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IAA - Indole-3-acetic acid 
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B5 - Gamborg B5 vitamins, Gamborg et al., (1968) 
E20 - Medium by Sauton and de Vaulx, (1987) 
60Co - cobalt 60 gamma rays 
Px - Podosphaera xanthii 
Pc - Pseudoperonospora cubensis 
PI - Plant introductions 
DF - Days to mass flowering 
TF - Type of flowering  
DR - Days to ripening 
FW - Fruit weight 
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FD - Fruit diameter 
FTh - Flesh thickness 
SCD - Seed cavity diameter 
TSS - Total soluble solids 
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FM - Flesh moisture  
BF - Bitterness of mature fruit 
FPCF - Fruit pattern of cork formation  
FF - Flesh flavour  
PH - Plant height 
NI - Number of internodes 
LA - Leaf area 
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І. INTRODUCTION 
Melon (Cucumis melo L.) belongs to the Cucurbitaceae family and is among the 

economically important vegetable crops. Its importance is determined by the nutritional 
and taste qualities of the fruits which are rich in carbohydrates, vitamins, and minerals. 
The great genetic diversity of varieties and forms defines it as a polymorphic species. 
The different features of the fruits and the specific requirements of producers and 
consumers put the breeder in front of constantly changing criteria for the model of the 
variety. The combination of certain characteristics requires great genetic diversity, which 
could be achieved by enriching the breeding collection through plant introduction or 
through development of new hereditary changes. 

Over the last few decades, traditional breeding methods have been combined 
with the cultivation of plant organs, tissues, and cells in vitro alone or combination with 
recombinant DNA techniques, to expand the potential of conventional plant breeding. 
The combination of these methods allows to develop new varieties rapidly or to improve 
specific plant characteristics, related to resistance and yield potential. The most effective 
biotechnological methods are somaclonal variation, in vitro mutagenesis, and 
embryogenesis. 

The investigation of genetic resources and types of inheritance is important for 
the breeding programs. Heterosis is one of the widely utilized breeding methods for 
improving vegetable crops, including melon. Diallel cross schemes allow evaluating the 
parental lines and their F1 hybrids in terms of quality traits such as yield, vegetation 
period, fruit characteristics, powdery mildew, and downy mildew resistance. 

The study of the main genetic parameters of fruit and plant traits such as 
genotypic variance, heritability in a broad sense and narrow sense, degree of 
dominance, number of genes, etc. have important practical significance for melon 
breeding programs. By studying these parameters, certain genetic improvements to the 
initial melon population can be achieved. The presented melon breeding aspects raise 
questions about the effective use of genetic resources when creating new varieties. 

Studying the possibilities for application of biotechnological and conventional 
breeding methods in order to enrich genetic diversity in melons required the 
development of the current Ph.D. thesis. 

 
II. RESEARCH OBJECTIVES  
The purpose of this study is to investigate possibilities for enriching genetic 

diversity in melons through biotechnological and conventional breeding methods. 
 
To achieve this goal, it was necessary to solve the following tasks: 
1. Establishing the regeneration potential of melon lines. 
2. Inducing mutations in melon genotypes by in vitro irradiation of explants with 

different doses of γ-rays 60Co and study the changed traits. 
3. Optimizing the conditions for obtaining haploid melon genotypes by 

hybridization with irradiated pollen and in vitro cultivation of haploid embryo. 
4. Phenotyping a melon collection in order to establish the available genetic 

diversity. 
5. Developing F1 hybrid generation and study the inheritance of traits related to 

productivity, resistance, and fruit characteristics. 
5.1. Diallel analysis of hybrid combinations with female and hermaphrodite types 

of flowering. 
5.2. Partial diallel analysis of hybrid combinations with resistance to powdery 

mildew and downy mildew parental lines. 
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6. Creating six generations of promising parental lines (P1, P2, F1, F2, BC1P1, and 
BC1P2) and study the variation and inheritance of qualitative and quantitative traits. 

6.1. Variation and inheritance of fruit and plant traits. 
6.2. Inheritance of resistance to powdery mildew and downy mildew. 

 
III. MATERIALS AND METHODS 
The investigation was carried out during the period 2017 - 2020 in the tissue 

culture laboratory and experimental greenhouses at „Maritsa“ Vegetable Crops 
Research Institute - Plovdiv.  

 
III.1. Enrichment of the genetic diversity in melon through biotechnological 

breeding methods 
III.1.1 Donor plant materials. 
Four melon genotypes (BG14, K052, 5-1-2, and SV-3-14) of different varieties 

were used in the research: 
- BG14 - var. cantalupensis, gynoecious type of flowering 
- SV3-14 - var. cantalupensis, somaclonal variant, originating from the male-

sterile line 11/9C, monoecious type of flowering 
- K052 - var. makuwa, derived from China, and producing more than one fruit, 

andromonoecious type of flowering 
- 5-1-2 - var. reticulatus, andromonoecious type of flowering 
 
III.1.2. Conditions of donor plants growing 
III.1.2.1. In vitro conditions 
Seeds of the four melon genotypes were surface sterilized in 5% calcium 

hypochlorite solution for 1 hour and rinsed three times with sterile dH2O. After that, the 
seeds were sown on basal medium containing macro- and micro salts by Murashige and 
Skoog (1962), vitamins by Gamborg et al., (1968), 2% sucrose, and 0,7% agar for 
germination (MS0). The pH of the medium was adjusted to 5,8 before autoclaving. The 
seeds were cultivated on glass vessels containing 200 ml MS0 medium and incubated 
in a growth chamber in the following conditions: 

- Day-time temperature 26ºC ± 1ºC 
- Night-time temperature 18º С ± 1º С 
- Photosynthetic photon flux density (PPFD) - 200 µmol m-2 s-1 
- Photoperiod 14/10 h, day/night. 

 
III.1.2.2. Adaptation of in vitro plant-regenerants 
Plant-regenerants 3 - 5 cm in height were extracted from the culture medium and 

planted in 0.5 L pots in a mixture of peat moss and perlite in the ratio of 1:3 (v/v) for 10-
12 days.  

 
III.1.3. Estimation of the regeneration potential of melon genotypes 
Aseptically in vitro grown 5 - 7 days old seedlings were used as a source of 

explants for cotyledon (0,5 cm2), hypocotyl (1,0 cm) and true leaf (0,5 cm2). The explants 
were cultivated on basal medium MS0 supplemented with different combinations and 
concentrations of plant growth regulators BA, Kinetin and IAA:  

1. 1,0 mgL-1 BA + 0,5 mgL-1 IAA; 
2. 2,0 mgL-1 BA + 0,5 mgL-1 IAA; 
3. 3,0 mgL-1 BA + 0,5 mgL-1 IAA; 
4. 1,0 mgL-1 Kinetin + 0,5 mgL-1 IAA; 



5 

 

 

5. 2,0 mgL-1 Kinetin + 0,5 mgL-1 IAA; 
6. 3,0 mgL-1 Kinetin + 0,5 mgL-1 IAA. 
The Petri dishes with explants were incubated in a growth chamber and sub-

cultured at intervals of 20 days on the same medium variants. For further development 
of obtained shoots, the explants were cultivated on basal medium MS0 containing 0,1 
mgL-1 BA. 

The experiment was carried out in three iterations with 10 explants for each 
genotype, medium variant, and explant type. 

 
III.1.4. In vitro irradiation of melon explants with gamma rays 60Со 
Cotyledonary explants of two melon genotypes were irradiated with gamma rays 

(10, 20, 30 Gy 60Со) at the National Center of Radiobiology and Radiation Protection – 
Sofia (NCRRP). Three days after irradiation the explants were cultivated on a fresh 
medium. 

 
III.1.5. Obtaining melon haploid embryo derived from hybridization with 

irradiated pollen 
Irradiation was performed at the National Center of Radiobiology and Radiation 

Protection – Sofia (NCRRP) with 300 γ-rays 60Co. The irradiated pollen was stored in a 
growth chamber at 25ºC ± 1ºC and was used for pollination the next day. Sixteen melon 
genotypes (lines and hybrids) from different varieties were used for the experimental 
work (Table 3 in Results and Discussion section). Melon fruits were harvested three to 
four weeks after pollination. The fruits were disinfected with 96% ethanol through the 
dry burning method. All seeds were opened one by one under a stereo binocular 
microscope in a laminar flow cabinet to remove any visible embryos. These embryos 
were placed in plastic petri dishes containing 6 ml E20A medium. When the cultured 
embryos developed into plantlets, they were transferred to glass vessels containing 25 
ml MS0 medium.  

 
III.2. Enrichment of the genetic diversity in melon through conventional 

breeding methods 
III.2.1. Phenotyping a melon collection 
III.2.1.1. Donor plant material 
Different varieties were phenotyped of melon genotypes from the collection of 

the “Maritsa” Vegetable Crops Research Institute – Plovdiv (Table 7). 
 

III.2.1.2. Experiment conditions 
The investigation was conducted in an unheated glasshouse, Venlo type. Terms 

of the experiment: Sowing 23rd of March in perlite substrate; pricking in 0,5 l pots - 31st 

of March; transplanting - 25th of April; harvesting - from 5th of June to 5th of August. The 
plants were grown according to the technical requirements. A double-row system was 
used; the scheme of transplanting was 240 cm between the centers of each pair of rows, 
80 cm between the two rows within a pair, 45 cm between plants in the rows. Plant 
density was 1,4 plants/m2. The plants were grown vertically in the greenhouse until they 
reached the support wires (200 cm). The plants were irrigated, fertilized, and protected 
from pathogens and pests according to standard horticultural practices. Some of the 
genotypes were pollinated to produce the F1 progeny needed in subsequent studies. 
The plants were grown until the end of August and seeds were obtained from the 
collected fruits. 
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III.2.1.3. Experiment schema 
Plots were arranged in a randomized complete block design, with two 

replications, six plants per plot, and a total of twelve plants per genotype.  
 

III.2.1.4. Measured characteristics 
The melon collection was characterized by the requirements of UPOV. Main traits 

were selected that are important for the breeding of melons. 
The following traits were measured: 
- Days to mass flowering 
- Flowering type (at full flowering - 1 monoecious, 2 andromonoecious, 3 
gynoecious, 4 hermaphroditic) 
- Days to ripening (from pollination to mature fruit) 
- Fruit length (cm) 
- Fruit diameter (cm) 
- Flesh thickness (cm) 
- Fruit weight (g) 
- Seed cavity diameter (cm) 
- Total soluble solids TSS (oBx) (measured by using a digital refractometer KERN 
ORA 32 BA/BB). 
- Fruit shape (1 ovate, 2 medium elliptic, 3 broad elliptic, 4 circular, 5 

quadrangular, 6 oblate, 7 obovate, 8 elongated); 
- Predominant fruit skin colour (1 white, 2 light yellow, 3 cream, 4 pale green, 5 

green, 6 dark green, 7 orange, 8 brown, 9 grey); 
- Fruit surface (1 smooth, 2 grainy, 3 finely wrinkled, 4 deeply wrinkled, 5 

shallowly wavy, 6 rare warts, 7 numerous warts, 8 light corked/netted, 9 heavily 
corked/netted, 10 sutures); 

- Fruit corking/netting intensity (1 absent, 2 superficial, 3 intermediate, 4 
pronounced) 

- Fruit ribbing (1 absent, 2 superficial, 3 intermediate, 4 deep) 
- Main colour of flesh (1 white, 2 yellow, 3 cream, 4 pale green, 5 green, 6 pale 

orange, 7 orange, 8 salmon) 
- Aroma (1 absent, 2 present) 
- Flesh texture (1 firm, 2 grainy, 3 soft, 4 mealy, 5 fibrous) 
- Taste (1 insipid, 2 intermediate, 3 sweet, 4 acetone) 
- Flesh moisture (1 low, 2 intermediate, 3 high) 
- Bitterness of mature fruit (1 absent, 2 present) 
- Fruit pattern of cork formation (1 absent, 2 dots only, 3 dots and linear, 4 linear 

only, 5 linear and netted, 6 netted only) 
- Flesh flavour (1 peach, 2 ananas, 3 strawberry, 4 tropical fruit, 5 vanilla, 6 

acetone, 7 pumpkin, 8 watermelon, 9 cucumber) (extra criteria added by us) 
 

III.2.2. Screening test for resistance to powdery mildew and downy mildew 
The screening test was performed by using the leaf discs method, under 

controlled conditions in a growth chamber. Young plants in phase 3-4 leaf were used for 
leaf disks. Leaf discs with 15mm in diameter were cut by cork borer from fully developed 
young leaves and placed (adaxial surface up) on wet filter paper in plastic containers 
(9x20x3 cm). For each genotype, 5 disks replicated 3 times were used (total of 15), and 
the experiment was conducted twice.  
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III.2.2.1. Evaluation of the attack degree of powdery mildew and downy 
mildew 

Inoculation was performed by direct blow of spores of P. xanthii on the leaf disks. 
The leaf discs were placed in a growth chamber at a temperature of 25±1ºC, light 
intensity 200 μmol m-2 s-1 and photoperiod 16/8h. The degree of powdery mildew attack 
was recorded on the 13th day after infection using the 0-4 scale: 

 0 = without symptoms; 

 1 = up to 10% of the surface of the leaf disc was infested; 

 2 = 11-25% of the surface of the leaf disc was infested; 

 3 = 26-50% of the surface of the leaf disc was infested; 

 4 = over 50% of the surface of the leaf disc was infested,  
(where: 0 and 1 (R) resistance response, 2 moderately susceptible, 3 and 4 (S) 
sensitive reaction) 

 
III.2.3. Survey of preferences to melon fruit characteristics among 

Bulgarian consumers 
A sample survey of consumer preferences using the quota method was conducted at 
the XXVIII International Agricultural Exhibition AGRA in Plovdiv in 2018. The survey form 
contained five questions about the main characteristics of the melon fruit. The test 
allowed for more than one answer to be given to each question. One hundred 
respondents took participated in the survey. The questions were accompanied by 
photographic images of melon features that could potentially affect consumer 
preferences.  
 

III.2.4. Evaluation of parental lines and their hybrid combinations, in terms 
of productivity, fruit characteristics, and resistance 

As a result of the phenotyping of the melon collection, promising breeding 
materials were selected, with which hybridization was performed according to the 
following schemes:  

 
III.2.4.1. Diallel analysis of hybrid combinations with female and 

hermaphrodite types of flowering.  
The diallel cross scheme (without reciprocals) included parent forms of female 

and hermaphrodite types of flowering - BG14, Gynodow, WI998, and Poul. 
 

III.2.4.2. Partial diallel analysis of hybrid combinations involving powdery 
mildew and downy mildew resistant lines  

A partial diallel cross scheme between five maternal lines (monoecious with male 
sterility and gynoecius) and two pollinator lines with andromonoecius flowering type, 
resistant to powdery mildew and downy mildew, was tested. 

 
 

 BG14 Gynodow WI998 Poul   5-1-2 Seminole 
1.BG14 * * * *  1.ВК155 * * 
2.Gynodow  * * *  2.К15-6 * * 
3.WI998   * *  3.Gynodow * * 
4.Poul    *  4.AGY * * 
      5.BG14 * * 

 
 

 

 



8 

 

 

III.2.4.3. Diallel cross scheme 
The block method was chosen for the experiment, with two replications of five 

plants, according to the scheme P1-F1-P2. 
The plants and fruits were evaluated by main traits (described in item III.2.1.4), 

with 5 added additional characteristics: 
- Plant height (PH) 
- Number of internodes (NI) 
- Leaf area cm2 (LA) 
- Number of nodes to the first fruit position (NNFFP) 
- Number of fruits per plant (NFP) 
- Yield per plant (Y) 
- Vegetation period (VP) 
Resistance was tested of the parental components and hybrids to the 

pathogen causing powdery mildew and downy mildew (described in item III.2.2.1). 
 

III.2.5. Variation and inheritance of qualitative and quantitative traits from 
the six generations (P1, P2, F1, F2, BC1P1, and BC1P2) in the cross AGY x 5-1-2 

In the last experimental year (2019), the six generations (P1, P2, F1, F2, BC1P1, 
and BC1P2) of the hybrid combination AGY x 5-1-2 were tested. The plants were grown 
according to the technology for early greenhouse production under unheated conditions, 
described in item III.2.1.2. 

  
III.2.6. Statistical data analysis 
The SPSS software was used for statistical data analysis. The results were 

processed with variation analysis, three-factor analysis of variance, and Duncan’s 
Multiple Range Test at P≤0,05.  

Griffing's Method 2, Model 1 (1956) was used to evaluate the combining ability 
of parental components in a diallel cross scheme. Partial diallel cross schemes were 
determined by the method of Viana et al., (1999), Miranda and Geraldi (1984), using the 
GENES program (Cruz, 2013). The mid-parent heterosis effect (average of the two 
parents) was estimated by the following formula: 

MPH = F1−MP/MP × 100 (%) 
 
The variation and inheritance of qualitative and quantitative traits in the analysis 

of the six generations (P1, P2, F1, F2, BC1P1, and BC1P2) were determined through the 
GENES program (Cruz, 2013). To evaluate the predominance of additive and non-
additive genes, in case both effects are proven, the square components of general 
combining ability (GCA) and specific combining ability (SCA) were taken into account. 
At a lower ratio of 0,5, nonadditive gene effects predominate, and at a higher value, 
those of additive ones. 
 

IV. RESULTS AND DISCUSSION 
IV.1. Enrichment of the genetic diversity in melon through biotechnological 

breeding methods 
IV.1.1 Induction of callogenesis and organogenesis of different melon 

genotypes 
Different combinations and concentrations of the plant growth regulators BA (1,0 

mgL-1, 2,0 mgL-1, 3,0 mgL-1), Kinetin (1,0 mgL-1, 2,0 mgL-1, 3,0 mgL-1), and IAA (0,5 mgL-

1) were used to establish the regeneration potential of four melon genotypes (BG14, 
K052, 5-1-2 and SV-3-14). The results showed callus induction in all studied medium 
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variants. The callus morphology and colour were different depending on the explant 
type. In cotyledons and true leaves, the callus was friable and whitish with leaf structures 
and elongated shoots, while in hypocotyls the callus was transparent and watery. The 
results showed that all types of explants had the potential for callus formation in all tested 
medium variants. 

The three-way analysis of variance confirmed that all of the three factors 
influenced organogenesis and regeneration ability (Figure 1). Received data showed 
that explant type (η=37,25%) influenced mainly the organogenic ability of studied melon 
genotypes, followed by medium (η=13,09%) and genotype (η=7,49%). Interactions 
between studied factors also impacted the organogenic answer (A x C=5,87 and B x 
C=10,58). 

