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Crops from Cucurbitaceae in collection of the Maritsa Vegetable Crops Research Institute, 
Plovdiv – local cultivars and their application in breeding programme

N. Velkov*, V. Petkova

Maritsa Vegetable Crops Research Institute, 4003 Plovdiv, Bulgaria

Abstract. Cucumber, watermelon, melon and squashes are species belonging to the Cucurbitaceae family. The breeding of these crops has long tradition in 
Bulgaria. The created old varieties of cucumbers, watermelons, melons and squashes are subject to variety maintenance in the collections of Maritsa 
Vegetable Crops Research Institute and have significant participation in the new breeding programs. In this paper the results from study regarding the 
assessment of genetic resources in Cucurbitaceae family (old local cultivars and wild species) are presented. Gene pool in cucumbers comprises twelve old 
varieties, including: long parthenocarpic type – three, salad – four, and small fruited type – five. Some of these varieties are involved in promising hybrid 
combinations. The melons were represented by three old local cultivars which are also included in the breeding scheme. In the collection of watermelons we 
maintain three old local cultivars and with squashes – two. The Lagenaria, Luffa and a number of wild species are of small importance for the agriculture but 
they are valuable sources of genetic plasma. The most typical peculiarity of all species from this family is the great polymorphism in respect to the flowering 
type, plant habit and fruit features. As a result of the performed study morphological, phenological and phytopathological evaluation of the available gene pool 
of Cucurbitaceae family was made using traditional and modern breeding methods with an emphasis on new breeding approaches. 
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Introduction More widely distributed cultivars are Vihra F , Lora F , and Mirey F . 1 1 1

Salad cultivars Midori F  and Gergana are suitable both in open field 1

and under cultivation facilities (Mihov and Alexandrova, 1979; The Cucurbits are traditional vegetable crops in Bulgaria, grown 
Alexandrova, 1981; Alexandrova and Hristova, 1996). in open field and greenhouse conditions. The most economically 

The heterosis method for breeding of cucumber is the most important crops among the Cucurbitaceae family are the following: 
applicable and now almost all Bulgarian cultivars are hybrids with cucumber (Cucumis sativus L.), melon (Cucumis melo L.), 
female flowering type. Great importance for use of the heterosis has watermelon (Citrullus lanatus (Thunb.) Matsum. and Nakai), 
the dominant character of inheritance of female flowering type pumpkin and squashes (Cucurbita sp.). Breeding of crops belonging 
(gynoecious). In small fruited and salad cucumber cultivars the to Cucurbitaceae has started in Bulgaria since the establishment of 
hybridization is made between a female line and a line with the Maritsa Vegetable Grops Research Institute (MVCRI), Plovdiv in 
monoecious type of flowering (plant formed male and female 1930 and later it was also performed in the Experimental Station for 
flowers), used as a pollinator. The hybrid combinations in Vegetable Crops in Gorna Oryahovitsa – 1949 (Karaivanov, 1981). 
greenhouse parthenocarpic cultivars are based on the crossing of The breeding activity in MVCRI is directed to creating cucumber 
two gynoecious lines or lines of gynoecious and andromonoecious cultivars of the three types – small fruited (gherkin, kornishon) with 
type of flowering (Alexandrova, 1980; Alexandrova and Velkov, size 6 –12 cm, salad (slicer) – fruit length 12 –20 cm and long fruited 
2007).(greenhouse-partenocarpic, Dutch type) – fruit size over 20 cm 

In the last ten years the breeding of cucumbers is directed to (Todorov, 2005). In the experimental station in Gorna Oryahovitsa 
increase of the resistance to economically important fungal salad and small fruited cucumber, melon, watermelon, pumpkin and 
diseases: downy mildew and powdery mildew. Great number of squashes have been bred. After closing the Station in 2003 
accessions, lines and varieties developed at the Konstantin Malkov maintenance and seed production of the cultivars is part of the work 
Institute for Plant Genetic Resources, Sadovo, Center of Genetic at the MVCRI.
Resources, Wageningen, Holland and our breeding materials have Breeding work of cucumber is orientated to development of 
been used (Velkov and Alexandrova, 2002; Velkov, 2003; Velkov et cultivars for field and greenhouse production. Bulgaria is not a 
al., 2007; Velkov et al., 2008).cucumber center of diversification but in the past several varieties-

Another basic breeding direction is improvement of the fruit populations like Bistrenski and Starozagorski langi have been 
quality. Organoleptic evaluation was made in a number of resistant distributed by means of introduction. Gherkin cultivars are suitable 
breeding materials and the most perspective genotypes were mainly for processing and in small amounts for fresh consumption. In 
chosen in order to be included in the breeding process (Pevicharova the last years a number of Bulgarian cultivars have been established 
and Velkov, 2007; Pevicharova and Velkov, 2009).in practice - Iren F , Kaliopa F , Ida F , Pobeda F , and Toni F  that are 1 1 1 1 1

