозису в нових гібридних комбінацій F1 та виділити кращі з найвищими 

показниками ступеня домінантності та ефекту гетерозису за ознаками «тривалість вегетаційного періоду», 
«урожайність», «товарність» та «середня маса товарного плоду» для подальшого використання у селекції на 
гетерозис. Об’єкт. 27 гібридних комбінацій F1 кавуна та 22 батьківські форми. Методи. Загальнонаукові, 

вимірювально-вагові, розрахункові, статистичні. Результати. Проведено скринінг гібридних комбінацій 
F1 та батьківських форм кавуна за ознаками: «тривалість міжфазових періодів», «загальна урожайність», 

«товарність» та «середня маса товарного плоду». Аналіз тривалості вегетаційного періоду та його складо-

вих показав, що розмах варіювання періоду «сходи – достигання» у гібридних комбінацій у 2021 році 
складав 71-80 діб, у 2022 році – 60-84 доби. Ліміт варіювання рівня показників складав від 6 до 24 діб. 

Найбільш стабільна за роками досліджень тривалість міжфазових періодів «цвітіння чоловічих квіток – 
цвітіння жіночих квіток» та «цвітіння жіночих. квіток – зав’язування плодів», як у гібридних комбінацій, 
так й батьківських форм. До надранніх гібридних комбінацій було віднесено 11 форм, у яких період «схо-

ди – достигання» гібридних комбінацій не перевищував 63 доби у 2022 р. та 72 доби у 2021 р. У середньо-
му за роки досліджень амплітуда варіювання (Am) гібридних комбінацій ознаки «загальна урожайність» 
дорівнювала 30,9; товарності – 16; ознаки «середня маса товарного плоду» - 2,9. У батьківських форм (Am) 

ознаки «загальна урожайність» дорівнювала 43,1; товарності – 20; ознаки «середня маса товарного плоду» 
- 2,8. Розмах варіювання (Lim) батьківських форм був більшим за гібридних комбінацій для ознак «уро-
жайність» і «товарність», розмах варіювання ознак «відсоток до стандарту» та «середня маса товарного 

плоду» за роки досліджень був більше навпаки у гібридних комбінацій. Для селекційної роботи на ознаку 
“урожайність” практичну цінність становлять 10 гібридних комбінації F1, які за два роки досліджень істо-

тно (130 – 166 % відносно стандарту) перевищували стандарт Казка F1. У результаті визначення ступеня 

домінантності й ефекту гетерозису гібридних комбінацій F1 виділено кращі гібридні комбінації з найви-
щими показниками ступеня домінантності та ефекту гетерозису за ознаками «урожайність» (hp=0,39-3,94; 

X=101-136), «товарність» (hp=0,11-7,0; X=101-106) та «середня маса товарного плоду» (hp=0,26-99,00; 
X=100-164). За високими показниками ступеня домінантності та ефекту гетерозису для подальшої селек-
ційної роботи виділено 10 гібридних комбінацій F1, які відрізняються також за комплексом господарсько-

цінних показників – ранньостиглістю, високою врожайністю, товарністю, вирівняністю, стійкістю до біо-
тичних чинників та ін. Плоди, виділених гібридних комбінацій, мають привабливий зовнішній вигляд та 

високі смакові якості. Виділені гібридні комбінації F1 мають цінність для селекційної роботи зі створення 

конкурентоздатних гібридів кавуна першого покоління. Висновки. Визначено найбільш стабільні за ро-
ками складові вегетаційного періоду. Виділено 11 надранніх гібридних комбінацій. Практичну цінність 

становлять 10 гібридних комбінації F1, які за два роки досліджень істотно (130 – 166 % відносно стандар-
ту) перевищили стандарт Казка F1. Високу товарність було відмічено у 6 гібридних комбінацій. У резуль-

таті визначення ступеня домінантності й ефекту гетерозису гібридних комбінацій F1 виділено 10 гібрид-

них комбінацій F1 з найвищими показниками ступеня домінантності та ефекту гетерозису за ознаками 
«урожайність» (hp=0,39-3,94; X=101-136), «товарність» (hp=0,11-7,00; X=101-106) та «середня маса товар-
ного плоду» (hp=0,26-99,00; X=100-164) для подальшої селекційної роботи, які становлять практичну цін-

ність для гетерозисної селекції. 
 

Ключові слова: кавун, селекція, гібридна комбінація F1, селекційна ознака, ступень домінантності, 

ефект гетерозису, селекційна цінність. 
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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-

tum G.Don.) is a vegetable that is commonly grown 
in tropical countries, including Indonesia, and used 

as a spice for daily cooking, medicine, cosmetics, 

and dietary supplements (Stanley J. Kays, 2011). It 

is a valuable and indispensable consumer product in 
Indonesia, which is confirmed by annually increas-

ing product consumption and price fluctuations 

(Herlina L. et al., 2019). Shallot production reaches 
7.21% of the total vegetable production in Indonesia 

and ranks third after cabbages and potatoes (Rah-

mawati A. et al., 2018, Arifin B. et al., 2019). Its 

pungent aroma and unique palatability are indispen-
sable for cooking (Tabor G., 2018). Shallots are 

used to treat some diseases in folk medicine, as the 

plant contains antiseptic compounds with antimi-
crobial activities (Askari-Khorasgani & Pessarakli 

M., 2019; Wulaisfan R., Musdalipah, & Nurhadiah, 

2018). The first positions in the annual production 

of bulbs are occupied by China and Japan - more 

than 500,000 tons, followed by New Zealand, Mex-

ico, Iran, Iraq, Cambodia and Cameroon 
(FAOSTAT, 2018). 

Recently, the demand for shallots in the glob-

alproduction has risen significantly, resulting in in-

tensification of the breeding of this crop, which re-
quires searching for and studying local forms that 

are widespread in Ukraine (Korniienko S. I. et al., 

2013; Bilenka O. M., 2015; Bilenka O.M., 2018). 
Creation of new cultivars is a long and expensive 

process. However, screening of existing local forms 

for adaptation to production in certain environmen-

tal conditions and their use as starting materials in 
breeding can accelerate this process. Development 

and evaluation of available shallot cultivars is a sus-

tainable strategy to boost performance and produc-
tion. Tolerant local forms is one of the most effec-

tive and inexpensive options. 

Review of Recent Studies and Publications. 

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/m2), 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). 

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.I., 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 

m2. 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. I. (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 

‘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 ‘Ш-10’ 
were 5-7 days longer than that in ‘Lira’. 

 
 

Table 1. Growing periods of shallot cultivars and local forms 
 

Accession Origin 

Growing period, days 

2019 2020 Mean for 2019-2020 

Lira (control 

cultivar) 
Kharkivska Oblast, UKR 73 75 74 

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-

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 
 

Accession Origin 

Bulb yield, t/ha Lewis’s pheno-

typic stability fac-

tor (SF) 2019 2020 
Mean for 2019-

2020 

Lira (control 

cultivar) 
Kharkivska Oblast, UKR 15.2 15.8 15.5 1.0 

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 15.5 15.2 1.0 

Sh-4 Kyivska Oblast, UKR 11.6 12.8 12.2 1.1 

Sh-5 Kyivska Oblast, UKR 14.1 15.2 14.7 1.1 

Sh-6 
Dnipropetrovska Oblast, 

UKR 
18.5 19.3 18.9 1.0 

Sh-7 
Dnipropetrovska Oblast, 

UKR 
11.4 12.5 12.0 1.1 

Sh-8 
Dnipropetrovska Oblast, 

UKR 
14.6 15.5 15.1 1.1 

Sh-9 
Dnipropetrovska Oblast, 

UKR 
16.3 19.8 18.1 1.2 

Sh-10 Chernihivska Oblast, UKR 18.2 20.6 19.4 1.1 

Sh-11 Chernihivska Oblast, UKR 11.2 12.5 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 13.4 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 

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’) to 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 

 

Accession Origin 

Mean bulb weight per clump, g Bulb number per 

clump 

2019 2020 
Mean for  

2019-2020 

Lira 

(control 

cultivar) 

