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The detailed study of the variability range of the productivity components will allow conducting the effective selection of the 

perspective hybrid plants at earlier stages of their study and using them for the further breeding work, especially under the 

conditions of biosystems adaptation to the climate changes. It is known that the success of hybridization depends on the well-

chosen parental forms. 8 samples of bean were involved into the intraspecific hybridization. The selection of the samples was 

performed on the basis of morphological, isoenzyme and RAPD analyses. According to the research methods the samples are 

genetically remote and differ morphologically. As the result of the conducted research and on the basis of the statistical 

analysis of the data concerning the inheritance of the productivity elements, the following combinations of the cross-breeding 

were identified: Dokuchaievska/Holberg, Dokuchaievska/UDO501722, Pervomaiska/UDO501722 and 

Pervomaiska/UDO501709 (most of the studied features in the hybrid populations are genetically determined and they have a 

positive heterosis effect). In most cases, we found a high degree of the transgressive forms, which were combined with their 

high frequency on the basis of “the number of beans per plant”, “the number of seeds from the plant” and “the mass of seeds 

from the plant”. The simultaneous combination of the high degree and frequency of the transgressions depends on the well-

chosen parental components for the cross-breeding. It was established that the degree and frequency of the transgressive 

forms appearance were higher when the high level of the heterosis was observed. When conducting the heterosis selection 

(especially concerning the productivity), first of all, the attention should be paid to those combinations that exhibit a high 

heterosis effect by the number of beans per plant, the number of seeds from the plant and the mass of seeds from the plant. 

However, there are some cases when in the first generation of the hybrids there is a depression of the economically valuable 

signs, and in the subsequent generations, on the contrary, we observe an increase in the degree of these signs manifestation. 

It is precisely these cases we observed in the further study of the hybrid populations. The comparative estimation of the 

received data showed that between the various signs of the hybrids and parenalt forms, the most common is the correlative 

dependence of the low force. The analysis of the degree of the correlative relations between F1, F2 hybbrids and their parental 

forms of Ph. vulgaris species showed that both parental forms have strong, medium and weak correlative relations with the 

prevalence of the latter. In the first generation we have noted the dominance of weak correlative forces of relations; in 

addition there was a small number of strong relations between the investigated signs. In the next generation, the spectrum of 

the correlative relations level extends as a result of splitting, we observe three degrees of manifestation of the correlative 

relations tightness. In our case, the F2 hybrids are characterized by the presence of strong, medium and weak links with the 

prevalence of the latter. 
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Introduction 
The breeding is a continuous process, the result of which is the continual creation of new varieties and plant hybrids. One of 

the most effective methods for enhancing the breeding is the methods of selection and hybridization (Konovalov et al., 2008). 

The cross-breeding of varieties of different ecological and geographical origin is an effective way to expand the genetic basis 

of the bean in order to improve the existing species and create new varieties (Guy et al., 1988). The manifestation of the 

heterosis in the first-generation hybrids (F1) is one of the criteria for the cross-breeding efficiency. Despite a large number of 

forms with different characteristics, the creation of most varieties involves a small number of samples. It is necessary to 

involve more widely into the cross-breeding the varieties with the adaptive properties, as well as the wild-growing forms and 

various species of the bean. The attention should be paid to the directions of their usage (grain, vegetable, universal), the 

ways of cultivating (pure or mixed crops, greenhouse crops, irrigation, etc.) and to the needs of the population (habits, taste, 
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etc.). But in all cases the variety must be productive (Malyshev et al., 2005; Katalog mirovoj kollekcii VIR 2004; Kozhuhova et 

al., 2006). 

The species Phaseolus vulgaris (L.) is represented by a wide botanical diversity of forms and varieties with a wide 

polymorphism of morphological and biological characteristics, which contributes to the creation of fundamentally new 

varieties of the bean. The results of the hybridization experiments carried out within the bounds of the commom bean (Ph. 

vulgaris), involving a number of varieties geographically distant from the place of their formation, indicate the effectiveness of 

this method, which allows to influence the plants in order to expand their forming boundaries and to diversify the initial 

material when selected this crop (Illieva-Staneva, 1978; Kochieva et al., 2002). 

At the example of varieties with different morphological features and their place of breeding, the contrast is established in the 

behavior of the hybrid offspring, which depends on the components of the cross-breeding. In the selection of the common 

bean, the hybridization within the species of Ph. vulgaris is one of the valid methods for creating a new phenotypically altered 

and valuable material for the selection. 

The productivity of the crop and its increase are the actual task of the breeding process. This feature has a polygenic 

character, which makes it difficult to selective changes. Quite often the productivity is subdivided into separate structural 

elements, which, in turn, will give the opportunity to study separately the inheritance and variability of each element and their 

impact in general (Konarev et al., 2000). 

In the literary sources there are data based on which it becomes clear that not only the biological peculiarities of the parental 

components, but also the conditions of cultivation affect the manifestation of the heterosis (Goncharenko et al., 1993). The 

genotypes taken for the selection had qualitative and quantitative differences as for the selected signs; and they were 

geographically and environmentally distant, which gave the perspectives for obtaining the new forms with valuable 

properties. 

To accelerate the selection process, it is very important to choose the high-yield genotypes from the obtained hybrid 

populations, but this process is complicated due to the significant influence of the environmental factors on the elements that 

determine the efficiency of the sample (Bezugla, 1999; Golovan et al., 2011). The character of the quantitative signs 

inheritance is specific for each crop, and this fact is pointed out in many literary sources (Gostimskij et al., 1999; Baudoin, 

1988; Jones et al., 1997). As quantitative characteristics are less subjected to the strict genetic control, one can observe a 

strong manifestation of heterosis (Gostimskij et al., 1999). 

But at the present time, due to the wide involvement of the local initial material and different varieties of foreign selection 

into the breeding work and due to the climate changes, there was a question of the necessity to deepen the scientific 

knowledge as for the peculiarities of the manifestation of morphological and biological characteristics and properties; and the 

following researches are devoted to this very problem. 

 

Methods 
It is well known that the success of the hybridization depends on the well-chosen parental forms. 8 samples of the bean are 

involved into the intraspecific hybridization. The sampling was performed on the basis of the conducted morphological, 

isoenzyme and RAPD analyses. Thus, the samples that were genetically distant by the methods of the research and differed 

morphologically, and the samples that were genetically close had been selected. 

In the process of the genetically distant forms cross-breeding, it is possible to limit the breeding by 20-30 flowers in order to 

obtain a sufficient variety of forms. The practice shows that under the optimal conditions for growing the hybrids of the first 

generation, 20-30 hybrid seeds are sufficient to produce the genetic diversity in the second generation (Guy et al., 1988; 

Golovan et al., 2011; Golovan et al., 2011). 

The field experiments were carried out on the experimental field of Kharkiv National Agrarian University named after V.V. 

Dokuchaiev in 2007 - 2017. The experimental field is located in the northeastern part of the Kharkiv region within the limits of 

the land use of the educational and research farm of Kharkiv National Agrarian University named after V.V. Dokuchaiev. 

The sowing was carried out by hand in the optimal time for the eastern part of the Forest-Steppe of Ukraine (May 1-10), with 

the norm of sowing 15 seeds per 1 linear metre. The predecessor is a bare fallow. The placement of the plots is standard. The 

method of sowing is a broad row with the space between the rows of 45 cm. The field experiments were laid out and 

executed according to the methods of the research work by B.A. Dospekhov (Dospehov, 1985). The bean cultivation 

technology is commonly used in the Forest-Steppe zone. 

The observation and registration on the experimental plots were carried out in accordance with the “The Methods for 

Studying the Collection of Leguminous Crops” (Ivanova, 1968) and with the methods of the state sort testing of the 

agricultural crops (Volkodav, 2000). The morphological characteristics corresponded to “The Methodical Guidelines for the 

Study of the World Bean Collection Samples” (Chekalina, 1987), “The Method for Studying the Collection of Leguminous Crops” 

(Ivanova, 1968) and “The Wide Unified Classification of Ukraine of the Phaseolus L Genus” (Shirokyi unifakovanyi klasyfikator 

Ukrainy rodu Phaseolus L., 2004). As an initial material, 8 samples of the bean from the collection of Kharkiv National Agrarian 

University named after V.V. Dokuchaiev (KhNAU) and the National Center of Plant Genetic Resources of Ukraine (NCPGRU) 

were used (Table 1). The samples were introduced from various ecological and geographical regions (Ukraine, Bulgaria, 

Turkey, France, and USA) and they belonged to the species of Phaseolus vulgaris. 

The cross-breeding plan was compiled according to the degree of the genetic proximity between the genotypes from the 

collection and the positive results from obtaining the fertile hybrid material, and this is described in the literary sources 
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(Illieva-Staneva, 1978; Mitranov, 1997; Molhova et al., 1986). The intraspecies cross-breeding was conducted during the period 

of the plants mass flowering. 

The contrast parental forms with the high manifestation of economically valuable features (the high seed yield and resistance 

to damage by the pathogenic organisms) were selected for the cross-breeding.The cross-breeding was carried out according 

to the Fridental’s method (Fridental, 1953). 50 flowers were pollinated for each combination. After the hybridization the 

pollinated flowers were marked with the coloured threads. The obtained hybrid material was collected separately for each 

combination and it was analyzed in the laboratory by hand. The percentage of the ovary was determined by counting the 

number of the beans that had become ovarian. 

 

Table 1. Characteristics of bean collection samples by country of origin and national catalog numbers. 

№ National Catalog of Ukraine Sample name Country Origin 

Ph. Vulgaris 

1 UD0300775 Dokuchaievska Ukraine 

2 UD0300025 Pervomaiska Ukraine 

3 UD0501709 - Ukraine 

4 UD0501722 - Ukraine 

5 UD0503341 - Ukraine 

6 UD0503256 - Ukraine 

7 UD0500223 Isex France 

8 UD0500227 Holberg USA 

 

In the hybrid hotbed F1 the parenalt forms were sown next to the hybrid combinations. During the vegetation period the 

phenological observations of the hybrids and their parental forms were carried out. All the selected hybrids and 30 plants of 

the parental forms were collected by hand and the structural analysis was conducted under the laboratory conditions. 

To characterise the hybrid material, such index as the variability of the quantitative characteristics was determined by the 

indicator of the arithmetical mean and its absolute error (Golovan et al., 2011). The value of the hybrid combination in the 

selection as for the true and hypothetical heteroses according to separetely studied features was calculated based on the 

formula (Abramova, 1992). The depression of the true heterosis in F2 was calculated according to the formula (Zamotailov et 

al., 1987). The patterns of the sign inheritance in the first generation and the nature of the genes action were determined 

depending on the obtained index of the phenotype dominance degree, which was calculated according to the formula by B. 