Similar data were observed in the three-way analysis of variance in regeneration 
ability with the strongest impact on explant type (η=24,59%), followed by the genotype 
(η=7,16%) and the medium (η=7,09%). The interaction between the three factors also 
significantly influenced the regeneration answer, with the strongest effect given by 
genotype and explant type (A x B – 20,88%). The proven influence of the interaction 
between the three factors showed that the analysis should continue towards the 
establishment of a suitable culture medium for the genotypes and explant type. 

   

      
                                         

Figure 1. Three-way analysis of variance and power of influence of various factors on 
the organogenesis and regeneration depends on genotypes (Factor A), explant types 
(Factor B), and culture medium (Factor C). 

 

Table 1 shows the results of the influence of genotype, explant type, and culture 
medium on the regeneration ability in melon. Among the genotypes, regeneration 
frequency varied from 0,0% to 70,0%. In the studied melon genotypes, the best 
regeneration answer was determined in medium variants supplemented with different 
concentrations of BA (1, 2, and 3). Statistical data showed the highest regeneration rate 
in true leaves (70,0%) and cotyledons (53,3%) from line 5-1-2 in medium variant 
containing 1,0 mgL-1 BA. In lines K052 and BG-14, the highest percentage of 
regenerated cotyledon explants was registered on medium variant containing 2,0 mgL-

1 BA, while in line SV-3-14 such tendency was not observed. Regeneration in medium 
variants containing BA was not established only in hypocotyl explants of line SV-3-14.  

On medium variants enriched by plant growth regulator Kinetin, the regeneration 
efficiency was lower. Regeneration with higher frequency was registered only in 
cotyledons from line BG-14 (10,0%) and in true leaves from line SV-3-14 (6,7%) in 
medium variants containing 3,0 and 2,0 mgL-1 Kinetin, respectively. In other genotypes, 
plant-regenerants were either not established or the answer was sporadic in medium 
containing Kinetin. 
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Table 1. Regeneration frequency of cotyledon, hypocotyl, and leaf explants in four melon 
genotypes 

Genotype 
Culture medium  

variants 
Cotyledon Hypocotyl True leaves 

% ±SD % ±SD % ±SD 

BG14 

1 6,7cd 5,77 0,0c 0,00 3,3d 5,77 

2 23,3bc 20,82 3,3b 5,77 6,7d 5,77 

3 16,7bcd 5,77 3,3b 5,77 6,7d 11,55 

4 0,0d 0,00 3,3b 5,77 0,0d 0,00 

5 3,3cd 5,77 0,0c 0,00 0,0d 0,00 

6 10,0cd 17,32 0,0c 0,00 0,0d 0,00 

5-1-2 

1 53,3a 5,77 3,3b 5,77 70,0a 10,00 

2 13,3bcd 15,28 0,0c 0,00 30,0d 30,00 

3 20,0bc 20,00 10,0a 10,00 36,7c 5,77 

4 3,3cd 5,77 0,0c 0,00 0,0d 0,00 

5 0,0d 0,00 0,0c 0,00 0,0d 0,00 

6 0,0d 0,00 0,0c 0,00 0,0d 0,00 

К052 

1 3,3cd 5,77 0,0c 0,00 50,0b 10,00 

2 23,3 bc 15,28 10,0a 0,00 36,7bc 5,77 

3 3,3cd 5,77 0,0c 0,00 33,3c 5,77 

4 3,3cd 5,77 0,0c 0,00 0,0d 0,00 

5 0,0d 0,00 0,0c 0,00 0,0d 0,00 

6 3,3cd 3,33 0,0c 0,00 0,0d 0,00 

SV-3-14 

1 20,0bd 34,64 0,0c 0,00 13,3d 11,55 

2 0,0d 0,00 0,0c 0,00 13,3d 5,77 

3 26,7b 5,77 0,0c 0,00 0,0d 0,00 

4 0,0d 0,00 0,0c 0,00 0,0d 0,00 

5 0,0d 0,00 0,0c 0,00 6,7d 5,77 

6 0,0 d 0,00 0,0c 0,00 0,0d 0,00 
a,b,c…p≤0,05 Duncan’s multiple range test 

 

IV.1.2. In vitro irradiation of melon explants with -rays 60Co 
In vitro cultivation of plant tissues and cells enables new opportunities for 

induction of genetic variability, both through somaclonal variation as well as through the 
application of various mutagenic factors. Compared to chemical mutagens, radiation, 
especially 60Co γ-ray, is most suitable for in vitro cultures due to relatively easy 
treatment, precise dosimetry, high penetration of the mutagenic factor into plant tissues, 
and good reproducibility of the experiment. 

As a result of the experiments to establish an optimal culture medium that would 
provide maximum percent of regeneration, for the experiments with radiation treatment 
(gamma rays), a medium supplemented with growth regulator BAP was chosen. Three 
radiation doses were selected (10, 20, and 30 Gy gamma rays 60Co) of parts of 
cotyledons of two melon genotypes, being of interest for the breeding (BG14 and K052). 

 The obtained results indicate that organogenic structures did not develop into 
plant regenerats only in line BG14 at a dose of 30 Gy (Table 2). The regeneration 
potential of line BG14 varied from 0,0% at the dose of 30 Gy to 40,0% in the control 
variant. The regeneration rate in line K052, was from 8,3% at the doses of 20 and 30 Gy 
to 28,3% at the dose of 10 Gy. In both studied genotypes, the highest regeneration 
frequency was reported when the explants were irradiated with the lowest dose of 10 
Gy – 18,33% (BG14) and 28,33% (K052). A nonlinear dose dependence was observed 
in line K052, concerning the organogenetic and regenerative ability of the explants - 
lower values of the parameters at irradiation with 20 Gy compared to the higher dose of 
30 Gy. This was most likely due to the weak stimulating effect of the higher dose in this 
genotype. 

The results of the current study indicate that a dose of 10 Gy is the most 
appropriate for the treatment of cotyledon explants of both the melon lines (BG14 and 
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K052). The dose of 30 Gy had a positive effect on organogenic processes, but not on 
regeneration. An interesting reaction in melon was that irradiation with the applied doses 
did not lead to the death of the explants at an early stage, as in other crops, but rather 
inhibited the regeneration process. At doses above 20 Gy, gradual browning and death 
of callus tissue were observed. 
 

Table. 2 Regeneration of cotyledon explants after 60Co irradiation 

Plant regenerants % 

Variant Mean SD D 

BG14 - 10 Gy 0,18 0,15 -0,22 
BG14 - 20 Gy 0,10 0,11 -0,30 
BG14 - 30 Gy 0,00 0,00 -0,40 
BG14 - control 0,40 0,30  

K052 - 10 Gy 0,28 0,17 0,03 
K052 - 20 Gy 0,08 0,08 -0,17 
K052 - 30 Gy 0,08 0,12 -0,17 
K052 - control 0,25 0,18  

C – control, ±SD – standard deviation 
 

Subsequent experiments showed that not all regenerated plants were suitable 
for adaptation and cultivation under greenhouse conditions. In some of the plants, 
abnormal structures, lack of rhizogenesis, or the presence of leaves without a meristem-
tip were observed. This was most likely due to radiation taking effect at a later stage of 
the plant development. 

 
IV.1.3. Introduction of melon embryos resulting from pollination with 

irradiated pollen to in vitro culture 
For the purposes of the experiment with irradiated pollen, eight flowers of 16 

genotypes (128 flowers in total) were pollinated. As a result, 24 fruits were obtained, 
which shows that 18,75% of the pollinated flowers formed fruits and 84,62% of the 
genotypes formed embryos at the appropriate stage. The data presented in Table 3 
shows that the number of fruits obtained after pollination with irradiated pollen varies 
from 1 in most of the genotypes to 5 in line BK/1-5-5, or 12,5% to 62,5% of the pollinated 
flowers form fruits. 

After sterilizing the fruits and opening the seeds, it was found that most of them 
do not contain embryos (Figure 2 a - c), which is often observed after pollination with 
irradiated pollen. Embryos in the appropriate phase (a total of 99 embryos) were found 
in a small number of seeds. In the subsequent cultivation, not all embryos induced the 
development of normal plants. Root and hypocotyl formation was observed, but without 
meristem tip and leaves, which led to the gradual death of the embryo. 

The frequency of embryo formation was 4,12 embryos per fruit. The data 
indicated that 1,55% of the formed seeds contained embryos, from which 24 plants were 
recovered (24,24%). Embryos excised directly from seeds prior to culture were mostly 
at the globular (1,10%) or heart stage (0,43%). Only one embryo was in torpedo-shaped 
stage (0,01%). 

Embryo formation after pollination with irradiated pollen showed high genotype 
dependency. The highest percentage of embryos/seeds was obtained in line E 41-2 
(14,0%), followed by lines 11/9С and Gynodow (8,3% and 4,3% respectively). A lack of 
embryo formation was found in the fruits of lines WI998 and BG-14. This was probably 
due to the greater sensitivity of these genotypes to the applied radiation dose. The 
highest number of plant-regenerants was registered in line E 41-2 (6 plants), while plant 
recovery from the embryos was the highest in lines E 37-1 and E 41-2 (50,0% and 
42,86% respectively).  
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Table 3. Plant recovery from cultured melon embryos excised from seeds formed after 
pollination with irradiated pollen 

Genotype 
F S GE HE TE ES EF RP HP 

No. No. No. % No. % No. % % No. No. % No. 

BG14 3 1000 0 0,00 0 0,00 0 0,00 0,00 0,00 0 0,00 0 
BG14xPoul 2 600 1 0,17 0 0,00 0 0,00 0,17 0,50 0 0,00 0 
K 052 3 900 21 2,33 4 0,44 0 0,00 2,78 8,33 2 8,00 2 
BK/1-5-5 5 1400 17 1,21 2 0,14 1 0,07 1,43 4,00 4 20,0 2 
Gynodow 1 300 9 3,00 4 1,33 0 0,00 4,33 13,00 4 30,77 3 
E 37-1 1 150 4 2,67 2 1,33 0 0,00 4,00 6,00 3 50,00 3 
BG14xWI998 1 500 2 0,40 1 0,20 0 0,00 0,60 3,00 1 33,33 0 
WI998 1 150 0 0,00 0 0,00 0 0,00 0,00 0,00 0 0,00 0 
BG14xGynodow 2 450 3 0,67 1 0,33 0 0,00 0,89 2,00 1 25,00 0 
E 41-2 1 100 13 13,00 1 1,00 0 0,00 14,00 14,00 6 42,86 4 
E 62-1 1 100 0 0,00 2 2,00 0 0,00 2,00 2,00 2 100 0 
5-1-2 2 600 0 0,00 1 0,16 0 0,00 0,16 0,50 1 100 1 
11/9С 1 120 0 0,00 10 8,33 0 0,00 8,33 10,00 0 0,00 0 

Total 24 6370 70 1,10 28 0,43 1 0,01 1,55 4,12 24 24,24 15 

Parthenocarpic fruits (F), parthenocarpic seeds (S), the shape of embryos (globular – GE, heard-shaped – HE and torpedo – TE), embryo/seeds (ES), number 
of embryo per fruit (EF), regenerated plantlets (RP), haploid plants (HP).  

 

 
Figure 2. а - partenocarpic fruit; b - extracting of haploid embryos; c - globular embryo; d - heard-
shaped embryo; е - embryos development; f - regenerant plant; g - chloroplasts in haploid stomata 
guard cells; h - chloroplasts in diploid stomata guard cells 

 

IV.1.4. Phenotyping regenerant melon plants 
To detect the presence of altered traits, the regenerant plants obtained in the first 

and second experimental years (R1) were adapted, grown, and compared to control 
plants in glass house conditions (Table 4). Out of a total of 102 regenerants formed as 
a result of embryogenesis and in vitro mutagenesis, 60 or 58,82% were successfully 
adapted. No morphological changes were observed in 56,67% of the regenerants 
compared to the control plants. Inhibition of growth was observed in 13,34% of the total 
number of adapted plants. Generative changes (presence of male sterility) were 
registered in 1,67% of the plants. One of the most common changes, observed in 10,0% 
of regenerant plants, was related to a change in the number of petals. Other changes 
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were also observed, such as shorter internodes, changes in leaves and sepals 
morphology, and albino plants (Figure 3). 
 

Table 4. Type of changes in plants in result of embryogenesis and mutagenesis 

 Type of changes 

Unchan
ged 
plants 

Dwarf 
plants 

Male 
sterility 

Shorter 
interno
des 

Leaf 
morpho
logy 

Number of 
petals 

Sepals 
morphology 

Albino 
plants 

No. 34 8 1 2 2 6 3 4 

% 56,67 13,34 1,67 3,34 3,34 10,00 5,00 6,66 

 

 
Figure 3. Modified plants in a result of embryogenesis and mutagenesis a – number of 
petals, b – petals morphology, c – dwarf plant, d – leaf morphology, e – f – albino plants 
 

IV.1.5. Variation of plant and fruit traits of genotypes derived from embryo 
culture and seed propagation 

Seven of the embryo-derived plants were self-pollinated and the seeds were 
sown in the next year. Analysis of the variance of eight plant traits in melon lines is 
presented in Table 5. The mean values in plant height in all studied embryo-derived 
genotypes were higher compared to control plants except for plants from line Е 71-1. 
The highest increase of plant height (11,42%) was established in line E 17-1. This line 
showed the highest number of internodes and leaf area compared to control and other 
embryo-derived plants. The plants from lines Е 17-1 and E 70-1 exceeded their parental 
lines by number of fruits with more than 100%. Increasing the number of fruits per plant 
was established also in lines E 70-1/1, E 70-1/2, and E 71-1. 

The traits days to mass flowering, number of internodes on which the first fruit is 
formed, days to ripening, and vegetation period are all components of earliness in 
maturity and their low values are preferable for breeding programs. Although not 
statistically proven, the data indicated that only line E 37-1 flowered earlier compared to 
control plants. In other lines, flower appearance was delayed from 3 to 10 days. The trait 
number of internodes on which the first fruit is formed varied from 13,10 to 21,75 among 
control plants and from 11,80 to 15,75 among embryo-derived plants. All studied 
embryo-derived lines formed first fruit on lower internode than control plants. According 
to the obtained results, the values of traits days to ripening and vegetation period were 

 

   

   
Фигура 13. Променени растения, в резултат на ембриогенеза и мутагенеза 
a - промени в броя на венчелистчетата, b - изменени чашелистчета, c - 
вджуджено растение, d - промени в листата на растението, e – f – 
албиносни растения. 

 

a 

b c d 

e g f 
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similar between controls and embryo-derived lines. 
 

Table 5. Plant trait evaluation of seven melon plants derived from irradiated pollen 

Genotypes PH NI LA NFP DF NNFFP DR VP 

 D% x̅ D% x̅ D% x̅ D% x̅ D% x̅ D% x̅ D% x̅ D% x̅ 

E 17-1  11,42* 197,50 12,21* 26,00 11,10* 253,98 110,52** 2,80 6,36ns 58,50 -38,70* 11,80 9,85ns 39,00 7,73* 97,50 
5-1-2 (С)  177,25  23,17  228,60  1,33  55,00  19,25  35,50  90,50 

E 37-1  5,03ns 183,50 -4,29ns 24,50 -1,17ns 190,70 -3,84ns 2,50 -2,70ns 54,00 -7,69ns 14,40 8,48ns 47,30 2,21ns 101,30 
E 41-2  0,31ns 175,25 -5,46ns 24,20 -6,84ns 179,75 -28,07ns 1,88 7,20ns 59,50 -11,85ns 13,75 5,11ns 45,83 6,28* 105,33 
К052 (C)  174,70  25,60  192,96  2,60  55,50  15,60  43,60  99,10 

E 70-1 1,09ns 225,70 -9,47ns 25,50 -4,17ns 277,41 112,96** 2,30 10,46ns 47,50 -40,22* 13,00 16,28* 43,70 13,17** 91,20 
E 70-1/1   1,09ns 225,70 -8,05ns 25,90 18,63* 343,46 66,66* 1,80 24,41* 53,50 -31,03ns 15,00 -1,80ns 36,90 12,18** 90,40 
E 70-1/2   1,27ns 226,10 -2,73ns 27,40 -0,63ns 287,66 29,62ns 1,40 23,25* 53,00 -37,47* 13,60 24,53* 46,80 23,85*** 99,80 
E 71-1  -9,47ns 202,10 -15,86* 23,70 1,34ns 293,41 48,14* 1,60 19,76ns 51,50 -32,41ns 14,70 -2,34ns 36,70 9,45** 88,20 
ВК/1-5-5 (C)  223,25  28,17  289,51  1,08  43,00  21,75  37,58  80,58 

C – control, ns – non-significant; * - p≤0.05; ** - p≤0.01 
Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), days to mass flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), 
vegetation period (VP). 

 

Some of the most important fruit traits of seven embryo-derived melon lines are 
presented in Table 6. The differences were significant in three of the embryo obtained 
lines (E 17-1, E 70-1/2, and E 71-1) in all six evaluated traits. The best result of fruit 
length (35.78%) was detected in line E 70-1/2. The highest values of fruit diameter and 
flesh thickness were established in line E 71-1, which exceeded the control plant with 
47,26% and 54,54% respectively. All of the evaluated embryo-derived lines showed 
increasing in TSS content from 2,70% (E 41-2) to 77,52% (E 70-1). Fruit weight was 
found to be higher in lines E 71-1 (87,64%) and E 70-1/2 (71,04%). Five of the embryo-
derived plants (E 70-1, E 70-1/1, E 70-1/2, E 71-1, and E 17-1) exceeded the control 
plant by yield from 71,33% to 126,47%. However, there were no significant differences 
between two of the embryo recovered plants (E 37-1 and E 41-2) and their control variant 
for all of the evaluated traits. 
 

Table 6. Fruit trait evaluation of seven melon plants derived from irradiated pollen 

Genotypes FL FD FTh TSS FW Y 

 D%    x̅ D%    x̅     D%   x̅ D% x̅ D% x̅ D%       x̅ 

E 17-1  25,21** 14,9 21,16* 16,6 25,00* 4,0 37,73* 14,6 28,60** 1480,1 119,03** 3720,24 
5-1-2 (C)  11,9  13,7  3,2  10,6  1150,9  1698,50 

E 37-1 0,06ns 15,1 0,00ns 15,0 -6,89ns 2,6 4,05ns 15,4 -15,37ns 1038,2 2,29ns 2429,79 
E 41-2  -20,39ns 12,1 -12,66ns 13,1 -17,24ns 2,3 2,70ns 15,2 -30,98* 846,7 -37,05** 1495,03 
К052 (C)  15,2  15,0  2,9  14,8  1226,8  2375,26 

E 70-1  -8,42ns 17,4 30,82** 19,1 36,36** 4,5 77,52** 15,8 27,89** 2182,2 106,98* 3635,44 
E 70-1/1   -3,15ns 18,4 24,65** 18,1 24,24* 4,1 31,46* 11,6 25,99** 2149,8 71,33* 3009,34 
E 70-1/2   35,78** 25,8 37,67** 20,1 33,33** 4,3 53,93* 13,7 71,04** 2918,3 99,60* 3505,95 
E 71-1  23,15** 23,5 47,26** 21,5 54,54*** 5,1 44,94* 12,8 87,64** 3201,6 126,47** 3977,88 
ВК/1-5-5 (C)  19,0  14,6  3,3  8,9  1706,2  1756,42 

C – control; ns – non-significant; * - p≤0.05; ** - p≤0.01 
Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW), yield per plant (Y). 