Kharkivska Oblast, UKR 13.3 13.8 13.6 4 

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 13.5 11.2 12.4 4 

Sh-5 Kyivska Oblast, UKR 12.3 10.6 11.5 5 

Sh-6 
Dnipropetrovska Oblast, 

UKR 
13.0 13.5 13.3 5 

Sh-7 
Dnipropetrovska Oblast, 

UKR 
10.0 10.9 10.5 4 

Sh-8 
Dnipropetrovska Oblast, 

UKR 
12.8 10.9 11.9 5 

Sh-9 
Dnipropetrovska Oblast, 

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 10.4 4 

Sh-12 Chernihivska Oblast, UKR 11.6 10.0 10.8 5 

Sh-13 Cherkaska Oblast, UKR 14.8 11.9 13.4 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 

variability of the maximum leaf length, leaf number 

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 

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 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. 
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Table 4.  Morphological characteristics of the shallot local forms 

 

Accession Origin 

Maximum leaf length, 

cm Leaf number 

per plant 
Bulb shape 

2019 2020 
Mean for 

2019-2020 

Lira (control 

cultivar) 

Kharkivska Oblast, 

UKR 
32.8 35.4 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 35.3 36.2 35.8 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 35.4 34.6 32 
Round-flat with downward 

and upward narrowing 

Sh-6 
Dnipropetrovska 

Oblast, UKR 
32.6 34.1 33.4 35 Elongated and cigar-shaped 

Sh-7 
Dnipropetrovska 

Oblast, UKR 
30.7 32.0 31.4 28 Elongated and cigar-shaped 

Sh-8 
Dnipropetrovska 

Oblast, UKR 
33.8 34.4 34.1 32 

Round-flat with downward 

and upward narrowing 

Sh-9 
Dnipropetrovska 

Oblast, UKR 
33.5 34.3 33.9 35 

Round-flat with downward 

and upward narrowing 

Sh-10 
Chernihivska Oblast, 

UKR 
35.4 37.0 36.2 39 

Round-flat with downward 

and upward narrowing 

Sh-11 
Chernihivska Oblast, 

UKR 
30.5 31.8 31.2 28 

Round-flat with downward 

and upward narrowing 

Sh-12 
Chernihivska Oblast, 

UKR 
31.8 32.8 32.3 32 

Elongated and cigar-shaped 

Sh-13 
Cherkaska Oblast, 

UKR 
30.8 31.4 31.1 25 

Elongated and cigar-shaped 

Sh-14 
Cherkaska Oblast, 

UKR 
30.2 31.9 31.5 25 

Round-flat with downward 

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 number 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-

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 cm), ‘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 

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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Мета. Виділити кращі сорти та місцеві форми шалоту за тривалістю вегетаційного періоду, уро-

жайністю цибулин, продуктивністю листків, масою та кількістю цибулин у «гнізді» в умовах Право-

бережного Лісостепу України. Методи. Статистичні, польової оцінки, розрахунково-аналітичні. Резуль-

тати. Проведено оцінювання колекційних зразків цибулі шалот за тривалістю вегетаційного періоду, ма-

сою, кількістю та урожайністю цибулин. Виділено ранньостиглий  зразок Ш-8 з тривалістю вегетаційного 

періоду 74 доби.  Найкращою за  середньою масою цибулин у гнізді (26,7 г) виявилася місцева форма 

Ш-1 з Київської області. Найвищою врожайністю цибулин характеризувалися зразки з Київської (Ш-

1, Ш-2), Дніпропетровської (Ш-6, Ш-9) та Чернігівської областей (Ш-10) – відповідно 30,5; 25,4; 18,9; 

18,1; 19,4 т/га. У сорту-контролю Ліра цей показник складав 15,5 т/га. Найнижча вона за вирощуван-

ня зразків Ш-4 (12,2 т/га), Ш-7 (12,0 т/га), Ш-11 (11,9 т/га), Ш-12 (13,8 т/га), Ш-13 13,2 (т/га) та Ш-14 

(13,0 т/га). Найкраще пристосованими до умов навколишнього середовища Правобережного Лісосте-

пу України виявилися два зразки, з Київської (Ш-3) та Дніпропетровської областей (Ш-6). Коефіцієнт 

стабільності Левіса у них дорівнював 1, що свідчить про найвищий ступінь стабільності до зміни клі-

матичних умов. Найгірше адаптувалася місцева форма із Дніпропетровської області – Ш 9, в якого 

цей показник становив 1,2. Максимальна довжина листка найбільша у зразків із Київської (Ш-1, Ш-2 

– відповідно 38,0 і 35,8 см) та Чернігівської областей (Ш-10 – 36,2 см). Висновки. У результаті прове-

дених досліджень виділено зразки цибулі шалот з  коротким вегетаційним періодом, великою масою і кі-

лькістю цибулини та врожайністю культури в умовах Правобережного Лісостепу України. Найкращі ре-

зультати за масою цибулин (26,7 г) та врожайністю (30,5 т/га) отримали від вирощування зразка похо-

дженням із Київської області Ш-1. Однак за тривалістю вегетаційного періоду він виявився пізньости-

глим (86 діб), а у «гнізді» формувалося в середньому лише 4 цибулини. Максимальна довжина листка 

складала 38 см. Найбільш ранньостиглим (74 доби) була місцева форма з Дніпропетровщини Ш-8. 

 

Ключові слова: цибуля-шалот, урожай; період вегетації, сорти, місцеві форми, маса цибулини, 

ознаки листків. 
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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. 

Mycofriend 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 

observed in the territory of Ukraine, there is a need 

to switch to new, more adapted, economically justi-

fied and economical technologies in order to adapt 

plants to stressful weather conditions. This will al-

low increasing the productivity of agricultural crops, 

preserve and improve natural resources, ensure the 

preservation of soil fertility and effective use of nu-

trients (Didenko & Konovalova, 2019). 

Since it is impossible to avoid extreme mete-

orological factors when growing potatoes in 

Ukraine, the search for ways to minimize their 

negative impact on plants is gaining relevance 

(Holovatiuk et al., 2021). New high-yielding varie-

ties and high-quality planting material can ensure 

the maximum performance of plants if they are ful-

ly supplied with nutrients, timely cared and effec-

tively protected against weeds, diseases and pests, 

optimal level of soil moisture is maintained during 

the growing period, and technological regulations 

are followed (Bilinska et al., 2021). However, due 

to the shortage of organic and mineral fertilizers 

and plant protectors, an effective way to solve the 

problem of increasing the potato yield is to apply 

biologicals, which help actively use soil nutrients 

and fertilizers, boost protective capacities of plants, 

their resistance to diseases, stresses, adverse 

weather conditions and have growth-stimulating 

and antimicrobial effects. This makes it possible to 

reduce the amount of pesticide load by 20–30% 

without reducing their protective effect 

(Polishchuk et al., 2013). Application of biologi-

cals to restore soil fertility and to obtain high-

quality plant products is a strategic trend in the 

modern agriculture development. 

Among agricultural biologicals, microbial 

agents play an important role. These are ecologi-

cally safe agents with complex action, because mi-

croorganisms in their formulations not only fix ni-

trogen from the atmosphere or dissolve phosphates 

in the soil, but also produce amino acids as well as 

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 cm3 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 

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 7th 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, Macías-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, Ilias, 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-

García 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 

2020–2022 (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 

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 m2 

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 N90P90K90. 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°С 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-

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 

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 

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 

a dose of 1.0 L/t or 2.0 L/t. 