Griffing (Abramova, 1992; Griffing, 1950). The degree of dominance may reach the values from -∞ to + ∞. The grouping of the 

obtained data was carried out in accordance with the classification by G.M. Beil., R.E. Atkins (Boudet, 1977). 

The proportion of the genotype-determined variability of the studied characteristics was determined depending on the 

obtained value of the heredity coefficient in its broad sense and on the indicator of the relative diversity (Abramova, 1992). 

The effect of the total action of the polymeric genes, which manifested itself in a steady increase (Тс positive) or a decrease (Тс 

negative) of the quantitative manifestation of any feature in some plants in F2 was characterised by the degree and frequency. 

The degree and frequency of the transgression were calculated using the formula of Voskressenska and Shpota 

(Voskressenska et al., 1967). 

 

Results 
On the whole, 600 flowers were pollinated as the result of 12 hybrid combinations, and 204 hybrid beans and 442 hybrid 

seeds with an average ovary value of 34.0% have been obtained (Table 2). The percentage of the ovary fluctuated within a 

small range – from 26.0% (combination ♀ Dokuchaievska/♂Isex) to 44.0% (♀ Pervomaiska/♂UDO501709). The percentage of 

the ovary depended on the combination of the cross-breeding, thus more seeds were obtained by breeding the genetically 

distant samples rather than genetically close ones.  It has been established that the signs that determine the productivity are 

quite unsteady in both the parental forms and in the derived hybrid populations. The most changeable signs were: “the 

number of beans per plant” (the coefficient of variation was 16.3-58.3% for the parents, and 19.8-81.2% for F1 - F2 

respectively), “the number of seeds from the plant” (the coefficient of variation was 23.6-76.6% for the parents and 30.3-84.6% 

for F1 - F2 respectively) and “the seed mass from the plant” (the coefficient of variation was 19.6-76.1% for the parents and 

24.1-90.3% for F1 - F2 respectively). 

 

Table 2. The binding of hybrid beans at intraspecific hybridization. 

Combination of crosses 
Isoenzyme/RAPD 

analysis 

Pollinated flowers, 

pcs 

Received 
Fastener, 

% 
hybrid beans, 

pcs 

hybrid seeds, 

pcs 

♀Dokuchaievska/♂Holberg genetically distant 50 19 34 38 

♀Dokuchaievska/♂Isex distant/close 50 13 29 26 

♀Dokuchaievska/♂UDO503341 distant/close 50 15 31 30 

♀Dokuchaievska/♂UDO501709 close/distant 50 20 38 40 

♀Dokuchaievska/♂UDO503256 distant/distant 50 14 32 28 

♀Dokuchaievska/♂UDO501722 close/distant 50 17 36 34 

♀Pervomaiska/♂Holberg genetically close 50 16 42 32 
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♀Pervomaiska/♂Isex distant/close 50 17 39 34 

♀Pervomaiska/♂UDO503256 distant/close 50 14 34 28 

♀Pervomaiska/♂UDO503341 genetically distant 50 18 36 36 

♀Pervomaiska/♂UDO501722 genetically distant 50 19 40 38 

♀Pervomaiska/♂UDO501709 distant /distant 50 22 51 44 

Total - 600 204 442 34 

 

The signs “the plant height” and “the height of the lower bean fastening” in the conducted studies had an average coefficient 

of variation. Thus, the coefficient of variation for the parents was 16.9-32.4%, and for F1 - F2 it was 13.2-49.3%. The coefficient 

concerning the height of plants and the height of the bean fastening was 13.2-34.2% for the parents and 17.3-48.2% for F1 – F2 

respectively. The least changeable signs among the studied ones that determine the level of the bean productivity are the 

“number of seeds in the bean” and “the mass of 1000 seeds”.  Accordingly, the coefficient of variation in the number of seeds 

in the bean of the parental forms ranged from 8.3% to 14.3%, while in the hybrids F1- F2 it was 6.2-19.4%. While the coefficient 

of variation of 1000 seeds mass in the parental forms was V=4.2-12.6%, in the hybrids it was 3.2-13.4%, respectively. This will 

give an opportunity to carry out the selections in the earlier generations based on these signs. 

 

Table 3. Heterosis and inheritance of some quantitative characteristics in hybrid populations F1, F2 Ph. vulgaris. 

Signs 
Statistical 

Indexes 

Hybrids 

♀1/♂2* 

F1 

♀1/♂2 

F2 

♀1/♂3 

F1 

♀1/♂3 

F2 

♀1/♂4 

F1 

♀1/♂4 

F2 

♀1/♂5 

F1 

♀1/♂5 

F2 

♀1/♂6 

F1 

♀1/♂6 

F2 

1/♂7 

F1 

♀1/♂7 

F2 

P
la

n
t 

h
e

ig
h

t 
 hp** +0.7 - -1.0 - +0.7 - +0.2 - +0.7 - +0.1 - 

Htrue, % -5.9 - -5.2 - -5.0 - -10.9 - -3.6 - -6.3 - 

Hhyp, % 13.7 - 2.7 - 12.6 - 3.2 - 11.6 - 0.84 - 

Depr., % - 11.4 - 14.5 - 13.2 - 14.3 - 20.8 - 11.7 

Н
2
, % +32.8 +40.1 +31.5 -31.5 -10.9 +2.2 -7.1 +3.5 -15.0 -3.8 +10.7 -22.9 

IRD 0.09 0.10 0.08 0.08 0.06 0.07 0.12 0.13 0.10 0.11 0.08 0.06 

T
h

e
 h

e
ig

h
t 

o
f 

th
e

 l
o

w
e

r 
b

e
a

n
 

fa
st

e
n

in
g

 

hp +2.0 - +2.3 - +3.0 - +3.0 - +5.0 - +5.0 - 

Htrue, % +9.1 - +14.3 - +8.3 - +15.4 - +16.7 - +18.2 - 

Hhyp, % 20.0 - 28.0 - 13.0 - 25.0 - 21.7 - 23.8 - 

Depr., % - -8.3 - 25.0 - 23.1 - 0.0 - 35.7 - -15.4 

Н
2
, % +29.5 +24.7 +25.3 +25.6 +10.6 -17.7 +31.7 +44.8 +32.5 -50.5 +60.0 +68.7 

IRD 0.45 0.42 0.41 0.41 0.31 0.20 0.6 0.68 0.47 0.21 1.1 1.5 

T
h

e
 n

u
m

b
e

r 
o

f 

b
e

a
n

s 
p

e
r 

p
la

n
t hp +15.6 - +1.6 - +9.0 - +1.8 - +8.5 - +9.3 - 

Htrue, % +88.0 - +9.4 - +17.4 - +9.1 - +57.7 - +110.0 - 

Hhyp, % 100.0 - 29.6 - 20.0 - 23.1 - 70.8 - 142.3 - 

Depr., % - -13.0 - 28.6 - 25.9 - -41.7 - 26.8 - -14.3 

Н
2
, % +76.3 +82.1 +36.1 -6.8 +34.6 -3.9 +52.4 +69.6 +49.1 +16.1 +75.7 +81.0 

IRD 0.9 1.19 0.19 0.11 0.19 0.12 0.29 0.45 0.24 0.14 0.58 0.74 

T
h

e
 n

u
m

b
e

r 
o

f 

se
e

d
s 

fr
o

m
 t

h
e

 

p
la

n
t 

hp +6.0 - +0.46 - +3.2 - +3.0 - +4.3 - +7.3 - 

Htrue, % +67.3 - -15.3 - +13.5 - +24.3 - +50.5 - +120.8 - 

Hhyp, % 93.1 - 18.0 - 20.9 - 41.5 - 77.9 - 173.2 - 

Depr., % - -24.3 - 30.6 - 16.7 - -55.4 - 19.3 - -0.38 

Н
2
, % +66.4 +76.2 +28.6 -8.4 +49.3 +23.5 +63.3 +73.7 +55.3 +39.9 +77.7 +76.2 

IRD 0.14 0.20 0.04 0.03 0.07 0.05 0.10 0.14 0.07 0.05 0.15 0.14 

T
h

e
 s

e
e

d
 m

a
ss

 

fr
o

m
 t

h
e

 p
la

n
t hp +8.5 - +3.9 - +4.5 - +16.6 - +2.4 - +7.7 - 

Htrue, % +261.5 - +111.8 - +77.7 - +260.0 - +46.1 - +231.0 - 

Hhyp, % 452.9 - 242.9 - 128.6 - 332.0 - 117.1 - 405.3 - 

Depr., % - -54.3 - 5.6 - 25.0 - -25.9 - 36.8 - -3.1 

Н
2
, % +93.2 +96.5 +79.4 +80.4 +65.0 +47.3 +90.0 +91.5 +67.8 +30.5 +91.2 +91.2 

IRD 3.6 7.0 0.91 0.95 0.6 0.40 2.5 2.9 0.64 0.30 1.6 1.6 

N
u

m
b

e
r 

o
f 

se
e

d
s 

in
 t

h
e

 

b
e

a
n

 

hp +0.3 - -0.2 - +0.5 - +7.0 - +0.8 - +1.9 - 

Htrue, % -5.3 - -22.6 - -3.1 - +18.8 - -2.5 - +7.7 - 

Hhyp, % 2.9 - -3.5 - 3.3 - 22.6 - 8.3 - 18.3 - 

Depr., % - -5.6 - -4.9 - -3.2 - -5.3 - -5.1 - -2.4 

Н
2
, % +24.1 +9.6 +3.8 +3.8 -27.8 +2.0 +45.0 +49.4 +31.2 +22.2 +36.5 +35.6 

IRD 3.5 2.9 2.9 2.8 2.7 3.5 7.2 7.8 4.1 3.6 3.6 3.5 

T
h

e
 m

a
ss

 o
f 

1
0

0
0

 s
e

e
d

s
 hp +3.9 - +0.33 - +0.44 - +3.63 - +0.29 - +4.39 - 

Htrue, % +35.3 - -6.03 - -10.8 - +45.2 - -10.0 - +56.1 - 

Hhyp, % 64.9 - 3.31 - 10.5 - 75.4 - 4.44 - 86.9 - 

Depr., % - -34.4 - 3.7 - -2.6 - -34.9 - -15.0 - 36.7 

Н
2
, % +50.0 +60.8 -78.6 -1.8 -60.4 -45.2 +60.0 +69.6 -14.5 -25.7 +67.5 +74.7 

IRD 0.12 0.16 0.03 0.06 0.03 0.04 0.14 0.18 0.06 0.06 0.19 0.24 

Note: *1 – Dokuchaievska, 2 – Holberg, 3 – Isex, 4 – UDO503341, 5 – UDO501709, 6 – UDO503256, 7 – UDO501722; 

** hp is the degree of the phenotype dominance, H true is the true heterosis, H hyp is the hypothetical heterosis, Depr. is the depression of the true 

heterosis, Н
2
 is a coefficient of inheritance, IRD is an indicator of the relative diversity. 
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An estimate in order to define the character of the inherited quantitative signs was made in the obtained hybrid populations 

F1 and F2. It has been established that by the nature of growth the hybrids F1 inherited the height of plants according to the 

following types: the partial positive prevalence (the combinations of Dokuchaievska/Holberg, Dokuchaeivska/UDO503341 and 

Dokuchaievska/UDO503256), the intermediate inheritance (Dokuchaievska/UDO501709, Dokuchaievska/UDO501722, 

Pervomaiska/Isex, Pervomaiska/UDO503341, Pervomaiska/UDO501709 and Pervomaiska/UDO501722 combinations) and 

partial negative prevalence (Dokuchaievska/Isex, Pervomaiska/Holberg and Pervomaiska/UDO503256 combinations). In the 

studied combinations the negative heterosis effect was observed in relation to a better parental form. According to the given 

sign, the depression of the heterosis, which was observed in the second generation in all hybrid combibations, was 

insignificant and varied from 7.7% to 32 (Tables 3 and 4). 

