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Abstract
Relevant in the selection of each crop, including watermelon is a comprehensive study of the source material to identify 

sources of valuable traits and include them in the selection process in order to expand the genetic diversity of the culture. Accord-
ing to the results of research, to create a new source material for heterosis selection of watermelon, screening and monitoring of 
the vegetation period duration (number of days from germination to ripening) and its components 118 (101 varieties, 17 hybrids) 
genotypes of watermelon in the forest-steppe of Ukraine have been conducted. Research methods are generally accepted: field 
experiment, observation, accounting, analysis, statistical. According to the results of determining the duration of the components 
of the vegetation period, the samples were divided into five groups of ripeness: early (65–80 days) – 80 (68 %), medium-early 
(81–85 days) – 14 (12 %), medium (86–95 days) – 18 (15 %), medium-late (96–105 days) – 4 (3 %) and late (106 days) – 2 (2 %). 
Variety-samples, selected by morphological and economically valuable characteristics, belong mainly (80 %) to early and me-
dium-early. Only 6 % of genotypes belong to the medium-late and late-ripening groups. 52 samples with the smallest separate 
interphase periods were isolated. According to the results of the research, 8 sources with the high early ripeness were identified, 
the vegetation period of which was 66–70 days: Yellow early 108105 (66 days), Karapuz 108109, Surprise 108121 (67 days), Gift 
of the sun 108109, Lezheboka honey 108116, Thailand №1 108153 ( 69 days), Sweet Diamond 107874, Northern Lights 108127 
(70 days). Sources are involved in the selection process.
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1. Introduction
Watermelon (Citrullus lanatus (Thunb.) Matsum. Et Nakai) is one of the main melon 

crops, a valuable food product, a source of many vitamins and medicinal components import-
ant for health. Watermelon is a dietary product, the value of which is determined by the high 
content of easily digestible sugars – sucrose, glucose and fructose, as well as salts of iron, folic 
acid and minerals.

In the conditions of formation of market economy and active processes of integration of 
Ukraine into the world community the questions of competitiveness of production are the most 
actual at the present stage. The creation of new varieties and hybrids of watermelon, which will 
combine in one genotype a set of valuable economic traits (early ripening, cold resistance, high 
yield, productivity, high taste, resistance to fusarium wilt, etc.) will increase the economic 
efficiency of growing this crop and meet the population need in melon products [1–3]. In this 
direction, reliable methods of creating, evaluating and monitoring promising source material 
according to a set of selection traits should play an increasingly important role.
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The consumer needs new genotypes of earlier ripening, cold-resistant with high taste 
qualities, long storage period and resistance to diseases [2, 4, 5]. It is important to extend the 
period of consumption, which was ensured by the creation of both early-ripening and late-rip-
ening genotypes by using the sources of these traits, which can serve as valuable samples of 
the source material of watermelon.

The world gene pool of watermelon is the most valuable source of new high-yielding 
genotypes that combine resistance to biotic and abiotic environmental factors and other eco-
nomically valuable traits [6]. As you know, the basis of selection is a valuable source material, 
concentrated in the collections of genetic banks, institutions and working collections of the 
breeder.

The annual demand for fruits of melons 20–25 kg per person is not met by production 
more than twice [7].

The leaders of world watermelon production are China (68 %), Turkey and Iran (3 % 
each) [7, 8]. According to the results of 2020, Ukraine ranks third in Europe in the production 
of melons, second only to Russia (740 thousand tons) and Spain (691 thousand tons) with a 
gross production in 2020 of 687 thousand tons.

In the selection of melons, the Institute of Vegetable and Melon growing of the Nation-
al Academy of Agrarian Sciences of Ukraine is a recognized leader in the creation of early 
cold-resistant varieties of watermelon. A number of early-ripening and medium-early varieties 
were created by synthetic selection: Borchansky, Chornogorets, Garny, Shironinsky [8–10]. 
New competitive varieties of watermelon Max Plus, Charm have been created [11, 12]. The 
assortment of watermelon was supplemented by a new exotic variety Sunshine and a new com-
petitive hybrid Fairy Tale F1 [13, 14].