  

 

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

 

Dose, L/t 
Plant height, m Plant weight, g 

2020 2021 2022 Mean 2020 2021 2022 Mean 

No treatment (control) 0.59 0.55 0.64 0.59 688 692 920 767 

0.3 0.70 0.68 0.87 0.75 640 646 1280 855 

1.0 0.75 0.74 0.86 0.78 851 849 1436 1045 

2.0 0.84 0.82 0.90 0.85 1251 1255 1564 1357 

LSD05 0,07 0.06 0.03  8.2 7.4 10.6  

 

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 

 

Dose, L/t 
Yield, t/ha 

2020 2021 2022 Mean 

No treatment (control) 32.0 31.9 36.8 33,6 

0.3 35.6 32.4 39.1 35,7 

1.0 38.1 35.0 41.6 38,2 

2.0 37.6 35.4 41.1 38,0 

LSD05 4,1 2.7 3.8  

 

The yield 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 

 

Dose, L/t 
Tuber number per bush Mean weight of tubers, g 

2020 2021 2022 Mean 2020 2021 2022 Mean 

No treatment (control) 13.3 12.8 14.7 13.6 59 61 61 60 

0.3 13.7 13.0 15.4 14.0 64 61 62 62 

1.0 14.2 13.3 16.4 14.6 66 64 62 64 

2.0 13.6 13.1 16.0 14.3 68 66 63 66 

LSD05 0.2 0.2 0.3  3.2 2.6 2.1  
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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 

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 

 

Dose, L/t 

Dry  

matter,  

% 

Starch,  

% 

Total  

sugars, % 

Ascorbic  

acid,  

mg/100 g 

Nitrates, 

mg/kg 

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 43.5 

 

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 

 

Dose, L/t 
Total costs, 

UAH/ha 

Prime costs, 

UAH/kg 
Profitability,  

% 

No treatment (control) 194598 5.79 33.6 

   0.3 200533 5.62 42.4 

1.0 208776 5.46 46.4 

2.0 213269 5.61 42.5 

 

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, 

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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Мета – дослідити дію мікоризоформуючого препарату Мікофренд на біометричні показники, про-

дуктивність і біохімічний склад картоплі, а також визначити економічний ефект від його використан-

ня. Методи. Польовий, лабораторний, статистичний. Дослідження проводили в Інституті овочівницт-

ва і баштанництва НААН. Результати. Наведено результати впливу різних доз мікоризоформуючого 

препарату Мікофренд (комплекс мікоризоформуючих грибів: Glomus VS, Trichoderma harzianum; мік-

роорганізмів, що підтримують утворення мікоризи та ризосфери рослин: Streptomyces sp., 

Pseudomonas Fluorescens; фосфатмобілізуючі бактерії: Bacillius Megaterium var. phosphaticum, Bacillus 

Subtilis, Bacillus Muciloginosus, Enterobacter sp) на біометричні показники, врожайність, структуру 

врожаю та біохімічний склад бульб. Використання мікоризоформуючого препарату Мікофренд за-

безпечує чітку тенденцію до збільшення показників урожайності картоплі. В середньому вона була 

вищою ніж на контролі (33,6 т/га) на 4,6 і 4,4 т/га за концентрації препарату 1,0 та 2,0 л/т відповідно. 

Застосування мікоризоформуючого препарату дозволило збільшити також і біометричні показники у 

порівнянні з контролем (без обробки). Так, зокрема, висота рослин у варіанті з концентрацією препа-

рату 1,0 л/т збільшилась на 0,19 м, а з концентрацією 2,0 л/т на 0,26 м; при цьому маса рослини також 

збільшилася відповідно на 278 г та 590 г. Також спостерігається тенденція до зростання вмісту крох-

малю (на 1,29–3,03 %) та аскорбінової кислоти (на 4,08-5,94 мг/100 г) у бульбах. Додаткові витрати у 

варіантах досліду складають від 5935 до 18671 грн /га. Проте досягнуто зменшення собівартості про-

дукції на 0,17-0,33 грн/кг, що призвело до відповідного зростання рентабельності вирощування на 

8,8-12,8 %. Найбільш економічно обґрунтованою є доза препарату 1,0 л/т. Висновки. Використання 

для обробки бульб картоплі мікоризоформуючого препарату Мікофренд можна проводити з дозуван-

ням 1,0 л/т та 2,0 л/т за передсадивної підготовки, що значно покращує біометричні показники (висо-

ту рослин і масу вегетативної маси). Найвищій приріст врожайності був відмічений на варіанті з об-

робкою Мікофрендом у дозі 1,0 л/га – 4,6 т/га. При цьому спостерігається найбільш суттєве змен-

шення собівартості продукції та зростання рентабельності. 

 

Ключові слова: мікориза, картопля, врожайність, біометричні показники, біохімічні показники, 

економічна ефективність. 
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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 

A.O. Babych (Babych A.O., Petrychenko V.F., 

Poberezhna A.A., 1994), V.F. Kaminskyi (Kamin-

skyi V.F., Holodna A.V., Shliakhturov D.S., 2008), 

S.I. Ivaniuk (Ivaniuk S.V., Lekhman A.A. , Ovcha-

ruk O.V., 2015) confirmed that bean, like soy-

beans, among other grain legumes, is a strategical-

ly necessary high-protein crop, and the economic 

and bioenergetic effects of its cultivation are prom-

ising and relevant. All this has prompted a recent 

growth of the bean-sown area in Ukraine (Ovcha-

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. (Grodzinskшy 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-

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 (Mushtaq 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 I., 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-

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 m2, 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...25oС. 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...25oC 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 (85oC), 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...10oC 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 

out, roots are washed from the soil, and dried at 

40oC 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 20oC. 

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...25oС. 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 companion plants in 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 

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 

 

Experiment 

Hypocotyl 

and root 

length, 

mm 

% 

Length of the 

longest ad-

ventitious 

root, mm 

% 

Number 

of adven-

titious 

roots 

% 

True leaf and 

epicotyl 

lengtgh, mm 

% 

Bean (C) 120 100 53 100 12 100 19 100 

Winter tritica-

le 1:1 
94 79 39 74 12 100 17 90 

Winter tritica-

le 1:5 
74 62 34 65 11 92 16 87 

Winter tritica-

le 1:10 
68 57 23 44 9 75 15 79 

Spring triticale 

1:1 
94 79 42 79 11 92 17 91 

Spring triticale 

1:5 
107 89 45 85 12 100 20 106 

Spring triticale 

1:10 
91 76 33 62 12 100 15.5 83 

LSD05 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 

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 a ratio 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 

bean, winter and spring triticale affected the tap 

root length in germinating bean seeds: almost all 

variants positively affected or had no effect (no 

difference compared to the control experiment with 

distilled water) – 32 mm (Fig. 3). A strong alle-

lopathic effect was noted with water extract from 

bean seeds (1:2) – 139 mm, winter triticale seeds 

(1:4) – 148 mm and spring triticale seeds (1:2) – 

159 mm. 

 

 
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). 

 

 

1 
2 

3 
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 

(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 ). 
 

 
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 

sseds (1:2) – 117 mm, winter triticale seeds (1:4) – 

98 mm and spring triticale seeds (1:2) – 95 mm 

(Fig. 5). 

 

 

 
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) 

tended to shorten the epicotyl to 2 mm, while water 

extracts from bean seeds and spring triticale seeds 

in a ratio of 1:4 had no significant effect and this 

parameter was similar to the control (distilled wa-

ter) value – 3 mm A strong stimulating allelostatic 

effect on the bean epicotyl growth was recorded 

for water extract from winter triticale seeds (1:4) – 

12 mm (Fig. 6). 

 

 

 
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 

was noted in most variants; however, the following 

water extracts exerted a pronounced stimulating al-

lelopathic effect on the first leaf growth in beans 

seedlings: from bean seeds (ratio 1:2) – 24 mm, 

winter triticale seeds (1:4) – 25 mm and spring trit-

icale seeds (1:2) – 28 mm (Fig. 7). 

 

 

 
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) 



Vegetable and Melon Growing                                                                                                 Volume, 73, 2023 

Овочівництво і баштанництво                                                                                              Випуск 73, 2023 

 

67 

 

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 

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, 

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 

 

Experiment 

Length, mm 

рН 
Tap root 

Adventitious 

root 
Hypocotyl Epicotyl 

True 

leaf 

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 

LSD05 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 

 

Experiment 

Length, mm 

рН 
Tap root 

Adventitious 

root 

Hypo-

cotyl 

Epicot-

yl 
True leaf 

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 

LSD05 14.8 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 aqueous 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 

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 triticale 

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 



Vegetable and Melon Growing                                                                                                 Volume, 73, 2023 

Овочівництво і баштанництво                                                                                              Випуск 73, 2023 

 

69 

 

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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Мета. Дослідити алелопатичну сумісність насіння квасолі овочевої та супутніх культур. Встано-

вити закономірності взаємодії через рослинні виділення з водних витяжок  насіння квасолі овочевої 

та супутніх культур і водних витяжок з різних частин рослин квасолі овочевої та супутніх культур. 

