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1. Intrоduсtiоn 

Among the vegetables, beans (Phaseolus vulgaris 

L.) with quire rich nutritional values and great con-

sumptions throughout the world, are significant plants 

of Leguminosae family. They have a significant place 

in human nutrition (Nadeem et al. 2004). Beans are 

consumed as fresh, dried and canned foods. Fresh bean 

is produced almost in all regions of Turkey. It is quite 

rich in vitamins A, B1, B2 and D. It also neutralize 

body acids and create base excess in the body. Digesti-

bility of the beans is 84.1%. It was even reported that 

phasol and phaseolin in bean pods had similar charac-

teristics with insulin used in diabetes and therefore 

used to reduce blood sugar levels. Fresh beans supply 

raw material to vegetable processing industry 

(Madakbas 2017). 

World fresh bean production was 213 651 119 tons 

from 15 million hectares in 2019. Indonesia with annu-

al production of 881 613 tons corresponding to 41% of 

world production is the leading fresh bean producer of 

the world. Indonesia is followed by Turkey (30%) and 

India (29%) in fresh bean production of the world. On 

the other hand, with regard to fresh been cultivated 

lands, India with 1.7 million hectares has the first place 
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and it is followed by Thailand and Indonesia (FAO 

2020). 

Genotypes with significantly positive general and 

specific combining ability (GCA and SCA) were re-

ported for plant height, number of pods per plant, num-

ber of seed per pod, number of seed per plant and seed 

yield per plant of fresh bean hybrids (Zimmermann et 

al. 1985; Singh and Urrea 1994; Oliveira et al. 1997; 

Rodrigues et al. 1998; Barelli et al. 2000; Bozoglu and 

Sozen 2007; Ceyhan et al. 2014a;b). The genotypes 

with a high GCA variance can be used as a basic breed-

ing source in such breeding programs (Oliveira et al., 

1997; Oliveira et al., 1997). 

It was reported that non-additive genes were effec-

tive on plant height, seed yield and hundred-seed 

weights of beans (Ceyhan et al. 2014b), additive genes 

were effective on seed yield and harvest index (Zim-

mermann et al. 1985; Singh and Urrea 1994; Oliveira et 

al. 1997; Rodrigues et al. 1998; Barelli et al. 2000), a 

single gene allele was effective on number of ovaries in 

broad beans (Al-Mukhtar and Coyne 1981), non-

additive genes were effective on heredity of pod char-

acteristics and plant height (Rodrigues et al. 1998; 

Ceyhan et al. 2014b), non-additive genes were also 

effective on heredity of protein ratio and yield (Ceyhan 

et al. 2014a). 

Previous breeding studies of beans have mostly fo-

cused on selection breeding. Therefore, it is now evi-
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dent to focus on hybridizations to improve genetic 

variations. Such variation to be created through hybrid-

izations and can be used to develop and breed bean 

varieties and ultimately improve unit area yields and 

quality, to develop cultivars resistant to pests and dis-

eases and to create gene sources. Plant genetics and 

environmental factors are the most significant condi-

tions influencing yield and quality of plants. If the 

genetic structure of the plant is not available for high 

yield and quality, it will be impossible to improve the 

yield and quality regardless of quite available environ-

mental conditions. To develop new varieties through 

breeding works, either high-yield and quality geno-

types adaptable to available environmental conditions 

should be selected or the insufficient aspects of availa-

ble genotypes should be improved. In present study, 

hybridizations were performed among 5 fresh bean 

genotypes with superior agronomic and technological 

characteristics. The objectives of the present study 

were set as to investigate genetic structure of F1 hy-

brids, to identify proper parents and combinations, to 

determine heritability, heterosis and heterobeltiosis of 

investigated traits and finally to identify the hybrids 

with superior agronomic and technological characteris-

tics and available for machine-agriculture. 