 

Based on morphology evaluations, embryo-derived lines E 70-1, E 70-1/1, E 70-
1/2, E 71-1, and E 17-1 were selected as perspectives and could be used as a base for 
the development of new high yielded varieties. 

 
IV.2. Enrichment of the genetic diversity in melons through conventional 

breeding methods 
IV.2.1. Studying the available diversity of traits in a melon collection 
Fifty melon genotypes of different origins (Bulgaria 58%, Turkey 4%, Israel 4%, 

France 10%, USA 14%, China 6%, and India 2%) and six varieties (cantalupensis 50%, 
reticulatus 32%, inodorous 8%, makuwa 6%, aimeri 2%, and momordica 2%) were 
characterized and compared by morphological characteristics. Large genetic variability 
was observed in melon genotypes according to studied fruit traits. 

All of the fruit shapes according to requirements of UPOV, were established 
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presently in the investigated melon collection (from ovate – 1 to elongated – 8). Above 
half of the investigated melon genotypes had ovate fruit shape (48%), followed by 
circular form (28%) and oblate shape (10%). 

 
Table 7. Morphological traits of the fruits of 50 melon genotypes 

 Genotype Biological status Group* Origin FS PFC FSF FC FR MFC А FT T FM BF FPCF FF 

1 VI-1/6 landrace Can Bulgaria 4 2 8 3 2 7 2 3 2 3 1 5 1 
2 I-2 I-4 landrace Ret Bulgaria 6 7 8 2 2 7 2 3 2 3 1 5 7 
3 I-2 I-14 landrace Ret Bulgaria 1 2 8 2 2 4 2 3 3 2 1 5 4 
4 I-2 I-18 landrace Ret Bulgaria 1 2 8 2 3 5 2 1 3 2 1 6 4 
5 5-1-1/1 landrace Ret Bulgaria 6 2 9 3 2 7 2 3 3 3 1 6 3 
6 5-1-1/3 landrace Ret Bulgaria 4 7 8 2 2 7 2 3 3 3 1 6 3 
7 6/1/1 landrace Ret Bulgaria 4 2 7 3 1 4 2 2 3 3 1 3 4 
8 10-10/2 landrace Can Bulgaria 1 2 9 4 2 7 2 1 3 2 1 6 4 
9 11-1/5 landrace Can Bulgaria 1 9 6 2 1 7 2 1 2 2 1 4 5 

10 12-1/4 landrace Can Bulgaria 1 2 6 1 3 7 2 1 2 2 1 4 3 
11 12-1/5 landrace Can Bulgaria 4 4 6 2 2 4 2 1 2 2 1 4 1 
12 4-8 /1-1 landrace Can Bulgaria 4 4 6 1 1 4 2 1 2 2 1 4 5 
13 KS 42410 landrace Ret Bulgaria 3 6 9 4 3 7 2 1 2 2 1 6 3 
14 11/9KS1 landrace Can Bulgaria 1 6 9 4 2 7 2 1 2 2 1 6 3 
15 11/9KS2 landrace Can Bulgaria 1 7 6 2 3 7 2 4 1 1 1 6 1 
16 11/9KS3 landrace Can Bulgaria 4 2 6 2 3 7 2 4 3 2 1 3 1 
17 11/9KS4 landrace Can Bulgaria 1 5 7 2 3 7 2 1 2 2 1 5 1 
18 11/9KS5 landrace Can Bulgaria 1 7 8 2 3 7 2 4 2 2 1 5 1 
19 A11/9KS6 landrace Can Bulgaria 1 7 8 2 3 7 2 4 2 2 1 4 1 
20 Carigradski variety Can Bulgaria 2 2 1 1 1 1 2 3 2 3 1 3 2 
21 Pobeditel variety Can Bulgaria 1 7 9 2 3 7 2 3 3 3 1 5 1 
22 Hybrid 1 variety Can Bulgaria 1 7 8 2 3 7 2 4 3 3 1 5 1 
23 Medenarosa variety Ind Bulgaria 4 4 1 1 1 4 1 1 3 2 1 1 4 
24 Deserten-5 variety Can Bulgaria 4 6 1 1 2 1 2 3 3 3 1 4 1 
25 BG14 line Can Bulgaria 1 2 1 2 1 7 2 2 3 3 1 4 3 
26 K/15-6 line Can Bulgaria 1 7 8 2 2 7 2 3 3 3 1 5 1 
27 BK/1-5-5 line Can Bulgaria 1 7 6 1 3 7 2 4 2 2 1 3 1 
28 11/9C line Can Bulgaria 1 7 8 2 3 7 2 3 2 2 1 5 1 
29 L5-1-2 line Ret Bulgaria 6 7 6 2 3 7 2 3 2 3 1 4 1 
30 Turcia landrace Ind Turkey 1 2 4 1 1 4 2 3 2 2 1 1 9 
31 Cesme variety Ind Turkey 8 2 5 1 1 1 2 3 2 3 1 1 8 
32 Ananas variety Aim Israel 1 2 9 4 1 1 2 2 2 3 1 6 2 
33 AGY/2-2 line Ret Israel 4 7 9 4 1 1 2 3 3 3 1 6 2 
34 Gynodow line Can France 1 2 6 1 3 7 2 3 4 3 1 3 6 
35 Nantais oblong variety Can France 4 4 1 1 3 7 2 1 2 2 1 1 3 
36 Poul line Can France 6 4 1 1 3 4 2 4 2 2 1 1 5 
37 Vedrantais variety Can France 4 4 1 1 2 7 2 3 3 3 1 2 3 
38 IRAN-H line Can France 1 2 1 1 2 7 2 3 3 3 1 1 3 
39 WI 998 line Ret USA 6 4 8 3 3 7 2 2 3 3 1 6 3 
40 Georgia 47 variety Ret USA 4 7 8 3 2 7 2 2 2 3 1 5 1 
41 HBJ variety Ret USA 1 7 8 3 3 7 2 1 2 2 1 6 3 
42 Edisto-47 variety Ret USA 7 7 8 2 3 7 2 3 2 3 1 3 4 
43 WMR-29 line Ret USA 1 4 1 1 2 7 2 3 2 3 1 3 3 
44 Seminole variety Ret USA 4 7 9 4 2 7 2 3 3 2 1 6 1 
45 PMR-45 line Ret USA 4 7 9 4 2 7 2 1 3 3 1 6 3 
46 К-052/2 variety Mak China 5 4 1 1 1 1 2 2 3 3 1 1 4 
47 K-053/4 variety Mak China 1 9 1 1 3 5 2 1 2 3 1 1 4 
48 K55/4 variety Mak China 3 4 1 1 1 1 2 4 2 2 1 1 6 
49 PI 414723 PI Mor India 8 7 1 1 1 1 1 3 1 1 2 1 7 
50 Neon variety Ind Unknown 1 1 1 1 1 1 2 1 3 3 1 1 5 

 Scale Relative frequency of traits (%)  

 1 40 50 58 48 2 28 38 28 18 4 30 4 4 98 22 32 
 2 34 32 4 2 30 0 36 32 0 96 12 52 44 2 2 6 
 3 24 8 4 4 0 0 12 40 0 - 42 42 52 - 14 26 
 4 2 6 10 28 20 2 14 0 14 - 16 2 - - 16 16 
 5 - 2 14 2 2 2 - - 4 - 0 - - - 20 8 
 6 - 2 6 10 6 18 - - 0 - - - - - 26 4 
 7 - - 2 2 36 4 - - 64 - - - - - - 4 
 8 - - 2 4 0 28 - - 0 - - - - - - 2 
 9 - - - - 4 18 - - - - - - - - - 2 
 10 - - - - - 0 - - - - - - - - - - 

Fruit shape (FS), predominant fruit skin colour (PFC), fruit surface (FSF), fruit corking/netting intensity (FC), fruit ribbing (FR), main colour of flesh (MCF), 
aroma (A), flesh texture (FT), taste (T), flesh moisture (FM), bitterness of mature fruit (BF), fruit pattern of cork formation (FPCF), flesh flavour (FF). 
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Predominant fruit skin colour is the colour, which covers the largest surface areas 
on the fruit. The investigated collection was characterized with presence of all colours, 
except grey. Above 90% of the tested genotypes had light yellow, pale green, and orange 
skin colour. Different formations at the fruit surface indicate the maturity stage and also 
protect the fruit from mechanical injuries. Great diversity was found among the traits 
related to fruit surface. Тwo of the melon surfaces were most widely represented – 
smooth and lightly netted, each of them by 28% of the total variation. The rest of the 
surface formations varied from 2% to 18%. 

Fruit netting intensity could be of four types - absent, superficial, intermediate, 
and pronounced. In a big part of the examined collection, netting was either absent 
(38%) or superficial (36%). Intermediate and pronounced netting surface was less often 
observed (Table 7). Abscission of peduncle and grooves is among the most important 
characteristics for distinguishing melon varieties. The trait fruit ribbing varied from absent 
(28%) and superficial (32%) to intermediate (40%). Deep fruit ribbing was not observed. 

According to UPOV, there are eight possible colours of the flesh of which we 
observed only four in our collection – white, pale green, green and orange. Regarding 
the main colour of flesh, the orange colour was the most frequently observed (64%). The 
white and pale green colour was presented in 18% and 14% of the genotypes, 
respectively. The green colour of the flesh was presented only by two samples - K053/4 
and I-2 I-18. 

The quality of melon fruit is determined mainly by several characteristics: fruit 
surface, flesh texture, taste, and aroma. Although each melon breeding program has 
specific criteria for the new variety, the main goal is always to improve the quality of the 
fruit in terms of organoleptic and chemical characteristics such as aroma, sugar, 
vitamins, and antioxidants. The aroma of melon is an important trait for consumers and 
it was present in 96% of the genotypes. Only 4% had no aroma - PI 414723 and Medena 
rosa.  

In terms of texture, data from the current study shows that 42% of the fruits had 
a soft flesh texture and 30% had a hard texture. A smaller part of the fruits had grainy 
and floury structures (12% and 16%). The studied collection was dominated by fruits 
with sweet and intermediate taste, which represented 42% and 52%, respectively. 
Relatively smallest was the number of genotypes that had a bland and acetone taste 
(4% and 2%). 

Flesh moisture is another specific trait to which consumers have strict 
preferences. The trait is presented in three categories, with the largest part of the studied 
genotypes having had high flesh moisture (52%). Fruits with intermediate flesh moisture 
were 44% and the smallest part of genotypes, characterized by low flesh moisture, was 
just 4%. The presence of bitterness was observed only in one genotype PI 414723, 
which is typical for wild melon genotypes. No bitterness was observed in the rest of the 
melon genotypes (98%). 

Typical for the melon fruit is that various cork formations such as dots, lines, 
stripes, and nets can be observed on its surface. The frequency of cork formation 
patterns varied as follows: absence 22%, dots and linear 14%, linear and netted 16%, 
linear only 20%, netted 26%, and one genotype (Vedrantais) had dots only. 

We have added one extra trait - flavour, because of the great variability in terms 
of this characteristic. The flavour of the flesh was peach in 32%, strawberry in 26% and 
tropical fruit in 16% of the genotypes. The rest of the fruit flavours were present in lower 
frequencies of 2% to 8%. The importance of this trait correlates to the very specific 
demand of consumers to a particular flavour. Most of the Bulgarian genotypes possess 
peach flavor and to a less extent strawberry and tropical fruit flavors. 
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IV.2.1.1. Characterization of melon fruit quantitative traits 
During the experiments, nine main traits were evaluated, which are important 

both for the production and for the breeding and seed production of melons (Table 8). 
According to evaluated traits, the investigated melon genotypes characterized with great 
variety, measured by phenotypic coefficient of variation from 7,73 to 39,85%. The data 
showed four types of sex expression. The greatest part of the genotypes belonged to 
monoecious and andromonoecious flowering types, four to gynoecioues (BG14, WI998, 
Gynodow, and AGY), and one to hermaphrodite (Poul). Three breeding lines were 
distinguished with male sterility ms-4 - K/15-6, BK/1-5-5, and 11/9C. In Bulgaria, this 
type of male sterility is used in the development of hybrid varieties, which are still widely 
used in production - Hybrid 1 and Hybrid 15. 

 
Table 8. Variability parameters of nine characteristics in melon genotypes 

Genotype 
Biological 

Status 
Var. Origin TF DF 

DR FL FD FTh SCD FW TSS 

Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ±SE 

VI-1/6 local variety Can Bulgaria 2 63 45,00d-i 6,35 14,97e-m 0,50 14,50a-h 0,50 3,73a-k 0,28 7,03a-g 0,09 1,44c-m 0,20 8,0h-m 0,52 

I-2 I-4 local variety Ret Bulgaria 2 51 35,00m-q 0,58 13,13h-o 0,87 13,50b-k 0,40 3,33a-n 0,22 6,83a-g 0,03 1,08f-q 0,13 10,0j-m 1,55 

I-2 I-14 local variety Ret Bulgaria 2 52 40,00h-n 0,58 11,83j-o 1,17 11,00k-q 0,87 3,03e-o 0,20 4,93g-k 0,52 0,81j-q 0,17 10,0c-k 0,93 

I-2 I-18 local variety Ret Bulgaria 2 55 50,33d 0,33 11,53j-o 0,58 10,33l-q 0,33 2,43mno 0,07 5,47e-k 0,29 0,62m-q 0,08 14,0ab 1,32 

5-1-1/1 local variety Ret Bulgaria 2 59 65,00b 0,58 11,20k-o 0,74 12,20h-o 0,61 3,27a-o 0,28 5,67d-k 0,07 0,87i-q 0,14 8,0f-m 0,44 

5-1-1/3 local variety Ret Bulgaria 2 59 50,00d-e 0,58 14,30f-n 0,57 15,73ab 0,48 4,23a-d 0,35 7,27a-e 0,24 1,73a-i 0,15 8,0g-m 0,76 

6/1/1 local variety Ret Bulgaria 2 59 44,67e-j 0,33 14,30f-n 0,57 12,63e-l 0,20 3,10d-o 0,10 6,43b-i 0,09 1,09f-q 0,07 11,1bcd 0,72 

10-10/2 local variety Can Bulgaria 1 59 38,00k-p 0,58 16,10d-k 0,49 13,13c-k 0,47 3,40a-n 0,12 6,33b-i 0,24 1,38c-o 0,15 16,1a 0,20 

11-1/5 local variety Can Bulgaria 2 59 41,00g-l 0,58 14,33f-n 0,93 11,70j-p 1,04 3,13c-o 0,35 5,43e-k 0,38 0,96g-q 0,22 11,0c-j 1,32 

12-1/4 local variety Can Bulgaria 2 54 35,00m-q 0,58 14,90e-m 1,02 12,37g-n 0,47 3,67a-k 0,48 5,03f-k 0,55 1,19e-q 0,15 12,0b-e 1,01 

12-1/5 local variety Can Bulgaria 1 55 38,33k-o 0,88 9,60no 0,78 9,43pq 0,62 2,67j-o 0,33 4,10k 0,45 0,46q 0,07 7,3i-m 0,43 

4-8 /1-1 local variety Can Bulgaria 2 55 33,33opq 0,88 12,27j-o 0,90 11,80i-p 1,14 3,03e-o 0,38 5,73d-k 0,39 0,88i-q 0,19 7,0lm 0,17 

KS 42410 local variety Ret Bulgaria 2 52 44,33f-j 1,45 13,40g-o 1,05 9,80opq 0,38 2,70i-o 0,31 4,40ijk 0,25 0,76k-q 0,11 10,0c-k 0,44 

11/9KS1 local variety Can Bulgaria 2 55 32,67pq 1,45 12,07j-o 0,47 9,93n-q 0,07 2,47mno 0,09 5,00g-k 0,12 0,66l-q 0,02 7,3g-m 0,00 

11/9KS2 local variety Can Bulgaria 1 51 35,33l-q 0,33 16,33d-k 0,44 12,67e-l 0,44 3,33a-n 0,20 6,00b-k 0,06 1,20e-q 0,08 7,3j-m 0,50 

11/9KS3 local variety Can Bulgaria 1 51 32,00q 0,58 19,10c-f 0,56 14,97a-f 1,02 3,17b-o 0,74 8,63a 2,48 1,84a-g 0,32 12,3bc 1,50 

11/9KS4 local variety Can Bulgaria 1 51 47,67d-f 1,45 19,73c-e 1,18 13,53b-k 0,47 3,70a-k 0,36 6,13b-k 0,27 1,70a-i 0,19 6,5lm 0,73 

11/9KS5 local variety Can Bulgaria 1 51 50,00d-e 0,58 18,83c-f 1,01 14,83a-g 0,73 4,13a-e 0,30 6,57a-i 0,73 1,76a-h 0,14 7,0k-m 0,52 

A11/9KS6 local variety Can Bulgaria 1 53 49,33d-f 1,20 17,73c-i 1,88 15,07a-e 1,07 4,22a-d 0,54 6,63a-h 0,35 1,67a-j 0,62 7,0j-m 0,50 

Carigradski cultivar Can Bulgaria 2 59 44,00f-j 0,58 50,33a 0,88 15,00a-e 0,58 3,93a-f 0,07 7,13a-g 0,47 2,08a-d 0,01 10,0g-l 0,2 

Pobeditel cultivar Can Bulgaria 1 50 39,00j-o 0,58 18,60c-g 1,07 15,50abc 1,04 3,77a-k 0,27 7,97abc 0,75 2,16abc 0,34 8,0l-m 0,17 

Hybrid 1 cultivar Can Bulgaria 1 50 39,00j-o 0,58 21,00a-d 0,58 17,33a 0,33 4,33a 0,33 8,67a 0,33 2,79a 0,33 10,0d-l 0,00 

Medena rosa cultivar Ind Bulgaria 2 52 53,00d 0,58 18,83c-f 1,01 15,06a-e 1,07 3,26a-n 0,28 8,53a 0,33 1,80a-g 0,17 11,1d-l 0,18 

Deserten 5 cultivar Can Bulgaria 2 55 50,00d-e 0,58 14,97e-l 1,19 14,20a-j 1,14 3,67a-k 0,44 6,87a-g 0,29 1,51b-e 0,38 13,6f-m 0,76 