Методи. Лабораторний, статистичний. Результати. Біотест: взаємовплив проростаючого насіння 

квасолі і супутніх культур в чашках Петрі. Біологічно активні речовини з насіння тритикале озимого і 

тритикале ярого (за співвідношення: 1 частина насіння квасолі до 10 частин супутніх культур) про-

явили негативний ефект на проростки насіння квасолі за всіма показниками: довжиною гіпокотиля з 

коренем, довжиною найдовшого придаткового кореня, кількістю придаткових коренів і довжиною 

справжнього листка з епікотилем. За співвідношення 1:5 посилювалося пригнічення росту гіпокоти-

лю дією тритикале озимого до 38 %, і, навпаки, відмічено нейтральний вплив тритикале ярого на цей 

показник. Виявлено стимулюючу дію насіння тритикале ярого на довжину справжнього листка ква-

солі (з епікотилем) – 106 %. За тритикале озимого і ярого у співвідношенні 1:1 (у порівнянні до конт-

ролю – без насіння супутніх культур) спостерігається пригнічення росту гіпокотилю з коренем на 21 

%, справжнього листка з епікотилем – на 10–9 % відповідно. Біотест: пророщування насіння квасолі 

на водній витяжці з цілого насіння квасолі і супутніх культур в чашках Петрі. Водна витяжка з насін-

ня тритикале ярого у співвідношенні 1:2 мала найбільшу стимулюючу дію на довжину головного ко-

реня та першого листка, тритикале озимого у співвідношенні 1:4 – на довжину придаткового кореня 

та епікотиля, квасолі у співвідношенні 1:2 – на довжину епікотиля. Біотест: пророщування насіння 

квасолі на водній витяжці з вегетативної маси, коренів і пожнивних решток квасолі і супутніх куль-

тур в чашках Петрі. Водні витяжки з коренів квасолі, тритикале озимого та ярого слабо пригнічували 

проростання головного кореня квасолі. Толерантний алелопатичний ефект на проростання насіння 

квасолі проявила витяжка з пожнивних решток тритикале ярого. Водна витяжка з надземної частини 

квасолі виявила негативну алелопатичну дію на проростаюче насіння самої квасолі, що свідчить про 

самонесумісність цієї культури. Висновки. Результати лабораторних досліджень свідчать, що біоло-

гічно активні речовини з насіння як тритикале озимого, так і тритикале ярого за співвідношення 1:10 

виявилися токсичним для проростків насіння квасолі. Спільне пророщування насіння квасолі з насін-

ням тритикале ярого за співвідношення 1:5 має більш позитивний ефект в порівнянні з іншими спів-

відношеннями насіння супутніх культур, а спільне пророщування насіння квасолі з насінням трити-

кале ярого та  озимого за співвідношення 1:1 – майже однакові параметри проростючого насіння ква-

солі. За результатами досліджень встановлено, що чітко виражений алелопатичний вплив на дані показ-

ники квасолі проявили водні витяжки з квасолі і тритикале ярого у співвідношенні 1:2, тритикале озимого 

(1:4). Водні витяжки з тритикале озимого (1:1) і  тритикале ярого (1:4) були більш токсичними для проро-

стків квасолі. Водні витяжки з коренів квасолі, тритикале озимого та ярого слабо пригнічували проро-

стання головного кореня квасолі. Водна витяжка з надземної частини квасолі виявила негативну але-

лопатичну дію на проростаюче насіння самої квасолі , що свідчить про самонесумісність цієї культу-

ри. Толерантний алелопатичний ефект на проростання насіння квасолі проявила витяжка з післяжни-

вних решток тритикале ярого. Спільне пророщування насіння квасолі овочевої й супутніх культур в 

лабораторних умовах дає змогу уже на початковій стадії оцінити особливості його проростання і вза-

ємовплив компонентів, підібрати культури для вирощування у гетерогенному посіві з метою форму-

вання високопродуктивного агрофітоценозу.  

 

Ключові слова: квасоля овочева, насіння, супутні культури, біотести, алелопатія. 
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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 AquaSil 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 AquaSil 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 AquaSil 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 

global climatic changes on the planet, effects of 

adverse environmental factors are becoming more 

and more noticeable, determining the country's po-

sition at the world’s agricultural market. In 

Ukraine, like in many regions of intensive agricul-

ture, high-quality agricultural production depends 

on sharp weather fluctuations during growing peri-

ods of plants. This issue is especially acute for the 

South of Ukraine, where long droughts have often 

been occurring in growing periods recently. In-

creased aridity of the climate, which is evident at 

the moment and is probable under climatic change 

scenarios, without adaptation measures in the 

southern regions is most likely to result in a 10 - 

20% decrease in yields of almost all agricultural 

crops by 2050 and, in the case of a more severe 

scenario, such decrease may reach 25% or even 

50% (Romashchenko, M., Husiev, Y., Shatkovskyi, 

A., Saidak, R., Yatsiuk, M., Shevchenko, A., & Ma-

tiash, T., 2020). Application of silicon-containing 

fertilizers is a way to increase gourd yields. 

Review of Recent Studies and Publications. 

According to data of the International Food and 

Agriculture Organization of the United Nations 

(UN FAO), in 2000, 76,382,000 tons of watermel-

ons were harvested in the world, in 2010 – 

93,530,000 tons, in 2021 – 101,635,000 tons. The 

mean fruit yield increased from 24.3 to 33.5 t/ha 

during this period (Agricultural statistics 

FAOSTAT, 2022). In Ukraine, over the past five 

years, gourd yields occupied 61,800–63,600 hec-

tares, of which watermelons were grown on 

42,700-43,200 hectares. The Khersonska Oblast 

has been the largest producer of gourds. In 2021, 

168,500 tons of fruits were harvested, accounting 

for 67.2% of the gross production in the southern 

region and 33.5% of the total production in 

Ukraine (Roslynnytstvo Ukrainy. Statistical collec-

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., Galvão 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., Krzesiński, W., 

Przygocka-Cyna, K., and Spiżewski, 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-

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., Tubaña, 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/cm3; 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 

K₂O, 13.0 % of Si₂O and 2.0 % of EDTA. Manufac-

turer: Atlantica Agricola (Spain). Quantum AquaSil 

is a domestic highly concentrated complex chelate 

fertilizer (liquid). Composition: K2O – 10 %, SiO2 – 

20 %, humic substances – 1 %. Bai-Si is a domestic 

silicon-based immunoprotector. Composition: SiO2 

– 5-7 %, K2O – 2.2-3.3%, SiO2 – 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 AquaSil; 8) 

15 % Quantum AquaSil; 9) 5 % Bai-Si; 10) 10 % 

Bai-Si; 11) 15 % Bai-Si. The sown plot was 125 

m2, 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 Aqua-

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, Á. 

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 

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 AquaSil 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 

  
 

46 50 52 60 58 55
67 63 54

64 61

60
65 68

78 75 72

87
82

70

83
79

0

20

40

60

80

100

120

140

160

180

NO TREATMENTWATER KELIK POTASSIUM-SILICON QUANTUM AQUASIL BAI-SI

Watermelon3 Melon

 
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. I., 2015), (Toresano, F., 

Díaz, 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 

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 

AquaSil 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 LSD0.95 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 LSD0.95 of 0.7. 

In the melon fields, the highest yield of melon 

fruits (17.5 t/ha) was harvested with pre-sowing 

soaking of seeds in 10 % Quantum AquaSil solu-

tion; the gain compared to control I was 35.7 %. 

15% solution of this formulation increased the 
yield by 31.0% compared to control I (Fig. 3). The 

LSD0.95 between the variants was 1.3.  
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Figure 3. Performance of melon plants depending on pre-sowing treatment with silicon-containing ferti-

lizer solutions, mean for 2020–2022 

 

5 % 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 

LSD0.95 was 0.4). 