2. Materials and Methods 

In present study, 3 fresh bean cultivars (Ribera 

(Romano-type, medium-power plant structure, medi-

um-green fruits, high-yield, able to preserve pod color 

and freshness for longer periods. Available for fresh 

consumption, industrial process and machine-harvest), 

SF08/03 (strong root system, medium earliness. 

ground-type, cylindrical fruits, elliptic and white seeds) 

and Java (dwarf-type, early cultivar, smooth pod shape, 

bright green pod color, stringless pods, recommended 

to be sown in spring and autumn, available for fresh 

consumption and canning, suitable for manual and 

machine-harvest), with already known and superior 

characteristics and 2 pole-type fresh bean lines (Mor 

Toparlak (climbing –type, cylindrical pods, light green 

stringless pods, oval, large and light brown seeds) and 

Beyaz Toparlak (climbing –type, cylindrical pods, light 

green stringless pods, oval, large and white seeds) 

developed by Prof. Dr. CEYHAN through hybridiza-

tions and with different characteristics were used as the 

plant material. 

Experiments were conducted in fully-automated 

breeding greenhouse of Field Crops Department at 

Selcuk University Agricultural Faculty in 2016. Exper-

iments were initiated with the sowing of 5 fresh bean 

genotypes at 4 different sowing dates starting from 20th 

of March. In this way, concurrent flowering of fresh 

bean genotypes was achieved. For convenient hybridi-

zations, parents were sown over 2m long rows with 1 

m row spacing and 20 cm on-row plant spacing. Hy-

bridizations were performed in accordance with 

Ceyhan et al. (2014b). At least 23 seeds were obtained 

from each one of 20 hybrid combinations. 

Hybridizations were conducted with 9 full-diallel 

(reciprocal) parents in accordance with 5x5 equation 

and 20 hybrid combinations were obtained. Of the 

hybrid seeds, 15 and parents were also grown under 

greenhouse conditions. Greenhouse experiments were 

conducted in “Randomized Blocks Design” with three 

replications over 1 m long plots. Experiments were set 

up at “Fully Automated Plant Breeding Greenhouse of 

Selcuk University” on 15 April 2017. Harvest was 

performed in August. To meet the nutritional needs of 

the hybrids and parents, a uniform 15 kg DAP (Di-

ammonium Phosphate) was applied to all plots. Manual 

and machine weed control was practiced and 5 irriga-

tions were performed through drip irrigation. Through-

out out plant growth period in fully-automated breed-

ing greenhouse, day temperature was set at 25 ºC, night 

temperature was set at 18 ºC, relative humidity was set 

at 50-55% and wind speed was set at 5 km/h. 

Measurements and counts on investigated parame-

ters were performed on parents and hybrids of 5 plants 

of each plot. Plant height, pod length, number of pods 

per plant, number of seed per pod, number of seed per 

plant, seed yield, hundred-seed weight, protein ratio 

and protein yield were investigated in this study 

(Ceyhan et al. 2014a;b). 

The measurements and observations made on F1 

plants were initially subjected to variance analysis in 

accordance with “Randomized Blocks Design”. Diallel 

analysis was performed for traits between with there 

are 1% and at least 5% significant variance. This analy-

sis and calculations were conducted with TARPOP-

GEN software. 

The method specified by (Griffing 1956) was taken 

into consideration and Model-I and Metot-1 were em-

ployed in diallel hybrids. This method covers parents 

and hybrids including reciprocals. Broad sense herita-

bility of investigated traits was determined with vari-

ance components method. Narrow sense heritability 

was expressed as the ratio of additive genetic variance 

to phenotypic variance (Falconer 1980). Percent heter-

osis values were calculated in accordance with the 

principles specified in Fonseca and Patterson (Fonseca 

and Patterson 1968). 

3. Results and Discussion 

Mean squares of initial variance analysis and com-

bining ability variance analysis for investigated traits 

are provided in full diallel hybrid set in Table 1. 