The analysis of F2 hybrids revealed the presence of a low inheritance coefficient (Н2) by this feature (the index varies from 

2.2% to 48.6%), which indicates a significant dependence of this feature on the environmental conditions.  The indicator of the 

relative diversity (IRD) on the basis of the plant height varied from 0.05 to 0.14. 

The inheritance of the height of the lower beans tier fastening over the level of soil in the first generation occurs by the types 

of the intermediate inheritance (Pervomaiska/Isex and Pervomaiska/UDO503256) and positive overdomination (all the 

others). The best hybrid combinations of F1 were Pervomaiska/UDO501709 and Dokuchaievska/UDO501722. They had the 

values of the true heterosis of 23.1 and 18.2%, and the degree of the phenotype domination of 7.0 and 5.0 (Tables 3 & 4). The 

hybrid combinations Dokuchaievska/UDO503256, Pervomaiska/Holberg and Pervomaiska/Isex showed a sharp decrease in 

the heterosis at 21.2-35.7%. 

The coefficient of inheritance on this basis was at a rather low level for almost all hybrid combinations, which indicates the 

phenotype variability of this feature, with the exception of the Dokuchaievska/UDO501722 combination (H2=68.7%). The 

relative diversity index in F2 varied within the range of 0.20-1.5%. 

The inheritance of the number of beans per plant in the first generation of the hybrids in all combinations takes place 

according to the type of the positive overdomination. On this basis the best hybrid combinations of F1 were 

Dokuchaievska/UDO501722 and Pervomaiska/UDO501709, with the true heterosis indices of 110 and 105% and with the 

degree of the phenotype dominance of 9.3 and 15. On the basis of this sign the hybrid combinations of 

Dokuchievska/Holberg and Pervomaiska/UDO501722 were also singled out, they had the high positive heterosis of F1 that 

amounted to 96.7 and 88%. Their degrees of domination reached the values of 15.6 and 6.8. The obtained data show that the 

quantitatively investigated sign in the second generation decreases by 13.1-28.6%. 

The coefficient of inheritance of the number of beans per plant in the F2 fluctuated within the range of 9.3-80.7%, depending 

on the combination of the cross-breeding; the obtained data indicate a different contribution of the genotype and 

environment in the formation of this feature in the researched hybrid combinations. The relative diversity index in all hybrid 

combinations was at a rather low level, indicating a low variation of the sign within each combination (Tables 5.3 & 5.4). The 

exception was the combination of Dokuchiaevska/Holberg, which IRD was 1.19. 

The inheritance of the number of seeds from the plant in the first generation of the hybrids occurs by the following types: the 

positive overdomination (8 combinations), the partial positive domination (3 combinations) and the intermediate inheritance 

(1 combination). The sign “the number of seeds from the plant” was quite pronounced in the hybrids F1 of the 

Dokuchaievska/UDO501722, Dokuchaievska/Holberg and Pervomaiska/UDO501722 combinations; the true heterosis 

according to the given sign was 120.8, 67.3 and 55.8% respectively. In the hybrids F1 of the Dokuchaievska/Isex combination, 

the number of seeds from the plant is significantly reduced compared to the parental form, and the negative heterosis 

reached the value of 15.3%. In the latter combinations the heterosis varied from 13.5% to 5.5%. In 6 combinations from the 

next generation there was a decrease in the heterosis effect by 5.1-30.6%. The analysis of the heritability coefficient of F2 

plants shows that it varied within the range of 1.4-77.5% depending on the combination of the cross-breeding; the obtained 

data indicate a different contribution of the genotype and the environment in the formation of this sign in the researched 

hybrid combinations. On this basis the indicator of the relative diversity in F2 was absent. 

The inheritance of the seeds mass from the plant in the hybrids of the first generation for all hybrid combinations takes place 

according to the type of the positive overdomination, the exception was the combination of Pervomaiska/UDO503341 (the 

intermediate inheritance). The high level of the true positive heterosis was shown by the F1 hybrid plants of 

Dokuchaievska/Holberg, Dokuchaievska/UDO501709 and Dokuchaievska/UDO501722 combinations, it was 261.5%, 260.0% 

and 231.0% respectively (Tables 3 and 4). 

The hybrid combinations of Pervomaiska/UDO501709 and Pervomaiska/UDO501722 with the high positive heterosis degrees 

of 162.5 and 123.1% for F1 were also singled out. Their domination degrees reached the value of 18.3 and 7.4. The obtained 

data show that the quantitatively investigated feature in the second generation of 5 hybrid combinations is reduced by 5.6 – 

36.8%. On this basis, the coefficient of inheritance in the F2 hybrid combinations was 30.5-96.5% respectively, and it depended 

on the combination of the cross-breeding. The obtained data indicate a different contribution of the genotype and 

environment to the formation of this sign in the researched hybrid combinations. 

The inheritance of the seeds number in the bean of the first generation hybrids took place according to the following types: 

the positive overdomination (5 combinations), the partial positive domination (2 combinations), the intermediate inheritance 

(4 combinations) and the partial negative domination (1 combination). It has been established that on this basis the majority 

of hybrid combinations showed a negative heterosis (Tables 3 & 4), which fluctuated from 2.5% to 22.6%, depending on the 

variant of the experiment. Only in the combinations in which the overdomination has been observed, the positive true 

heterosis that fluctuates within the range of 7.7-18.8% has been obtained. In all combinations of F2 there was an increase in 

the sign by 2.4% - 11.8% in comparission with the first generation. The exception was the combination of 
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Pervomaiska/UDO503256 in which the depression at the level of 3.2% was observed. As the data of the coefficient of 

inheritance show, to a greater extent for most combinations the variability of the sign is due to the environmental impact. 

On the basis of “the mass of 1000 seeds” the inheritance takes place by the following types: the positive overdomination (7 

combinations) and the intermediate inheritance (5 combinations). The heterosis in the positive form was observed in those 

combinations where the inheritance of this sign took place on the basis of the positive overdomination, and it fluctuated 

within 3.1-64.5% respectively. As it has been established on the basis of the inheritance coefficient, the changeability of the 

sign fluctuates within 4.3-74.7% depending on the cross-breeding combination. The obtained data show various contributions 

of the genotype and the environment to the formation of this feature in the researched hybrid combinations. 

 

Table 4. Heterosis and inheritance of some quantitative characteristics in hybrid populations F1, F2 Ph. vulgaris. 

Signs 
Statistical 

Indexes 

Hybrids 

♀1/♂2* 

F1 

♀1/♂2 

F2 

♀1/♂3 

F1 

♀1/♂3 

F2 

♀1/♂4 

F1 

♀1/♂4 

F2 

♀1/♂5 

F1 

♀1/♂5 

F2 

♀1/♂6 

F1 

♀1/♂6 

F2 

1/♂7 

F1 

♀1/♂7 

F2 

P
la

n
t 

h
e

ig
h

t 
 hp** -0.4 - 0.0 - +0.4 - +0.5 - -0.2 - 0.0 - 

Htrue, % -15.5 - -6.1 - -5.0 - -10.6 - -22.7 - -1.5 - 

Hhyp, % -5.3 - 0.0 - 4.1 - 11.3 - -3.8 - 0.0 - 

Depr., % - 15.1  11.5 - 8.5 - 32.0 - 11.6 - 7.7 

Н
2
, % +12.8 -8.1 +6.4 -24.1 +46.3 +48.6 +56.6 +24.4 +11.2 +12.8 +33.0 +11.0 

IRD 0.06 0.05 0.09 0.07 0.11 0.11 0.25 0.14 0.11 0.11 0.09 0.07 

T
h

e
 h

e
ig

h
t 

o
f 

th
e

 l
o

w
e

r 
b

e
a

n
 

fa
st

e
n

in
g

 

hp +2.3 - 0.0 - +2.0 - +7.0 - 0.0 - +3.0 - 

Htrue, % +16.7 - 0.0 - +14.3 - +23.1 - -15.4 - +16.7 - 

Hhyp, % 33.3 - 7.1 - 33.3 - 4.0 - -8.3 - 27.3 - 

Depr., % - 21.2  26.6 - 8.9 - 8.3 - -9.9 - 5.7 

Н
2
, % +41.9 +35.3 +2.2 -23.5 +59.1 +39.6 +54.8 +34.5 +16.1 +9.7 +49.3 +34.1 

IRD 0.76 0.68 0.44 0.34 0.94 0.64 1.16 0.80 0.53 0.49 1.2 0.96 

T
h

e
 n

u
m

b
e

r 
o

f 

b
e

a
n

s 
p

e
r 

p
la

n
t hp +3.0 - +2.5 - +12.3 - +15.0 - +4.3 - +6.8 - 

Htrue, % +20.0 - +28.1 - +73.9 - +105.0 - +38.5 - +96.7 - 

Hhyp, % 33.3 - 57.7 - 86.0 - 121.6 - 56.5 - 136.0 - 

Depr., % - 13.1 - 26.0 - -0.11 - -19.9 - -8.3 - 5.1 

Н
2
, % +33.9 +9.3 +47.9 +11.4 +71.8 +77.7 +74.9 +80.7 +34.4 +32.2 +76.7 +78.5 

IRD 0.33 0.24 0.23 0.14 0.44 0.56 0.55 0.72 0.19 0.18 0.10 0.66 

T
h

e
 n

u
m

b
e

r 
o

f 

se
e

d
s 

fr
o

m
 t

h
e

 