BG14 line Can Bulgaria 3 53 40,33h-l 2,96 16,00d-l 1,04 13,47b-k 0,33 3,33a-n 0,18 6,80a-g 0,15 1,36c-p 0,12 10,0d-l 1,07 

K/15-6 line Can Bulgaria 1ms4 52 37,33k-q 1,20 19,67c-e 0,67 14,60a-h 0,87 3,77a-k 0,27 7,07a-g 0,55 1,85a-f 0,23 10,0c-l 0,33 

BK/1-5-5 line Can Bulgaria 1ms4 52 33,33opq 0,33 19,50c-f 0,87 14,40a-h 0,10 3,23a-o 0,15 7,93abc 0,30 1,64a-j 0,14 8,0lm 0,93 

11/9C line Can Bulgaria 1ms4 53 34,33n-q 0,33 19,47c-f 1,74 14,50a-h 0,29 4,30ab 0,23 5,90b-k 0,40 1,86a-f 0,20 8,0f-m 0,47 

5-1-2 line Ret Bulgaria 2 58 46,33d-g 5,81 10,73l-o 0,73 12,87d-l 1,00 3,13c-o 0,54 6,60a-h 0,81 1,02f-q 0,16 8,0f-m 0,73 

Turcia local variety Ind Turkey 2 48 70,00a 0,58 19,33c-f 1,09 14,37a-i 1,35 3,57a-m 0,15 7,23a-f 1,09 1,84a-f 0,45 8,0c-l 0,29 

Cesme line Ind Turkey 2 53 60,00c 0,58 24,83ab 7,17 15,30a-d 0,17 3,90a-g 0,75 7,50a-e 1,50 2,48a 0,70 6,0c-l 0,70 

Ananas line Aim Israel 1 51 49,00d-f 0,58 16,83c-j 0,44 14,83a-g 1,08 4,50a 0,36 5,83c-k 0,43 1,82a-g 0,30 6,0d-l 0,29 

AGY/2-2 line Ret Israel 3 55 40,67h-l 0,88 15,77d-l 0,15 15,50abc 0,06 3,83a-i 0,09 7,83a-d 0,23 1,74a-i 0,03 11,1bc 0,69 

Gynodow line Can France 3 58 40,00h-n 2,65 17,73c-i 0,27 15,30a-d 0,30 3,63a-l 0,38 8,03ab 0,50 1,99a-e 0,06 9,0d-m 0,54 

Nantais oblong cultivar Can France 2 50 40,00h-n 2,65 15,90d-l 1,05 14,40a-h 0,95 4,07a-e 0,18 6,27b-j 0,62 1,60b-k 0,26 8,0f-m 0,68 

Poul line Can France 4 63 40,00h-n 0,58 12,37j-o 0,75 12,40f-n 1,16 2,63k-o 0,09 7,13a-g 0,98 0,93h-q 0,22 6,0j-m 0,02 

Vedrantais cultivar Can France 2 57 40,00h-n 0,58 9,50no 0,87 9,97m-q 0,61 2,90f-o 0,21 4,17jk 0,22 0,5pq 0,12 8,0d-m 0,44 

IRAN-H line Can France 2 52 35,00m-q 0,58 16,17d-k 1,01 11,67j-p 0,33 3,00e-o 0,12 5,67d-k 0,18 0,99f-q 0,10 11,0c-h 0,87 

WI 998 line Ret USA 3 57 42,00g-k 0,58 8,60o 0,06 11,50k-p 0,06 2,50a-l 0,06 6,50a-i 0,06 0,55h-k 0,00 10,0c-i 0,41 

Georgia 47 cultivar Ret USA 2 51 35,00m-q 0,58 10,17m-o 0,17 11,27kp 0,54 2,73h-o 0,13 5,80c-k 0,29 0,73 k-q 0,07 8,0d-m 0,15 

HBJ cultivar Ret USA 2 59 36,33k-q 2,03 16,00d-l 0,58 12,23g-o 0,12 2,77g-o 0,41 6,70a-h 0,70 1,10f-q 0,09 8,0m 0,42 

Edisto-47 cultivar Ret USA 1 55 65,00b 0,58 22,00abc 0,29 12,33g-o 0,33 3,37a-n 0,09 5,60e-k 0,23 1,54b-k 0,03 7,0lm 0,44 

WMR-29 line Ret USA 2 65 37,67k-p 1,45 12,77i-o 0,15 12,33g-o 0,58 2,90f-o 0,06 6,53a-i 0,70 1,04f-q 0,16 8,0h-m 0,44 

Seminole cultivar Ret USA 2 59 36,00l-q 0,58 13,03h-o 1,03 12,50e-l 0,29 3,50a-m 0,15 5,50e-k 0,21 1,03f-q 0,10 10,0c-k 0,60 

PMR-45 line Ret USA 2 52 42,00g-k 0,58 15,17e-m 0,33 13,10c-k 0,67 3,80a-j 0,20 5,50e-k 0,29 1,34c-p 0,17 10,0b-g 0,30 

К-052/2 cultivar Mak China 2 53 44,67e-j 2,91 12,83i-o 0,60 13,50b-k 0,76 2,77g-o 0,34 7,97abc 0,27 1,25d-q 0,08 13,0a 0,10 

K-053/4 cultivar Mak China 2 53 45,67d-h 2,03 19,57c-f 2,29 11,63j-p 2,12 2,77g-o 0,82 6,10b-k 0,84 1,41c-n 0,51 13,0b-f 1,67 

K55/4 cultivar Mak China 2 55 44,00f-j 0,58 13,43g-o 1,13 8,83q 0,49 2,13o 0,13 4,57h-k 0,23 0,53opq 0,09 11,0b-f 1,33 

PI 414723 PI Mor India 1 66 37,00k-q 0,58 26,17a 4,80 11,33k-p 1,17 2,33h-o 0,33 6,67a-h 0,60 1,44 c-m 0,57 6,0c-k 0,60 

Neon cultivar Ind Unknown 2 62 48,00d-f 0,00 19,50c-f 1,04 14,33a-i 0,33 3,87a-h 0,13 6,60a-h 0,60 2,13abc 0,24 10,0a 0,17 

Mean     54,94 42,96 1,19 16,48 0,86 13,15 0,27 3,36 0,08 6,44 0,16 1,38 0,08 9,33 0,62 

Range    1-4 48-66 32,00-70,00 8,60-50,33 8,83-17,13 2,13-4,50 4,10-8,67 0,46-2,79 6,0-16,1 

CV%     7,73 19,73  37,47  14,69  17,69  17,57  39,85  24,08  

a,b,c…p≤0,05 Duncan’s multiple range test, phenotypic coefficient of variation; nd – not defined; subsp. agrestis Momordica Group (Mor); subsp. melo 
Cantalupensis Group (Can), Reticulatus Group (Ret), Inodorous (Ind), Makuwa (Mak), Aimeri (Aim); ms-4 – male sterility type 4. 

Type of flowering (TF), days to mass flowering (DF), days to ripening (DR), fruit length (FL), fruit diameter (FD), flesh thickness (FTh), seed cavity diameter 
(SCD), fruit weight (FW), total soluble solids (TSS). 
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Early maturity is one of the important characteristics of melon varieties. It is 
determined by two periods, days from germination to mass flowering of male and female 
(hermaphroditic) flowers, and from the flowering of female (hermaphroditic) flowers to 
fruit ripening. Depending on the length of these periods, the varieties can be grouped as 
early, medium and late. Days to mass flowering ranged from 48 (Turcia) to 66 
(PI414723), while days to ripening ranged from 32 (11/9KS3) to 70 (Turcia). 

Significant differences between genotypes were also observed in fruit metric 
traits. The highest fruit length was measured in the old variety Carigradski (50,33 cm) 
and the lowest one in line WI 998 (8,60 cm), as an average for the genotypes was 16,48 
cm. Among studied genotypes, Hybrid 1 distinguished with the highest fruit diameter 
(17,33 cm), and the lowest was recorded in K55/4 (8,83 cm). The range of flesh 
thickness was from 2,13 cm (K55/4) to 4,50 cm (Ananas) and seed cavity diameter – 
from 4,10 (12-1/5) to 8,67 cm (Hybrid 1).  

Fruit weight is a main component of productivity. The fruit weight varied widely 
between 0,46 kg (12-1/5) and 2,79 kg (Hybrid 1) as an average for the trait was 1,38 kg. 
The results of our research showed that Hybrid 1 has the largest fruit weight and 
diameter of the fruit, but also the largest seed cavity diameter. 

The content of TSS is a reliable indicator of fruit quality. The results indicated 
wide differences in TSS content in the investigated melon accessions, between 6,0% 
and 16,1%. Most of the genotypes were characterized by a high value of more than 9% 
TSS.  

The significant differences among studied genotypes suggest that variability 
could be further utilized in melon breeding programs. The estimate of quantitative traits 
deserves attention when deciding selection criteria for improvement in the concerned 
characteristics. 
 

IV.2.1.2. Resistance to powdery mildew and downy mildew 
Powdery mildew and downy mildew are among the most economically important 

fungal diseases in melon and other Cucurbits in general. In Bulgaria, both pathogens 
usually appear in the middle or end of the growing season, when there are suitable 
conditions for their development.  

In order to establish species and races composition of powdery mildew, leaves 
with symptoms of powdery mildew were collected from 20 plant hosts belonging to 
Cucurbitaceae family of different locations in the Plovdiv region. By microscopic 
observation, the causal agent of powdery mildew was identified as P. xanthii in all of the 
collected samples.  

The experiments clearly showed that race 1 of Podoshaera xanthii is the main 
causal agent of powdery mildew in our country. This gave us reason to perform 
screening tests on the melon collection with this race of the pathogen. To identify 
resistant genotypes, we performed screening tests on 50 melon genotypes (Table 9). A 
large part of the breeding material was immune to the local isolate of P. xanthii (VI-1/6, 
12-1/5, KS42410, 11/9KS1, 11/9KS2, 11/9KS4, 11/9KS5, A11/9KS6, Winner, K/15-6, 
11/9C, 5-1-2, Edisto-47, WMR-29, Seminole, PMR-45 and PI414723). 

The results of screening tests showed that 17 of the studied genotypes possess 
resistant reaction with an attack index of 0 to 1,99. A moderately susceptible reaction 
was observed in six genotypes - 12-1/4, Medena rosa, Gynodow, WI 998, HBJ, and 
K053 / 4. Most susceptible were ten of the genotypes, responding with an attack index 
of 3,0 to 4,0. White powdery spots could form on both upper and lower leaf surfaces, 
quickly expand into large blotches, and in case of a strong attack on the leaf discs - they 
turn yellow, gradually dry out and die. 
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The other economically important pathogen in melons is Pseudoperonospora 
cubensis, the causal agent of cucurbit downy mildew. In Bulgaria, the pathogen 
reproduces mainly asexually, through conidia. The spores cannot survive over winter. 
The appearance and development of the fungus in our country are carried out by 
conidiospores, transmitted through the air currents from the South. 
 
Table 9. Variation analysis of the response of 50 melon genotypes to Podospaera xanthii 
race 1 and Pseudoperonospora cubensis 

Genotypes Podosphaera xanthii Pseudoperonospora cubensis 
Mean ±SD Min Max Mean ±SD Min Max 

VI-1/6 0,00 0,00 0 0 0,58 0,51 0 1 
I-2 I-4 1,33 0,49 1 2 0,50 0,52 0 1 
I-2 I-14 0,47 0,52 0 1 0,92 0,67 0 2 
I-2 I-18 0,33 0,49 0 1 0,33 0,49 0 1 
5-1-1/1 0,20 0,41 0 1 0,33 0,49 0 1 
5-1-1/3 0,33 0,49 0 1 0,25 0,45 0 1 
6/1/1 0,27 0,46 0 1 0,42 0,51 0 1 
10-10/2 0,47 0,52 0 1 0,00 0,00 0 0 
11-1/5 0,40 0,51 0 1 0,00 0,00 0 0 
12-1/4 2,73 0,59 2 4 0,00 0,00 0 0 
12-1/5 0,00 0,00 0 0 0,00 0,00 0 0 
4-8 /1-1 0,40 0,51 0 1 1,33 0,49 1 2 
KS 42410 0,00 0,00 0 0 1,73 0,12 1 2 
11/9KS1 0,00 0,00 0 0 0,42 0,51 0 1 
11/9KS2 0,00 0,00 0 0 0,33 0,49 0 1 
11/9KS3 0,47 0,52 0 1 0,83 0,39 0 1 
11/9KS4 0,00 0,00 0 0 0,42 0,51 0 1 
11/9KS5 0,00 0,00 0 0 0,00 0,00 0 0 
A11/9KS6 0,00 0,00 0 0 0,00 0,00 0 0 
Carigradski 3,90 0,35 3 4 3,60 0,51 3 4 
Pobeditel 0,00 0,00 0 0 0,25 0,45 0 1 
Hybrid 1 3,33 0,49 3 4 0,83 0,58 0 2 
Medena rosa 2,53 0,64 2 4 3,50 0,52 3 4 
Deserten 5 3,00 0,65 2 4 1,58 0,51 1 2 
BG14 1,47 0,52 1 2 1,75 0,62 1 3 
K/15-6 0,00 0,00 0 0 0,83 0,58 0 2 
BK/1-5-5 1,13 0,64 0 2 2,08 0,67 1 3 
11/9C 0,00 0,00 0 0 1,00 0,74 0 2 
5-1-2 0,00 0,00 0 0 0,00 0,00 0 0 
Turcia 3,30 0,98 2 4 2,40 0,51 2 3 
Cesme 1,33 0,49 1 2 1,92 0,67 1 3 
Ananas 0,33 0,49 0 1 1,08 0,51 0 2 
AGY/2-2 1,13 0,64 0 2 0,67 0,49 0 1 
Gynodow 2,40 0,51 2 3 2,42 0,51 2 3 
Nantais oblong 3,47 0,64 2 4 0,67 0,49 0 1 
Poul 3,53 0,52 3 4 0,58 0,51 0 1 
Vedrantais 3,67 0,62 2 4 3,53 0,52 3 4 
IRAN-H 3,40 0,51 3 4 2,42 0,51 2 3 
WI 998 2,33 0,49 2 3 1,42 0,51 1 2 
Georgia 47 0,60 0,63 0 2 2,33 0,49 2 3 
HBJ 2,47 0,92 1 4 0,58 0,51 0 1 
Edisto-47 0,00 0,00 0 0 1,42 0,51 1 2 
WMR-29 0,00 0,00 0 0 1,67 0,49 1 2 
Seminole 0,00 0,00 0 0 0,25 0,45 0 1 
PMR-45 0,00 0,00 0 0 1,67 0,49 1 2 
К-052/2 3,47 0,52 3 4 1,67 0,89 0 3 
K-053/4 2,50 0,74 1 4 2,53 0,64 2 4 
K55/4 3,30 0,46 3 4 1,67 0,89 0 3 
PI 414723 0,00 0,00 0 0 0,00 0,00 0 0 
Neon 1,27 0,96 0 3 1,92 0,67 1 3 

a,b,c…p≤0,05 Duncan’s multiple range test 
(where: 0 and 1 (R) resistance response, 2 moderately susceptible, 3 and 4 (S) sensitive reaction) 

 

To determine the degree of resistance of the available melon collection, the 
reaction of 50 genotypes was tested (Table 9). Downy mildew screening test revealed 
that eight genotypes possessed resistant reaction (10-10/2, 11-1/5, 12-1/4, 12-1/5, 
11/9KS5, A11/9KS6, 5-1-2, and PI414723). In previous investigations, it was established 
that line 5-1-2 shows a resistant reaction, line K/15-6 reacts as lowly susceptible, and 
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line BK1-5-5 shows a susceptible reaction. This was also confirmed in our attempt. Line 
5-1-2 was a result of a previous breeding program, using parental genotype PI 124112, 
which contained resistant genes. 

The experiment results showed that 33 of the studied genotypes show a degree 
of attack from 0 to 1,99, which defines them as resistant. Six of the studied genotypes 
were characterized by a moderately susceptible reaction - BK/1-5-5, Turcia, Gynodow, 
Iran-H, Georgia 47, and K053/4. Three of the studied genotypes showed susceptible 
reaction (degree of attack 3-4) Carigradski, Medena rosa, and Vedrantais. 

The results of the two tests indicated that sufficient resistant breeding material 
exists in the collection. In five of the studied genotypes, resistant response to both 
pathogens was reported simultaneously (12-1/5, 11/9KS5, A11/9KS6, 5-1-2, PI414723). 
The data clearly showed that there are enough genotypes to initiate a new breeding 
program aimed to combine resistance to studied pathogens. 
 

IV.2.1.3. A survey of preferences to melon fruit characteristics among 
Bulgarian consumers 

The results of the previous task showed a great variety of traits concerning the 
plant, the fruit, and the resistance in melon. In order to study more precisely the 
preferences of the Bulgarian consumer in terms of main characteristics of the fruit, we 
made a survey for the traits: fruit shape, creasing of surface, depth of grooves, ground 
colour of skin at maturity, and colour of the flesh. Received data helps to better define 
the concept of the model of variety. 

The survey results indicated that broad elliptic and circular fruit shape were 
preferred by consumers (31,58% and 32,24%) (Figure 4). The equal distribution of 
preferences of these two classes probably is due to the similarity of the fruit shape. Fruit 
shape characteristics such as quadrangular, obovate, and elongated were less 
important for consumers. The creasing of surface was clearly expressed by one class. 
Fruits with poorly netted surface (40,00%) were most preferred, followed by smooth 
(19,35%) and finely wrinkled (17,42%) surface. More than 48% of those taking the 
survey preferred shallow grooves. Two other groups of people selected fruits with 
medium (29,46%) and very shallow (20,93%) grooves. Most participants preferred 
melon fruits with orange and light yellow coloured skin (40,12% and 21,51%, 
respectively) compared to these with dark green coloured skin (1,16%). Regarding 
colour of the flesh, a clear preference was not established. Nevertheless, almost one-
fifth of the consumers preferred the orange coloured fruit flesh (21,74%). The other 
preferences ranged from 8,15% for pink-orange to 13,04% for creamy coloured flesh. 
These results indicate that melon breeding programs can be directed to the development 
of new varieties with different coloured fruit flesh. 