The main directions in breeding of melon are in development of suitable for early, mid-early and late field production (Alexandrova, 
hybrid cultivars for early production in cultivation facilities and in 1984; Masheva and Mihov, 2008). In greenhouse production mainly 
open field. Hybrid varieties Hybrid 1, Hybrid 15 and Pobeditel giving long fruited cucumber cultivars with parthenocarpic formation of the 
produce in May and June were developed. The second important fruits are used (fruits are formed without pollination of the blossoms). 
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breeding direction in this crop is the resistance to the fungal vegetation after strong pathogen development by the Jenkins-
pathogens downy mildew and races 1 and 2 of powdery mildew. A Wehner scale (1983) from 0 to 9, where: 0 = immunity response (0% 
number of resistant materials were bred and by crossing of line К/15- infestation); 1 = high resistance response (1–3% infestation); 2 = 
6 and line 5-1-2 the cultivar Pobeditel was developed that is resistant highly resistant response (3–6%); 3 = resistant response (6–12%); 4 
to both pathogenes (Angelov, 1995). The heterosis method of = resistant response (12–25%); 5 = slightly susceptible (25–50%); 6 
breeding is also applied in melon. The ensuring of cross pollination in = susceptible (50–75%); 7 = highly susceptible (75–87%); 8 = highly 
hybridization is facilitated by the ms-4 type nucleus male sterility susceptible (87–100%); 9 = plant died (100%).
established in Bulgaria (Lozanov, 1983). On this base at the For analyzing the data Duncan's multiple range test, cluster 
experimental station in Gorna Oryahovitsa a number of cultivars analysis and factorial analysis were used. Results were processed 
were developed (Alexandrova et al., 1994). by statistical programme SPSS 12.

Breeding of watermelon started in 1949 with study and 
improvement of local forms, and introduction. The methods 
hybridization, inbreeding, backcross, etc. have been applied after Results and discussion
1965. Breeding for resistance to antracnosis and fusarium has been 
performed and the cultivars Bozhura, Boryana and Rositsa were Cucumber. The morphological characteristic of the old varieties 
developed. In 1980 a transfer of male sterility in watermelon lines in the work collection is presented in Table 1. Long type cucumber 
started. The breeding of threeploid mutant plants has been used for cultivars Vihra F1, Lora F1 and Devora F1 corresponding to the 
development of watermelon seedless fruits. As a result of that requirements of growers in the 80 years of the 20th century were 
seedless watermelons with diploid female genome have been bred for production in greenhouses (Alexandrova and Velkov, 2007). 
obtained on the basis of 2n х 4n crosses as the incompatibility They are characterized by female type of flowering and 
between the germ and endosperm of the seeds has been used. By parthenocarpic forming of fruits. The fruits possess length 30–34 
this method a hybrid combination of seedless watermelons has been cm, peduncle length 5–6 cm, presence of strong glaucosity and 
obtained (Mihov and Lozanov, 1982) slight ribbing. Presence of bitterness of plants and fruits was not 

Breeding of zucchini is aimed at creating open pollinated and established. A major disadvantage of these varieties is their strong 
hybrid varieties with good morphological traits, yield and taste, sensitivity to the causes of downy mildew and powdery mildew. For 
suitable for fresh consumption and processing. So far open this reason, in 2004 we developed a new breeding programme 
pollinated varieties Yantra, Gorna Oryahovitsa 1, Boliarka and aimed to increase the resistance to both pathogenes. In order to 
hybrid cultivar Izobilna F have been created. A significant problem of 1 transfer the resistance into Bulgarian long fruited cucumber lines a 
zucchini is their low transportability and long storage life. A number of crosses with resistant lines А10, А11 and А12 were made. 
significant problem in the hybrid seed production is the necessity for The breeding method inbreeding was used for achievement of the 
multiple removing of male blossoms from the female plants. most rapid balancing of the obtained hybrid combinations.

Breeding of large fruited squashes is realized incidentally. Local On the basis of the performed selection on resistance, flowering 
populations and foreign cultivars have been studied and maintained. type, fruit quality and other characteristics lines resembling the initial 
The following cultivars have been developed: Maritsa 1, Plovdivski fruit form of the susceptible parent component but possessing 
48/4, Raketa, Muskatna 51-17 (Alexandrova et al, 1994). resistance to the pathogens were selected. The selected progenies 