p
la

n
t 

hp +0.7 - +0.7 - +7.7 - +3.7 - +0.7 - +3.6 - 

Htrue, % -5.0 - -8.3 - +14.7 - +23.5 - -5.6 - +55.8 - 

Hhyp, % 13.6 - 31.1 - 17.3 - 35.5 - 15.4 - 98.9 - 

Depr., % - 5.1 - 23.1 - -14.2 - -16.9 - 10.9 - -3.7 

Н
2
, % +30.3 +18.4 +35.9 -7.6 +47.7 +54.7 +52.0 +60.3 +13.6 +1.4 +72.1 +77.5 

IRD 0.06 0.05 0.04 0.02 0.06 0.06 0.06 0.08 0.03 0.03 0.10 0.12 

T
h

e
 s

e
e

d
 m

a
ss

 

fr
o

m
 t

h
e

 p
la

n
t hp +6.3 - +2.6 - 0.0 - +18.3 - +5.9 - +7.4 - 

Htrue, % +72.2 - +36.7 - +106.3 - +162.5 - +73.9 - +123.1 - 

Hhyp, % 100.0 - 78.3 - 106.3 - 189.7 - 105.1 - 176.2 - 

Depr., % - 20.3 - 11.6 - -22.3 - -34.5 - -1.3 - -4.7 

Н
2
, % +53.2 +56.4 +46.0 +41.8 +59.1 +84.2 +86.1 +88.8 +61.3 +56.2 +84.8 +85.7 

IRD 0.48 0.51 0.31 0.29 0.94 1.16 1.60 1.98 0.48 0.43 0.84 0.89 

N
u

m
b

e
r 

o
f 

se
e

d
s 

in
 t

h
e

 

b
e

a
n

 

hp -0.3 - 0.05 - +2.5 - +5.0 - -0.3 - +2.4 - 

Htrue, % -10.5 - -18.9 - +9.4 - +12.5 - -22.5 - +12.8 - 

Hhyp, % -2.9 - 1.2 - 12.9 - 16.1 - -13.8 - 23.9 - 

Depr., % - -11.8 - -7.0 - -2.9 - -8.3 - 3.2 - -4.5 

Н
2
, % -12.4 +0.2 -27.7 -1.5 +30.8 +27.0 +29.6 +41.9 +0.4 +8.7 +52.6 +14.4 

IRD 2.5 2.9 2.3 2.9 5.4 5.1 6.1 7.4 3.1 3.3 5.2 2.9 

T
h

e
 m

a
ss

 o
f 

1
0

0
0

 s
e

e
d

s
 hp -0.4 - +1.9 - +2.6 - +3.2 - +0.2 - +7.0 - 

Htrue, % -12.7 - +3.1 - +23.0 - +28.5 - -6.0 - +64.5 - 

Hhyp, % -4.2 - 6.7 - 43.2 - 48.0 - 2.0 - 84.5 - 

Depr., % - 11.1 - 20.5 - -22.7 - -7.3 - 4.5 - -3.4 

Н
2
, % -3.6 +12.6 +12.7 -95.1 +39.7 +31.7 +30.5 +15.2 -64.8 +4.3 +74.4 +71.1 

IRD 0.08 0.09 0.07 0.04 0.12 0.17 0.10 0.09 0.06 0.11 0.32 0.28 

Note: *1– Pervomaiska, 2 – Holberg, 3 – Isex, 4 – UDO503341, 5 – UDO501709, 6 – UDO503256, 7 – UDO501722; 

** hp is the degree of the phenotype dominance, H true is the true heterosis, H hyp is the hypothetical heterosis, Depr. is the depression of the true 

heterosis, Н
2
 is a coefficient of inheritance, IRD is an indicator of the relative diversity. 

 

Thus, according to the conducted statistic analysis of the data relating to the productive elements inheritance, it is possible to 

name the following cross-breeding combinations: Dokuchaievska/Holberg, Dokuchaievska/UDO501722, 

Pervomaiska/UDO501722 and Pervomaiska/UDO501709 (most researched features in the hybrid populations are genetically 

determined and they have the positive heterosis effect). 

The manifestation of the transgressive variability in F2 hybrids of Ph. vulgaris. The analysis of the quantitative signs inheritance in 

the hybrids contributed to the revealing of the transgressive forms. The revealed plants differed in stronger expressions of 

certain features in contrast to both parental forms. The numerical values of the polymerically inherited quantitative signs 

changed in the bean both, positively and negatively. The positive transgressions were noted for most of the studied signs: the 
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number of beans per plant, the number and mass of seeds from the plant, the mass of 1000 seeds, and the height of the 

lower bean fastening (Tables 5 and 6). 

It has been established that the degree of the positive transgressions in the hybrid combinations on the basis of “the plant 

height” varied from 0.14 to 9.7% (Tables 5.6), while the degree of the negative transgressions varied from -0.8 to -15.7 %. On 

the basis of “the height of the lower bean fastening” the positive transgressions ranged from 4.4 to 36.8%, while the negative 

transgressions varied from -13.1 to -29.1% respectively. On the basis of “the number of beans per plant” the positive 

transgressions ranged from 4.1 to 27.8% respectively, the negative transgressions were -7.8%. On the basis of the “the 

number of seeds from the plant”, the range of the positive transgressions was from 5.3 to 46.7%, the negative transgressions 

varied in the range from -2.6 to -18.6% respectively; on the basis of “the mass of the seeds from the plant” the positive 

transgressions varied from 14.3 to 86.0%, and the negative transgressions were revealed in only one hybrid combination and 

they reached the value of -1.9%. By “the number of seeds in the bean” the variation boundaries of the positive transgressions 

ranged from 2.4 to 26.0%, while the negative transgressions were within the range of -3.8 to -7.7% respectively; and on the 

basis of “the mass of 1000 seeds” the degree of the positive transgressions ranged from 0.4 to 53.4%, while the degree of the 

negative ones varied from -2.1 to -22.9% respectively. 

On the average, in all combinations the degree of the positive transgressions concerning the plant height was 3.1% (negative -

2.2%), as for “the height of the lower bean fastening” the positive transgressions were 16.3%, and the negative ones were -

19.6%, by “the number of beans per the plant” the degree of the positive transgressions was 16.5% and the degree of the 

negative ones was -7.8%, by “the number of seeds from the plant” the positive transgressions reached the value of 24.3% and 

the negative ones were -7.1%. On the basis of “the mass of the plant seeds” the positive transgressions amounted to 41.9% 

and the negative ones reached the value of -1.9%; by “the number of seeds in the bean” the positive transgressions were 

12.1% and the negative ones – -5.8%; and by “the mass of 1000 seeds” the positive transgressions were 20.1% and the 

negative ones – -10.9%. For most of the studied economically valuable signs, the degree of the positive transgression 

exceeded the degree of the negative ones, with the exception of the sign of the height of the lower bean fastening on the 

plant (Tables 5 and 6). 

 

Table 5. Degree and Frequency of the transgressive variability in F2 hybrids of Ph. vulgaris, %. 

Combination of crosses 

The height of the lower 

bean fastening 

The number of beans per 

plant 

The number of seeds from 

the plant 

Тd. 

pos. 

Тd. 

neg. 

Тf. 

pos. 

Тf. 

neg. 

Тd. 

pos. 

Тd. 

neg. 

Тf. 

pos. 

Тf. 

neg. 

Тd. 

pos. 

Тd. 

neg. 

Тf. 

pos. 

Тf. 

neg. 

Dokuchaievska/Holberg 17.6 - 9.6 - 25.9 - 31.6 - 38.9 - 23.1 - 

Dokuchaievska/Isex - -17.3 - 1.2 7.0 - 5.2 - - -2.6 - 3.6 

Dokuchaievska/UDO503341 6.9 -21.0 4.3 1.4 4.9 - 4.1 - 12.2 -3.1 9.6 2.7 

Dokuchaievska/UDO501709 7.1 - 6.7 - 18.4 - 21.3 - 35.7 - 24.6 - 

Dokuchaievska/UDO503256 - -29.1 - 0.7 6.7 - 33.4 - 6.7 - 20.9 - 

Dokuchaievska/UDO501722 41.9 -13.1 3.6 2.1 27.8 - 8.7 - 37.9 - 7.3 - 

Pervomaiska/Holberg 4.4 - 2.7 - - - - - - - - - 

Pervomaiska/Isex - -17.6 - 2.4 4.1 -7.8 2.3 2.4 - -4.1 - 5.9 

Pervomaiska/UDO503256 18.4 - 5.7 - 4.8 - 2.6 - 5.3 -18.6 4.8 14.3 

Pervomaiska/UDO503341 5.7 - 4.9 - 43.7 - 51.6 - 16.7 - 30.7 - 

Pervomaiska/UDO501722 36.8 - 5.3 - 15.3 - 19.7 - 18.2 - 15.9 - 

Pervomaiska/UDO501709 6.5 - 6.8 - 23.0 - 42.7 - 46.7 -7.3 21.4 1.7 

Average 16.3 -19.6 5.5 1.6 16.5 -7.8 20.3 2.4 24.3 -7.1 17.6 5.6 

Note: * Тd. pos. – the degree of positive transgressions, Тd. neg. – the degree of negative transgressions, Тf. pos. – the 

frequency of positive transgressions, Тf. neg. – the frequency of negative transgressions. 

 

The conducted statistical processing of the obtained data showed that the frequency of the positive transgressive forms 

appearance as for the plant height varied within the range of 0.7-5.7%, as for the height of the lower bean fastening it varied 

from 2.7 to 9.6%, for the number of beans per plant it fluctuated within the limits of 2.3-5.6%, by the number of seeds from 

the plant it varied from 4.8 to 30.7%, by the mass of the seeds from the plant – from 4.3 to 4.3%, by the number of the seeds 

in the bean the frequency of the positive transgressive forms appearance varied from 1.6 to 17.6% and by the mass of 1000 

seeds it varied from 4.3 to 25.3%, depending on the combination of the cross-breeding. 

 

Table 6. Degree and Frequency of the transgressive variability in F2 hybrids of Ph. vulgaris, %. 

Combination of crosses 

The seed mass from the 

plant 

Number of seeds in the 

bean 
The mass of 1000 seeds 

Тd. 

pos. 

Тd. 

neg. 

Тf. 

pos. 

Тf. 

neg. 

Тd. 

pos. 

Тd. 

neg. 

Тf. 

pos. 

Тf. 

neg. 

Тd. 

pos. 

Тd. 

neg. 

Тf. 

pos. 

Тf. 

neg. 