According to the FAO, more than 130 countries are engaged in the industrial produc-
tion of watermelon (total area – about 3.5 million hectares, gross harvest – 926 million tons). 
Crucial importance in the production of watermelon belongs to the varieties and hybrids that 
determine the consumer qualities of products, demanded by market conditions. The introduc-
tion of new heterosis hybrids can increase watermelon yields by at least 15–20 % [2, 7, 15].

As of February 11, 2021, 23 foreign and 6 domestic applicants were entered into the 
State Register of Plant Varieties Suitable for Distribution in Ukraine. Varietal resources in-
clude 88 hybrids and 37 varieties (125 in total), of which 81 hybrids and 9 varieties of for-
eign selection, Ukrainian – 7 and 28, respectively [16]. The foreign market is represented by 
watermelon hybrids by 50 %. Breeders from Russia, Hungary, China, Japan, and the United 
States are working intensively to create heterosis hybrids of watermelon [17–22]. Virtually all 
foreign companies have switched to hybrids, while they have retained the main popular variet-
ies-brands (AU Producer, Crimson World, Charleston Gray, Shuga Baby, etc.).

An important role in the study of watermelon belongs to the disclosure of its genetic 
potential. This topical problem can be solved by testing samples of different ecological and 
geographical groups on a natural background, which will reveal the effectiveness of genetic 
sources to create new varieties and hybrids [23, 24]. Therefore, a crucial task in the early stag-
es of breeding work is a comprehensive analysis and selection among the source material of 
forms with a high individual ability to transmit to offspring valuable traits. The involvement 
of the watermelon diversity of different ecological-geographical and genetic origin, with a set 
of economically valuable traits, will allow to obtain original self-pollinated lines, which can be 
promising as both maternal and paternal components of hybrids in heterosis selection [25–28].

The collection of samples is a determining factor in obtaining new hybrids and varieties 
of melon plants, including watermelon.

The purpose of the study is to assess the collection gene pool of watermelon by the 
vegetation period duration (number of days from germination to ripening) and its components, 
selection of sources of early, medium and late-ripening watermelon, establishing features and 
limits of trait variation by ripeness groups, selection of sources of valuable traits for different 
directions of varietal and heterosis selection.
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2. Research materials and methods
The research was conducted at the Institute of Vegetable and Melon NAAS (Kharkiv 

region) during 2018–2020 in rain-fed conditions of open ground of selection crop rotation.
The material for the research was the source material, which consisted of 118 samples 

of the source material (101 varieties and selection samples, 17 hybrids from 13 countries) with 
different selection characteristics.

The soils of the experimental site are low-humus, medium-loam chernozems with a 
humus content of 4.0–4.5 %, P2O5 – 15 mg/100 g, K2O – 8–10 mg/100 g. This variety belongs 
to rather fertile soils, which with favorable water regimes have a significant capacity to supply 
plants with nutrients. The reaction of the medium in the arable layer is neutral (pH – 7.0–7.5), 
i.e., favorable for growing watermelon [29].

Meteorological conditions in the years of research (2018–2020) were of a contrasting 
nature, which allowed to obtain an objective assessment of the samples of the source material 
in terms of the vegetation period components duration. Climatic conditions during the growth 
and development met the physiological requirements of watermelon and contributed to the 
manifestation of all phenotypic traits and the formation of a full-value harvest of watermelon 
fruits of different ripeness groups.

Research methods. Establishment of experiments and observations and calculations 
were performed in accordance with generally accepted methods [30, 31]. The standard was 
placed every 10 samples. The feeding area of one plant is 0.98 m2. Number of plants – 20 plants 
of each sample. The registered area of the plots is 19.6 m2. The technology of watermelon cul-
tivation in the experiment complied with DSTU 5045: 2008 [32].

Watermelon genotypes by the vegetation period duration (number of days from ger-
mination to ripening) were divided into: early-ripening – 65–80 days, medium-early – 81–
85 days, medium-ripening – 86–95 days; medium-late – 96–105 days, late-ripening – 106 days 
and above [10, 33]. The economic and biological assessment of the genotypes of the source 
material was carried out in accordance with the “Wide Unified Classification of CMEA of the 
genus Citrullus Schrad” and “Methods of examination of varieties” [34, 35].