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 

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 

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 

seeds Yield, 

t/ha 

Cultivation 

cots, 

UAH/ha 

 

Cost of 

sold 

products, 

UAH/ha 

Operating 

profit, 

UAH/ha 

Profitability, 

% 

Economic 

effect (ad-

ditional 

profit), 

UAH/ha Formulation 
Concent-

ration, % 

 

No treatment 

(control І) 
- 17.3 15,210 

 
25,880 10,670 70 х 

Water (con-

trol ІІ) 
- 17.9 15,550 

 
26,850 11,300 73 0,660 

Kelik Potas-

sium-Silicon 

5 20.7 15,710  30,980 15,270 97 4,600 

10 20.5 15,720  30,680 14,960 95 4,290 

15 17.8 15,680  26,70 11,020 70 0,350 

Quantum 

AquaSil 

5 20.6 15,720  30,900 15,180 97 4,510 

10 23.4 15,810  35,030 19,220 122 8,550 

15 22.6 15,800  33,900 18,100 115 7,430 

Bai-Si 

5 17.8 15,650  26,700 11,050 71 0,380 

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 I. 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-

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 

UAH/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 I. The 

profitability was 101 %, or higher than control I by 

52 %. 15 % Bai-Si solution allows one to gain the 

operating profit of additional 8,460 UAH/ha com-

pared to control I. 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 

 

Pre-sowing soaking of seeds 
Yield, 

t/ha 

Cultiva-

tion cots, 

UAH/ha 

Cost of 

sold 

prod-

ucts, 

UAH/ha 

Operat-

ing profit, 

UAH/ha 

Profitability

, % 

Economic 

effect (ad-

ditional 

profit), 

UAH/ha 

Formula-

tion 

Concentration

, % 

No treatment 

(control І) 
- 12.9 25,930 38,700 12,770 49 х 

Water (con-

trol ІІ) 
- 13.8 26,020 41,400 15,390 59 2,620 

Kelik Potas-

sium-Silicon 

5 15.4 26,250 46,200 19,950 76 7,180 

10 15.3 26,140 45,900 19,760 76 
6,990 

 

15 13.3 26,050 39,900 13,850 53 1,080 

Quantum 

AquaSil 

5 15.4 26,130 46,200 20,070 77 7,300 

10 17.5 26,160 52,500 26,340 101 13,570 

15 16.9 26,220 50,700 24,480 93 11,710 

Bai-Si 

5 13.3 26,170 39,900 13,730 52 0,960 

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 AquaSil solution. Thus, this parameter 

was 67 % in watermelon ‘Charivnyk’ and 87 % in 

melon ‘Didona’. 

Watermelon ‘Charivnyk’ produced the maxi-

mum yield (23.85 t/ha) when its seeds were treated 

with Quantum AquaSil, while the lowest yield 

(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 AquaSil. 

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 

cultivation technologies, the profitability of pro-

duction increased by 32–52 %. 
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Мета досліджень. Визначити вплив передпосівного замочування насіння на продуктивність рослин та 

ефективність вирощування кавуна і дині за краплинного зрошення на півдні України. Методи. Польовий, 

вимірювально-розрахунковий, порівняльний, математично-статистичний методи, аналіз економічної ефе-

ктивності. Отримані результати. Встановлено, що передпосівне замочування насіння у розчинах крем-

нієвмісних добрив сприяє отриманню ранніх і повноцінних сходів кавуна та дині, збільшенню довжини і 

кількості бокових пагонів, зав’язування плодів. Дослідженнями доведено, що збалансоване живлення ро-

слин сприяє формуванню високої продуктивності рослин кавуна і дині в умовах півдня України. Визна-

чено, що найбільшу врожайність плодів кавуна (23, т/га) і дині (17,5 т/га) отримано за використання пре-

парату Квантум АкваСил (концентрація розчину 10 %), збільшення над необробленим контролем стано-

вить 35,3 і 35,7 % відповідно. Застосування кремнієвмісних добрив Bai-Si (концентрація 15 %) на посівах 

кавуна забезпечує збільшення врожайності плодів на 22,5 %, за обробки Келік Калій-Кремній – на 19,7 % 

порівняно з контролем. Найбільший економічний ефект при вирощуванні плодів кавуна і дині отримано 

за передпосівного замочування насіння у 10% розчині Квантум АкваСил, рівень рентабельності становив 

122 і 101 % відповідно. Висновки. Передпосівне замочування насіння у розчинах кремнієвмісних добрив 

сприяє формуванню високої продуктивності рослин і дозволяє підвищити економічну ефективність ви-

рощування. Встановлено максимальні значення відсотку зав’язування плодів за обробки насіння препара-

том Квантум АкваСил з концентрацією 10 %. Так сорт кавуна Чарівник за даної взаємодії забезпечив да-

ний показник на рівні 67 %, диня Дідона – 87 %. В умовах відкритого ґрунту півдня України економічний 

ефект вирощування кавуна збільшився на 16,03–19,22 тис. грн/га, дині – на 21,23–26,34 тис. грн/га. 

 

Ключові слова: кавун, диня, оброблення насіння, кремнієвмісне добриво, врожайність, економічна 

ефективність, рентабельність 

. 

 

mailto:icsanaas@ukr.net
https://doi.org/10.32717/0131-0062-2023-73-72-80


Vegetable and Melon Growing                                                                                                 Volume, 73, 2023 

Овочівництво і баштанництво                                                                                              Випуск 73, 2023 

 

81 

 

UDC 632.9:635.34 

 

CONTROL OF WHITE CABBAGE DISEASES USING BIOLOGICALS 

 
1Serhiienko V.H., 1 Borzykh O.I., 1 Tkalenko H.M., 2Balan H. O. 
1Institute of Plant Protection of NAAS 

33 Vasylkivska Str., Kyiv, 03022, Ukraine, 
2Odesa State Agrarian University 

13 Panteleymonivska Str., Odesa, 65000, Ukraine 

Е-mail: v-serg@ukr.net, microbiometod@ukr.net 

https://doi.org/10.32717/0131-0062-2023-81-88  

 

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 liq. (Azotobacter chroococcum 

IMV B-7171), Ecophosphorin liq. (Bacillus megaterium IMV B-7168, Azotobacter chroococcum IMV B-

7171, Agrobacterium radiobacter IMV B-7246), Planrhiz liq. (Pseudomonas fluorescens), Haupsin liq. 

(Pseudomonas auerofaciens), Serenade ASO SC, Serenade MAX WP (Bacillus subtilis QST 713), and 

Trichodermin liq. (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. 

sapitata L.) is one of the most common vegetables. 

In Ukraine, white cabbage is grown on about 

68,000 hectares, which is almost 16% of the vege-

table-sown area. Households (85-91%) are the 

main producers of vegetables in Ukraine. The av-

erage yield of white cabbage ranges from 30 t/ha to 

40 t/ha. Due to its cold tolerance, yield, excellent 

palatability and dietary qualities, cabbage is grown 

everywhere. In the vegetable consumer set, cab-

bage accounts for 25% (Halat, L. M., 2019). 

Diseases caused by phytopathogenic microor-

ganisms result in significant losses of cabbage 

yields. It was proven that the degree, time of mani-

festation, type and intensity of disease develop-

ment largely depend on growing conditions, mete-

orological factors, varieties’ resistance, fertiliza-

tion, harvest timeframe, and storage mode. 

Chemical plant protectors are usually used to 

reduce yield losses from damage by phytopatho-

genic microorganisms. However, the global use of 

pesticides leads to environmental pollution and un-

desirable sanitary and hygienic consequences 

(Apazhev A K, et al., 2022; He Dun-Chun, et al, 

2021; He M.-H., et al., 2021). The structure of bio-

cenoses is impaired and their capacity for self-

regulation is reduced. Pesticides are accumulated 

in soil, water, and food. Pathogens become more 

resistant to them and, as a result, the effectiveness 

of pesticides drops. 

In this regard, it is extremely important to de-

velop and implement environmentally safe meth-

ods of plant protection, using natural substances 

and biologicals. 

Review of Recent Studies and Publications. 

Application of biologicals for plant protection is 

https://doi.org/10.32717/0131-0062-2023-81-88
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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.I., et al., 2021). 

Biologicals are biological agents - living mi-

croorganisms or products of their vital activity. 

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 (Köhl 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.O., 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 I., 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 m2) and replicated 

4 times. 

The following biologicals were used in he ex-

periments: Azotobacterin liq. (Azotobacter chroo-

coccum IMV B-7171), Ecophosphorin liq. (Bacil-

lus megaterium IMV B-7168, Azotobacter chroo-

coccum IMV B-7171, Agrobacterium radiobacter 

IMV B-7246), Planrhiz liq. (Pseudomonas fluo-

rescens), Haupsin liq. (Pseudomonas auerofa-

ciens), Kazumin 2L LC (Streptomyces kasugaen-

sis, 20 g/L), Serenade ASO SC, Serenade MAX 

WP (Bacillus subtilis QST 713), and Trichodermin 

liq. (Trichoderma lignorum TD 93). The titer of 

microbial organisms was at least 109 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. 