Dokuchaievska/Holberg 75.0 - 4.3 - 9.5 - 4.3 - 32.4 - 5.6 - 

Dokuchaievska/Isex 26.6 - 19.6 - - - - - 0.4 -14.3 4.3 1.7 

Dokuchaievska/UDO503341 22.4 - 24.6 - 2.4 -3.8 1.6 5.3 3.8 -2.1 6.7 4.5 

Dokuchaievska/UDO501709 22.4 - 21.9 - 26.0 - 8.3 - 18.6 - 10.3 - 

Dokuchaievska/UDO503256 14.3 -1.9 40.3 2.3 8.3 - 17.6 - 8.3 - 4.9 - 
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Dokuchaievska/UDO501722 86.0 - 7.6 - 21.7 - 3.2 - 25.6 - 11.6 - 

Pervomaiska/Holberg - - - - 9.5 - 2.7 - - -13.0 - 4.9 

Pervomaiska/Isex - - - - - - - - - -22.9 - 5.7 

Pervomaiska/UDO503256 54.8 - 20.6 - - -7.7 - 4.4 16.7 -2.2 10.7 6.9 

Pervomaiska/UDO503341 77.6 - 10.2 - 9.5 - 4.3 - 53.4 - 24.6 - 

Pervomaiska/UDO501722 17.4 - 19.4 - 15.2 - 10.6 - 21.3 - 25.3 - 

Pervomaiska/UDO501709 22.4 - 21.8 - 6.5 - 4.5 - - - - - 

Average 41.9 -1.9 19.0 2.3 12.1 -5.8 6.3 4.9 20.1 -10.9 11.6 4.7 

Note:* Тd. pos. – the degree of positive transgressions, Тd. neg. – the degree of negative transgressions, Тf. pos. – the frequency of positive 

transgressions, Тf. neg. – the frequency of negative transgressions. 

 

The frequency of the negative transgressive forms appearance as for the plant height varied from 1.6 to 3.1%, as for the 

height of the lower bean fastening it varied from 0.7 to 2.4%, by the number of beans per plant it was 2.4%, by the number of 

seeds from the plant it was in the range of 1.7-14.3%, by the mass of the seeds from the plant – 2.3%, by the number of seeds 

in the bean the frequency was 4.4-5.3% and the mass of 1000 seeds varied within the limits of 1.7-6.9%, depending on the 

combination of the cross-breeding. On the average, for all the studied combinations, the transgression frequency as for the 

plant height was 3.8% (positive) and 2.3% (negative), by the height of the lower bean fastening it was 5.5% (positive) and 1.6% 

(negative) , by the number of beans per plant it was 20.3% (positive) and 2.4% (negative), by the number of seeds from the 

plant the frequency reached the value of 17.6% (positive) and 5.6% (negative), by the mass of the seeds from the plant it was 

19.0% (positive) and 2.3% (negative), by the number of seeds in the bean it was 6.3% (positive) and 4.95 (negative) and by the 

mass of 1000 seeds it ranged within the limits of 11.6% (positive) and 4.7% (negative). 

The following hybrid combinations were distinguished by the degree of the transgressive forms manifestation: 

Dokuchaeivska/Holberg, Dokuchaievska/UDO501709, Dokuchaievska/UDO501722, Pervomaiska/UDO503341, 

Pervomaiska/UDO501722 and Pervomaiska/UDO501709. Thus, from the obtained results it is clear that the highest degree of 

the transgression was observed in the number of beans and seeds from the plant and in the mass of the seeds from the 

plant. According to the other researched signs, the degree of transgression is negligible. The following hybrid combinations 

were identified in the sum of the highest frequency of the transgressive forms in F2: Pervomaiska/UDO503341 (4 signs), 

Dokuchaievska/Holberg, Dokuchaievska/UDO501709, Dokuchaievska/UDO503256, Pervomaiska/UDO501722 and 

Pervomaiska/UDO501709 (3 signs). 

Thus, according to the obtained data it is observed that in most cases the high degree of the transgressive forms was 

combined with their high frequency on the bases of “the number of beans per plant”, “the number of seeds from the plant” 

and “the mass of the seeds from the plant”. The simultaneous combination of the high degree and the transgression 

frequency is quite rare and especially it depends on the well-chosen parental components for the cross-breeding. In our 

studies it has been found that the degree and frequency of the transgressive forms were higher when there was the high 

level of the heterosis (that is, it depended on the cross-breeding combination). Thus, on the basis of the conducted researches 

it can be concluded that when conducting the heterosis selection (especially concerning the productivity), first of all the 

attention should be paid to those combinations that exhibit the high heterosis effect by the number of beans per plant, the 

number of seeds from the plant and the mass of the seeds from the plant. However, there are cases when in the first 

generation of the hybrids there is depression of economically valuable signs, and in the subsequent generations, on the 

contrary, we observe an increase in the degree of the sign manifestation. It is precisely such cases we observed in the further 

study of the hybrid populations. 

The correlative relations between economically valuable features in the system of “parents and descendants” of the type Ph. Vulgaris. 

The combined variability of two or more features is widely used in breeding to predict the effect of the artificial selection. The 

study of the manifestation of the correlative coefficient of the separate features and environmental conditions is very 

important in practice. 

The statistical processing of the obtained results allowed to reveal a reliable correlative dependence as for the signs of “the 

plant height”, “the number of beans per plant”, “the number of seeds from the plant”, “the seed mass from the plant”, “the 

number of seeds in the bean” and “the mass of 1000 seeds” in the system “parents – descendants”. The strong positive 

correlation was noted for the “plant height” between F1 and the parental forms of Dokuchaievska/Isex: Isex (r=0.65), 

Pervomaiska/UDO503256: Pervomaiska (r=0.52) and Pervomaiska/UDO501709: UDO501709 (r=0.86) (Table 7). The influence 

of parents on the formation of the indicated feature reached 42.3%, 27.0% and 74.0%. The adverse parents of the above-

mentioned combinations had little effect on the development of the plant length sign in F1, which is confirmed by the 

determination coefficient (3.2, 0.4 and 7.8%). The average negative correlation dependence was revealed between the F1 

hybrid combination Dokuchaievska/UDO503256 and its maternal form r=-0.42 (Table 7). Accordingly the determination 

coefficient was 17.6%. The relations between the other hybrid combinations and the corresponding parental forms were at a 

quite low level. 

On the basis of “the number of beans per plant”, a strong positive correlative dependence was observed in the system of the 

F1 hybrid Dokuchaievska/UDO503341 and the maternal form of Dokuchaievska (r=0.62) with a determination coefficient of 

38.4% and in the system of the hybrid of F1 Pervomaiska/UDO501709 and its maternal form Pervomaiska (r=0.71) with a 

determination coefficient of 50.4%, respectively. The correlative dependence of the average force was observed between the 

Dokuchaievska/Isex hybrid and its parental form Isex r=0.40 with a determination coefficient of 16.0% and between the 

Pervomaiska/Holberg hybrid and its maternal form r=0.51 with the determination coefficient of 26.0%. 
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On the basis of the “the number of seeds from the plant”, the positive high correlative relation was observed between the 

hybrid combination Pervomaiska/UDO501722 and its parental form (r=0.67) with a tightness of connection of 44.9% (Table 7). 

The same relation was also observed between the hybrid Dokuchaievska/UDO501722 and the parental form (r=0.45) with the 

determination coefficient of 20.3%. The correlative dependence of the average strength was negative by the value between 

the hybrid of Pervomaiska/(UDO503256) and its maternal form (r=-0.50) with a force of influence of 25.0%. 

The strong positive correlation was noted on the basis of “the mass of seeds from the plant” between F1 and the parental 

form of Dokuchiaevska/Holberg: Holberg (r=0.71) (Table 8). The force of influence on the formation of this sign reached 

50.4%. The average positive correlative dependence was found between F1 of the hybrid combination of 

Dokuchaievska/UDO503341 and its parental form: r=-0.42, between the hybrid Dokuchaievska/UDO501722 and its parental 

form (r=0.41) and between the Pervomaiska/Isex hybrid and its parental form (r=0.45). The determination coefficients were 

31.4%, 16.8% and 20.3% respectively. The correlative dependence of the average strength was negative as for the values 

between the Pervomaiska/UDO501722 hybrid and the maternal form (r=-0.61) with the force of influence of 37.2%. The 

relations between the other hybrid combinations and the corresponding parental forms were at a quite low level. 

 

Table 7. Correlation dependence of economic-valuable features between hybrids F1 and parent genotypes of the species Ph. 

vulgaris. 

Hybrids and parental forms 

Plant height 

The height of the 

lower bean 

fastening 

The number of 

beans per plant 

The number of 

seeds from the plant 

r ± Sr* 
Dxy, 

% 
r ± Sr Dxy, % r ± Sr Dxy, % r ± Sr Dxy, % 

Dokuchaievska/Holberg: ♀ -0.25 ± 0.18 6.3 
-0.34 ± 

0.18 
11.6 0.37 ± 0.18 13.7 

-0.11 ± 

0.19 
1.2 

Dokuchaievska/Holberg:♂ 0.21 ± 0.18 4.4 0.03 ± 0.19 0.09 -0.31 ± 0.18 9.6 
-0.15 ± 

0.19 
2.3 

Dokuchaievska/Isex:♀ -0.18 ± 0.19 3.2 0.04 ± 0.19 0.2 0.20 ± 0.19 4.0 
-0.03 ± 

0.19 
0.09 

Dokuchaievska/Isex:♂ 0.65 ± 0.14 42.3 
-0.15 ± 

0.19 
2.3 0.40 ± 0.17 16.0 0.31 ± 0.18 9.6 

Dokuchaievska/UDO503341:♀ 0.03 ± 0.19 0.09 
-0.12 ± 

0.19 
1.4 0.62 ± 0.15 38.4 0.06 ± 0.19 0.4 

Dokuchaievska/UDO503341:♂ 0.17 ± 0.19 2.9 
-0.37 ± 

0.18 
13.7 -0.14 ± 0.19 2.0 0.03 ± 0.19 0.09 

Dokuchaievska/UDO501709:♀ -0.04 ± 0.19 0.2 
-0.15 ± 

0.19 
2.3 -0.18 ± 0.19 3.2 0.03 ± 0.19 0.09 

Dokuchaievska/UDO501709:♂ 0.17 ± 0.19 2.9 0.15 ± 0.19 2.3 0.36 ± 0.18 13.0 0.24 ± 0.18 5.8 

Dokuchaievska/UDO503256:♀ -0.42 ± 0.18 17.6 
-0.03 ± 

0.19 
0.09 -0.32 ± 0.18 10.2 0.16 ± 0.19 2.6 

Dokuchaievska/UDO503256:♂ 0.03 ± 0.19 0.09 
-0.22 ± 

0.18 
4.8 -0.25 ± 0.18 6.3 0.12 ± 0.19 1.4 

Dokuchaievska/UDO501722:♀ 0.06 ± 0.19 0.4 0.03 ± 0.19 0.09 0.18 ± 0.19 3.2 
-0.04 ± 

0.19 
0.2 

Dokuchaievska/UDO501722:♂ -0.12 ± 0.19 1.4 
-0.10 ± 

0.19 
1.0 0.24 ± 0.18 5.8 0.45 ± 0.17 20.3 

Pervomaiska/Holberg:♀ 0.17 ± 0.19 2.9 
-0.21 ± 

0.18 
4.4 0.51 ± 0.16 26.0 

-0.22 ± 

0.18 
4.8 

Pervomaiska/Holberg:♂ -0.21 ± 0.18 4.4 0.05 ± 0.19 0.3 -0.14 ± 0.19 2.0 0.03 ± 0.19 0.09 