In studies to analyze the variability of the duration of interphase periods of genotypes 
by ripeness groups, the following indicators were used: Lim – variation limit (Хmin…Хmax) and 
Аm – variation amplitude (Хmax–Хmin). 

The analysis of experimental data was performed using the ANOVA method. Differ-
ences between values in different variants of the experiment were determined using the Tukey 
test [36], where the differences were considered significant at P<0.05 (adjusted for Bonferroni 
correction) [37].

3. Results and their discussion
In order to evaluate the selection material and identify sources of valuable traits to cre-

ate a new source material for heterosis selection of watermelon, we screened the gene pool of 
watermelon.

It was found, that the genotypes, assessed by morphological and economically valuable 
traits, belong mainly to early and medium-early (68 and 12 %, respectively).

Table 1 shows the characteristics of watermelon genotypes by ripeness group for 2018–
2020 studies.

The main number of samples of the watermelon collection studied belonged to the ear-
ly-ripening and medium-early groups. These two groups included most samples from Ukraine, 
Japan, China, Korea, as well as samples from the Netherlands and France.

The smallest vegetation period (63–64 days) was inherent to variety-samples: Honeysuck-
le and Klondike. They can be considered sources of signs of early- ripening – ultra-early. The 
other 78 genotypes, belonging to the early ripening group, are also sources of early ripeness.

According to the results of phenological observations, the samples were divided into five 
ripeness groups:
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– 1 – early-ripening (65–80 days) – 80 (68 %);
– 2 – medium-early (81–85 days) – 14 (12 %);
– 3 – medium-ripening (86–95 days) – 18 (15 %);
– 4 – medium-late (96–105 days) – 4 (3 %);
– 5 – late-ripening (106 days) – 2 (2 %).
The monitoring of the watermelon gene pool by ripeness groups is shown in Fig. 1.

Table 1
Distribution of watermelon genotypes of different ecological and geographical origin by ripeness groups, 
2018–2020

Country of origin Genotypes number, 
un

Genotypes number by ripeness group, un 

Early-
ripenng

Medium-
early

Medium-
ripening

Medium-
late 

Late-
ripening

Ukraine 31 24 5 0 1 1
Russia 27 16 0 8 2 1
Japan 6 6 0 0 0 0
China 13 8 5 0 0 0
Korea 5 5 0 0 0 0
Poland 2 2 0 0 0 0

Czech Republic 5 5 0 0 0 0
Netherlands 5 5 0 0 0 0

France 2 2 0 0 0 0
Moldova 4 4 0 0 0 0

Italy 2 2 0 0 0 0
USA 7 0 2 5 0 0

Thailand 2 0 1 0 1 0
Kazakhstan 3 1 0 2 0 0

Denmark 4 1 1 2 0 0
Totally 118 80 14 18 4 2

 % 100 68 12 15 3 2

0
10
20
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40
50
60
70

1 2 3 4 5
ripeness group

%

Fig. 1 Monitoring of the gene pool of watermelon by ripeness groups, 2018–2020: 1 – early-
ripening; 2 – medium-early; 3 – medium-ripening; 4 – medium-late; 5 – late-ripening.

According to the results of the research, the variability of 118 genotypes of different ripe-
ness groups according to the vegetation period duration was determined. Taking into account the 
biology of culture, the most significant in determining the genotype ripeness group is the duration 
of such phases of development of watermelon plants: “seedlings-flowering of female flowers”, 
“flowering of female flowers-ripening”, “seedlings-ripening” (Tables 2–4).
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The data from the studies of genotype variability within the ripeness groups and between 
the ripeness groups themselves for the component of the vegetation period – the interphase period 
“seedlings-flowering of female flowers” are shown in Table 2.