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 liq. exerted the strongest protective effect 

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 
 

Variant 

Disease development, % Effectiveness, % Yield 

At the initial 

stage of disease 

development 

(phase of 4-5 

leaves) 

Phase of 

the 

formed 

head 

At the initial 

stage of disease 

development 

Mean for 

the grow-

ing period 

t/ha 

% relat-

ed to the 

control 

Cabbage ‘Nissa’; Fusarium wilt (Skvyra Experimental Station) 

Control 10.5 23.2 - - 11.1 - 

Azotobacterin liq. 

0.5 L/ha 
4.5 13.7 57.1 45.1 12.4 111.5 

Azotobacterin liq. 

0.5 L/ha + Infinito 

61 SC, 1.2 L/ha 

4.0 10.9 61.9 52.8 11.8 106.3 

Trichodermin liq. 

1.0 L/ha 
4.8 12.5 54.3 50.3 11.7 105.4 

Trichodermin liq. 

1.0 L/ha + Infinito 

61 SC, 1.2 L/ha 

3.5 7.9 
66.7 

 
60.4 12.3 110.9 

Infinito 61 SC, 1.6 

L/ha (reference) 
3.0 10.5 

71.5 

 
61.6 12.3 110.9 

LSD05 2.1 3.2   1.2  

Cabbage ‘Yana’; Alternaria leaf spot (Borova township, Kyivska Oblast) 

Control (no treat-

ment) 
12.4 40.0 - - 40.0 - 

Azotobacterin liq. 

0.5 L/ha 
6.5 26.4 59.7 46.5 45.5 113.7 

Azotobacterin liq. 

0.5 L/ha + Quadris 

250 SC, 0.5 L/ha 

4.5 19.6 63.7 62.5 45.8 114.5 

Ecophosphorin liq. 

2.0 L/ha 
5.8 22.2 53.2 44.5 44.8 112.0 

Ecophosphorin liq. 

2.0 L/ha + Quadris 

250 SC, 0.5 L/ha 

4.3 20.0 65.4 52.4 45.2 113.0 

Quadris 250 SC, 

0.6 L/ha 
4.6 20.2 62.9 49.5 45.6 114.0 

LSD05 1.7 2.5 - - 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.I., 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 liq1. 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 liq. 

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 liq.) – 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 

 

Variant 

Percentage of affected 

by developmental 

phases 
Effectiveness, 

% (mean for 

the season) 

Mean 

head 

weight, kg 

Yield 

Rosette 
Formed 

head 
t/ha 

% relat-

ed to the 

control 

Cabbage ‘Ahresor’; black rot (Zlahoda family farm, Bilotserkivskyi District) 

Control 10.5 35.1 - 2.2 37.8 - 

Planrhiz liq. 2.0 L/ha 2.3 10.5 75.8 5.7 60.5 160.1 

Trichodermin liq. 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 

kg/ha  
0.7 8.5 73.0 5.73 71.5 189.2 

LSD05 1.1 3.5 - 1.1 2.3 - 

Cabbage ‘Kamiana Holova’, soft rot (Kreminne family farm, Brovarsky District) 

Control 8.6 35.5 - 3.2 34.4 - 

Planrhiz liq. 2.0 L/ha 1.1 10.8 69.5 4.8 48.3 140.4 

Trichodermin liq. 2.0 L/ha 2.3 12.1 65.9 4.6 47.5 138.1 

Kazumin 2L LC, 2.0 L/ha 1.7 10.0 71.8 5.0 50.4 146.6 

Serenada ASO SC, 6 L/ha 1.5 9.5 78.6 5.2 52.1 151.5 

Serenade MAX WP, 4 

kg/ha 
1.2 9.0 79.2 5.3 53.1 154.4 

LSD05 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 liq. (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). 

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 

liq. and Azotobacterin liq.  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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Мета. Дослідити вплив біологічних препаратів на обмеження ураження рослин капусти білоголо-

вої хворобами в період вегетації та її урожайність. Методи. Інформаційно-аналітичний (збір матеріа-

лів і аналіз літературних джерел), польових досліджень (закладка і проведення дослідів, обліки ура-

ження рослин, збір і облік урожаю), фітопатологічні (виділення та ідентифікація збудників хвороб), 

математико-статистичні (обробка результатів досліджень). В дослідах використовували біологічні 

препарати Азотобактерин, р. (Azotobacter chroococcum ІМВ В-7171), Екофосфорин, р. (Bacillus mega-

terium ІМВ В-7168, Azotobacter chroococcum ІМВ В-7171, Agrobacterium radiobacter ІМВ В-7246), 

Планриз, с. (Pseudomonas fluorescens), Гаупсин, р. (Pseudomonas auerofaciens), Серенада АСО, КС, 

Серенада МАКС WP, ЗП (Bacillus subtilis QST 713), Триходермін, р. (Trichoderma lignorum ТД 93). 

Біопрепарати застосовували методом обприскування рослин 3-4 рази в період вегетації капусти. Про-

ти грибних хвороб капусти білоголової також досліджували суміші біологічних препаратів з фунгі-

цидами. Результати. У роки досліджень на посадках капусти білоголової домінували на різних сор-

тах альтернаріоз, фузаріозне в’янення, судинний та слизовий бактеріози. Застосування біологічних 

препаратів ефективно стримувало розвиток як грибних, так і бактеріальних хвороб капусти білоголо-

вої. Захисний ефект біопрепаратів проти грибних хвороб складав в середньому 45-62%, проти бакте-

ріальних хвороб – 65-79%. Ефективність сумішей біологічних та хімічних препаратів, в яких фунгі-

циди застосовували з мінімально допустимими нормами витрати, знаходилась на рівні фунгіцидів з 

повними нормами витрати. Біологічні препарати за рахунок активації захисних і рістстимулювальних 

властивостей сприяли суттєвому підвищенню урожайності культури. Висновки. Розкрито потенціал 

біологічних препаратів у контролюванні грибних і бактеріальних хвороб капусти білоголової в період 

вегетації. Застосування біопрепаратів ефективно обмежувало ураження капусти інфекційними хворо-

бами. Захисний ефект біопрепаратів  проти хвороб капусти білоголової впродовж періоду вегетації 

на різних сортах проти різних хвороб знаходився в середньому на рівні 45-79%. За використання біо-

препаратів урожайність пізньостиглих сортів капусти білоголової підвищилась в середньому на 14,5–

92%. 

 

Ключові слова: біоконтроль, ураження хворобами, ефективність, продуктивність 
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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 

known for thousands of years as the best natural 

medicine. There are more than 200 unique compo-

nents in this amazing plant. Garlic is used in fresh 

and processed forms as a seasoning for various 

dishes, in sausage and meat production, as well as 

in salting and preserving vegetables. Garlic oil is 

used as a flavoring agent (Internet resource; 

Jancic R., 2002). 

Experts emphasize that an adult should eat no 

more than 15 g per day, which corresponds on av-

erage to 4 cloves (that is, 5.5 kg per year) (Internet 

resource). 

Despite the unique properties of garlic, its con-

sumption rates (per capita) in Ukraine do not reach 

physiological ranges, being of 0.6 kg per year, 

while, as a result of national traditions and culinary 

processing, the annual consumption of garlic 

amounts to 14 - 17 kg per capita worldwide 

(Vanjkevic S.K., 2002). 

This situation depends on many factors and gar-

lic storage technologies are one of them. Long-

term storage of garlic from harvest to harvest is a 

prerequisite for continuous supply of garlic to the 

population. 

The primary objective of storing vegetables is 

to preserve their quality and deliver good-quality 

products to the consumer with minimal weight 

loss. Vegetables lose their weights because of natu-

ral processes inherent in a living organism: water 

evaporation and respiration. The main portion of 

natural losses (70-90%) is attributed to evaporation 

of water; therefore, a decrease in water content and 

a relative increase in dry matter are observed dur-

ing the storage of fruit and vegetable products 

(Pusik L.M., Hordiyenko I.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 

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 I.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 O2, CO2 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 mm2 and 0.539 

kg/84 mm2, 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 

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/m2 • 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/m2 • 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 
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emulsions are stored at 5...30°С, and wax melts at 

about 80°С). 