The purpose of this study is to present the results of our work on have been characterized by vegetation period similar to that of the 
the assessment of genetic resources of cucumber, melon, initial forms. It varies from 44 to 52 days (Table 2). They possess 
watermelon, squash and wild species of Cucurbitaceae family female flowering type. An important requirement for the long type 
maintained at the MVCRI, Plovdiv. cucumber is the fruit length. It should be 30–32 cm, the length of the 

fruit peduncle from 3.5 to 5 cm and without or slightly expressed fruit 
neck. These characters are covered to the greatest degree by the 
following hybrid combinations – (BG/1-3 x 15B) 19; (123/2-2-4 x E31 Material and methods
x A12 x A12/13) 1-3; (15B x 122/2-2) 3-13; (A12/6-4 x E115) x E115) 
11; (A10/6-2 x 122/2-2-4) 4; (A10/6-2 x 147/5-4-2) 2. The fruit length The experiments were carried out at the MVCRI, during the 
of the particular progenies varies from 26–28 cm to 30–32 cm. period 2004 – 2012 in greenhouse conditions. Bulgarian cultivars, 
Presence of bitterness in the fruits was not established.lines, wild species, and new progenies of hybrid combinations were 

The breeding of the salad cucumber type is directed to included.
development of a cultivar with fruits similar to variety Gergana. Old Morphological and phenological observations covering the 
varieties Bistrenski, Starozagorski langi and Gergana are open-requirements of UPOV were performed on the experimental 
pollinated with monoecious flowering type and fruit length 20–28 cm accessions of individual crops. The morphological description of 20 
(Table 1). The fruits of variety Starozagorski langi possess a black plants from each breeding genotype was made in the period of 
spine that is an undesired trait because of the rapid yellowing of the fruitage. The main indices read were: plant habits, flowering type 
black spine cucumber forms. Another undesired character typical for (gynoecious, monoecious, andromonoecious, gynomonoecious, 
this variety is the presence of bitterness in the fruits. Under optimal hermaphroditae), fruit form and size, presence of glaucosity, surface 
conditions of growing the plants form free of bitterness fruits with and colour of skin and fleshy fruit part, presence of bitterness, 
taste typical for the cultivar. But under disturbed irrigation regime or availability of neck, etc.
unfavourable growing conditions the level of alkaloid сucurbitacine The degree of infestation of the studied cucumber materials 
responsible for bitterness is increased (Mihov et al., 1984). A caused by the agent of downy mildew (Pseudoperonospora 
manifestation of bitterness under stress factors has also been cubensis (Bark. & Curt.) Rost.) and powdery mildew (Podosphaera 
observed in the cultivars Bistrenski and Gergana and that was xanthii (syn. Sphaerotheca fuliginea (Schlecht.) Pollacci) was 
confirmed in our experiments.studied. The evaluation of the infestation was made at the end of the 
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In order to transfer the resistance to downy mildew and powdery the cultivars Poinsett and Natsufushinari (A5, A6, A9, A10, A11, A12, 
mildew we used the lines A11 and A12. Five progenies covering to A13, A15 etc.) and progenies of PI 179676 (12-6-5, 20-6-2, 20-6-4 
the greatest degree the breeding purpose were selected. Among etc.) possessing high resistance to downy mildew and powdery 
them only lines (A12/9-1-2 x Gergana) 6-3 and (A12/9-1-2 x mildew have been chosen. The first two gene sources are 
Gergana) 6-9 possess female flowering type that makes them characterized by salad fruit type and they combine genes for 
suitable for female parent component (Table 2). The others possess resistance from American and Japanese materials. The second 
monoecious flowering type, fruit length 24–26 cm, round shape, gene source is from a small fruited cucumber type and it originates 
intensively dark green skin, without bitterness and they are suitable from India.
for lines pollinators. In the gherkin cultivars Iren F , Kaliopa F , Ida F The results from the screening tests to downy mildew and 1 1 1 

powdery mildew demonstrate the degree of resistance that was and Pobeda F  the female line G-3 was used as maternal 1

achieved in the progenies obtained towards the initial lines (Figure component. All cultivars are characterized by female flowering type 
1). The transfer of the resistance on greenhouse long fruited and period to mass flowering 43–46 days. The fruits possess green 
cucumber type is the most difficult. This is mainly due to the lack of to dark green skin colour, prickles and white vestiture, round to 
resistant sources with similar fruit type and this enforced to use angular shape transverse section. There is no bitterness in the 
breeding material from salad cucumber cultivar type. It was plants and fruits (Table 1). Although some of the varieties possess 
established that the selected progenies are considerably more definite tolerance to powdery mildew, in strong infestation intensity 
resistant than the old cultivars Devora F1, Lora F1 and Vihra F1. they are considerably attacked. Therefore, a number of crosses with 
Highly resistant response was established in the progenies resistant lines 12-6-5, 20-6-2, 20-6-4 and lines, some of which are 
(15Bx122/2-2) 3-13 and (A10/6-2 x 122/2-2-4) 4, where the disease parental components of the above mentioned cultivars, were made. 
indices are 1.3 and 2.3, respectively for both pathogens. The The most perspective progenies are given in Table 2. 
remaining progenies have a resistant response with disease indices The greatest problem for the old local cultivars of all types is 
between 3 and 4 compared to the susceptible cultivars that have their strong susceptibility to economically important diseases downy 
disease indices 6.3 and 7.3.mildew and powdery mildew the overcoming of which is a subject of 