In full diallel variance analysis for investigated 

traits, mean squares of hybrids were found to be signif-

icant for all traits. Genotypes had significant variation 

at 1% level for all traits (Table 1). Combining ability 

variance analysis in full-diallel hybrid set revealed 

significant differences in GCA values for all traits 

except for number of seeds per pod. On the other hand, 

significant differences were observed in SCA values 

for all traits. With regard to variations in reciprocal 

effect, differences in all traits were found to be signifi-

cant (Table 1). 
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Table 1 

Mean squares of initial variance analysis and combining ability variance analysis for investigated traits in full-diallel 

hybrid set  

Source of Variation  SD Plant Height 
Pod 

Length 

Number of 

Pods per Plant 

Number of 

Seeds per Pod 

Number of 

Seeds per 

Plant 

Blocks 2 205.013 2.736 3.040 0.120 18.840 

Genotypes 24 6152.802** 8.884** 53.667** 1.919** 1302.056** 

Error 48 487.861 2.456 9.373 0.676 159.604 

GCA 4 8168.603** 4.681** 26.394** 0.192 444.839** 

SCA 10 1084.378** 3.600** 21.326** 0.930** 571.920** 

Reciprocal Effect 10 570.422** 1.635 11.050** 0.528* 291.789** 

Error 48 162.620 0.819 3.124 0.225 53.2013 

Source of Variation  
SD Seed Yield 

Hundred Seed 

Weight 
Protein Ration Protein Yield  

Blocks 2 52.239 10.720 0.234 4.184  

Genotypes 24 306.678** 463.333** 19.017** 17.453**  

Error 48 37.905 17.803 0.228 2.446  

GCA 4 155.144** 225.322** 27.983** 2.5392*  

SCA 10 104.539** 179.6933** 2.483** 8.226**  

Reciprocal Effect 10 78.746** 100.844** 1.537** 4.720**  

Error 48 12.635 5.934 0.076 0.815  
* : significant at 5% level , ** : significant at 1% level  

3.1. Plant heights:  

Among the morphological characteristics, plant 

height plays a significant role in yield levels, therefore 

it is considered as an important yield factor (Ceyhan 

2004; Sozen et al., 2014). Recent breeding studies on 

fresh beans focused on development of dwarf cultivars 

available for machine harvest. Plant heights of F1 gen-

eration varied between 32.67 cm (SF 08/03 x Ribera) 

and 166.33 cm (Mor Toparlak x SF 08/03) (Table 2). 

Previous researchers also reported similar findings for 

plant heights of fresh bean cultivars (Ceyhan et al. 

2014b; Ceyhan 2004; Genchev 1995; Ulker and 

Ceyhan 2008). 

With regard to plant height, ²GCA was lower than 

²SCA and (H/D)1/2 ratio was greater than 1 (Table 2). 

Such findings revealed that non-additive gene effects 

and dominant gene effects were effective on heredity of 

this trait. Ceyhan et al. (2014b) also reported the effects 

of non-additive genes and dominant gene effects on 

heritability of plant height of fresh beans. 

With regard to parent GCA for plant height, while 

Mor Toparlak and Beyaz Toparlak had significant 

positive (p < 0.01) GCA, SF 08/03 (p<0.05), Ribera 

(p<0.01) and Java (p<0.01) had significant negative 

GCA (Table 3). Therefore, Mor Toparlak and Beyaz 

Toparlak cultivars with significant positive GCA were 

identified as the parents to be used in hybridization 

studies to increase plant heights. On the other hand, SF 

08/03, Ribera and Java cultivars with significant nega-

tive GCA could reliably be used in breeding for short 

or medium-height cultivars. 

Considering the SCA of the hybrids in F1 genera-

tion, it was observed that “Ribera x Java”, “SF 08/03 x 

Mor Toparlak”, “SF 08/03 x Beyaz Toparlak” (p<0.05) 

hybrids had significant positive SCA and these combi-

nations were identified as the genotypes with a breed-

ing potential for long plant heights (Table 3). With 

regard to reciprocal effects of hybrids in F1 generation, 

it was observed that “Mor Toparlak x SF 08/03” and 

“Beyaz Toparlak x Ribera” (p<0.05) hybrids had sig-

nificant positive reciprocal effects. Such findings re-

vealed that cytoplasm or cytoplasm x nucleus interac-

tions created significant variations in this trait. 