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 I.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; 

- 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±0.5oС 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 С18Н38 (octadecane) to С35Н72 (pentatriocon-

tane). Its melting point is within the range of 45 - 

65°С; the density is 0.880–0.915 g/cm3 (15 °C). 

The chemical formula is CnH2n+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...15o (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-

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, 

days 

Weight loss, % Daily weight loss, 

% 

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

Variant 1 (85 % paraffin + 5 % glycerol + 

10% sunflower wax) 
125 5.5 0.044 

Variant 2 (75 % paraffin + 5 % glycerol + 

20 % sunflower wax) 
142 5.2 0.036 

Variant 3 (65 % paraffin+ 5 % glycerol + 

30 % sunflower wax) 
130 5.8 0.044 

Variant 4 (90 % E904 (shellac) + 10% aloe 

vera gel) 
145 5.2 0.036 

LSD05 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. 

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% 



Vegetable and Melon Growing                                                                                                 Volume, 73, 2023 

Овочівництво і баштанництво                                                                                              Випуск 73, 2023 

 

94 

 

reduced it by 4.7–5.3 and 2.9–3.1 times, respec-

tively. Similar studies were conducted by Soloma-

kha I.V. She reported that treatment of bulbs with 

paraffin ensured the weight loss of 5.3–6.8% after 

8-month storage. The profit from storing paraf-

fined garlic at +3°C was only +0.61 UAH/t (Irina 

Solomakha, Alena Zhabinskiy, 2016). 

 

 
 

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). 

  

 

 
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-

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 (LSD05) 
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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Мета. Обґрунтування елементів технології післязбиральної доробки часнику озимого, що дозво-

лить підвищити збереженість та тривалість споживання часнику. В основу робочої гіпотези покладе-

но припущення можливості застосування модифікованого парафіновмістного покриття, що дозволить 

підвищити стійкості цибулин часнику під час зберігання. Методи. Загальнонаукові: 1. метод гіпотез – 

складання схем дослідів; 2. метод експерименту – схеми лабораторних дослідів; 3. метод аналізу та синте-

зу – формування висновків і узагальнень, розрахунково-аналітичні. Результати. Покриття цибулин су-

мішшю шелак 90 % + гель алое віра 10%  забезпечує тривалість зберігання 145 діб з добовими втра-

тами маси 0,036 %. Використання 20 % соняшникового воску збільшує тривалість зберігання до 142 

діб з добовими втратами маси 0,036 %, тоді як обробка парафіном відповідно 100 діб та добовою 

втратою маси 0,10 %. 

Встановлено, що контрольні зразки часнику, що зберігаються в умовах зниженої вологості повітря 

(60–70 %), значно втрачали у вазі. Збільшення ВВП під час зберігання зменшує втрати маси цибулин 

часнику до 8,2%, тобто у 2,5 рази. Покриття цибулин часнику захисною плівкою зменшує втрати ма-

си у 4,6–5 разів за відносної вологості повітря 60–70 %.  Підвищення відносної вологості повітря  до 

75–85 %,  та 90 – 95 % зменшує   у 4,7 – 5,3 і 2,9 – 3,1 разів відповідно. При однакових добових втра-

тах маси у варіантах парафін 75 %+ гліцерин 5 % + соняшниковий віск 20 %,  харчова добавка 904 

(шелак) 90 % + гель алое віра 10% становила  0,036 % та у варіанті парафін 85 %+ гліцерин 5 %,+ со-

няшниковий віск 10%, парафін 65 %+ гліцерин 5 % + соняшниковий віск 30 % – 0,044 % тривалість 

зберігання була неоднаковою. Покриття цибулин подовжує тривалість зберігання на 25 – 45 діб зале-

жно від варіанту покриття. Найвища тривалість зберігання була у варіантах парафін 75 %+ гліцерин 5 

% + соняшниковий віск 20 %,  харчова добавка 904 (шелак) 90 % + гель алое віра 10% (0,036 %)   і 

становила 142–145 діб. Висновки. Сила впливу захисних покриттів на втрату маси цибулин стано-

вить 76,0 %, при цьому відносна вологість повітря впливає на 12,0%, взаємодія факторів, що вивча-

лися – 12,0%. 

 

Ключові слова: часник озимий, втрата маси,  відносна вологість повітря, захисні покриття.  
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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 

developing under the influence of population 

growth, agriculture globalization, weakening of 

trade barriers, strengthening of the role of competi-

tion, worsening of food security, increasing re-

quirements for and access to food products. This, 

in turn, affects the dynamic development of the 

vegetable market due to the growing demand for 

vitamin-rich vegetable products, especially onions. 

As a result, today onions are among the five most 

economically important vegetables in the world. 

Review of Recent Studies and Publications. 

The global and domestic production of agrarian 

products was studied by Shubravska O., Moldovan 

L., Paskhaver B., Datsii O., Makarenko P., 2012. 

Problems of innovative development of agricultur-

al production and implementation of advanced 

technologies were studied by economists such as 

Prokopyshyn M., 2017, Grebennikova A., 2016, 

Dorosh-Kizym M., Dadak O., Hachek T., 2017. 

Certain technological aspects of vegetable produc-

tion were covered by Lohosha’s R., 2018 publica-

tion. As a general conclusion from these publica-

tions, we should note the following: the current 

vegetable production in Ukraine requires solving 

problems at all levels: state, region and farm. At 

the state level, protection of domestic producers, 

creation of wholesale food markets, including elec-

tronic auctions, and formation of competition in 

procurement, storage and processing are the most 

important issues. At the regional level, the for-

mation of integration structures and processing en-

terprises are the priorities. At the farm level, it is 

necessary to develop marketing concepts and stra-

tegic plans with due account for farms’ capabili-

ties, to increase production volumes and yields, 

and introduce effective innovative solutions into 

production. It was established that radical shifts in 

the development of the agro-industrial sphere are 

only possible provided innovative production, 

https://doi.org/10.32717/0131-0062-2023-73-97-105
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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 12th-13th 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-

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 

https://en.wikipedia.org/wiki/Publishing
https://en.wikipedia.org/wiki/Business_intelligence
https://en.wikipedia.org/wiki/Trade_fair
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Table 1.  Onion production in European countries in 2021 

 

Country Production,  

thousand tons 

Per capita,  

kg 

Area,  

thousand hectares 

Yield,  

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 35.5 

United Kingdom 371 889 5.631 8.889 41.8 

Romania 325 074 16.650 30.273 10.7 

Greece 225 746 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 18.4 

Bulgaria 14 921 2.116 1.365 10.9 

Slovenia 11 274 5.455 0.480 23.5 

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 1 449.4 84.017 32.723 44.3 

Spain 1 319.2 26.891 24.205 54.1 

Ukraine 1 017.1 24.066 55.100 18.5 

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 4.9 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. 

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,  

thousand hectares 

Gross harvest,  

thousand tons 

Yield,  

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 

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 
 

Period/year 
Zone 

Total 
Forest-steppe Steppe Woodlands Carpathians 

1990 9.3 21.6 1.2 0.6 32.7 

1991-1992 15.5 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 31.5 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 1.5 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 31.4 7.2 2.1 58.7 

2015-2016 18.7 27.5 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 

(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). 

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/m2); by mar-

ketable yield – ‘Zahrava’, ‘Maiak’, ‘Hospodynia’, 

and ‘Buran’ (+24-53% to the reference variety; 

2.1-2.5 kg/m2); 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/m2), marketable 

yield (+12%; 2.4 kg/m2), 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/m2) and marketability 

(97-99%). In the breeding nursery, 1 accession was 

selected: it yielded 2.2 kg/m2, 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 

(‘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. 
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Мета статі - визначити стан виробництва цибулі ріпчастої в Україні та Світі, обґрунтуванні су-

часних проблем та шляхів ефективного розвитку цього сегменту ринку овочів на перспективу в умо-

вах інтеграційних процесів. Методи. Для досягнення поставленої мети у процесі роботи використо-

вували методи: діалектичний метод пізнання для аналізу наукових праць учених щодо проблематики 

статті, математико-статистичні, групувань, аналіз рядів динаміки, абстрактно-логічний. Результати. 