The cucumber progenies of the salad type also react with highly purposeful work in recent years. The combination of resistance to 
resistant and resistant response. It is the most resistant in (Gergana both pathogens in one genotype is a difficult task because it is 
х A11/12-9-2) 2-24 and (Gergana х A11/12-9-2) 2-18 (disease inherited recessively (Xie and Wehner, 2001). For the development 
indices 1.3 and 1.7) after mildew attack. This response is almost of a hybrid variety it is necessary the two parent components to 
identical with the resistance of the initial line A11/12-9-2 (disease possess resistance to both pathogens. Parallel with these 
index 2) but it is into one group of proof. The same lines have a characteristics the new hybrids should also possess a number of 
disease index 1.3 after attack from powdery mildew. The old important traits such as female flowering type, good morphological 
cultivars Bistrenski, Starozagorski langi and Gergana are strongly and sensory properties of the fruits, high productivity, etc. These 
attacked as the disease indices for downy mildew vary from 5.7 to criteria lie in the basis of our breeding programme. Firstly, a great 
7.7 and for the powdery mildew from 4.7 to 7.3. The resistance to collection of cucumbers has been tested.  As a result, progenies of 

Table 1. Morphological characterization of cucumber cultivars

Cultivars

Vihra

Lora

Devora

St.langi

Bistrenski

Gergana

Midori

Pobeda

Iren

Ida

Kaliopa

Line 22а

45

46

43

45

48

gynoecious

gynoecious

gynoecious

gynoecious

monoecious

3-12

3-12

3-12

3-12

3-12

1.5/ -

1.5/ -

1.5/ -

1.5/ -

2.5/ -

round to angular

round to angular

round to angular

round to angular

round to angular

weak/prickles

weak/prickles

weak/prickles

weak/prickles

weak/prickles

green

green

dark green

dark green

green

white

white

white

white

white

absent

absent

medium

absent

weak

no

no

no

no

no

no

no

no

no

no

47

51

49

44

monoecious

monoecious

monoecious

gynoecious

22-24

20-22

26-28

18-22

4/ 2

3/ -

2/ -

2/ -

round

round

round

round

weak/hairs

absent/prickles

weak/prickles

weak/prickles

yellow

green

dark green

dark green

black

white

white

white

weak

weak

strong

medium

yes

no

yes

no

yes/no

no

no

no

47

42

48

gynoecious

gynoecious

gynoecious

34-36

34-36

32-34

round

round

round

weak/absent

weak/absent

weak/absent

dark green

green

dark green

-

-

-

strong

strong

strong

no

no

no

no

no

no

6/ -

5/ 3-4

6/ 1.5-2

Days to
mass

flowering

Flowering
type

Fruit
length,

cm

FPL/
FSE

Fruit shape
transverse

section

Fruit
ribbing/
vestiture

Ground
color of

skin

Color of
vestiture

G
la

uc
os

ity

C
ot

yl
ed

on

F
ru

it

Fruit characters

Long parthenocarpic (Dutch type)

Salad type

Small fruit (kornishon)

Bitterness

FPL – Fruit peduncle length (cm); FSE – Fruit shape at stem end (neck length, cm); no – absent; yes – present