Pervomaiska/Isex:♀ 0.16 ± 0.16 2.6 0.10 ± 0.19 1.0 -0.18 ± 0.19 3.2 0.10 ± 0.19 1.0 

Pervomaiska/Isex:♂ 0.37 ± 0.18 13.7 
-0.17 ± 

0.19 
2.9 0.17 ± 0.19 2.9 

-0.11 ± 

0.19 
1.2 

Pervomaiska/UDO503256:♀ 0.52 ± 0.16 27.0 
-0.12 ± 

0.19 
1.4 0.37 ± 0.18 13.7 

-0.50 ± 

0.16 
25.0 

Pervomaiska/UDO503256:♂ 0.06 ± 0.19 0.4 
-0.22 ± 

0.18 
4.8 -0.04 ± 0.19 0.2 0.03 ± 0.19 0.09 

Pervomaiska/UDO503341:♀ -0.04 ± 0.19 0.2 
-0.14 ± 

0.19 
2.0 -0.25 ± 0.18 6.3 0.17 ± 0.19 2.9 

Pervomaiska/UDO503341:♂ 0.21 ± 0.18 4.4 
-0.36 ± 

0.18 
13.0 -0.04 ± 0.19 0.2 

-0.11 ± 

0.19 
1.2 

Pervomaiska/UDO501722:♀ -0.04 ± 0.19 0.2 0.03 ± 0.19 0.09 0.16 ± 0.19 2.6 0.03 ± 0.19 0.09 

Pervomaiska/UDO501722:♂ -0.22 ± 0.18 4.8 0.21 ± 0.18 4.4 0.10 ± 0.19 1.0 0.67 ± 0.15 44.9 

Pervomaiska/UDO501709:♀ 0.28 ± 0.18 7.8 0.08 ± 0.19 0.6 0.71 ± 0.15 50.4 0.08 ± 0.19 0.6 

Pervomaiska/UDO501709:♂ 0.86 ± 0.11 74.0 
-0.16 ± 

0.16 
2.6 -0.02 ± 0.19 0.04 

-0.22 ± 

0.18 
4.8 
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Note: * r – the correlation coefficient, Sr – absolute error, Dxy – the determination coefficient 

 

The average correlation based on “the number of seeds in the bean” was observed between the hybrid combination F1 

Dokuchaievska/UDO501722 and its parental form (r=0.45) and between the hybrid of Pervomaiska/UDO501709 and its 

parental form (r=0.44) (Table 8). The determination coefficients were 20.3% and 19.4% respectively. The correlative 

dependence of the average strength, negative in the value, was observed between the Dokuchaievska/Isex hybrid and the 

parental form r=-0.53 with the determination coefficient of 28.1%; it was also observed between the 

Dokuchaievska/UDO503341 hybrid and the maternal form r=-0.49 and between the Pervomaiska/UDO503341 hybrid and the 

maternal form (r=-0.56) with the force of influence of 28.1%, 24.0% and 31.4%. 

The correlation on the basis of “the mass of 1000 seeds” between the hybrid combination Dokuchaievska/Holberg and the 

parental form had the positive average force, in which only 19.4% of the sign variation was determined by the parental form 

(Table 8). Also the positive correlative relation of the average force was established between the hybrid combination 

Dokuchaievska/UDO501709 and the parental form with the determination coefficient of 20.3%. The correlative dependence 

of the average force, negative in value, was observed between the Dokuchaievska/UDO503341 hybrid and its parental form 

r=-0.49 with the determination coefficient of 24.0% and between the Pervomaiska/UDO503256 hybrid and the maternal form 

(r=-0.53) with the force of influence of 28.1%. 

It has been established that on the basis of “the height of the lower bean fastening” the correlative relation in all the studied 

hybrid combinations is completely absent (Table 8). Besides the correlative dependence between the economically valuable 

features of the parental genotypes and their hybrid combinations of the Ph. vulgaris species, the correlative relations between 

the economically valuable features of the F1 and F2 hybrids and their parental genotypes were found. In this connection the 

weak, medium and strong positive or negative correlative relations were revealed between all the researched features in the 

hybrid collection and in the initial parental forms of the Ph. vulgaris species. 

The average positive correlative dependence was found between the “number of seeds from the plant” and “the number of 

seeds in the bean” (r=0.40-0.61) and between the “number of seeds from the plant” and “the mass of 1000 seeds” (r=0.23-

0.42) (Table 9). 

 

Table 8. Correlation dependence of economic-valuable features between hybrids F1 and parent genotypes of the species Ph. 

vulgaris. 

Hybrids and parental forms 

The seed mass from the 

plant 

Number of seeds in the 

bean 

The mass of 1000 

seeds 

r ± Sr Dxy, % r ± Sr Dxy, % r ± Sr Dxy, % 

Dokuchaievska/Holberg: ♀ -0.29 ± 0.18 8.4 -0.34 ± 0.18 11.6 -0.17 ± 0.19 2.9 

Dokuchaievska/Holberg:♂ 0.71 ± 0.13 50.4 -0.18 ± 0.19 3.2 0.44 ± 0.17 19.4 

Dokuchaievska/Isex:♀ -0.17 ± 0.19 2.9 0.16 ± 0.19 2.6 0.14 ± 0.19 2.0 

Dokuchaievska/Isex:♂ 0.29 ± 0.18 8.4 -0.53 ± 0.16 28.1 -0.08 ± 0.19 0.6 

Dokuchaievska/UDO503341:♀ 0.25 ± 0.18 6.3 -0.15 ± 0.19 2.3 0.12 ± 0.19 1.4 

Dokuchaievska/UDO503341:♂ 0.56 ± 0.16 31.4 0.13 ± 0.19 1.7 -0.49 ± 0.16 24.0 

Dokuchaievska/UDO501709:♀ -0.18 ± 0.19 3.2 -0.25 ± 0.18 6.3 0.20 ± 0.19 4.0 

Dokuchaievska/UDO501709:♂ 0.32 ± 0.18 10.2 0.18 ± 0.19 3.2 0.45 ± 0.17 20.3 

Dokuchaievska/UDO503256:♀ 0.13 ± 0.19 1.7 -0.49 ± 0.16 24.0 -0.11 ± 0.19 1.2 

Dokuchaievska/UDO503256:♂ -0.55 ± 0.16 30.3 -0.26 ± 0.18 6.8 -0.08 ± 0.19 0.6 

Dokuchaievska/UDO501722:♀ 0.08 ± 0.19 0.6 0.09 ± 0.19 0.8 -0.17 ± 0.19 2.9 

Dokuchaievska/UDO501722:♂ 0.41 ± 0.17 16.8 0.45 ± 0.17 20.3 0.30 ± 0.18 9.0 

Pervomaiska/Holberg:♀ 0.19 ± 0.19 3.6 -0.18 ± 0.19 3.2 -0.15 ± 0.19 2.3 

Pervomaiska/Holberg:♂ 0.27 ± 0.18 7.3 0.32 ± 0.18 10.2 -0.08 ± 0.19 0.6 

Pervomaiska/Isex:♀ 0.14 ± 0.19 2.0 -0.15 ± 0.19 2.3 0.16 ± 0.19 2.6 

Pervomaiska/Isex:♂ 0.45 ± 0.17 20.3 0.13 ± 0.19 1.7 -0.17 ± 0.19 2.9 

Pervomaiska/UDO503256:♀ -0.21 ± 0.18 4.4 -0.25 ± 0.18 6.3 -0.53 ± 0.16 28.1 

Pervomaiska/UDO503256:♂ -0.16 ± 0.19 2.6 0.19 ± 0.19 3.6 0.14 ± 0.19 2.0 

Pervomaiska/UDO503341:♀ 0.32 ± 0.18 10.2 -0.56 ± 0.16 31.4 -0.15 ± 0.19 2.3 

Pervomaiska/UDO503341:♂ -0.17 ± 0.19 2.9 -0.17 ± 0.19 2.9 0.14 ± 0.19 2.0 

Pervomaiska/UDO501722:♀ -0.61 ± 0.15 37.2 -0.34 ± 0.18 11.6 -0.18 ± 0.19 3.2 

Pervomaiska/UDO501722: ♂ 0.29 ± 0.18 8.4 0.13 ± 0.19 1.7 0.12 ± 0.19 1.4 

Pervomaiska/UDO501709:♀ 0.08 ± 0.19 0.6 -0.25 ± 0.18 6.3 -0.18 ± 0.19 3.2 

Pervomaiska/UDO501709:♂ -0.18 ± 0.19 3.2 0.44 ± 0.17 19.4 0.32 ± 0.18 10.2 

Note: * r – the correlation coefficient, Sr – absolute error, Dxy – the determination coefficient 

 

The determination coefficient was within the range of 16.0-33.6% and 5.3-18.5%. The positive and negative weak correlative 

relations were found between “the height of the plant” and “the height of the lower bean fastening” (r=0.01-0.18 and r=- 0.02-

0.21); between “the height of the plant” and “the number of seeds in the bean" (r=0.02-0.20 and r=- 0.06-0.21); between “the 

height of the plant” and “the mass of 1000 seeds” (r=-0.10-0.24 ); between “the height of the lower bean fastening” and “the 

number of beans” (r=0.02-0.13 and r=-0.03-0.05). The same relations were also found between “the height of the lower bean 
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fastening” and “the number of seeds” (r=0.02-0.13 and r=-0.02-0.13); between “the height of the lower bean fastening” and 

“the number of seeds in the bean” (r=0.02-0.15 and r=-0.02-0.07), between “the height of the lower bean fastening” and “the 

mass of the seeds from the plant” (r=0.02-0.15 and r=-0.02 -0.09), between “the height of the lower bean fastening” and “the 

mass of 1000 seeds” (r=0.01-0.04 and r=-0.01-0.08), between “the number of beans from the plant” and “the mass of 1000 

seeds” (r=0.01-0.06 and r=-0.03-0.26), between “the number of seeds in the bean” and “the mass of the seeds from the plant” 

(r=0.01-0.14 and r=-0.06-0.16) and between “the mass of seeds from the plant” and the “the mass of 1000 seeds” (r=-0.01-0.14) 

(Table 9). The determination coefficient was quite low. At the same time the positive close connections were found. They 

reached the level of the strong correlations between “the plant height and the number of beans per plant” (r=0.64-0.86), 

between “the plant height and the number of seeds from the plant” (r=0.68-0.93), betewen “the plant height” and “the mass of 

seeds from the plant” (r=0.60-0.81), between “the number of beans from the plant” and “the number of seeds from the plant” 

(r=0.70-0.93), between “the number of beans from the plant” and “the mass of the seeds from the plant” (r=0.65-0.86), and 

between “the number of seeds from the plant” and “the mass of seeds from the plant” (r=0.66-0.89) (Table 9). The 

determination coefficient was in the range of 41.0-74.0%, 46.2-86.5%, 36.0-65.6%, 49.0-86.5%, 39.7-74.0%, and 43.6-79.2% 

respectively. The negative weak correlative relations reached the average level between “the number of seeds in the bean” 

and “the mass of 1000 seeds” r=-0.03-0.37% respectively. 