Very plant heights are not ideal because of lodging 

problem. Therefore, medium-height cultivars are pre-

ferred in bean culture. In this sense, the parents with 

significant negative GCA values could be used to 

shorten plant heights and the parents with significant 

positive GCA values could be used to increase plant 

heights. On the other hand, the hybrids with significant 

positive SCA values could be used for greater plant 

heights and the ones with significant negative SCA 

values could be used for shorter or medium plant 

heights. Previous researchers working on plant height 

also reported significant GCA and SCA values for 

various parents and hybrids (Rodrigues et al. 1998; 

Barelli et al. 2000; Ceyhan et al. 2014b; Arunga et al. 

2010). 

Mean heterosis value in F1 generation was 33.56%. 

Except for 5 hybrids, the rest had positive heterosis 

values. Present heterosis values varied between -

32.16% (Mor Toparlak x Beyaz Toparlak) and 

137.99% (Java x Ribera) (Table 4). Rodrigues et al. 

(1998), Barelli et al. (2000), Ceyhan et al. (2014b) and 

Arunga et al. (2010) also investigated heterosis values 

for plant height and reported either greater or lower 

heterosis values for this trait. 

Broad sense and narrow sense heritability values 

for plant height in F1 generation was identified as 0.93 

and 0.47 respectively (Table 2). High broad sense her-

itability for plant height and medium narrow sense 

heritability values indicated that this trait had high 

environmental variation and genotype variation was 
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also effective. Non-additive gene effects were also 

significant in F1 generation. These findings also indi-

cated that selection for plant height could be performed 

at later generations. 

Table 2 

Mean values for investigated traits in full-diallel hybrid set 

Parents Plant Height Pod Length 
Number of Pods 

per Palnt 

Number of Seeds 

per Pod 

Number of Seeds 

per Plant 

SF 08/03 40.00 15.43 10.67 4.00 42.33 

Ribera 29.00 15.70 10.67 4.33 42.67 

Java 30.67 16.17 10.33 3.33 33.00 

Mor Toparlak (MT) 167.67 10.83 16.67 4.67 77.00 

Beyaz Toparlak (BT) 136.00 13.17 16.33 4.67 76.00 

F1 Hybrids      

SF 08/03 X Ribera 32.67 13.00 14.67 4.67 67.33 

SF 08/03 X Java 41.33 13.33 14.33 7.00 100.00 

SF 08/03 X MT 123.67 12.87 27.00 4.33 116.67 

SF 08/03 X BT 149.33 13.53 16.33 3.67 58.00 

Ribera X SF 08/03 60.67 11.77 19.00 4.67 86.00 

Ribera X Java 48.00 11.67 17.33 5.67 97.67 

Ribera X MT 104.00 10.23 26.67 3.67 97.00 

Ribera X BT 59.67 9.50 16.67 4.33 71.67 

Java X SF 08/03 59.33 11.67 15.00 5.33 80.00 

Java X Ribera 71.00 11.30 11.67 3.33 39.67 

Java X MT 118.00 11.43 15.33 5.00 76.67 

Java X BT 115.33 13.17 16.67 3.67 59.33 

MT X SF 08/03 166.33 10.67 23.33 4.00 93.33 

MT X Ribera 115.00 11.00 14.67 4.67 69.00 

MT X Java 121.67 11.17 16.33 5.33 86.67 

MT X BT 103.00 11.67 14.33 4.67 65.33 

BT X SF 08/03 152.67 13.27 16.33 4.33 69.67 

BT X Ribera 137.67 13.20 17.00 4.67 79.33 

BT X Java 83.00 10.17 13.33 4.00 53.33 

BT X MT 129.00 11.67 14.33 4.00 57.33 

GCA 533.73 0.26 1.55 0.00 26.11 

SCA 921.76 2.78 18.20 0.71 518.72 

Reciprocal 135.93 0.27 2.64 0.10 79.53 

²GKK/ ²ÖKK 0.58 0.09 0.09 0.01 0.05 

H/D1/2 2125.16 3.57 23.95 0.80 650.47 

H2 0.93 0.80 0.88 0.78 0.93 

h2 0.47 0.12 0.11 0.01 0.07 
GCA: General Combining Ability; SCA: Specific Combining Ability; H/D1/2: Mean Degree of Dominance; H2: Broad Sense Heritability; h2: Narrow 
Sense 

3.2. Pod lengths: 

In breeding of high-yield bean cultivars, selection 

of plants with longer pod lengths is a significant issue. 