6.3 a

6.3 a

6.3 a

2.7 bc

2.3 cd

2.7 bc

3.3 bc

3.7 b

3.3 bc

1.3 d

2.3 d

3.3 bc

3.3 bc 3.7 bc

2.7 cd

2.3 d

2.3 d

3.7 bc

4.3 b

3.7 bc

3.3 bcd

3.3 bcd

3.7 bc

7.3 a

7.3 a

7.3 a

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Vihra

Lora

Devora

(E115 x A11/12)13-18-в

(BG/1-3 x 15B) 19

(E31 x A12 x A12)18-2-2

(123/2-2-4xE31xA12xA12/13) 1-3

(A12/6-4 x E115) x E115) 11

(A11/6-4-1 x E1-1-5-4) 4-10

(15B x 122/2-2) 3-13

(A10/6-2 x 122/2-2-4) 4

(A10/6-2 x 147/5-4-2) 2

(A12/9-1-3 x E/1-1-5) 3-8 Downy mildew

Powdery mildew

Disease index

Downy mildew

Powdery mildew

Disease index

2.3 c

1.3 c

4.7 b

5.3 b

7.3 a

2.3 c

1.3 c

1.3 c

1.3 c

7.3 a
7.7 a

7.3 ab

6.3 bc

5.7 c

2.7 de

3.7 d

3.7 d

1.7 ef

1.3 f

2.0 ef

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

St.langi

Bistrenski

Gergana

Midori

(A12/9-1-2 x Gergana) 6-3

(A12/9-1-2 x Gergana) 6-9

(Gergana х A11/12-9-2) 2-2

(Gergana х A11/12-9-2) 2-18

(Gergana х A11/12-9-2) 2-24

А11/12-9-2

Downy mildew

Powdery mildew

7.0 a

6.0 a

6.0 a

6.0 a

3.0 bc

2.7 bc

2.7 bc

3.3 b

1.7 cd

2.7 bc

1.0 d

7.7 a

6.7 b

6.3 b

5.7 b

4.7 c

3.7 cd

3.3 d

3.7 cd

2.3 e

3.7 cd

1.3 f

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

Pobeda

Iren

Ida

Kal iopa

Line 22а

12-6-5 х 1983G

20-6-4 x 1983G

20-6-4 x M21

20-6-2 x 5551

20-6-4 x T/19

L20-6-4

Figure 1. Response of tested cucumber cultivars and breeding material to causal agents of downy
mildew and powdery mildew
a, b, c… – Duncan's multiple range test (p<0.05)
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both pathogens of the selected hybrid progenies in small fruited divided in three basic clusters. The first cluster contains the 
types varies in 1.7 – 3.7. The most resistant response is observed in materials from the variety type gherkin. This cluster is divided in two 
the initial line 20-6-4 (disease index 1). The old cultivars show sub-clusters. The resistant progenies of the crosses with line 12-6-5, 
susceptible reaction (disease indices 5.7 – 7.7). Only line 22a 20-6-2 and 20-6-4 are grouped in the first sub-cluster. The 
reveals resistance to powdery mildew (disease index 3.0) because susceptible cultivars Iren F1, Kaliopa F1, Ida F1, Pobeda F1 and line 
of a performed breeding in this direction. 22a are in an individual group. 

A cluster analysis regarding six basic characters (number of All resistant progenies of hybrid combinations between salad 
days to mass flowering, fruit length, fruit peduncle length, fruit neck and long type lines and salad lines with Gergana are included in the 
length, resistance to downy mildew and powdery mildew) has been second cluster. This could be explained by the fact that the resistant 
made to summarize the results obtained in the breeding programme parental components originate from the same gene sources – 
(Figure 2). According to the dendogram the studied materials are Poinsett and Natsufushinari. The third group of similarity contains all 

Table 2. Morphological characterization of cucumber breeding material

Breeding material

(E115 x A11/12)13-18-в

(BG/1-3 x 15B) 19

(E31 x A12 x A12)18-2-2

(123/2-2-4xE31xA12xA12/13)1-3

(A12/6-4 x E115) x E115) 11

(A11/6-4-1 x E1-1-5-4) 4-10

(15B x 122/2-2) 3-13

(A10/6-2 x 122/2-2-4) 4

(A10/6-2 x 147/5-4-2) 2

(A12/9-1-3 x E/1-1-5) 3-8

(A12/9-1-2 x Gergana) 6-3

(A12/9-1-2 x Gergana) 6-9

(Gergana х A11/12-9-2) 2-2

(Gergana х A11/12-9-2) 2-18

(Gergana х A11/12-9-2) 2-24

12-6-5 х 1983G

20-6-4 x 1983G

20-6-4 x M21

20-6-2 x 5551

20-6-4 x T/19

41

41

42

42

43

gynoecious

gynoecious

gynoecious

gynoecious

gynoecious

3-12

3-12

3-12

3-12

3-12

5/ -

5/ -

3.5/ -

4.5/ -

3.5/ -

round to angular

round to angular

round to angular

round to angular

round to angular

absent / prickles

absent / prickles

absent / prickles

absent / prickles

absent / prickles

green

green

green

green

green

white

white

white

white

white 

strong

strong

strong

strong

strong

yes

yes

yes

yes

yes

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

strong

medium

strong

weak

medium

weak

medium

weak

weak

weak

dark green

dark green

dark green

dark green

dark green

green

dark green

dark green

dark green

dark green

weak/absent

medium/absent

medium/absent

weak/absent

weak/absent

weak/absent

weak/absent

weak/absent

weak/absent

medium/absent

round

round to angular

round

round

round

round

round

round

round

round

5/ 2

4/ -

4.5/ 1

3/ 1

3.5/ -

3/ -

5/ -

4/ -

4/ 1

3/ -

24-26

32-34

23-24

30-32

30-32

28-30

28-30

30-32

30-32

28-30

gynoecious

gynoecious

gynoecious

gynoecious

gynoecious

gynoecious

gynoecious

gynoecious

gynoecious

gynoecious

46

45

49

46

52

49

45

44

50

47

53

54

49

51

50

gynoecious

gynoecious

monoecious

monoecious

gynoecious

20-22

22-24

24-26

24-26

24-26

2.5/ -

4/ -

2.5/ -

2.5/ -

3/ -

round

round

round

round

round

medium/prickles

medium/prickles

weak / prickles

weak / prickles

weak / prickles

dark green

dark green

dark green

dark green

dark green

white

white

white

white

white

weak

strong

weak

weak

weak

-

-

-

-

-

-

-

-

-

-

Days to
mass

flowering

Flowering
type

Fruit
length,

cm

FPL/
FSE

Fruit shape
transverse

section

Fruit
ribbing/
vestiture

Ground
color of

skin C
ol

or
 o

f
ve

st
itu

re

G
la

uc
os

ity

C
ot

yl
ed

on

F
ru

it

Fruit characters

Long parthenocarpic (Dutch type)