The comparative estimation of the received data showed that between the various signs of the hybrids and parental forms, 

the most widespread is the correlative dependence of the low force. The analysis of the manifestation degree of the 

correlative relations between the F1 and F2 hybrids and their parental forms of Ph. vulgaris species showed that both parental 

forms have strong, medium and weak correlative relations with the prevalence of the latter. 

In the first generation we have noted the dominance of the correlative relations of weak forces, in addition there is a small 

number of strong connections between the investigated features. In the next generation, the level spectrum of the correlative 

relations extends as a result of splitting; we observe three degrees of the correlative relations tightness manifestation. In our 

case the F2 hybrids are characterised by the presence of strong, medium and weak relations with the prevalence of the latter. 

 

Table 9. Degree of manifestation of correlations in hybrids F1, F2 and their parent forms of the form Ph. vulgaris. 

Signs 
The correlation coefficient 

 F1 F2 ♀ ♂ 

РH: HLB* 
Positive 0.03-0.18 0.01-0.16 0.06-0.17 0.08-0.13 

Negative 0.08-0.21 0.02-0.11 - 0.11-0.12 

РH: NB 
Positive 0.64-0.84 0.67-0.86 0.73-0.76 0.69-0.85 

Negative - - - - 

РH: NS 
Positive 0.70-0.88 0.68-0.86 0.83-0.93 0.73-0.89 

Negative - - - - 

РH: NSB 
Positive 0.05-0.13 0.02-0.20 0.10-0.12 0.11-0.20 

Negative 0.07-0.18 0.06-0.16 - 0.09-0.21 

РH: SM 
Positive 0.60-0.80 0.63-0.79 0.66-0.69 0.62-0.81 

Negative - - - - 

РH:М1000 
Positive - - - - 

Negative 0.13-0.28 0.10-0.24 0.12-0.22 0.12-0.19 

HLB: NB 
Positive 0.02-0.13 0.02-0.13 0.03-0.08 0.05-0.12 

Negative 0.03-0.05 0.03-0.05 - - 

HLB: NS 
Positive 0.04-0.13 0.02-0.10 0.10-0.12 0.11-0.16 

Negative 0.08-0.12 0.02-0.13 - 0.08-0.11 

HLB: NSB 
Positive 0.02-0.10 0.02-0.07 0.08-0.15 0.02-0.08 

Negative 0.05 0.02-0.07 - - 

HLB: SM 
Positive 0.02-0.13 0.03-0.11 0.09-0.12 0.02-0.15 

Negative 0.04-0.09 0.02-0.06 - - 

HLB:М1000 
Positive 0.01-0.04 0.01-0.02 0.01-0.03 0.01-0.02 

Negative 0.01-0.08 0.02-0.03 - 0.01-0.03 

NB: NS 
Positive 0.75-0.90 0.72-0.90 0.82-0.90 0.70-0.93 

Negative - - - - 

NB: SM 
Positive 0.69-0.86 0.65-0.86 0.79-0.82 0.63-0.85 

Negative - - - - 

NB:М1000 
Positive 0.02-0.06 0.01 - - 

Negative 0.06-0.19 0.03-0.17 0.23-0.26 0.09-0.21 

NS: NSB 
Positive 0.40-0.61 0.40-0.58 0.40-0.52 0.47-0.58 

Negative - - - - 

NS: SM 
Positive 0.72-0.89 0.66-0.87 0.78-0.85 0.72-0.83 

Negative - - - - 

NS:М1000 
Positive - - - - 

Negative 0.23-0.42 0.26-0.43 0.30-0.39 0.27-0.37 

NSB: SM 
Positive 0.05-0.11 0.01-0.14 0.08-0.10 0.07-0.12 

Negative 0.06-0.16 0.07-0.16 - 0.10-0.11 
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NSB:М1000 
Positive - - - - 

Negative 0.03-0.31 0.04-0.37 0.08-0.10 0.07-0.37 

SM:М1000 
Positive - - - - 

Negative 0.01-0.14 0.01-0.13 0.10-0.11 0.03-0.14 

Note: * РH – Plant height, HLB – The height of the lower bean fastening, NB – The number of beans per plant, NS – The number of seeds from 

the plant, NSB – Number of seeds in the bean, SM – The seed mass from the plant, М1000 – The mass of 1000 seeds. 

 

Discussion 
The detailed study of the variability range of the proguctivity component elements will make it possible to conduct the 

effective selections of the perspective hybrid plants at earlier stages of their study and use them for the further breeding 

work (Nerinéia Dalfollo et al., 2014), especially when conducting the breeding relating the resistance to the main harmful 

organisms (Valérie et al. 2000; Geovani, 2007). The effective use of such resources will be the main condition for the 

biosystems adaptation to the climate change (Stephen et al., 2007; Phillip et al., 2011; Kwabena et al., 2016). The conducted 

researches clearly show the specificity of changes in the basic elements of the productivity of the bean intraspecies hybrids. 

The cyclic changes that occur in the environment are often accompanied by the reorganization in the state of populations. In 

the middle of the nineteenth century two theoretical concepts of the population dynamics were formulated simultaneously. 

They are “the moving equilibrium” concept and the trophoclimatic one, formulated by K.F. Rouille (1814-1858). Their essence 

and conceptual foundations are described in the review of I.Ya Poliakov (1912-1992), who showed the formation of the basic 

theoretical ideas about the dynamics of the populations in the historical aspect (Stankevych et al., 2019). 

With the thorough study of the crop, the knowledge of the varieties genotypes and their donor properties, there was a 

necessity to improve the existing varieties and to obtain the new ones by the hybridization method (Myounghai et al., 2009; 

Corrêa et al., 2016). 

Almost at every cross-breeding the selectionist pays attention to the transgressive forms which allow him to conduct the 

selections successfully. Very often the transgressions occur with the convergent cross-breeding, that is, while breeding the 

forms that are separated geographically or they are very different phenotypically or genotypically (Singh et al., 1995). As many 

researchers think, it is quite effective to conduct a preliminary top-crossing or a diallel cross-breeding in the local conditions 

in order to detect the donor qualities of the source material (Jai et al., 2012). Under modern conditions the genetic selection 

with the use of the microsatellite locus and the genes identification with the help of the QTL alazil are used for phenotyping 

and determining the agronomically important characteristics of the source material, which, in its turn, facilitates the selection 

strategy (Taislene et al., 2006; Elliot et al., 2009; Monik et al. al, 2011). 

 

Conclusions 
As the result of the conducted intraspecific hybridization it has been established that the percentage of the hybrid beans 

ovary depends on the combination of the cross-breeding (the well-chosen parental pairs). 

The ovary rate varied from 26.0 to 44.0%. While conducting the intraspecific hybridization, we managed to obtain the hybrid 

beans when crossing the common bean with the multiflora bean. The ovary rate varied within the range of 10.0-20.0%, 

depending on the combination of the cross-breeding. 

It has been established that the component elements of the yield are quite variable in the parental forms, as well as in the 

first and second generations’ hybrids. The most changeable signs turned to be “the number of beans per plant”, “the number 

of seeds from the plant” and “the mass of seeds from the plant”; and the least changeable were “the number of seeds in the 

bean” and “the mass of 1000 seeds”. The signs of “the plant height” and “the height of the lower bean fastening” had an 

average coefficient of variation. 

It has been found that the hybrids inherited the plant height in three types: the partial positive dominance, the intermediate 

inheritance and the partial negative dominance. 

The inheritance of the height of the lower beans tier fastening above the level of soil occurs by the types of the positive 

overdomination and the intermediate inheritance. The number of beans per plant is inherited in all combinations by the type 

of the positive overdomination. The inheritance of the number of seeds from the plant occurs by the types of the positive 

overdomination, the positive domination and the intermediate inheritance. 

The mass of seeds from the plant in the first-generation hybrids is inherited by the types of the positive overdomination and 

the intermediate inheritance. The inheritance of the number of seeds in the bean occurs by the types of the positive 

overdomination, the partial positive domination, the intermediate inheritance and the partial negative domination. The mass 

of 1000 seeds is inherited by the types of the positive domination and the intermediate inheritance. 

On the basis of the statistical analysis of the data concerning the inheritance of the elements of productivity, the following 

combinations of the cross-breeding are selected: Dokuchaievska/Holberg, Dokuchaievska/UDO501722, 

Pervomaiska/UDO501722 and Pervomaiska/UDO501709 (most of the studied features in the hybrid populations are 

genetically determined and their positive heterosis effect is found). 

For most of the studied economically valuable signs, the degree and frequency of the positive transgressions exceeded the 

degree of the negative ones, with the exception of the sign of the height of the lower bean fastening on the plant. 

The highest degree of the transgression was observed in the number of beans and seeds from the plant and the mass of the 

seeds from the plant. According to the other researched signs the degree of the transgression was negligible. 
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By the degree of the manifestation and frequency of the transgressive forms appearance, the following hybrid combinations 

are distinguished: Dokuchaievska/Holberg, Dokuchaievska/UDO501709, Dokuchaievska/UDO501722, 

Pervomaiska/UDO503341, Pervomaiska/UDO501722 and Pervomaiska/UDO501709. 

In order to secure the economically valuable characteristics of the parental forms in the variety, it is necessary to take into 

account the existence of correlative relations between the signs in the system of “parent-descendants”. In some cases there is 

the dependence between the signs of the parental forms and their hybrids, which proves the importance of the proper 

selection of pairs for the hybridization in order to create the perspective hybrids. 

 

References 
Abramova, Z. V. (1992). Praktikum po genetike. Agropromizdat, Moskva (in Russian). 

Basset, M. J. (2004) List of genes - Phaseolus vulgaris L. Ann Rep Bean Improv Coop, 47(1), 24. 

Baudoin, J. P. (1988). L"amelioration de Phaseolus lunatus L. en zones tropicales. 1. Taxonomie, origine et evolution du genre 

Phaseolus et de l"espece etudiee. Bull Rech. agron. Gembloux, 23(3), 237-260. 

Bezugla, O. M. (1999). Visota roztashuvannja bobіv na roslinі kvasolі – vazhliva selekcіjna oznaka. Selekcіja і nasіnnictvo, 82, 

74-78 (in Ukrainian). 