It was important to investigate variation in consumer preferences because of the 
possibilities of multiple responses to fruit traits. Understanding the relationship between 
consumer preferences and fruit attributes will help to develop an optimal melon breeding 
program. The data indicated that the most preferable melon fruits were with broad elliptic 
or circular fruit shape and poorly netted surface. The orange colour of fruits and shallow 
depth of grooves are often preferred by customers. The widest variability was observed 
in terms of flesh colour, from white to orange-pink. 
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Figure 4. Preferred characteristics 
among survey respondents in percent 

 

 

IV.2.2. Evaluation of parental components and their hybrid combinations, 
in terms of productivity, fruit characteristics, and resistance 

IV.2.2.1. Diallel cross scheme 
Gynoecious and hermaphrodite types of flowering allow the formation of female/ 

hermaphroditic flowers at the base of any internode of the central stem and branches. 
The female/hermaphrodite flowers are formed only on the lateral branches of the 
monoecious and andromonoecious plants. In melons, the female type of flowering has 
not been so well studied and has not been introduced for mass usage in the 
development of new hybrids and varieties. This is probably due to the recessive 
inheritance of female flowers. This biological feature provokes us to conduct more 
detailed research on genotypes with gynoecious and hermaphrodite types of flowering, 
to explore the possibilities of obtaining more fruits that are located on a lower node of 
the plant using a diallel cross scheme. Our main hypothesis is that, based on the 
formation of more female/hermaphroditic flowers, it is possible to increase the yield by 
increasing the number of fruits per plant and obtaining fruits located on lower nodes of 
the plant, which is associated with early maturity. 

 
Plant traits 
The Tukey test analysis showed significant differences among evaluated 

genotypes. The average plant height for all genotypes for the two years of testing was 
139,20 cm. (Table 10). Variation in plant height between genotypes ranged from 65,80 
cm to 177,10 cm. Hybrid combination 2 x 4 (Gynodow x Poul) had the tallest plants 
(167,75 cm), superior to both parental forms. 

The trait number of internodes varied in the range from 14,50 to 25,30, with an 
average value of 20,62. The parental line with the largest number of internodes was 
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Poul, followed by crosses 1 х 3 and 2 х 4. For a period of two years, the 
coefficient of variation was 9,48% which would be considered as low variation. Leaf area 
index varied over the wide range from 78,20 cm2 to 295,70 cm2, with an average value 
of 199,33 cm2. The highest value for the traits was observed in F1 hybrid 2 х 4, which 
was significantly higher than all genotypes excluding Poul and 3 x 4.  
 
Table 10. Average value of the parent components and their F1 hybrids for the measured 
characteristics 

Mean 

Genotypes PH NI LA NFP Y DF NNFFP DR VP 

1. BG14 120,3 19,6 153,75 1,2 707,2 48 12,55 44,3 92,3 
2. Gynodow 136,25 20,3 164,2 1,2 862,35 53 14,9 39,45 92,45 
3. WI998 74,85 15,55 93,95 1,05 390,25 49,75 10,7 37,5 87,25 
4. Poul 146,6 22,4 256,05 2,05 2037,25 57,5 18 39,8 97,55 
1 x 2 163,7 22,1 209,5 1,35 1068,1 46,25 13,3 38,45 84,7 
1 x 3 142,95 22,35 179,55 1,4 1121,65 45,5 12,6 42,1 87,6 
1 x 4 150,3 21,15 227,15 2,2 2204,95 47,5 10,95 35,35 82,85 
2 x 3 135,75 19,2 193,25 1,25 1088 54,25 10,4 38,45 92,7 
2 x 4 167,75 22,25 284,3 2,15 2675,25 55,5 14,25 32,85 88,35 
3 x 4 153,55 21,3 231,55 1,7 2823,65 54,75 13,55 32,7 87,45 

Average 139,20 20,62 199,33 1,56 1497,87 51,20 13,12 38,10 89,32 
Min 65,80 14,50 78,20 1,00 310,50 44,50 9,10 31,40 82,10 
Max 177,10 25,30 295,70 2,60 3482,30 57,50 21,30 44,80 100,30 
CV(%) 8,29 9,48 6,89 17,94 30,01 1,23 12,43 6,09 2,12 
SMD-Tukey(5%) 46,82 7,94 55,72 1,13 1824,38 2,55 6,62 9,42 7,67 
SMD-Tukey(1%) 61,18 10,37 72,80 1,48 2383,78 3,33 8,65 12,31 10,03 

Tukey multiple comparisons test, p < 0.05 

Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 

 

The average number of fruits per plant was 1,56, and the variation of the trait 
was from 1,00 to 2,60. The highest number of fruits per plant was obtained in F1 hybrid 
2 x 4 (2,15), although the difference with the parental components was not statistically 
proven. The variation of the trait yield per plant ranged from 310,50 g to 3482,30 g with 
an average value of 1497,87 g. The highest fruit yield per plant (2823,65 g) was 
registered in the 3 x 4 cross however, the differences were proven only for two of the 
genotypes, BG14 and WI998. 

The minimum value for the trait days to mass flowering was 44,50 days and the 
maximum value was 57,50 days. The coefficient of variation was very low – only 1,23% 
and the earliest flowering F1 hybrid was the 1 x 3 (45,5 days). With regards to the trait 
number of nodes to the first fruit position, results varied in a wide range from 9,10 to 
21,30, and the average value of the trait was 13,12. Two of the evaluated cross 
combinations, 2 x 4 and 3 x 4, showed the earliest fruit ripening periods of 32,85 and 
32,70 days, respectively. Number of days to ripening varied from 31,40 to 44,80 days, 
and the coefficient of variation was low (6,09%). The shortest vegetation period was 
recorded in hybrid combination 1 x 4 (82,85 days), significantly lower than four of the 
tested genotypes. The average value of the trait was 89,32 days, and the coefficient of 
variation had a low value of 2,12%.  

The results of the experiments showed that two of the evaluated cross 
combinations, 2 x 4 and 3 x 4, stand out as the most promising. F1 hybrid 2 x 4 
distinguished with the highest values in terms of plant height, leaf area, number of fruits 
per plant, and days to ripening. Cross combination 3 x 4 was the most productive and 
earliest maturing hybrid. 

The analysis of the variance in studied plant traits and the reliability of the 
established differences between genotypes allows for the use of diallel analysis for a 
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more in-depth study of the genetic causes of the obtained results. To determine the 
General Combining Ability (GCA) and the Specific Combining Ability (SCA), an analysis 
of the variance was performed on average for the two years of experiments (Table 11). 
 
Table 11. Analysis of the variance for General Combining Ability (GCA) and Specific 
Combining Ability (SCA) and quadratic components to GCA and SCA (φGCA / φGCA 
+φSCA) 

Source of variation df 
Mean 

PH NI LA NFP Y DF NNFFP DR VP 

 9 1407,12*** 9,02ns 6043,86*** 0,37* 148553** 36,96*** 10,45* 27,56** 38,38*** 

GCA 3 2183,65*** 14,29* 12694,54*** 0,88** 276636*** 83,45*** 17,79** 33,83** 14,81* 

SCA 6 1018,85** 6,39ns 2718,52*** 0,12ns 84512* 13,72*** 6,77ns 24,43* 50,16*** 

residual 9 133,07 3,82 188,45 0,07 20204 0,39 2,65 5,38 3,57 

                             Quadratic components 

φ GCA 48957,39 2,08 1526357 0,007 7416561 65,36 3,14 13,36 13,68 

φ SCA 176945,44 10,05 1239618 0,003 1,28 31,41 9,23 105,92 422,24 

(φ GCA/φ GCA+φ 
SCA) 

0,21 0,17 0,55 0,65 0,36 0,67 0,25 0,11 0,03 

φGCA and φSCA: quadratic components to GCA and SCA; * significant at 5% level; ** significant at 1% level; ns – non-significant 

Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 

 

On average for the two years of experiments, analysis of the variance revealed 
significant differences among genotypes for all studied traits, except for number of 
internodes. The effect of GCA was significant for the traits: number of internodes, 
number of fruits per plant, and number of nodes to the first fruit position.  Non-additive 
genetic effects were established for six of the plant characteristics: plant height, leaf 
area, yield per plant, days to mass flowering, days to ripening, and vegetation period. 
Our results and those of other authors showed that the predominance of additive or non-
additive genetic effects depends mainly on the genotype. In general, the genotypes 
showing significantly high GCA could be used in recombination breeding. Those specific 
combiners having the highest magnitude of significant SCA effects are recommended 
for heterosis breeding. 

On average for the period, the established effects of GCA on parental lines 
showed that the line with the highest positive additive genetic effects is Poul. Poul is the 
best combiner for the traits: plant height, number of internodes, leaf area, number of 
fruits per plant, yield per plant, and days to ripening (Table 12). The highest negative 
GCA effect, but positive for the breeding, was measured in line BG14 for the traits days 
to mass flowering and vegetation period. 

 
Table 12. Estimation of the General Combining Ability of four parental lines for nine plant 
characteristics 

Mean 

Genotypes PH NI LA NFP Y DF NNFFP DR VP 

1. BG14 0,26 0,28 -12,15 -0,07 -280,04 -3,46 -0,61 2,34 -1,14 
2. Gynodow 7,28 0,18 3,14 -0,10 -155,55 1,00 0,36 -0,30 0,68 
3. WI998 -19,01 -1,53 -34,06 -0,22 -279,25 -0,33 -1,28 -0,37 -0,73 
4. Poul 11,47 1,07 43,08 0,40 714,84 2,79 1,53 -1,66 1,19 

SD (Gi)                     2,88 0,49 3,43 0,07 112,37 0,16 0,41 0,58 0,47 
SD (Gi - Gj)                             4,71 0,80 5,60 0,11 183,50 0,26 0,67 0,95 0,77 

Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 

 

The estimated Specific Combining Ability is presented in Table 13. The two cross 
combinations 1 x 3 and 3 x 4 possessed heigh non-additive genetic effects for plant 
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height. The hybrid 1 x 4 had the highest Specific Combining Ability for the traits: number 
of fruits per plant, days to mass flowering, internode on which the first fruit is formed, 
days to ripening, and vegetation period. Among the hybrids, 3 x 4 had the highest non-
additive genetic effects. On average, the three genotypes 1 х 3, 1 х 4 and 3 х 4 had the 
highest SCA effects. 

 
Table 13. Estimation of the Specific Combining Ability for nine plant characteristics 

Mean 

Genotypes PH NI LA NFP Y DF NNFFP DR VP 

1. BG14 -19,42 -1,59 -21,27 -0,21 -230,59 3,72 0,65 1,53 5,26 

2. Gynodow -17,51 -0,67 -41,40 -0,15 -324,42 -0,20 1,06 1,96 1,78 

3. WI998 -26,33 -2,02 -37,25 -0,06 -549,11 -0,78 0,13 0,15 -0,62 

4. Poul -15,53 -0,35 -29,43 -0,30 -890,29 0,72 1,83 5,03 5,85 

1 x 2 16,96 1,02 19,19 -0,03 5,82 -2,49 0,43 -1,68 -4,15 

1 x 3 22,50 2,97 26,44 0,14 183,08 -1,91 1,36 2,04 0,15 

1 x 4 -0,63 -0,82 -3,10 0,32 272,29 -3,03 -3,09 -3,42 -6,52 

2 x 3 8,28 -0,07 24,85 0,02 24,94 2,38 -1,80 1,03 3,43 

2 x 4 9,80 0,39 38,76 0,30 618,09 0,51 -0,75 -3,27 -2,84 

3 x 4 21,89 1,14 23,21 -0,03 890,20 1,09 0,18 -3,36 -2,34 

SD( Sii ) 5,16 0,87 6,14 0,12 201,02 0,28 0,73 1,04 0,85 
SD( Sij )               6,99 1,18 8,31 0,17 272,18 0,38 0,99 1,41 1,14 
SD(Sii - Sjj) 6,66 1,13 7,93 0,16 259,51 0,36 0,94 1,34 1,09 
SD(Sij - Sik) 10,53 1,78 12,53 0,25 410,33 0,57 1,49 2,12 1,73 
SD(Sij - Skl) 9,42 1,60 11,21 0,23 367,01 0,51 1,33 1,89 1,54 

Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 

 

Fruit traits 
The Tukey test analysis revealed highly significant (P < 0,01) and significant 

(P < 0,05) differences among tested genotypes. In terms of fruit length, the values of all 
genotypes ranged from 8,80 cm to 20,60 cm. The coefficient of variation on average for 
the two years was low - 4,51%, which shows the reliability of obtained results. Hybrids 
2 x 4 (Gynodow x Poul) and 3 x 4 (WI998 x Poul) were distinguished with the highest 
fruit length value (Table 14). 
 
Table 14. Average value of the parent components and their F1 hybrids for the measured 
characteristics 

Mean 

Genotypes FL FD FTh TSS  FW 

1. BG14 11,65 10,80 2,30 8,85 600,45 
2. Gynodow 12,80 11,90 2,45 8,15 759,80 
3. WI998 9,75 9,75 1,80 7,60 352,75 
4. Poul 13,40 13,25 2,50 7,60 945,65 
1 x 2 13,30 11,70 2,60 10,65 668,35 
1 x 3 13,85 11,80 2,45 7,30 701,75 
1 x 4 16,75 11,75 2,55 7,45 789,60 
2 x 3 14,20 13,10 2,70 7,30 831,45 
2 x 4 19,40 12,00 2,70 9,30 1023,65 
3 x 4 20,35 13,30 2,95 7,55 1279,00 

Average 14,55 11,94 2,50 8,18 795,25 
Min 8,80 9,00 1,70 6,80 235,50 
Max 20,60 13,40 3,10 10,80 1336,20 
CV(%)                4,51 5,37 5,20 5,52 11,00 
SMD-Tukey(5%)        2,66 2,60 0,53 1,83 354,90 
SMD-Tukey(1%)       3,48 3,40 0,69 2,39 463,72 

Tukey multiple comparisons test, p < 0.05 
Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 
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Fruit diameter values of the studied genotypes ranged from 9,00 cm to 13,40 cm. 
Two of the genotypes, 3 х 4 and Poul, showed high performance for the trait - 13,30 cm 
and 13,25 cm, respectively. The average value for flesh thickness was 2,50 cm and the 
coefficient of variation was 5,20%. The highest value was shown by cross combination 
3 x 4 (2,95 cm), which was significantly higher than values of genotypes BG14 and 
WI998.  

The total soluble solids content was highly variable from the beginning of 
flowering to the fruit harvesting. The trait ranged from 6,80% to 10,80% for the studied 
genotypes, with highest mean value of 10,65% in the hybrid combination 1 x 2. 

Fruit weight was one of the most variable characteristics. The minimum value for 
the trait was 235 g and the maximum was 1336 g. In both experimental years, the F1 
hybrid 3 x 4 expressed the highest average fruit weight (1279 g) and also the highest 
values for fruit length, fruit diameter, and flesh thickness. 

The analysis of variance for combining ability indicated that the GCA and SCA 
effects were significant (P < 0,05) for all of the analyzed traits (Table 15). Analyses of 
the square components of GCA and SCA revealed a ratio lower than 0,5, showing a 
predominance of non-additive effects. 
 
Table 15. Analysis of the variance for General Combining Ability (GCA) and Specific 
Combining Ability (SCA) and quadratic components to GCA and SCA (φGCA / φGCA 
+φSCA) 

Source of variation df 
Mean 

FL FD FTh TSS  FW 

Genotypes 9 22,22*** 2,47** 0,18*** 2,43*** 126666*** 

GCA 3 18,40*** 3,08** 0,15** 2,93*** 178712*** 
SCA 6 24,13*** 2,16* 0,20*** 2,18*** 100643*** 
Случайно 9 0,43 0,41 0,01 0,20 7645 

                                  Quadratic components 

φ GCA  5,83 0,10 0,0004 0,10 3426160 
φ SCA  97,10 0,81 0,006 0,80 1701181 

(φ GCA/φ GCA+φ SCA)  0,05 0,11 0,056 0,10 0,16 
φGCA and φSCA: quadratic components to GCA and SCA; * significant at 5% level; ** significant at 1% level; ns – non-significant 

Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 

 

Parental line Poul was recognized as the best material for breeding because it 
demonstrated the highest positive GCA effects for all of the measured traits except for 
total soluble solids (Table 16). Line Gynodow was the best combiner for the trait TSS. 
 
Table 16. Estimation of General Combining Ability of four parental lines for five plant 
characteristics 

Mean 

Genotypes FL FD FTh TSS  FW 

1. BG14 -0,92 -0,47 -0,05 0,37 -102,60 

2. Gynodow -0,04 0,15 0,07 0,45 11,14 
3. WI998 -0,80 -0,33 -0,13 -0,59 -76,42 
4. Poul 1,76 0,65 0,12 -0,23 167,89 

SD (Gi)                     0,16 0,16 0,03 0,11 21,86 
SD (Gi - Gj)                             0,27 0,26 0,05 0,18 35,70 

Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 
 
 

The highest SCA effects were detected in F1 hybrid 3 x 4 for three of the studied 
traits: fruit length, diameter, and weight (Table 17). Non-additive genetic effects were 
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determined in the cross combination 2 x 3 for fruit diameter, and 1 x 2 for total soluble 
solids content. 

As a result of the made analysis and obtained data, the most promising hybrid 
combination was determined to be 3 x 4 (WI998 x Poul), which surpassed the other 
genotypes in five of the studied traits (fruit length, flesh thickness, fruit weight, yield per 
plant and days to ripening). 
 

Table 17. Estimation of Specific Combining Ability for five plant characteristics 

Mean 

Genotypes FL FD FTh TSS  FW 

1. BG14 -1,05 -0,19 -0,10 -0,07 10,41 
2. Gynodow -1,67 -0,34 -0,18 -0,92 -57,72 
3. WI998 -3,19 -1,53 -0,43 0,60 -289,60 

4. Poul -4,67 0,02 -0,23 -0,12 -185,37 
1 x 2 -0,29 0,08 0,08 1,66 -35,43 
1 x 3 1,03 0,67 0,13 -0,66 85,53 

1 x 4 1,36 -0,36 -0,02 -0,87 -70,93 
2 x 3 0,50 1,34 0,27 -0,73 101,49 
2 x 4 3,13 -0,74 0,02 0,91 49,38 

3 x 4 4,85 1,05 0,47 0,19 392,29 

SD( Sii ) 0,29 0,29 0,06 0,20 39,10 
SD( Sij )  0,54 0,39 0,08 0,27 52,95 

SD(Sii - Sjj) 0,38 0,37 0,08 0,26 50,48 
SD(Sij - Sik) 0,60 0,58 0,11 0,41 79,82 
SD(Sij - Skl) 0,40 0,52 0,12 0,37 71,39 

Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 

 

To summarize the obtained results, we analyzed the heterosis effect on all of the 
studied traits. The heterosis was estimated based on the average performance of two 
parents (mid-parent heterosis) (Figure 5). The results showed that the best heterosis 
was observed for the traits: yield per plant, fruit length, and fruit weight. Low heterosis 
effect was detected for the traits related to earliness: days to mass flowering, days to 
ripening, and vegetation period.  