Salad type

Small fruit (kornishon)

Bitterness

FPL – Fruit peduncle length (cm); FSE – Fruit shape at stem end (neck length, cm); no – absent; yes – present

Mass flowering

Fruit length

Fruit peduncle length

Fruit neck length

Powdery mildew

Downy mildew

-0,023

0,022

-0,168

0,526

0,963

0,967

-0.169

0.606

0.883

0.668

0.038

-0.065

0.936

0.691

-0.129

0.090

-0.040

0.012

Table 3. Total Variance Explained and Component Matrix using method of Principal Component Analysis

Initial Eigenvalues

Total Total% of Variance % of VarianceCumulative, % Cumulative, % 1 2 3
Component Traits

1

2

3

4

5

6

2.241

1.675

1.261

.437

.317

.069

37.358

27.915

21.020

7.289

5.275

1.143

37.358

65.273

86.293

93.582

98.857

100.000

2.241

1.675

1.261

37.358

27.915

21.020

37.358

65.273

86.293

Extraction Sums of Squared Loadings Component
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susceptible cultivars from salad and long type. The reasons for this study of the resistant genotypes regarding their combined ability and 
grouping are explained by the performed Principal Component expression of the heterosis effect.
Analysis (Table 3). The first three components explain 86.29% of the 
total variation. The first component being with the greatest relative Melon. In the collection of the MVCRI some of the old local 
influence for the distribution of the genotypes explains 37.36% of the cultivars are maintained widely distributed and grown in the country 
total variation. The correlation of the characters resistance to downy (Table 4). Cultivar Medena rosa belongs to var. indorus (winter 
mildew and powdery mildew is strong with the first principal melon) whose fruits should be stored to reach consumption 
component. The second principal component has the strongest ripeness. This cultivar is characterized by andromonoecious type of 
correlation with the characters fruit peduncle length and length of the flowering, round shape of the fruit, yellow ground color of skin, 
fruit neck, with relative influence 27.92%. The effect of the third greenish-white color of the flesh. The weight of the fruits is 1.5 – 3 kg. 
component is 21% and it correlates with the characters number of The vegetation period to harvest is 100 –110 days and period of 
days to mass flowering and fruit length. storage 30 –40 days after harvest. The maintained cultivars from 

The results obtained clearly outline the progress in the breeding var. cantaloupensis (summer melon) are Deserten 5 and Vidinski 
programme that has been performed and should be continued with koravtsi. The cultivar Deserten 5 belongs to medium early melons 

CASE

Label
0

Num

5 10 15 20 25

12-6-5 x 1983G

20-6-4 x 1983G

20-6-2 x 5551

20-6-4 x M21

20-6-4 x T/19

Iren

Kaliopa

Ida

Pobeda

Midori

Line 22a

(BG/1-3 x 15B19

A10/6-2 x 122/224

15B x 122/2-2 3-13

Gerg x All/1292/18

Gerg x All/1292/24

A12/912 x Gergana 3

A12/6 x E115 x E115

A12/912 x Gergana 9

(E31 x A12 x A12) 18

A10/6 - 2 x 147/542

A11/6-4-1 x E1154

A12/9-1-3 x E/115

Gerg x A11/1292/2

123 x E31 x A12 x A12

Devora

St. Langi

Lora

E115 x A11/1213

Gergana

Vihra

Bistrenski

Figure 2. Hierarchical cluster analysis on the basis of six important traits. Dendrogram using Average
Linkage (Between Groups)
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with vegetation period 85 – 90 days. The type of flowering is but the main problem is the decrease of female flowers fertility 
andromonoecious, the fruit is oval, green grand colour of skin, white (Zhang and Wang, 1990; Murdock et al., 1990; Wehner, 2007). 
fruit flesh and weight 1 – 2 kg. Cultivar Vidinski koravtsi has a shorter Natural mutation free of this problem is found in Russia (Dyutin and 
growing period 80 days, monoecious type of flowering, elliptical Sokolov, 1990). In Bulgaria Lozanov (1974) has reported about 
shape of the fruit, orange grand colour of skin, orange flesh and 2 – sterile watermelon lines but a hybrid cultivar on this basis has not 
kg fruit weight. been developed till now.