With increasing pod lengths, number of seeds per pod 

and pod yield will increase, thus the yield will ulti-

mately also increase (Ulker and Ceyhan 2008). Parent 

pod lengths varied between 10.83 cm (Mor Toparlak) 

and 16.17 cm (Java), F1 generation pod lengths varied 

between 9.50 cm (Ribera x Beyaz Toparlak) and 13.53 

cm (SF 08/03 x Beyaz Toparlak) (Table 2). Similar 

findings were also reported by previous researchers 

(Zimmermann et al. 1985; Ceyhan et al. 2014b; 

Genchev 1995; Ulker and Ceyhan 2008). 

Greater ²SCA than ²GCA for pod length indicat-

ed that non-additive gene effect was effective in heredi-

ty of this trait (Table 3). Similar findings were also 

reported by Ceyhan et al. (2014b). Significant non-

additive gene effect indicated that selections for this 

trait could be initiated at later generations. 

With regard to GCA for pod length, it was observed 

that SF 08/03 cultivar had a significant positive value 

(p<0.05) and Mor Toparlak cultivar had a significant 

negative value (p<0.05) (Table 3). Therefore, SF 08/03 

cultivar with a significant positive GCA was identified 

as a proper parent to be used in breeding studies to 

increase pod lengths. 

Considering the SCA of F1 generation, it was ob-

served that “Ribera x Java” hybrid had a significant 

negative SCA (p<0.05) and the rest did not have signif-

icant SCA values (Table 3). With regard to reciprocal 

effects of hybrids in F1 generation, while “Beyaz Top-

arlak x Ribera” (p<0.05) had significant positive ef-

fects, “Beyaz Toparlak x SF 08/03” and “Beyaz Topar-

lak x Java” (p<0.05) had significant negative reciprocal 

effects (Table 3). Ceyhan et al. (2014b) and Arunga et 

al. (2010) also reported significant GCA and SCA 

values for pod length. 
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Table 3 