Boudet, J. C. (1977). Origene et classification des expeces cultivees du genre Phaseolus. Bull Soc Roy Bot Beld, 110(1/2), 65-76. 

Available from: https://www.jstor.org/stable/20793672. 

Chekalina, N. M. (1987). Metodicheskie ukazanija po izucheniju obrazcov mirovoj kollekcii fasoli. L. (in Russian). 

Corrêa, A. M., Teodoro, P. E., Gonçalves, M. C., Santos, A., & Torres, F. E. (2016). Selection of common bean (Phaseolus vulgaris 

L.) genotypes using a genotype plus genotype x environment interaction biplot. Genet Mol Res, 15(3). doi: 

10.4238/gmr.15038427. 

Dospehov, B. A. (1985). Metodika polevogo opyta (s osnovami statisticheskoj obrabotki rezul'tatov issledovanij). 

Agropromizdat, Moskva (in Russian). 

Elliot, L. H., Aaron, J. L., Jean-Luc, J., & Mark, E. (2009). Plant Breeding with Genomic Selection: Gain per Unit Time and Cost 

Sorrells. Crop breeding & Genetics, 50(5), 1681-1690. doi:10.2135/cropsci2009.11.0662. 

Epimaki, M. K., Shree, P. S., & Paul, G. (1995). Genetic Control of the Domestication Syndrome in Common Bean. Crop Science, 

36(4), 1037-1045. 

Geovani, B. A., Ângela, de F. B. A., Magno, A. P. R., & Flávia, B. S. (2007). Phenotypic recurrent selection in the common bean 

(Phaseolus vulgaris L.) with carioca-type grains for resistance to the fungi Phaeoisariopsis griseola. Genetics and Molecular 

Biology, 30(3), 584-588 http://dx.doi.org/10.1590/S1415-47572007000400014. 

Golovan', L. V., & Puzіk, V. K. (2011). Analіz uspadkuvannja ta zcheplennja lokusіv, shho kodujut' morfologіchnі oznaki ta 

іzofermenti u kvasolі zvichajnoї (Phaseolus vulgaris L.). Selekcіja і nasіnnictvo, 100, 225-237 (in Ukrainian). 

Golovan', L. V., & Puzіk, V. K. (2011). Ocіnka mіnlivostі zrazkіv kvasolі zvichajnoї (Phaseolus vulgaris) za dopomogoju RAPD – 

markerіv. Bіologіja roslin ta bіotehnologіja: materіali mіzhnar. konf. molodih uchenih, Bіla Cerkva, 57 (in Ukrainian). 

Golovan', L. V., & Puzіk, V. K. (2011). Vnutrіshn'o– ta mіzhvidovij polіmorfіzm іzofermentnih sistem amerikans'koї grupi vidіv 

rodu Phaseolus L. Aktual'nі problemi botanіki ta ekologії. Proceed. Int. Conf. Berezne (in Ukrainian). 

Golovan', L. V., Puzіk, V. K., & Popov, V. M. (2011). Mіnlivіst' fermentnih sistem u predstavnikіv rodu Phaseolus L. Genetichnі 

resursi roslin (in Ukrainian). 

Goncharenko, G. G., Silin, A. E., & Padutov, V. E. (1993). Issledovanie geneticheskoj struktury i urovnja differenciacii u Pinus 

sylvestris L. v central'nyh i kraevyh populjacijah Vostochnoj Evropy i Sibiri. Genetika, 29(12), 2019– 2037 (in Russian). 

Gostimskij, S. A., Kokaeva, Z. G., & Bobrova, V. K. (1999). Ispol'zovanie molekuljarnih markerov dlja analiza genoma rastenij. 

Genetika, 35, 1538-1549 (in Russian). 

Guy, F., & Hubert, B. (1988). Selection Methods in the Common Bean (Phaseolus vulgaris). Genetic Resources of Phaseolus 

Beans, pp: 503-542. 

Guy, F., & Hubert, B. (1988). Genetic Resources of Phaseolus Beans: Their maintenance, domestication, evolution and 

utilization. Selection Methods in the Common Bean (Phaseolus vulgaris). doi 10.1007/978-94-009-2786-5_21. 

Jai, H. C., & Elizabeth, S. (2012). Diallel analysis of the genetic variation in some quantitative traits in dry beans New Zealand. 

Journal of Agricultural Research, 28, 223-231. https://doi.org/10.1080/00288233.1973.10421139 

Jones, N., Ougham, H., Thomas, H. (1997). Markers and mapping: we are all geneticists now. New Phytol, 137, 165-177. 

Katalog mirovoj kollekcii VIR. Fasol'. Harakteristika obrazcov po aktivnosti ingibitorov tripsina, soderzhaniju belka v semenah i 

drugim hozjajstvenno cennym priznakam (2004). VIR, Sainct Petersburg, 745 (in Russian). 

Kochieva, E. Z., Ryzhova, N. N., Hrapalova, I. A., & Puhal'skij, V. A. (2002). Ispol'zovanie metoda RAPD analiza v opredelenii 

geneticheskogo polimorfizma i filogeneticheskih svjazej u predstavitelej roda Lycopersicon (Tourn.) Mill. Genetika, 38(6), 874-

880 (in Russian). 

Konarev, V. G., Gavriljuk, I. P., & Gubareva, N. K. (2000). Identifikacija sortov i registracija genofonda kul'turnyh rastenij po 

belkam semjan. VIR, Sainct Petersburg (in Russian). 

Konovalov, A. A., Moiseeva, E. A., & Goncharov, N. P. (2008). Analiz nasledovanija i sceplenija nekotoryh priznakov v 

hromosome 5R u rzhi Secale cereal L. Selekcіja і nasіnnictvo, 96, 106-112. 

Kozhuhova, N. Je., & Sivolap, Ju. M. (2006). Molekuljarnye markery v genetiko– selekcionnyh issledovanijah kukuruzy. Citologija 

i genetika, 40(5), 69.80. 

Kwabena, D., Daniel, A., Hussein, M., Asrat, A., & Matthew, W. B. (2016). Evaluation of common bean (Phaseolus vulgaris L.) 

genotypes for drought stress adaptation in Ethiopia. The Crop Journal, 4(5), 367-376. https://doi.org/10.1016/j.cj.2016.06.007. 



 
169                         The inheritance of economically valuable features in the intraspecific hybridization of bean 

Ukrainian Journal of Ecology, 9(2), 2019 

 

 

Malyshev, S. V., Vojlokov, A. V., & Korzun, V. N. (2005). Kartirovanie genoma rzhi (Secale cereale L.) s pomoshh'ju molekuljarnyh 

markerov. Vestnik Vogis, 9(4), 473-480 (in Russian). 

Mitranov, L. (1997). Problemi,postizhenija i perspektivi na mezhduvidovata hibridizacija pri obiknovenija fasul Ph. vulgaris L. 

Selskostop. Nauka, 35(4/6), 11-12 (in Russian). 

Molhova, E., & Coneva, S. (1986). Razrastvane na integumentalnija tapetum – bariera na nesovmestimostta pri hibridizacija na 

Phaseolus vulgaris L. i P. Lunatus. Genet. Selekcija, 19(4), 303-308 (in Russian). 

Monik, E. L., João, B. d. S., Flávia, F. C., & Karla, R. C. (2011). Natural selection in common bean microsatellite alleles and 

identification of QTLs for grain yield. Electronic Journal of Biotechnology, 14(1). doi: 10.2225/vol14-issue1-fulltext-7. 

Myounghai, K., & Paul, G. (2009). Structure of genetic diversity in the two major gene pools of common bean (Phaseolus 

vulgaris L., Fabaceae). Theoretical and Applied Genetics, 118(5), 979-992. doi 10.1007/s00122-008-0955-4. 

Nerinéia, D. R., Evandro, J., Sandra, M. M., Lindolfo, S., & Daniele, P. R. (2014). Selection of common bean lines with high grain 

yield and high grain calcium and iron concentrations. Ceres Rev. Ceres, 61(1), 77-83 http://dx.doi.org/10.1590/S0034-

737X2014000100010 

McClean, P. E., Burridge, J., Beebe, S., Rao, I. M., & Porch, T. G. (2011). Crop improvement in the era of climate change: an 

integrated, multi-disciplinary approach for common bean (Phaseolus vulgaris). Functional Plant Biology, 38(12), 927-933. 

http://dx.doi.org/10.1071/FP11102. 

Shirokij unіfіkovanij klasifіkator Ukraїni rodu Phaseolus L. (2004). Harkіv (in Ukrianian). 

Singh, S. P., & Urrea, C. A. (1995). Inter-and intraracial hybridization and selection for seed yield in early generations of 

common bean, Phaseolus vulgaris L. Euphytica, 81(2), 131-137. 

Stankevych, S.,V., Vasylieva, Yu. V., Golovan, L. V., Zabrodina, I. V., Lutytska, N. V., Nakonechna, Yu. O., Molchanova, O. A., 

Chupryna, Yu. Yu., & Zhukova, L. V. (2019). Chronicle of insect pests massive reproduction. Ukrainian Journal of Ecology, 9(1), 

262-274. 

Beebe, S. E., Rao, I. M., Cajiao, C., & Grajales, M. (2008). Selection for drought resistance in common bean also improves yield 

in phosphorus limited and favorable environments. Crop Science, 48(2), 582-592. doi:10.2135/cropsci2007.07.0404. 

Rodrigues, T. B., & Santos, J. B. D. (2006). Effect of natural selection on common bean (Phaseolus vulgaris) microsatellite 

alleles. Genetics and Molecular Biology, 29(2), 345-352. http://dx.doi.org/10.1590/S1415-47572006000200024. 

Geffroy, V., Sévignac, M., De Oliveira, J. C., Fouilloux, G., Skroch, P., Thoquet, P., Paul, G., Thierry, L., & Michel, D. (2000). 

Inheritance of Partial Resistance Against Colletotrichum lindemuthianum in Phaseolus vulgaris and Co-localization of 

Quantitative Trait Loci with Genes. Involved in Specific Resistance, 13(3), 287-296. 

https://doi.org/10.1094/MPMI.2000.13.3.287. 

Volkodav, V. V. (2000). Metodika derzhavnogo sortoviprobuvannja sіl'skogospodars'kih kul'tur. Kyiv (in Ukrainian). 

 

 
 

Citation: Golovan, L.V., Klymenko, I.V., Stankevych, S.V., Vasylieva, Yu.V., Chupryna, Yu.Yu., Zabrodina, I.V., Zhukova, L.V., Nazarenko, V.V., 

Belay, Yu.M. (2019). The inheritance of economically valuable features in the intraspecific hybridization of bean (Рhaseolus L). Ukrainian 

Journal of Ecology, 9(2), 156-169. 

 This work is licensed under a Creative Commons Attribution 4.0. License 
 
 