Hybridization between the perspective materials form var. 
cantaloupensis, var. reticulatus and var. comonon was conducted in Cucurbits. The collection of squashes is presented by local 
the collection including 30 accessions. In most combinations cultivars Muskatna 51 – 17 from Cucurbita moschata Duch. and 
breeding materials with male sterility and such with female flowering Plovdivska 48/4 from Cucurbita maxima Duch. (Table 5). The two 
type are used as a maternal parent component The work on melon cultivars possess vegetation period of 130 days that are suitable for 
breeding will be our priority in the next years and will develop in the storage during the winter. The type of flowering is monoecious. 
following directions: use of male sterility ms-4 type; breeding of Cultivar Muskatna 51 – 17 is characterized by pear-shaped 
resistance to downy mildew and powdery mildew based on gene (pyriform), orange colour of the fruit skin and the fruit flesh. The fruit 
originated from variety Seminole; development of lines with high weight is 4.5-6 kg. Cultivar Plovdivska 48/4 possesses globula fruit 
taste, suitable for early and mid–early production. shape, white colour of the fruit skin and orange colour of the flesh. 

The weight of the fruit is 8 –10 kg.
Watermelon. The collection at MVCRI includes at present three The breeding of squashes is directed to development of 

old local watermelon cultivars: Mramorna 17, Zaraevski and material suitable for rootstocks in grafting of cucumber, watermelon 
Bozhura (Table 4). They belong to medium early watermelons with and melon. Breeding in this direction has not been developed in 
vegetation period 80 – 85 days. The type of flowering is Bulgaria till now. Our objective is to obtain interspecific hybrid 
andromonoecious, the fruit has round shape and weight 4 –5 kg. The combinations between Cucurbita maxima and Cucurbita moschata, 
flesh colour of the cultivar Mramorna 17 is pink-red and of cultivar suitable for rootstocks. Interspecies hybridization with cultivars from 
Zaraevski and cultivar Bojura it is red. the collection of the MVCRI and introduced squash cultivars is 

Our efforts are directed to development of hybrid varieties on performed and seeds from them are produced. We obtained hybrid 
male sterile basis. Mutagenesis was applied as a breeding method combinations but the formed seeds per fruit are few (varied from 20 
with a purpose to obtain the desirable mutations. Mutant watermelon to 50). It is necessary to study additional crosses in order to find the 
forms with male sterility are obtained in the USA, China and Korea suitable hybrid combination. It has been established that 

Table 4. Morphological characterization of melon and watermelon cultivars

Cultivars

Medena
rosa

Vidinski
koravci

Deserten 5

Mramorna 17

Zaraevski

Bozhura

80-85

80-85

80-85

andromonoecious

andromonoecious

andromonoecious

25

25

25

25

25

25

circular

circular

circular

absent/ diffused

absent/ clearly defined

absent/ clearly defined

green

green

green

smooth

smooth

smooth

pinkish red

red

red

1.5

1.5

1.5

4-5

4-5

4-5

100-110

80

85-90

andromonoecious

monoecious

andromonoecious

15

15

15

absent or
very weakly

strong

strong

ovate

medium elliptic

ovate

Yellow

orange

green

smooth
lightly netted

shallowly

wavy

greenish
white

orange

white

0.4-0.5

0.3-0.4

0.3-0.4

1.5-3

2-4

1-2

15

20

15

Time of 
maturity 

(No days)

Flowering 
type

Le
ng

th
,

cm

D
ia

m
et

er
,

cm

Fruit
shape

Grooves / 
type of stripes

Grand
colour
of skin

Fruit 
surface

Flesh
colour

Thickness of 
pericarp,

cm

Fruit 
weight, 

kg

Fruit characters

Melon – Cucumis melo

Watermelon – Citrullus lanatus

Table 5. Morphological characterization of squash collection

Cultivars

Plovdivski 48/4 130 monoecious 30 40 globular strong white

pyriform absent orange orange 3-4 4.5-6

orange 5-6 8-10

monoecious 40-50 15-20130Muskatna 51-17

Time of 
maturity 

(No days)

Flowering 
type Length,

cm
Diameter,

cm
Fruit

shape Grooves
Grand
colour
of skin

Flesh
colour

Thickness of 
pericarp,

cm

Fruit 
weight, 

kg

Fruit characters

Cucurbita maxima

Cucurbita moschata
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hybridization between Cucurbita maxima and Cucurbita moschata is squashes, and other species from Cucurbitaceae family is 
difficult but in some cultivars the compatibility achieved is good. The maintained. The collections are the basis to implement the breeding 
only possible way for finding the most suitable parent couples is to programmes in these crops. Morphological, phenological and 
study a great number of accessions (Karaağaça and Balkaya, phytopathological characteristics of the available gene pool are 
2013). made. The modern directions of breeding and the results obtained in 

Bottle gourd (Lagenaria siceraria Ser.) and luffa (Luffa different crops are presented with emphasis on new breeding 
cylindrica Tourn.) are not of importance for the production. They are approaches.
grown on small areas as decorative plants. In some areas in Bulgaria 
the bottle gourd is used as rootstocks for grafting of watermelons as 
a method for biological control of the soil-borne pathogens.  In our References
collection we maintain a local population of both species. 