Genetic components for investigated traits in full-diallel hybrid set 

Parents Plant Height Pod Length 
Number of Pods 

per Plant 

Number of Seeds 

per Pod 

Number of Seeds 

per Plant 

SF 08/03 -9.187* 0.794* 0.533 0.120 3.767 

Ribera -27.120** 0.004 -0.300 -0.047 -2.500 

Java -23.887** 0.321 -2.133* 0.120 -5.867* 

Mor Toparlak (MT) 35.813** -1.066* 2.333* 0.020 9.800* 

Beyaz Toparlak (BT) 24.380** -0.053 -0.433 -0.213 -5.200* 

F1 Hybrids      

SF 08/03 X Ribera -12.813 -0.717 0.400 0.113 3.600 

SF 08/03 X Java -12.380 -0.917 0.067 1.447** 20.300* 

SF 08/03 X MT 22.587* -0.264 6.100** -0.453 19.633* 

SF 08/03 X BT 40.020* 0.356 0.033 -0.387 -6.533 

Ribera X SF 08/03 14.000 -0.617 2.167 0.000 9.333 

Ribera X Java 14.720* -1.144* 0.733 -0.053 5.233 

Ribera X MT 5.020 -0.624 2.433* -0.287 3.900 

Ribera X BT 5.620 -0.904 1.367 0.280 11.400* 

Java X SF 08/03 9.000 -0.833 0.333 -0.833* -10.000 

Java X Ribera 11.500 -0.183 -2.833* -1.167* -29.000** 

Java X MT 12.120 -0.257 -0.567 0.547* 5.933 

Java X BT 2.887 -0.904 1.367 -0.553* -4.400 

MT X SF 08/03 21.333* -1.100 -1.833 -0.167 -11.667* 

MT X Ribera 5.500 0.383 -6.000* 0.500 -14.000* 

MT X Java 1.833 -0.133 0.500 0.167 5.000 

MT X BT -39.980* 0.483 -3.767* 0.047 -15.067 

BT X SF 08/03 1.667 -0.133* 0.000 0.333 5.833 

BT X Ribera 39.000* 1.850* 0.167 0.167 3.833 

BT X Java -16.167 -1.500* -1.667 0.167 -3.000 

BT X MT 13.000 0.000 0.000 -0.333 -4.000 

Gi 13.010 0.065 0.250 0.018 4.256 

Sij 55.291 0.278 1.062 0.077 18.088 

Rij 81.310 0.409 1.562 0.113 26.601 
Gi : GCA, Sij: SCA; Rij: Reciprocal effect, ** : significant at 1% level; * :  significant at 5% level 

Heterosis values for pod length varied between -

34.18% (Ribera x Beyaz Toparlak) and -2.03% (SF 

08/03 x Mor Toparlak). Only four hybrids, the rest had 

significant heterosis values for this trait (Table 4). 

Broad sense and narrow sense heritability values 

for pod length in F1 generation was respectively identi-

fied as 0.80 and 0.12 (Table 2). Low narrow sense 

heritability in F1 generation indicated that environment 

had greater effects than the genetics for this trait. Since 

number of seeds per pod and thus the yield increase 

with increasing pod lengths and because of significant 

non-additive gene effect and weak hybrid power in 

present generation, a selection for pod length (together 

with seed yield) could be initiated at later generations. 

3.3. Number of pods per plant:  

Besides environmental conditions, high seed yield in 

beans also largely depend on yield components. Num-

ber of pods per plant is among the most significant 

yield components effecting yields (Ulker and Ceyhan, 

2008). Number of pods per plant in parents varied 

between 10.33 pods/plant (Java) and 16.67 pods/plant 

(Mor Toparlak), number of pods per plant in F1 genera-

tion varied between 11.67 pods/plant (Java x Ribera) 

and 26.67 pods/plant (Ribera x Mor Toparlak) (Table 

2). Similar findings were also reported by Ceyhan et al. 

(2014b), Ülker and Ceyhan (2008), Varankaya and 

Ceyhan (2012) and Sozen and Bozoglu (2016). 
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Table 4 

Heterosis (%) values for investigated traits in full-diallel hybrid set 

F1 Hybrids  Plant Height Pod Length Number of Pods 
Number of 

Seeds per Pod 

Number of 

Seeds per Plant 

SF 08/03 X Ribera -5.31 -16.49** 37.50** 12.00** 58.43* 

SF 08/03 X Java 16.98 -15.61** 36.51** 90.91** 165.49** 

SF 08/03 X MT 19.10 -2.03 97.56** 0.00 95.53** 

SF 08/03 X BT 69.70 -5.36** 20.99** -15.38** -1.97 

Ribera X SF 08/03 75.85 -24.41** 78.13** 12.00** 102.35** 

Ribera X Java 60.89 -26.78** 65.08** 47.83** 158.15** 

Ribera X MT 5.76 -22.86** 95.12** -18.52** 62.12* 

Ribera X BT -27.68 -34.18** 23.46** -3.70* 20.79 

Java X SF 08/03 67.92 -26.16** 42.86** 45.45** 112.39** 

Java X Ribera 137.99 -29.08** 11.11* -13.04** 4.85 

Java X MT 18.99 -15.31** 13.58** 25.00** 39.39 

Java X BT 38.40 -10.23** 25.00** -8.33** 8.87 

MT X SF 08/03 60.19 -18.78** 70.73** -7.69** 56.42* 

MT X Ribera 16.95 -17.09** 7.32 3.70* 15.32 

MT X Java 22.69 -17.28** 20.99** 33.33** 57.58* 

MT X BT -32.16 -2.78 -13.13** 0.00 -14.60 

BT X SF 08/03 73.48 -7.23** 20.99** 0.00 17.75 

BT X Ribera 66.87 -8.55** 25.93** 3.70* 33.71 

BT X Java -0.40 -30.68** 0.00 0.00 -2.14 

BT X MT -15.04 -2.78 -13.13** -14.29** -25.05 

Mean 33.56 -16.68 33.33 9.65 48.27 
** : significant at 1% level; * :  significant at 5% level  