 

 

Figure 5. Estimation of the heterosis effect (%) over mid-parent 
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The greatest heterosis effect for the traits plant height (45%) and number of 
internodes (28%) were observed in hybrid combination 1 x 3. As far as number of fruits 
per plant, the greatest heterosis effect was detected in cross 1 x 4 (35%). In terms of 
earliness-related traits, such as days to mass flowering, number of nodes to the first fruit 
position, days to ripening, and vegetation period, the best heterosis was observed in F1 
hybrid 1 x 4. The cross 3 x 4 showed high heterosis effect for the traits yield per plant 
(133%), plant height (75%), flesh thickness (38%), and fruit weight (98%). The highest 
heterosis effect for total soluble solids content was found in the 1 x 2 hybrid (38%). 
 

IV.2.2.1.1. Diallel analysis of powdery mildew and downy mildew attack by 
the leaf disc method 

Аnalysis of the tested genotypes for resistance to powdery mildew and downy 
mildew are presented in Table 18. In 2018, all of the studied genotypes reacted as 
susceptible to powdery mildew. The attack index ranged from 2,3 to 4,0. In 2019, a 
similar reaction was observed - from 3,3 to 3,7. In general, over the test period, the 
genotypes showed a susceptible reaction to P. xanthii, race 1. In 2018, the genotypes’ 
reaction to downy mildew varied from resistant (0,2) to susceptible (2,2). In comparison, 
all genotypes showed resistant reaction (0,3 – 1,1) in 2019. In general, all of the studied 
genotypes showed resistant reaction to the causal agent of P. cubensis and susceptible 
one to P. xanthii, race 1. 

 
Table 18. Reaction of four parental lines and their hybrids to powdery mildew and downy 
mildew 

Genotypes 
2018 2019 Mean 

PX PC PX PC PX PC 

1. BG14 2,3 1,0 3,3 0,7 2,8 0,9 

2. Gynodow 4,0 2,2 3,7 0,7 3,9 1,2 
3. WI998 3,5 0,2 3,5 0,5 3,5 0,4 
4. Poul 4,0 1,0 3,4 1,1 3,7 1,1 

1 x 2 4,0 1,2 3,5 1,0 3,8 1,1 
1 x 3 4,0 0,7 3,7 0,2 3,9 0,5 
1 x 4 4,0 1,1 3,5 0,8 3,8 1,0 

2 x 3 4,0 0,8 3,5 0,5 3,8 0,7 
2 x 4 4,0 1,3 3,6 0,4 3,8 0,9 
3 x 4 4,0 0,8 3,5 0,3 3,8 0,6 

Average 3,8 1,03 3,52 0,62 3,65 0,8 
Min 2,0 0,2 3,2 0,00 2,6 0,3 

Max 4,0 2,4 3,8 1,40 3,9 1,5 
CV(%)                3,86 33,66 5,08 64,33 3,31 40,23 
SMD-Tukey(5%)        0,6 1,4 0,72 1,61 0,49 1,3 

SMD-Tukey(1%)       0,8 1,8 0,94 2,11 0,64 1,7 
Tukey multiple comparisons test, p < 0.05 

Podosphaera xanthii (PX), Pseudoperonospora cubensis (Pc) 

 

IV.2.2.2. Partial diallel cross scheme 
The advantage of the partial diallel cross scheme is that it allows assessing the 

genetic variability of parental forms in two groups, each group differing in certain traits 
from the other. In the present scheme, five maternal lines were used, which characterize 
with a gynoecious type of flowering and male sterility, and two paternal lines, which are 
resistant to powdery mildew and downy mildew. To reveal the potential of the lines and 
their hybrids, nine traits of the plant and five of the fruits were studied. 
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Plant traits 
The average variation in plant height between the genotypes ranged from 127,30 

cm to 233,20 cm, and the cross 1 x 2 distinguished with the tallest plants of all hybrid 
combinations (Table 19). The number of internodes ranged from 18,80 to 27,50, and 
averaged 23,14. The highest measured value for this trait was detected in hybrid 
combination 1 x 2 (26,80). The same cross (1 x 2) also distinguished with the highest 
value of leaf area (298,00 cm2). The average value for the trait number of fruits per plant 
was 1,16. Two of the parental lines formed the most fruits per plant, 5-1-2 and BG14 
(1,45). Yield per plant varied from 714,30 g to 2286,30 g. Hybrid combination 1 x 1 stood 
out with a high yield (2229,60 g), significantly higher than all parental forms, except for 
BK/1-5-5 and 5-1-2. 

The average value of the days to mass flowering was 46,03 days. The earliest 
flowering hybrid was 2 x 2 (41 days), significantly earlier than almost all studied 
genotypes. The minimum value of the trait internode on which the first fruit is formed 
was 12,60 and the maximum 22,30. The variation coefficient was 6,93%, which could 
be considered as a low variation. Hybrid combination 5 x 1 formed its fruit at the lowest 
node (13,30). Two of the hybrid combinations were distinguished with a short period of 
ripening – 1 x 2 and 2 x 2 (32,55 and 32,80 days, respectively). The shortest vegetation 
period, measured during the two years of experiments, was 74,05 days for the hybrid 
combination 2 x 2. This value was significantly higher than all parental components, 
except for BK/1-5-5. Crosses 1 x 1, 1 x 2, 3 x 2, and 5 x 2 also characterized with a 
relatively short vegetation period, which classified them in the group of early ripening 
melons (65 - 80 days). 

 
Table 19. Average value of the parental components and their F1 hybrids for the 
measured characteristics 

Mean 

Genotypes PH NI LA NFP Y DF NNFFP DR VP 

1 х 1 207,30 25,40 276,90 1,20 2229,60 41,25 19,95 37,95 79,45 
1 х 2 208,70 26,80 298,00 1,10 1861,30 45,50 19,35 32,55 78,05 
2 х 1 181,00 22,50 244,90 1,15 1959,05 44,50 17,35 38,85 83,35 
2 х 2 183,95 24,45 257,35 1,10 1815,00 41,00 21,80 32,80 74,05 
3 х 1 178,00 23,15 210,10 1,05 1370,30 46,00 21,00 39,65 85,65 
3 х 2 184,90 24,55 238,85 1,10 1375,05 42,25 18,15 35,20 77,45 
4 х 1 175,00 23,10 200,25 1,20 1860,10 48,50 19,40 39,55 88,05 
4 х 2 182,50 24,05 247,85 1,00 1703,40 50,00 18,30 37,55 87,55 
5 х 1 197,60 24,70 252,50 1,25 1820,90 42,00 13,30 40,00 82,00 
5 х 2 172,95 23,30 221,40 1,00 1449,70 41,50 15,90 36,35 77,85 

Parental genotypes I group 

1. ВК/1-5-5 213,30 25,40 283,75 1,05 1799,95 41,25 20,20 37,15 78,40 
2. К/15-6 161,15 20,45 241,55 1,05 1259,85 44,00 20,20 38,75 82,75 
3. Gynodow 136,25 20,30 164,20 1,20 799,40 53,00 14,90 39,45 92,45 
4. AGY 135,30 21,50 165,00 1,15 1028,55 55,00 13,05 42,15 97,15 
5. BG14 142,40 21,30 165,10 1,45 1247,50 51,75 17,50 43,60 95,35 

Parental genotypes II group 

1. 5-1-2 160,70 20,75 218,85 1,45 1724,20 48,75 18,75 38,25 87,00 
2. Seminole 149,10 21,65 214,85 1,25 1414,30 46,25 14,25 37,20 83,70 
Mean 174,71 23,14 229,49 1,16 1571,66 46,03 17,84 38,06 84,13 
Min 127,30 18,80 153,90 1,00 714,30 40,00 12,60 31,10 73,10 
Max 233,20 27,50 322,00 1,70 2286,30 55,00 22,30 46,70 98,20 
CV(%)                7,67 6,21 10,45 12,95 9,53 1,08 6,93 5,62 2,28 
SMD-Tukey(5%)        54,31 5,82 97,13 0,61 606,73 2,02 5,01 8,67 7,78 
SMD-Tukey(1%)       66,06 7,08 118,15 0,74 738,03 2,46 6,10 10,55 9,46 

Tukey multiple comparisons test, p < 0.05 
Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 
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Analysis of variance showed a significant effect of GCA in the first group of 
parental genotypes for the traits: plant height, number of internodes, leaf area, yield per 
plant, days to mass flowering, number of nodes to the first fruit position, days to ripening, 
and vegetation period (Table 20). A significant effect of GCA was seen in parental lines 
of the second group (5-1-2 and Seminole) for four of the evaluated traits: yield per plant, 
days to mass flowering, days to ripening, and vegetation period. Non-additive effects 
were established for the traits: plant height, number of internodes, yield per plant, days 
to mass flowering, number of nodes to the first fruit position, and vegetation period. 
 
Table 20. Analysis of variance for General Combining Ability (GCA) and Specific 
Combining Ability (SCA) 

Source of 
 variation 

df 
Mean 

PH NI LA NFP Y DF NNFFP DR VP 

Genotypes 16 1205,78*** 7,54** 3273,80*** 0,03ns 272077*** 39,98*** 14,53*** 16,24** 85,85*** 
Groups 1 640,88ns 2,53ns 3252,60* 0,02ns 912520*** 43,85*** 0,14ns 40,68** 163,55*** 
GCA group I 4 2608,94*** 13,10** 8759,13*** 0,03ns 489130*** 84,23*** 20,89*** 21,06* 167,98*** 
GCA group II 1 94,09ns 4,13ns 556,96ns 0,10ns 304446** 5,44*** 4,69ns 62,14** 101,00*** 
SCA I x II 10 812,18* 6,15* 1353,48ns 0,03ns 117974** 25,34*** 14,41*** 7,28 ns 43,71*** 
Residual 16 179,67 2,06 574,65 0,02 22424 0,2491 1,53 4,58 3,68 

* significant at 5% level; ** significant at 1% level; ns – non significant 
Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 

 

Out of the first group of parental lines, significant additive genetic effects were 
shown by BK/1-5-5 for seven traits: plant height, number of internodes, leaf area, plant 
yield, days to mass flowering, days to ripening, and vegetation period (Table 21). The 
highest negative GCA effect, but positive for the breeding, was measured in line AGY 
for the number of nodes to the first fruit position, and in line BG14 for the number of fruits 
per plant. 
 
Table 21. Estimation of General Combining Ability of four parental lines for nine plant 
characteristics 

Genotypes 
 Mean 

PH NI LA NFP Y DF NNFFP DR VP 

1. ВК/1-5-5 25,48 1,84 40,82 -0,03 291,30 -2,88 1,41 -1,62 -4,47 
2. К/15-6 -0,42 -0,69 14,65 -0,04 58,46 -2,17 1,39 -0,90 -3,04 
3. Gynodow -9,06 -0,61 -20,02 -0,01 -266,47 1,29 -0,38 -0,13 1,15 
4. AGY -10,27 -0,31 -19,89 -0,02 -53,73 3,67 -1,24 1,15 4,80 
5. BG14 -5,73 -0,23 -15,56 0,09 -29,56 0,08 -1,17 1,50 1,57 

Случайно (Gi) 3,46 0,37 6,19 0,04 38,66 0,13 0,32 0,55 0,50 
1. 5-1-2 1,62 -0,34 -3,93 0,05 91,96 0,39 0,36 1,31 1,68 
2. Seminole -1,62 0,34 3,93 -0,05 -91,96 -0,39 -0,36 -1,31 -1,68 

Случайно (Gi) 2,23 0,24 4,00 0,03 24,96 0,08 0,21 0,36 0,32 
Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 

 

Additive effects in the second group of parental lines were established in line 5-
1-2 for the following traits: plant height, number of fruits per plant, and yield per plant; 
and in line Seminole for the traits: number of internodes, leaf area, days to mass 
flowering, days to ripening, number of nodes to the first fruit position, and vegetation 
period.  

Non-additive genetic effects were established in hybrids 5 x 1, 4 x 2, and 3 x 2 
for plant height (Table 22). Cross combinations 5 x 1, 4 x 2, and 3 x 2 demonstrated the 
highest Specific Combining Ability for number of internodes. 
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Table 22. Estimation of Specific Combining Ability for nine plant characteristics 

Parental  
genotypes 
I group 

Parental 
genotypes 
II group 

Mean 

PH NI LA NFP Y DF NNFFP DR VP 

1. ВК/1-5-5 --- -6,57 -1,05 -14,33 -0,01 -135,63 -0,55 -0,38 0,87 0,28 
2. К/15-6 --- -6,94 -0,95 -4,18 0,00 -210,05 0,79 -0,33 1,02 1,76 
3. Gynodow --- -14,55 -1,25 -12,20 0,09 -20,63 2,87 -2,09 0,19 3,10 
4. AGY --- -13,07 -0,66 -11,65 0,05 -216,96 0,12 -2,23 0,34 0,50 
5. BG14 --- -15,05 -1,01 -20,22 0,14 -46,35 4,04 2,09 1,07 5,15 

--- 1. 5-1-2 -25,52 -2,23 -21,43 0,13 -343,78 4,11 0,06 -0,35 3,70 
--- 2. Seminole -30,66 -2,69 -41,16 0,14 -285,84 3,16 -3,00 3,85 7,10 
1 1 4,25 0,69 7,72 0,01 227,82 -1,97 0,32 0,51 -1,26 
1 2 8,89 1,41 20,95 0,01 43,44 3,06 0,44 -2,26 0,69 
2 1 3,84 0,31 1,89 -0,03 190,11 0,57 -2,26 0,69 1,21 
2 2 10,03 1,58 6,48 0,02 229,98 -2,15 2,91 -2,74 -4,74 
3 1 9,49 0,89 1,76 -0,17 -73,71 -1,39 3,16 0,72 -0,68 
3 2 19,62 1,61 22,64 -0,01 114,97 -4,36 1,03 -1,10 -5,53 
4 1 7,70 0,53 -8,22 -0,01 203,35 -1,26 2,42 -0,65 -1,93 
4 2 18,44 0,80 31,52 -0,10 230,57 1,02 2,04 -0,03 0,93 
5 1 25,76 2,05 39,70 -0,07 139,99 -4,18 -3,75 -0,56 -4,75 
5 2 4,34 -0,03 0,73 -0,21 -47,29 -3,90 -0,43 -1,59 -5,55 

SD (Sii)  5,22 0,56 9,33 0,06 58,29 0,19 0,48 0,83 0,75 
SD (Sjj)  6,74 0,72 12,05 0,08 75,25 0,25 0,62 1,08 0,96 
SD (Sij)  8,19 0,88 14,66 0,09 91,55 0,31 0,76 1,31 1,17 

Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 
 
 

 

Fruit traits 
The variation of fruit length ranged from 11,60 cm to 21,70 cm with an average 

value of 17,52 cm (Table 23). The highest value for the trait was observed in F1 hybrid 
2 х 2 (21,45 cm), which was significantly higher than all genotypes, excluding BK/1-5-5. 
During the test period, the average value of the fruit diameter was 14,87 cm. The highest 
fruit diameter value was obtained in F1 hybrid 1 x 1 (16,75 cm), statistically proven for 
three of the parent genotypes (Gynodow, AGY, and Seminole). 

The highest mean values for flesh thickness were measured in hybrid 
combinations 2 х 1, 2 х 2 and 4 х 2 (3,85 cm, 3,80 cm, and 3,80 cm, respectively), 
whereas the difference was statistically proven with three of the parent genotypes 
(Gynodow, AGY, and Seminole). The trait total soluble solids content ranged from 6,80% 
to 12,70%, with an average value of 9,24%. One of the parental lines, 5-1-2, stood out 
with the highest TSS content 12,50%, which was significantly higher than genotypes 
К/15-6, Gynodow, AGY, and Seminole. Hybrids 4 х 1 (11,50%) and 3 х 1 (11,05%) 
showed the best TSS content compared to other hybrid combinations. 

Fruit weight varied in the range from 575 g to 2029 g, with an average value of 
1411 g. The highest value was registered in F1 hybrid 1 x 1 (1997 g), statistically proven 
with all of the studied genotypes, except for BK/1-5-5. 

Obtained results showed that hybrid combinations 1 x 1 and 2 x 1 had the highest 
values in terms of fruit length, fruit diameter, flesh thickness, and fruit weight. These 
perspective cross combinations could be useful for heterosis breeding. Line 5-1-2 was 
the most suitable for increasing total soluble solids content. 
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Table 23. Average value of the parental components and their F1 hybrids for the 
measured characteristics 

Mean 

Genotypes FL FD FTh TSS  FW 

1 х 1 21,00 16,75 3,55 9,55 1979,10 
1 х 2 21,00 15,70 3,40 7,35 1748,25 
2 х 1 19,30 16,50 3,85 10,65 1767,35 
2 х 2 21,45 15,25 3,80 7,15 1755,05 
3 х 1 16,65 15,10 3,25 11,05 1311,95 
3 х 2 19,20 14,55 3,40 8,00 1315,95 
4 х 1 17,20 15,80 3,70 11,50 1530,60 
4 х 2 18,90 15,90 3,80 8,65 1703,40 
5 х 1 18,10 15,05 3,55 9,25 1531,35 
5 х 2 19,30 14,50 3,70 8,55 1449,70 

Parental genotypes I group 

1. ВК/1-5-5 20,70 16,70 3,60 9,30 1774,80 
2. К/15-6 17,40 14,45 3,30 8,40 1199,70 
3. Gynodow 12,80 11,90 2,45 8,15 759,80 
4. AGY 11,65 10,80 2,30 8,85 600,45 
5. BG14 14,90 14,60 3,45 9,90 1214,35 

Parental genotypes II group 

1. 5-1-2 13,65 15,15 3,65 12,50 1209,45 
2. Seminole 14,65 14,15 2,85 8,30 1135,75 

Mean 17,52 14,87 3,39 9,24 1411,00 
Min 11,60 10,50 2,20 6,80 575,40 
Max 21,70 17,10 3,90 12,70 2029,00 
CV(%)                3,56 4,15 7,59 8,97 8,15 
SMD-Tukey(5%)        2,53 2,50 1,04 3,36 466,20 
SMD-Tukey(1%)       3,08 3,04 1,27 4,09 567,09 

Tukey multiple comparisons test, p < 0.05 
Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 

 
Analysis of variance showed proven effects of GCA and SCA in both groups I 

and II for the traits fruit length, fruit diameter and flesh thickness, except only for GCA in 
group II for the trait flesh thickness (Table 24). 
 