Розглянуто сучасний стан виробництва цибулі ріпчастої в Україні. Встановлено частку цієї культури 

у загальних посівних площах і валовому виробництві овочів, наведено дані щодо розміщення вироб-

ництва цибулі за природно-кліматичними зонами України та окремими категоріями господарств. Ви-

значено причини, що стримують ефективний розвиток цього сегменту овочевого ринку, до яких на-

лежать: застосування застарілих технологій та практична відсутність інновацій; недостатня кількість 

необхідних потужностей для доробки, фасування, зберігання; переробки, відсутність професійно-

го брендингу та ефективної інфраструктури, низький розвиток агрологістики, невідповідність вітчиз-

няної овочевої продукції європейським стандартам. Викладено загальну стратегію і пріоритетні на-

прямки наукового забезпечення виробництва цибулі на перспективу в умовах інтеграційних процесів. 

Висновки. З підвищенням матеріального добробуту населення змінюється структура продовольчого 

кошика на користь збільшення споживання овочевої групи, у т. ч. цибулі ріпчастої. Цим орієнтиром, 

поряд з доцільністю максимального використання наявного природно-економічного потенціалу для 

виробництва цибулі й потрібно керуватися, обґрунтовуючи розвиток галузі овочівництва в Україні на 

перспективу. Подальший розвиток виробництва цибулі ріпчастої в Україні необхідно спрямовувати 

по шляху високо інтенсивного її виробництва на основі впровадження нових високопродуктивних 

сортів і гібридів, з високими смаковими показниками та наукового супроводу її виробництва. При 

цьому у перспективі необхідне технічне переоснащення галузі овочівництва, розвиток систем інфор-

маційного забезпечення, створення служб маркетингу та розвиток інфраструктури ринку.   

 

Ключові слова: цибуля ріпчаста, ринок, попит, пропозиція, ефективність, зональне розміщення, 

перспективи розвитку, наукове забезпечення. 
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неприпустиме   

 

 
Таблиці, рисунки, графіки, формули 

 

• Таблиці, рисунки, графіки та формули повинні бути пронумеровані та подані після першого 

посилання на них у тексті (примітки розміщуються безпосередньо під 

таблицею/рисунком/графіком). Усі абревіатури мають бути розшифровані при першому 

згадуванні в тексті. 

• Формули мають бути створені в редакторі Equation Editor, змінні математичні величини у 

тексті відповідно до формул набираються курсивом. 

• Рисунки та графіки повинні бути розташовані по центру, обтікання зображення текстом не 
дозволяється. 

• Усі розмірності фізичних величин потрібно подавати відповідно до Міжнародної системи 

одиниць (СІ). Між одиницями виміру, символами та цифрами, до яких вони належать, 

ставиться пробіл. 

 
Структура статті 

 

Індекс УДК 

 

За лівим краєм 

Назва статті 

Не більше 12 слів, за лівим краєм; подається українською та 

англійською мовами; прописними літерами, напівжирним 

шрифтом 

Авторські дані 

Подаються українською і англійською мовами. Ім’я, по батькові 

та прізвище авторів прописується повністю, повні офіційні назви 

та юридичні адреси установ авторів, контактні електронні адреси, 

науковий ступінь та посада кожного автора, ORCID    

 
Анотація 
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Розділ подається українською та англійською мовами з ідентичним змістом (не менше 1800 

знаків з пробілами). Анотація має бути інформативною, структурованою за схемою: Мета. 

Методи. Результати. Обговорення. Висновки. Ключові слова.  

Не допускається копіювати речення з розділів статті – перефразуйте їх.  

Ключові слова 

 

5–7 слів або словосполучень, які стосуються теми дослідження, не дублюють назву статті та 

не складаються із загальних слів. 

 

Вступ 

 

У розділі висвітлюється сучасний стан розглянутої проблеми на світовому рівні, аналізуються 

останні дослідження та публікації з посиланнями на релевантні наукові видання (7-10 

публікацій) за останні 3–5 років. Обґрунтовується актуальність, мета, завдання дослідження 

та наукова новизна роботи. Посилання на літературу необхідно подавати у круглих дужках. В 

одному посиланні не варто цитувати більше трьох джерел. 

 

Огляд літератури 

 

Цей розділ є факультативним і має містити результати досліджень науковців, що займались 

аналізом окремих аспектів досліджуваної теми так і дослідження в цілому. Кожне прізвище 

дослідника має обов’язково супроводжуватись відповідним посиланням зі списку 

використаних джерел. 

 

Матеріали та методи 

 

У розділі описуються основні етапи наукової роботи та обґрунтовується вибір використаних 

методів, прийомів, підходів чи дій, спрямованих на отримання нових наукових результатів 

дослідження та їх аналізу. Пояснюються стратегії та критерії формування вибірки (якщо 

стаття містить емпіричну частину), зазначається експериментальна база дослідження. 

Викладена методологія має надавати повну картину про хід дослідження у такий спосіб, щоб 

його могли повторити інші вчені, використовуючи ті ж матеріали та методи.  

 

Результати 

 

У розділі представляється основний матеріал дослідження з повним обґрунтуванням 

отриманих наукових результатів. Табличний або графічний матеріали обов’язково наводяться 

з результатами статистичної обробки даних. Результати досліджень мають бути достатньо 

обґрунтованими, методологічно правильно представленими, мати новизну та практичну 

цінність. 

 

Обговорення 

 

Обговорення має базуватися на інтерпретації результатів дослідження та становити за 

розміром не менше 500 слів. У цьому розділі необхідно порівняти свої результати з 

результатами робіт на обрану тему інших авторів: що спільного в отриманих результатах, які 

відмінності, хто розглядав інші аспекти проблематики тощо. Необхідно зіставити результати 

свого дослідження з п’ятьма аналогічними роботами інших вітчизняних та закордонних 

авторів. Під час аналізу публікацій з обраної теми необхідно згадувати прізвища авторів та 

зазначати суть їх роботи.  

 

Висновки 
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Висновки мають повно і конкретно відображати результати досліджень, відповідати меті та 

назві статті, дослівне дублювання з анотації неприпустиме. Важливо вказати перспективи 

подальших досліджень обраної теми. 

 

 

Подяки 

 

Розділ  є обов’язковим, у якому висловлюється подяка окремим особам чи організаціям за 

посильну технічну допомогу; ідеї; фінансову (матеріальну) підтримку, завдяки якому 

дослідження стало можливим. Якщо маєте жодних подяк, то вказується «Немає». 

 

Конфлікт інтересів 

 

Авторам необхідно розкривати всі потенційні джерела конфлікту інтересів. Конфліктом 

інтересів вважається будь-який інтерес або відносини, які можуть бути сприйняті як такі, що 

впливають на об'єктивність автора. Вони повинні бути розкриті, якщо мають пряме 

відношення або безпосередньо пов'язані з роботою, яку автори описують у своєму 

рукописі. Наявність конфлікту інтересів не перешкоджає публікації. Якщо автори не мають 

конфлікту інтересів, вони повинні заявити про це під час подання статті та включити 

відповідну заяву до розділу "Конфлікт інтересів". Якщо конфлікту інтересів немає, то 

зазначається «Немає». 

 

Список використаних джерел 

 

Посилання в тексті на джерела необхідно вказувати у круглих дужках "()", наприклад: 

(Shevchenko, 2023). Якщо потрібно зазначити посилання всередині рядка, варто вказувати рік 

у "()", наприклад: "Сергієнко (2023) в своїй роботі зазначала....". 

У такому випадку прізвища та роки джерел у тексті мають чітко збігатися з даними у 

списку використаних джерел. В одному цитуванні не дозволяється згадувати більше трьох 

джерел. 

Список використаних джерел повинен становити не менш 25 найменувань, у тому числі 

закордонні, транслітерація не допускається, джерела розташовуються в алфавітному порядку 

та оформлюються за APA 6th Referencing Style (2010). 

Всі джерела повинні бути присутніми в інтернеті. DOI (за наявності) – обов’язковий 

елемент використаних джерел. 

Бібліографія повинна бути опублікована за останні 5 років, допускається 5 % 

посилань на власні публікації та декілька джерел раннього видання (до п’яти) без 

індексів DOI. 

Неприпустимо посилатися на гіперпосилання, автореферати дисертацій, матеріали 

конференцій, службові матеріалу (ДСТУ). Посилатися на інтернет-ресурси можна тільки 

за наявності  DOI. 