According to the table, it is seen, that the variation of signs of the vegetation period com-
ponents duration for the specified interphase period “seedlings-flowering of female flowers” was 
low V<10 % for 1 and 3 ripeness groups and average for 2 and 4 ripeness groups; for the interphase 
period duration V˃10 % (respectively 10.04 and 10.77). It should be noted, that the limit of varia-
tion of the trait by the ripeness groups was the highest in the group of early-ripening samples and 
amounted to 17 days, in the group of medium-early samples it was 13 days, in medium-ripening 
samples – 11, and the lowest in the medium-late group of samples and was 6 days, 1 sample turned 
out to be late-ripening

Table 2
The variability of the duration of the component indicator of the vegetation period – the interphase period 
“seedlings-flowering of female flowers” of different ripeness groups of samples of the watermelon gene pool, 
the average for 2018–2020

No. Ripeness group (days) 
Seedlings-flowering of female flowers

Аm, days
Lim, days Xav±Sx V±Svmin max

1 Early-ripening– 65–80 25 42 17 36.21±0.37 9.55±0.72
2 Medium-early – 81–85 28 41 13 36.39±1.05 10.04±2.05
3 Medium-ripening – 86–95 31 42 11 37.21±0.81 8.71±1.54
4 Medium-late – 96–105 32 38 6 35.00±2.67 10.77±5.39
5 Late-ripening – 105 62 62 0 46 –

Note: The numeric data in the table are presented as x±SD (n=20).

The data from the studies of genotype variability within the ripeness groups and between 
ripeness groups themselves according to the vegetation period component – the interphase period 
“Flowering of female flowers-ripening” are shown in Table 3.

Table 3
The variability of the duration of the component indicator of the vegetation period – the interphase period 
“flowering of female flowers - ripening” of different ripeness groups of watermelon gene samples, the 
average for 2018–2020 

No. Ripeness group (days) 
Flowering of female flowers - ripening

Аm, days
Lim, days Xav±Sx V±Svmin max

1 Early-ripening– 65–80 31 53 22 38.62±0.41 9.85±0.75
2 Medium-early – 81–85 39 56 17 46.33±1.38 10.31±2.10
3 Medium-ripening – 86–95 48 62 14 52.98±1.10 8.32±1.47
4 Medium-late – 96–105 62 70 8 66.00±3.67 7.86±3.93
5 Late-ripening – 105 62 62 0 62 –

Note: The numeric data in the table are presented as x±SD (n=20).

Based on the obtained data, the variation of signs of the vegetation period components 
duration for the specified interphase period “flowering of female flowers-ripening” was low 
V<10 % for 1, 3 and 4 ripeness groups and average for 2 ripeness group, by the interphase pe-
riod duration V˃10 % (10.31). According to the analysis of the data, we noted the same trend, 
namely the limit of variation of the trait decreased from the early-ripening group of samples to 
the medium-late. It should be noted, that the limit of variation of the trait by the ripeness groups 
was the highest in the group of early-ripening samples and amounted to 22 days, in the group of 
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medium-early samples it was 17 days, in medium-ripening samples – 14, and the lowest in the 
medium-late group of samples and was 8 days. 1 sample turned out to be late-ripening.

The data from the studies of genotype variability within the ripeness groups and between 
the ripeness groups themselves by the vegetation period duration are shown in Table 4.

Table 4
The variability of the duration of the component indicator of the vegetation period – the interphase period 
“seedlings-ripening” of different ripeness groups of samples of the gene pool of watermelon, the average for 
2018–2020

No. Ripeness group (days) 
Seedlings-ripening 

Аm, days
Lim, days Xav±Sx V±Svmin max

1 Early-ripening– 65–80 66 80 14 74.84±0.36 4.53±0.34
2 Medium-early – 81–85 81 85 4 82.72±0.54 2.27±0.46
3 Medium-ripening – 86–95 86 95 9 90.19±0.78 3.45±0.61
4 Medium-late – 96–105 100 102 2 101.00±1.00 1.40±0.70
5 Late-ripening – 105 109 109 0 109 –

Note: The numeric data in the table are presented as x±SD (n=20).

The table shows that the variation of signs of the duration of the vegetation period with-
in these ripeness groups was low to V<10 % and amounted to 1.40–4.53. The limit of variation 
was highest in the group of early-ripening samples due to the wider gradation of days and was 
14 days, the medium-early group had the low limit of variation of the sign – 4 days, while in 
the medium-ripening it was 9 days. The lowest limit of variation of the sign was in the medi-
um-late group, only 2 days.