Table 24. Analysis of variance for General Combining Ability (GCA) and Specific 
Combining Ability (SCA)  

Source of  

variation 
df 

Mean 

FL FD FTh TSS  FW 

Genotypes 16 18,60*** 4,85*** 0,41*** 4,34*** 278695*** 

Groups 1 3,59** 9,25*** 0,75** 4,75* 327341*** 
GCA group I 4 33,48*** 9,26*** 0,56*** 0,70ns 524016*** 
GCA group II 1 10,24*** 3,12* 0,21ns 47,61*** 9695ns 

SCA I x II 10 14,99*** 2,82*** 0,33* 1,43ns 202603*** 
Случайно 16 0,38 0,38 0,06 0,68 13239 

* significant at 5% level, ** significant at 1% level, *** significant at 0,1% 
Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 

 

For total soluble solids content, a significant effect only of GCA was detected in 
group II. For fruit weight, the effects of GCA in group I and SCA were significant. 

Genotypes from both parental groups showed additive genetic effects for fruit 
length, which make them appropriate for improving the trait. Additive genetic effects 
were established in parental group II for three traits: fruit diameter, flesh thickness, and 
fruit weight. For increasing total soluble solids content, it is best to use genotypes of 
group II (5-1-2 and Seminole), which possessed the highest GCA effects.   

A higher positive GCA effect for the fruit length, fruit diameter, flesh thickness, 
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and fruit weight was observed in the following parental lines from group I – BK/1-5-5 and 
K/15-6 (Table 25). From group II, the best additive genetic effects for fruit diameter, flesh 
thickness, total soluble solids, and fruit weight were established in lines 5-1-2. 

 
Table 25. Estimation of General Combining Ability of four parental lines for five plant 
characteristics 

Mean 

Genotypes FL FD FTh TSS  FW 

1. ВК/1-5-5 2,33 1,24 0,15 -0,11 306,46 
2. К/15-6 1,03 0,38 0,17 -0,26 80,60 
3. Gynodow -1,33 -0,83 -0,28 -0,14 -215,11 

4. AGY -1,67 -0,85 -0,19 0,28 -167,21 
5. BG14 -0,37 0,06 0,15 0,24 -4,74 

Случайно (Gi) 0,16 0,16 0,07 0,21 29,71 

1. 5-1-2 -0,53 0,29 0,08 1,15 16,41 
2. Seminole 0,53 -0,29 -0,08 -1,15 -16,41 

Случайно (Gi) 0,10 0,10 0,04 0,14 19,18 
Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 

 

Hybrid combination 4 x 2 demonstrated the highest positive SCA effects for most 
of the measured traits except total soluble solids (Table 26). The highest non-additive 
genetic effects were established in line BK/1-5-5 for total soluble solids content. 

The genetic base of parents used to diallel cross is important for increasing the 
frequency of favorable alleles. Comparison of results from different studies showed that 
the best hybrid combination to be selected must hold a high SCA, with at least one 
parent with high GCA and associated high mean.  
 

Table 26. Estimation of Specific Combining Ability for five plant characteristics 

Parental  
Genotypes 

 I group 

Parental  
Genotypes 

 II group 

Mean 

FL FD FTh TSS  FW 

1. ВК/1-5-5 --- -1,05 0,04 0,11 0,78 -118,15 
2. К/15-6 --- -1,74 -0,48 -0,23 0,18 -241,53 

3. Gynodow --- -1,64 -0,63 -0,18 -0,32 -90,00 
4. AGY --- -2,10 -1,68 -0,51 -0,45 -345,15 
5. BG14 --- -1,45 0,31 -0,04 0,68 -56,20 

--- 1. 5-1-2 -3,42 -1,31 -0,18 0,25 -421,48 
--- 2. Seminole -4,56 -1,13 -0,67 0,65 -429,54 

1 1 1,59 0,19 -0,11 -0,83 217,16 
1 2 0,52 -0,27 -0,10 -0,73 19,13 
2 1 1,19 0,81 0,17 0,42 231,27 

2 2 2,28 0,15 0,28 -0,78 251,79 
3 1 0,89 0,61 0,02 0,69 71,59 
3 2 2,38 0,65 0,33 -0,06 108,41 

4 1 1,79 1,33 0,38 0,72 242,34 
4 2 2,42 2,02 0,64 0,17 447,96 
5 1 1,39 -0,33 -0,11 -1,48 80,61 

5 2 1,52 -0,29 0,20 0,12 31,78 

SD (Sii)  0,24 0,24 0,10 0,32 44,79 
SD (Sjj)  0,31 0,31 0,13 0,42 57,82 

SD (Sij)  0,38 0,38 0,16 0,51 70,34 
Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 
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The heterosis was estimated based on the average performance of two parents 
(mid-parent heterosis) (Figure 6). In general, heterosis effects in a favourable direction 
(over 30%) were detected in the following traits: plant height, leaf area, yield per plant, 
fruit length, flesh thickness, and fruit weight. The results correspond to the data obtained 
from diallel crosses, where these characteristics also showed a pronounced heterosis 
effect. In the present study, none of the hybrid combinations showed a positive heterosis 
effect for number of fruits per plant. 

A weak heterosis effect was established for the total soluble solids content, from 
1% to 8%. Probably the display of heterosis in this trait depends greatly on the chosen 
parental genotypes. A stronger heterosis effect was observed in hybrid combination 4 x 
2 (from 28% to 98%) in terms of five of the 14 characteristics tested – yield per plant, 
fruit length, fruit diameter, flesh thickness and average fruit weight. The 5 x 1 hybrid 
combination showed the highest heterosis effect for the following traits: plant height, 
number of internodes, leaf area, days to mass flowering, internode on which the first fruit 
is formed, and total soluble solids. 

 

 

Figure 6. Estimation of the heterosis effect (%) over mid-parent 
 
 

IV.2.2.2.1. Partial diallel analysis of powdery mildew and downy mildew 
attack by the leaf disc method 

The results of the two years of testing showed that the most susceptible to 
powdery mildew attack were two parental lines from the first group, Gynodow (3,9) and 
BG14 (2,8). All other genotypes showed resistance to powdery mildew attack from 0,0 
to 1,4 (Table 27). 

Most of the genotypes showed resistance to downy mildew. In the parental forms 
from the first group, AGY showed the lowest degree of attack, and from the second 
group, both genotypes 5-1-2 and Seminole had a resistant reaction of 0,9 and 0,6, 
respectively. Four hybrid combinations distinguished with resistant reaction ranging from 
0,1 to 0,6 - 2 x 2, 4 x 1, 4 x 2 and 5 x 1. 
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Table 27. Response of seven parental lines and their hybrids for resistance to powdery 
mildew and downy mildew 

Genotypes 
2018 2019 Mean 

PX PC PX PC PX PC 

1 х 1 0,0 1,3 0,4 0,7 0,2 1,0 
1 х 2 0,0 0,8 0,3 0,7 0,2 0,8 
2 х 1 0,2 1,0 0,2 0,6 0,2 0,8 
2 х 2 0,0 0,8 0,3 0,3 0,2 0,6 
3 х 1 1,0 1,8 0,3 0,6 0,7 1,2 
3 х 2 0,6 1,4 0,2 0,0 0,4 0,7 
4 х 1 0,0 0,4 0,3 0,3 0,2 0,4 
4 х 2 0,0 0,2 0,1 0,0 0,1 0,1 
5 х 1 0,0 0,7 0,3 0,5 0,2 0,6 
5 х 2 0,7 1,9 0,4 0,3 0,6 1,1 

Parental genotypes I group 

1. ВК/1-5-5 0,8 1,0 2,0 0,9 1,4 1,0 
2. К/15-6 0,8 2,2 0,5 0,9 0,7 1,6 
3. Gynodow 4,0 2,2 3,7 0,7 3,9 1,2 
4. AGY 0,0 0,9 0,3 0,5 0,2 0,7 
5. BG14 2,3 1,0 3,3 0,7 2,8 0,9 

Parental genotypes II group 

1. 5-1-2 0,0 1,3 0,0 0,5 0,0 0,9 
2. Seminole 0,0 0,7 0,1 0,5 0,1 0,6 

Mean 0,61 1,15 0,75 0,51 0,68 0,81 
Min 0,00 0,00 0,00 0,00 0,00 0,00 
Max 4,00 2,40 3,80 1,20 3,90 1,60 
CV(%)                28,93 29,58 15,65 66,09 17,74 29,95 
SMD-Tukey(5%)        0,72 1,38 0,47 1,37 0,49 0,99 
SMD-Tukey(1%)       0,87 1,68 0,58 1,67 0,59 1,20 

Tukey multiple comparisons test, p < 0.05 
Podosphaefa xanthii (PC), Pseudoperonospora cubensis (PC) 

 

IV.2.3. Variation and inheritance of traits from the six generations (P1, P2, 
F1, F2, BC1P1, and BC1P2) in the cross AGY x 5-1-2. 

IV.2.3.1. Plant and fruit traits 
Plant traits 
The results of the mean values of nine plant traits for the six generations of the 

cross AGY x 5-1-2 varied significantly (Table 28). In terms of plant height, the highest 
average value was found in the F1 generation (210,40 cm), which significantly exceeded 
both parents. The highest value of the variance was reported in the second hybrid 
generation (1468 cm), which is typical for the F2 generation. Similar results were found 
for the traits number of internodes and leaf area. 

 
Table 28. Analysis of variance and mean compression for nine characteristics of melon 
families derived from a cross between AGY and 5-1-2 

x̅- mean, S2- variance 
Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass flowering (DF), number of 
nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 

 

A negative trend was observed related to the trait number of fruits per plant. The 
performance of both parents (AGY and 5-1-2) in number of fruits per plant was 
consistently higher (1,66 and 1,41, respectively) than backcross populations (BC1 and 

Generations N PH NI LA NFP Y DF NNFFP DR VP 

  x̅ S2 x̅ S2 x̅ S2 x̅ S2 x̅ S2 x̅ S2 x̅ S2 x̅ S2 x̅ S2 

P1 12 173,10 381 24,83 1,7 193,25 815 1,66 0,4 2066 577 64,33 0,9 24,83 18,8 43,92 19,5 108,25 20,7 
P2 12 177,20 613 23,16 9,6 228,60 594 1,41 0,2 1698 312 56,00 0,7 19,25 24,5 35,50 19,7 91,50 20,4 
F1 12 210,40 457 26,00 2,1 233,83 1769 1,25 0,2 2149 248 52,75 4,0 20,08 21,7 38,92 12,4 91,67 22,2 
F2 171 175,60 1468 24,01 13,9 204,29 2798 1,14 0,1 1775 1120 60,02 45,8 21,34 41,8 40,03 21,9 99,94 66,2 

BC1 40 194,40 1006 25,75 4,9 189,50 1391 1,18 0,1 1599 836 61,60 31,5 22,42 32,3 40,08 16,7 101,65 72,3 
BC2 40 172,40 971 25,13 4,6 189,26 1595 1,05 0,1 1351 674 54,95 16,1 20,37 30,2 38,15 16,3 93,10 45,9 
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BC2), first filial generation (F1), and second filial generation (F2). 
Yield per plant is the most economically important trait, the main criterion for the 

selection of elite plants. The first filial generation showed the highest yield compared to 
the other generations (2149 g). The yield of the second filial generation averaged 
between the two parental components, which is typical of a normal distribution (1775 g). 
The backcross population derived from high-yielding parent produced a higher yield 
(1599 g) and on the opposite, from the lower-yielding parent - respectively a lower yield 
(1351 g). Depending on the duration of the vegetation period, the selected hybrid 
combination belonged to the middle-early group of melon maturity. Line AGY was 
characterized by a longer vegetation period (108,25 days), and line 5-1-2 by shorter 
(91,50 days). The first filial generation was characterized by a short vegetation period 
(91,67 days) that is closer to the parent with a shorter period. The value of F2 generation 
was an average between both parents, which shows a normal distribution of the trait. 
The vegetation period can be divided into two subperiods, days from germination to 
mass flowering and days from pollination and fertilization of the female flower to 
harvesting the fruit at maturity. The first subperiod of days to mass flowering was 
characterized by dominance towards the parent with a lower value (56,00 days), which 
was proved by the average value of the first hybrid generation (52,75 days). In the F2 
hybrid generation, the value of the trait was average compared to both parents (60,02 
days). The second subperiod of days to ripening was characterized by an average value 
of the trait for the first and second hybrid generations, compared to the parental forms 
(38,92 and 39,92 days, respectively). Results were similar in terms of number of nodes 
to the first fruit position. 

The analysis of the data showed a significant variation in the minimum and 
maximum values of the parental components and F2 generation of the studied traits 
(Table 29). For most traits, there was a transgression both to the higher and to the lower 
values. Transgression to the parent with the higher value is important for the selection 
based on plant height, number of internodes, and leaf area, as obtained in the present 
study. The yield per plant for transgressive individuals was 5872 g, which is significantly 
higher than the ones for the best parent. The transgression in terms of days to mass 
flowering was 51 days, which is 4 days shorter than the earlier flowering parent. No 
transgression was observed only in two of the studied traits - number of fruits per plant 
and days to ripening. 

The genotypic variance surpassed the environmental variance in almost all 
characteristics of the plant, except for number of fruits per plant, number of nodes to the 
first fruit position and days to ripening. These results indicate that genetic factors had an 
important role in the expression of the traits. Therefore, the selection of plants with traits 
higher or lower than the average will be effective. 

The genotypic variance was divided into additive and dominant. The results 
showed that additive genotypic variance composed the largest portion of genetic 
variability for all the plant characteristics, except for the vegetation period. Heritability 
indicated the effectiveness with which the selection of genotypes can be done based on 
phenotypic variation in the population. Heritability in the broad sense showed high 
results (from 48,80% to 94,69%) among the traits: plant height, number of internodes, 
vegetation period, days to mass flowering, leaf area, number of fruits per plant, yield per 
plant, and number of nodes to the first fruit position. These high heritability estimates 
indicate the presence of a large number of fixable additive factors, hence these traits 
could be improved by selection. 
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Table 29. Estimation of genetic parameters in nine traits in melon families derived from 
a cross between AGY and 5-1-2 

Genetic parameters PH NI LA NFP Y DF NNFFP DR VP 

Max. parent 220,00 30,00 268,96 3,00 3389 66,00 31,00 51,00 115,00 
Min. parent 130,00 19,00 144,00 1,00 993 55,00 13,00 30,00 83,00 
Max. F2 tr238,0 tr31,0 tr324,0 3,00 tr5872,0 tr78,0 tr35,0 50,00 tr122,0 
Min. F2 tr80,0 tr14,0 tr51,84 1,00 tr295,0 tr51,0 tr6,0 29,00 tr82,0 
Environmental variance σ2e 476,70 3,94 1237 0,27 346733 2,44 21,72 14,54 21,42 
Genotypic variance σ2g 991,30 9,97 1561 -0,10 774024 43,39 20,12 7,39 44,81 
Additive variance σ2a 959,20 18,22 2609 0,14 730266 43,93 21,03 10,73 14,10 
Dominance variance σ2d 32,10 -8,26 -1048 -0,24 43757 -0,53 -0,91 -3,34 30,72 
Broad sens heritability (%) h2b 67,52 71,67 55,80 63,05 69,06 94,69 48,08 33,69 67,66 
Narrow sense heritability (%) h2n 65,33 80,86 93,26 83,15 65,16 95,85 50,27 48,94 21,28 
Degree of dominance K -16,92 2,4 -1,30 -2,33 1,45 -1,78 -0,70 -0,19 -0,98 
Number of genes η 3,25 1,98 3,55 3,57 5,32 2,07 5,00 5,14 14,19 

tr - transgression 
Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 

 

Heritability in the narrow sense varied from 48,94% to 93,26% in most of the 
studied traits. A high heritability rate of 83,15% was detected for the number of fruits per 
plant, which indicates that the expression of the trait was mainly influenced by genotypic 
factors. The vegetation period was characterized by an average heritability value of 
21,28%. The high heritability rate shows high effectiveness in earlier selections. For 
those traits with a medium degree of inheritance, the selection should be performed in 
the later F5, F6 generations. 

In terms of the degree of dominance, incomplete domination was found in most 
of the studied traits (-0,70 to -16,92). Overdomination was observed for the yield per 
plant and number of internodes (1,45 and 2,4), complete domination - for the trait 
vegetation period (-0,98), and additive effects for days to ripening (-0,19). 

The estimated genetic factors that control the studied traits showed polygenic 
and oligogenic inheritance. The traits number of internodes and days to mass flowering 
were controlled by a relatively small number of genes 2 - 3. The plant height, number of 
fruits per plant and leaf area by 3 - 4 genes; yield per plant, number of nodes to the first 
fruit position and days to fruit ripening by 5 - 6 genes; and the vegetation period by 
significantly more genes 14 - 15. 

A selection in segregating populations is essential in improving the parameters 
of the initial population. Improving the speed and accuracy of the trait is related to the 
selection pressure on the population. In our artificially created population of the cross 
AGY x 5-1-2, we made a selection of 5% or 8 plants (Table 30). 
 
Table 30. Prediction of the best individuals selection in the F2 population of the cross 
AGY x 5-1-2 at 5% selection pressure (8 plants) and 2,06 selection intensity 

Selection 
parameters/Traits 

PH NI LA NFP Y DF NNFFP DR VP 

Average value of the 
selected group of plants 

231,90 30,13 296,04 2,5 4731 51,0 8,62 30,12 84,5 

Selection differential 56,30 6,11 91,75 1,36 2956 -9,01 -12,71 -9,91 -15,43 

Breeding improvement 36,80 8,01 85,56 1,13 1926 -8,64 -6,39 -4,84 -3,28 

Breeding improvement (%) 20,94 33,37 41,88 99,14 108,53 -14,40 -29,94 -12,11 -3,28 

Genetic gain after first 
selection cycle 

212,30 32,02 289,86 2,27 3701,11 51,37 14,94 35,18 96,65 

Plant height (PH), number of internodes (NI), leaf area (LA), number of fruits per plant (NFP), yield per plant (Y), days to mass 
flowering (DF), number of nodes to the first fruit position (NNFFP), days to ripening (DR), vegetation period (VP). 
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The average value of the trait plant height of the selected population group was 
231.90 cm, which is 56,30 cm more than the average for the initial population. The 
applied selection pressure on the population amounted to 20,94%, which will lead to an 
improvement of 212,3 cm after the first selection cycle. The trait number of fruits per 
plant is important for increasing crop yields. The average value of the initial population 
amounted to 1,14, and after the selection of 5%, it reached 2,5. The breeding 
improvement was 99,14% or 1,13 fruits. The genetic gain after the first selection cycle 
will be an average of 2,27. The yield per plant for the selected population was 4731 g, 
with an improvement of 1926 g compared to the initial population, or 108,53%. The 
improvement in the population after the first selection cycle will increase to 3701 g. The 
average value of the selected group of plants for the days to mass flowering was 51, 
and the genetic improvement after the first selection cycle will be insignificant (51,37), 
which could be explained by the relatively small number of genes for the trait (2,07) or 
non-additive genetic effect. Breeding improvement in the trait days to ripening was -4,84 
days (-12,11%) and in the next selection cycle, the trait is expected to decrease to 35,18 
days. The vegetation period of the selected population was 84,50 days, but after the first 
selection cycle, it reached 96,65 days, which was a decrease of -3,28 days compared 
to the initial population. The percentage improvement was insignificant (-3,28%) which 
could be explained by the effects of additive and non-additive genes in different 
directions. 
 