Other species from Cucumis genus being with small practical Alexandrova M, 1980. Parthenocarpy in cucumbers and its 
importance are C. hardwickii, C. africanus, C. anguria, C. dipsaceus, practical use. Agricultural Science, 1, 60-65.
C. ficifolius, C. mycrocarpus (Table 6). Each of them possesses Alexandrova M, 1981. New varieties of greenhouse cucumbers. 
monoecious type of flowering, fruits with size 6 –8 cm, circular shape Vegetable Production, Maritza Vegetable Crops Research Institute, 
and specific formations on the surface, presence of bitterness in fruit Plovdiv, 2, 7-10.
and plant. Alexandrova M, 1984. Cucumber variety Irene. Scientific and 

It is known that the cucumber cannot be crossed with other Technical Bulletin. Maritza Vegetable Crops Research Institute, 
species belonging to Cucumis genus due to chromosome Plovdiv, 3, 8-9.
incompatibility. An exception is observed only in Cucumis hardwickii, 

Alexandrova M and Hristova H, 1996. Directions, achievements 
being genetically the closest to Cucumis sativus, but it possesses 

and problems in breeding of cucumber. Agricultural Science, 34, 17-
some undesirable properties and therefore it is not included in our 

20.
breeding programme for cucumbers. Nevertheless in the future 

Alexandrova M and Velkov N, 2007. Results in heterosis breeding 
there is a chance to overcome the incompatibility by means of new 

on cucumbers (Cucumis sativus L.). Plant Science, 44, 399-405.
biotechnologies and interspecies hybridization to be applied. These 

Alexandrova M, Kostova D, Hristov N, Angelov D, Hristova H 
species possess a number of negative properties such as presence 

and Ivanov D, 1994. State and problems in breeding of cultures of 
of fruit bitterness, unpalatable taste etc., but they are strongly 

Cucurbitaceae. Plant Science, ХХХІ, 127-130.
resistant to causal agents of downy mildew and powdery mildew.

Angelov D, 1995. State, problems and results of the breeding to 
The results obtained from the breeding of crops belonging to 

create resistant melon (Cucumis melo L.). Plant Science, 32, 166-
Cucurbitaceae demonstrate the modern trends of development. 

169.
The application of different breeding methods and the use of old 

Dyutin KE and Sokolov SD, 1990. Spontaneous mutant of 
local cultivars is a good basis to realize our breeding programmes 

watermelon with male sterility. Cytology and Genetics, 24, 56-57.
in cucumber, watermelon, melon and squashes.

Jenkins SF and Wehner TC, 1983. A system for the measurement 
of foliar diseases of cucumber. Cucurbit Genetics Cooperative 
Reporter, 6, 10-12.
Karaağaça O and Balkaya A, 2013. Interspecific hybridization and Conclusion
hybrid seed yield of winter squash (Cucurbita maxima Duch.) and 
pumpkin (Cucurbita moschata Duch.) lines for rootstock breeding. At the Maritsa Vegetable Crops Research Institute, Plovdiv a 
Scientia Horticulturae, 149, 9-12.gene pool of old local cultivars cucumber, watermelon, melon, 

Table 6. Morphological characterization of wild species

Accessions

Hanzil

Oman

C. africanus

C. anguria

C. dipsaceus

C. ficifolius

C.heptadactilus

C.mycrocarpus

40

40

40

40

40

40

monoecious

monoecious

monoecious

monoecious

monoecious

monoecious

6-8

6-8

6-8

6-8

6-8

6-8

3.4/ -

3.4/ -

3.4/ -

3.4/ -

3.4/ -

3.4/ -

round

round

round

round

round

round

long spine

long spine

long spine

long spine

long spine

long spine

green

green

green

green

green

green

green

green

green

green

green

green

absent

absent

absent

absent

absent

absent

present

present

present

present

present

present

present

present

present

present

present

present

50

48

monoecious

monoecious

2.5/ 2

3.5/ -

absent / prickles
absent / prickles

round to angular

round to angular

green

green

white
white

medium
weak

present

present

absent

present

14-16

3-12

Days to 
mass 

flowering

Flowering 
type

Le
ng

th
,

cm

F
P

L/
 F

S
E Fruit shape 

transverse 
section

Fruit ribbing / 
vestiture

Grand
colour
of skin

Color of 
vestiture

Glaucosity Cotyledon Fruit

Fruit characters

Cucumis hardwickii

Wild species from genus Cucumis

FPL – Fruit peduncle length (cm); FSE – Fruit shape at stem end (neck length, cm)
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author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.



Volume 6, Number 2
June 2014

www.agriscitech.eu


	003
	003

	WEB-TMPL
	TABLE OF CONTENT
	WEB-TMPL