The gene pool of watermelon was screened according to the components of the veg-
etation period, based on the results of which genotypes with the shortest duration of sepa-
rate interphase periods were identified. The following interphase periods and corresponding 
genotypes are the most informative in terms of early ripeness: “seedlings-fruit formation” 
(Am=31…58 days) – Yatum Oak (31 days), No. 545 (32 days), Yellow early 108105, Boris-
fen 108095 (35 days), Klondike 108181 (37 days), Karapuz 108109, Northern Lights 108127 
(39 days), Lunar 108093, Honeysuckle 107873 (40 days); “Seedlings-flowering of female f low-
ers” (Am=28…42 days) – Monomakh 108103 (28 days), Yellow early 108105 (29 days), Eastern 
breeze 108120, Dream 108100 (31 days), Borisfen 108095, Sweet scarlet (32 days) ); “Seed-
lings-stem formation” (Am=16…28 days) – Honeysuckle 107873, Ganusik 108148 (16 days), 
Wm19, China No. 3 108161, Treasure (17 days), Emperor’s hat, Janusik, Sugar kid 108113, Ha-
zel bush, Sweet diamond, Surprise 108121, Volzhanin 108128, Medok 108086, Asar 108087, 
Photon 108097, Karapuz 108109, Spassky 108143, Minimelonia 108104 (18 days); “Flowering 
of female f lowers – fruit formation” (Am=2…12 days) – Honeysuckle, Sweet Dakota, Hazel 
bush (2 days), Kherson lights, Whole leaf, Surprise 108121, Costa Rica 108177, Yellow Miracle 
108102 and Charleston Gray 1081 3 days).

According to the research results, 8 sources with the high early ripeness were iden-
tified, the vegetation period, namely the interphase period “seedlings-fruit ripening” which 
was 66… 70 days with the amplitude of variation of the gene pool – Am=66… 109 days and 
Lim=43. These are genotypes: Yellow early 108105 (66 days), Karapuz 108109, Surprise 108121 
(67 days), Gift of the sun 108109, Lezheboka honey 108116, Thailand No. 1 108153 (69 days), 
Sweet diamond 107874 and Northern lights 108127 (70 days).

These variety-samples should be used in the selection process to obtain maternal or 
paternal lines in the creation of early-ripening heterosis hybrids as sources of a valuable trait – 
early ripeness. Selection of genotypes with the shortest individual interphase periods allows 
to model early ripeness, which is useful when creating new competitive hybrids by selecting 
different parental components. As you know, when selecting parental components of hybrids, 
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attention is paid to use as a parental form – a form that should be earlier than the mother, which 
will provide a more complete re-pollination of parental components.

4. Conclusions
According to the results of research, to create a new source material for heterosis se-

lection of watermelon, screening and monitoring of the vegetation period duration (number 
of days from germination to ripening) and its components 118 (101 varieties, 17 hybrids) gen-
otypes of watermelon in the forest-steppe of Ukraine have been conducted. According to the 
results of determining the duration of the components of the vegetation period, the samples 
were divided into five groups of ripeness: early (65–80 days) – 80 (68 %), medium-early (81–
85 days) – 14 (12 %), medium (86–95 days) – 18 (15 %), medium-late (96–105 days) – 4 (3 %) 
and late (106 days) – 2 (2 %). Variety-samples, selected by morphological and economically 
valuable characteristics, belong mainly (80 %) to early and medium-early. Only 6 % of geno-
types belong to the medium-late and late-ripening groups. 52 samples with the smallest sepa-
rate interphase periods were isolated. 

According to the results of the research, 8 sources with the high early ripeness were 
identified, the vegetation period of which was 66–70 days: Yellow early 108105 (66 days), 
Karapuz 108109, Surprise 108121 (67 days), Gift of the sun 108109, Lezheboka honey 108116, 
Thailand No. 1 108153 ( 69 days), Sweet Diamond 107874, Northern Lights 108127 (70 days). 
Sources are involved in the selection process.
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