Fruit traits 
For all studied traits, the highest mean values were observed in the first hybrid 

generation (Table 31). The average fruit length values of the two parents were 14,13 cm 
and 11,87 cm. The first hybrid generation exceeded the better parent by 2,5 cm. The 
values of the traits: fruit diameter, flesh thickness, total soluble solids, and fruit weight 
was – 15,48 cm, 3,62 cm, 12,17%, and 1829 g, respectively. The highest values of the 
variance for all studied traits were reported in the second hybrid generation which is 
typical for the F2 generation. 
 
Таблица 31. Analysis of variance and mean compression for five characteristics of 
melon families derived from a cross between AGY and 5-1-2 

Generations N FL FD FTh TSS  FW 

  x̅ S2 x̅ S2 x̅ S2 x̅ S2 x̅ S2 

P1 12 14,13 3,29 13,78 2,63 3,30 0,19 9,38 2,11 1315 162719 
P2 12 11,87 2,54 13,69 4,17 3,22 0,06 10,58 3,97 1151 211361 
F1 12 16,63 5,07 15,48 5,55 3,62 0,19 12,17 7,31 1829 515464 
F2 171 14,67 10,61 14,77 6,74 3,41 0,39 9,50 7,46 1546 598471 

BC1 40 14,52 4,00 14,02 5,29 3,22 0,30 9,36 5,36 1380 339376 
BC2 40 13,54 11,91 13,45 6,79 3,25 0,27 10,27 4,90 1251 472985 

x̅ - mean, S2- variance 

Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 

 

The genetic analysis of the studied fruit characteristics contributed to increasing 
the efficiency and shortening the breeding program. The results showed a significant 
variation in the minimum and maximum value of the parental components, as well as in 
the F2 offspring of the studied traits (Table 32). Transgression to both the higher value 
of the parent and the lower value was observed in all studied traits. The genotypic 
variance was greater than the environment variance in terms of fruit length and flesh 
thickness. Different environmental factors influenced the performance in the other three 
traits - total soluble solids, fruit diameter, and fruit weight. Therefore, the selection for 
them should be carried out in later generations. 



38 

 

 

 
Table 32. Estimation of genetic parameters in five traits in melon families derived from 
a cross between AGY and 5-1-2 

Genetic parameters FL FD FTh TSS  FW 

Max. parent 16,00 16,00 3,80 14,00 1901 
Min. parent 9,00 9,50 2,50 7,00 402 
Max. F2 tr21,60 tr21,80 tr5,00 tr16,20 tr3770 

Min. F2 tr7,50 tr8,80 tr1,90 tr4,00 tr295 
Environmental variance σ2e 3,99 4,48 0,16 5,18 351252 
Genotypic variance σ2g 6,61 2,26 0,23 2,29 247220 

Additive variance σ2a 5,30 1,39 0,21 4,67 384582 
Dominance variance σ2d 1,31 0,87 0,02 -2,38 -137362 
Broad sens heritability (%) h2b 62,36 33,55 59,81 30,65 41,31 

Narrow sense heritability (%) h2n 50,02 20,67 54,73 62,52 64,26 
Degree of dominance K 3,21 41,80 8,60 -3,64 7,25 
Number of genes η 4,68 15,17 5,60 3,99 3,92 

tr - transgression 
Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 

 

The results showed that additive factors have a greater influence on the studied 
traits. High heritability estimates showed an increase in breeding program efficiency due 
to a better match between phenotype and genotype. High heritability in the broad sense 
was detected for fruit length (62,36%) and flesh thickness (59,81%), which means the 
selection could be effective in early generations. Medium heritability in the broad sense 
was established for the remaining three of the traits. 

A high heritability rate in the narrow sense was found for the traits fruit length, 
flesh thickness, total soluble solids, and fruit weight (from 50,02% to 64,26%), which 
could be improved in the early stages of the breeding program. The results indicate that 
the traits were controlled by genes exhibiting overdominance. The traits fruit length, flesh 
diameter, total soluble solids, and fruit weight were controlled by 3 to 6 genes, while 
flesh thickness by significantly more factors - 15,17. 

The average fruit length value of the selected population group was 20,76 cm, 
which is 6,10 cm higher than the average for the initial population (Table 33). Breeding 
improvement was 20,79% which means that after the first selection cycle the genetic 
gain would be 17,72 cm. The average value of the selected population for total soluble 
solids was 14,83%, which is 5,32% higher compared to the initial F2 population. 
Breeding improvement was 34,99%, and the genetic gain of the TSS content after the 
first selection cycle would increase by 12,83%. For the trait fruit weight, the breeding 
improvement was 1168 g or 75,52%, and in the next selection cycle, it is expected to 
reach 2714 g, which is significantly higher than the initial F2 population. 
 
Table 33. Prediction of the best individuals selection in the F2 population of the cross 
AGY x 5-1-2 at 5% selection pressure (8 plants) and 2,06 selection intensity 

Selection parameters/Traits FL FD FTh TSS  FW 

Average value of the selected group of plants 20,76 19,85 4,63 14,83 3364 
Selection differential 6,10 5,08 1,23 5,32 1817 
Breeding improvement 3,05 1,05 0,67 3,33 1168 

Breeding improvement (%) 20,79 7,11 19,80 34,99 75,52 
Genetic gain after first selection cycle 17,72 15,82 4,08 12,83 2714 

Fruit length (FL), fruit diameter (FD), flesh thickness (FTh), total soluble solids (TSS), fruit weight (FW). 

 

The results of the analysis of the six offsprings for the studied traits clearly 
showed that the selected hybrid population AGY x 5-1-2 to a high degree matches our 
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criterion for improving the values of the main traits. Received transgressions for most of 
the traits helped to enrich genetic diversity and improve the studied characteristics. The 
high values of genetic variance in traits allowed the selection of plants in earlier 
offsprings, which increased the efficiency of the breeding program. 

The high heritability estimates indicated the presence of a large number of fixable 
additive factors for the traits: plant height, number of internodes, leaf area, number of 
fruits per plant, yield per plant, days to mass flowering, number of nodes to the first fruit 
position, days to ripening, fruit length, flesh diameter, total soluble solids, and fruit 
weight. Overdominance was observed in most of the studied traits. Different numbers of 
genes or effective factors (from 2-3 to 14-15) were found to control the performance of 
the studied 14 traits, which showed oligogenic and polygenic inheritance. The selected 
F2 population provided an opportunity to increase breeding improvements of the studied 
14 traits from 20% to 108% after the first selection cycle. 
 
 
 
 

CONCLUSIONS 
1. It was found that the type of explant and the interaction between genotype and 

type of explant are crucial for the regeneration processes of the studied melon lines. 
Cotyledon and true leaf explants showed better organogenesis and regenerative 
response. Of the tested lines, the highest regenerative capacity was observed in line 5-
1-2. 

2. Significant stimulation of regeneration processes has been demonstrated in 
medium variants supplemented with BAP compared to those containing Kinetin. The 
combined application of 1,0 mgL-1 BA and 0,5 mgL-1 IAA increased the regenerative 
response by up to 70% in the best responding genotype. 

3. By increasing the dose of treatment with gamma rays 60Co, the processes of 
organogenesis and regeneration were inhibited. The highest percentage of explants that 
reacted with organogenesis and regeneration, after irradiation in vitro, was observed at 
a dose of 10 Gy. The dose of 30 Gy is lethal and, although it has a positive effect on the 
process of organogenesis, leads to the gradual death of callus tissue. 

4. As a result of in vitro mutagenesis and embryogenesis, differences in the radio 
sensitivity of the studied melon lines were found both after treatments of explants with 
gamma rays 60Co and after pollination with irradiated pollen. 

5. The main role of the genotype on the ability to form haploid embryos and their 
development into plants after pollination with irradiated pollen has been proven. Out of 
a total of 16 genotypes pollinated, 13 of them formed fruits (81,25%). The frequency of 
embryogenesis was 4,12 embryos per fruit, of which 24 plants of 11 genotypes were 
regenerated. 

6. As a result of pollination with irradiated pollen, plants with changed habitus, 
improved yield, increased productivity, total soluble solids, and resistance to powdery 
mildew and downy mildew were obtained. The genotypes E 70-1, E 70-1/1, E 70-1/2, E 
71-1, and E 17-1 displayed improved characteristics compared to initial forms and could 
be included in future breeding programs. 

7. A great diversity was found in a collection of 50 melon genotypes after the 
characterization of 22 main characteristics of plants and fruits. A screening test for 
resistance to powdery mildew and downy mildew was performed. 17 genotypes with 
resistance to powdery mildew, eight to downy mildew, and five to both pathogens were 
identified. 
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8. The result of a survey showed that the Bulgarian consumer prefers melons 
with broad elliptic or circular fruit shape, poorly netted surface, orange colour of fruits, 
and shallow depth of grooves. Wide variability was observed in terms of flesh colour, 
from white to orange-pink. The obtained results contribute to determining the parameters 
for the variety model. 

9. The diallel cross scheme displayed additive and non-additive genetic effects 
responsible for the inheritance of the traits: yield per plant, days to ripening, vegetation 
period, fruit weight, fruit length, fruit diameter, flesh thickness, and total soluble solids, 
which are suitable for recurrent selection and heterosis breeding programs. The traits 
number of internodes, number of fruits per plant and number of nodes to the first fruit 
position were determined mainly by the additive genetic effects, which makes them 
suitable for recurrent selection breeding. 

10. Genotype Poul showed effects of GCA in terms of productivity, which defines 
it as a suitable parental form for the development of new high-yielding melon varieties. 

11. The highest SCA effects were established in the hybrid combination BG14 x 
Poul (1 x 4) for the traits: number of fruits per plant, days to mass flowering, number of 
nodes to the first fruit position, days to ripening, and vegetation period. In the cross 
WI998 x Poul (3 x 4), the strongest non-additive genetic effects were found for the traits 
yield per plant, fruit length, flesh thickness, and fruit weight. 

12. The highest heterosis effect for the trait yield per plant (59%) was reported in 
the hybrid combination BG14 x WI998 (1 x 3), while fruit length (52%) and average fruit 
weight (35%) - in WI998 x Poul (3 x 4). 

13. In the partial diallel scheme of crossing, additive gene effects from both 
parent groups as well as non-additive effects were established for the traits: yield per 
plant, days to mass flowering, vegetation period, fruit length, and fruit diameter. 

14. High effects of GCA for lines BK/1-5-5 and 5-1-2 of the first and second 
parental groups were proven in most of the traits of the plants and fruits, which defines 
them as suitable parental genotypes for the development of new high-yielding melon 
varieties with high total soluble solids content. 

15. The strongest effects of non-additive genes were found in the hybrid 
combination AGY x Seminole (4 x 2) for the traits: yield per plant, fruit length, fruit 
diameter, flesh thickness, and fruit weight. In the cross BG14 x 5-1-2 (5 x 1), high effects 
of SCA were established for the traits: plant height, number of internodes, leaf area, and 
number of nodes to the first fruit position. 

16. The cross combination AGY x Seminole (4 x 2) showed the highest heterosis 
effect (from 28% to 98%) in terms of five of the tested 14 traits - plant yield, fruit length, 
fruit diameter, flesh thickness, and fruit weight. 

17. Transgression was identified in most of the studied traits of the six 
generations of the cross AGY x 5-1-2, which could be used to enrich genetic diversity. 
A high degree of inheritance, over 50%, was observed in a large part of the studied traits 
of the plant and fruit, which allows making an effective selection by phenotype. 
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ORIGINAL SCIENTIFIC CONTRIBUTIONS 
1. The conditions for induction of callusogenesis and regeneration in Bulgarian 

melon lines have been optimized. The influence of explant type and the interaction of 
genotype and explant type, determining the different responses, has been proven. The 
addition of low concentrations of BA to the nutrient medium stimulates the regeneration 
processes compared to that of Kinetin. 

2. Modified forms of melons have been obtained, bearing economically valuable 
traits after pollination with irradiated pollen and further development of the embryo in 
vitro. Two lines were selected differing in habitus (E 17-1 and E 70-1/1), four lines - with 
increased productivity (E 17-1, E 70-1, E 70-1/1 and E 71- 1), and five with a higher total 
soluble solids content (E 17-1, E 70-1, E 70-1/1, E 70-1/2 and E 71-1), compared to the 
original genotypes. The resulted dihaploid melon lines are suitable for use as parental 
forms in breeding. 

3. A great genetic diversity has been established in a collection of melons in 24 
qualitative and quantitative traits of the plant and fruits, which allows its effective use in 
the breeding program. 

4. The parameters for the model of the variety have been determined by 
conducting a survey to establish the preferences of the Bulgarian consumer to five traits 
of melon fruits. 

5. For the first time in the world, melon lines with gynoecious and hermaphrodite 
type of flowering and their hybrid combinations were tested in the conditions of a diallel 
cross scheme to establish their GCA and SCA to quantitative characteristics of the plant 
and fruits. 

6. The genetic parameters and the parameters of selection in a population of the 
hybrid combination AGY x 5-1-2, which could be used to improve the initial population, 
have been established. 

 
 
 
CONFIRMATIVE SCIENTIFIC CONTRIBUTIONS 
1. For the first time in Bulgaria, "gamma induced parthenogenesis" has been 

successfully applied in combination with embryo culture, as an effective method for 
obtaining haploid and dihaploid plants in melon. The leading role of the genotype in the 
process of embryo formation has been proven. 

 
2. Melon lines with different types of flowering (monoecious, andromonoecious 

and gynoecious) were tested under the conditions of a partial diallel cross scheme. 
Genetic effects have been identified in the expression of nine quantitative traits of plants 
and five of fruits, which contributes to increasing the efficiency of the breeding program. 
 
 
 
 
 

SCIENTIFIC AND APPLIED CONTRIBUTIONS 
1. Five genotypes of melons (12-1/5, 11/9KS5, A11/9KS6, 5-1-2, and PI414723) 

have been identified with combined resistance to powdery mildew (Podosphaera xanthii 
race 1) and downy mildew (Pseudoperonospora cubensis), which are suitable donors 
for the development of resistant varieties. 
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2. The following lines and hybrid combinations - 5-1-2, AGY, BK/1-5-5, K15/6, 
AGY x 5-1-2, BK/1-5-5 x 5-1-2, and K15/6 x 5-1-2 - most fully and comprehensively 
respond to the criteria of yield, resistance, morphological, and taste qualities of the fruit. 
Line BK/1-5-5 is suitable as a genetic donor for improving the traits: plant height, number 
of internodes, leaf area, plant yield, days to mass flowering, days to ripening, vegetation 
period, fruit length, fruit diameter, and fruit weight. Line AGY is a suitable donor for the 
trait number of nodes to the first fruit position, and line 5-1-2 as a donor for improving 
the trait total soluble solids and resistance to powdery mildew and downy mildew. 

3. In the F2 population of the cross AGY x 5-1-2, transgressions were found in 12 
of the studied 14 traits, characterized by a high degree of inheritance, which contributes 
to the efficiency of the selection in the initial segregated generations. 

4. As a result of the applied biotechnological and conventional breeding methods, 
the available melon collection has been enriched with new genotypes with changed 
traits, which can be successfully included in breeding programs. 
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Enrichment of genetic diversity in melon (Cucumis melo L.) through 
biotechnological and conventional breeding methods 

 
Summary 

 
The purpose of this study was to investigate possibilities for enriching the genetic 

diversity in melons through biotechnological and conventional breeding methods. 
The investigation was carried out during the period 2017 - 2020 in the Tissue 

culture laboratory and experimental greenhouses at “Maritsa” Vegetable Crops 
Research Institute - Plovdiv. Different combinations and concentrations of the plant 
growth regulators BA, Kinetin, and IAA were used for determining the regeneration 
potential of four melon genotypes. The best regeneration answer was established in 
medium variants supplemented with different concentrations of BA. 

Cotyledons of melons were irradiated with gamma rays 60Co (10, 20, and 30 Gy). 
The highest percentage of explants that reacted with organogenesis and regeneration, 
after irradiation in vitro, was observed at a dose of 10 Gy. 

As a result of pollination with irradiated pollen, changes in the habitus of the 
plants, yield increase, total soluble solids increase, and resistance to powdery mildew 
and downy mildew were achieved. 

A great diversity was found in a collection of 50 melon genotypes after the 
characterization of 22 main characteristics of plants and fruits. A screening test for 
resistance to powdery mildew and downy mildew was performed. As a result, 17 
genotypes with powdery mildew resistance, eight with downy mildew resistance, and 
five resistant to both pathogens were identified. 

The result of a survey showed that the Bulgarian consumer prefers melons with 
broad elliptic or circular fruit shape, poorly netted surface, orange colour of fruits, and 
shallow depth of grooves. A wide variability was observed in terms of flesh colour, from 
white to orange-pink. 

Melon lines with gynoecious and hermaphrodite types of flowering and their 
hybrid combinations were tested in the conditions of a diallel cross scheme to establish 
their GCA and SCA of quantitative characteristics of the plant and fruits. Genotype Poul 
showed effects of GCA in terms of productivity, defining it as a suitable parental form for 
the development of new high-yielding melon varieties. The highest SCA effects were 
established in the hybrid combination BG14 x Poul (1 x 4) for the traits: number of fruits 
per plant, days to mass flowering, number of nodes to the first fruit position, days to 
ripening, and vegetation period. 

In the partial diallel scheme of crossing, additive gene effects from both parent 
groups as well as non-additive effects were established for the traits: yield per plant, 
days to mass flowering, vegetation period, fruit length, and fruit diameter. High effects 
of GCA for the lines BK/1-5-5 and 5-1-2 of first and second parental groups were 
established in most of the traits of plants and fruits. The strongest effects of non-additive 
genes were found in the hybrid combination AGY x Seminole (4 x 2) for the traits: yield 
per plant, fruit length, fruit diameter, flesh thickness, and fruit weight. 

In general, heterosis effects in favorable direction (over 30%) were detected in 
the following traits: plant height, leaf area, yield per plant, fruit length, flesh thickness, 
and fruit weight. 

In the F2 population of the cross AGY x 5-1-2, transgressions were found in 12 of 
the studied 14 traits. Studied traits were characterized with a high degree of inheritance, 
which contributes to the efficiency of the selection in initial segregated generations. 
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