Lower GCA variance than SCA variance for this 

trait indicated that non-additive gene effect was effec-

tive in heredity of this trait (Table 3). It was also re-

ported in previous studies that number of ovaries in 

pod in beans was under the additive effect of a single 

gene allele (Al-Mukhtar and Coyne 1981), number of 

pods was under the effect of non-additive genes (Ro-

drigues et al. 1998; Ceyhan et al. 2014b) and additive 

genes (Barelli et al. 2000; Da Silva et al. 2004). 

With regard to GCA values of the parents, it was 

observed that while Mor Toparlak (p<0.05) cultivar 

had significant positive effect, Java cultivar had signif-

icant negative effect (p<0.05) (Table 3). Therefore, 

Mor Toparlak cultivar with a significant positive GCA 

value can be recommended as a parent in further breed-

ing studies to increase number of pods. There is a posi-

tive correlation between number of pods per plant and 

seed yield (Ceyhan 2004; Ulker and Ceyhan, 2008). 

Considering the SCA of the hybrids in F1 genera-

tion, it was observed that while “SF 08/03 x Mor Top-

arlak” (p<0.01) and “Ribera x Mor Toparlak” (p<0.05) 

combinations had significant positive SCA effect, 

“Mor Toparlak x Beyaz Toparlak” (p<0.05) combina-

tion had significant negative SCA effect. The others 

did not have significant SCA effects (Table 3). 

Seed yield is the most significant yield component 

in edible legumes. Number of pods per plant contribute 

significantly in seed yield. Seed yields automatically 

increases with increasing number of pods per plant 

(Ceyhan et al. 2014b; Ceyhan 2004; Ulker and Ceyhan 

2008; Varankaya and Ceyhan 2012). Therefore, Mor 

Toparlak cultivar with significant positive GCA for 

number of pods per plant could be recommended as a 

proper parent in breeding studies to be carried for high 

number of pods per plant. Similarly, “SF 08/03 x Mor 

Toparlak” (p<0.01) and “Ribera x Mor Toparlak” 

(p<0.05) hybrids with significant positive SCA could 

be used as proper combinations to improve number of 

pods per plant. Similar significant GCA and SCA val-

ues for number of pods per plant of the parents and 

hybrids were also reported by previous researchers 

(Rodrigues et al. 1998; Barelli et al. 2000; Ceyhan et 

al. 2014b; Al-Mukhtar and Coyne 1981; Arunga et al. 

2010). 

Heterosis values in F1 generation varied between -

13.13% (Mor Toparlak x Beyaz Toparlak x Beyaz and 

Toparlak x Mor Toparlak) and 97.56% (SF 08/03 x 

Mor Toparlak) with a mean value of 33.33%. Except 

for two hybrids, all the others had significant heterosis 

values (Table 4). 

Seed yield in beans is a quantitative characteristic 

depending on several factors. Yield-designating factors 

on the other hand largely depend on genotypic and 

environmental conditions. Desired yield levels could be 

achieved only with the culture of cultivars under opti-

mum conditions. Number of seeds per pod is also 

greatly influenced by environmental conditions. Large 

range of heterosis and heterobeltiosis values of the 

hybrids indicated that this treat greatly influenced by 

environmental conditions. High heterosis value of this 

generation indicated that these hybrid generations 

could be used as a significant source for greater num-

ber of pods per plant. Barelli et al. (2000), Ceyhan et 

al. (2014b) and Arunga et al. (2010) also investigated 

heterosis and heterobeltiosis values for number of pods 

per plant and reported both significant positive and 

negative heterosis and heterobeltiosis values. 
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Broad and narrow sense heritability in F1 generation 

was respectively identified as 0.88 and 0.11 (Table 2). 

High broad sense heritability and low or medium nar-

row sense heritability in F1 generation indicated that 

number of pods per plant was greatly influenced by 

environmental factors. Because of significant non-

additive gene effects in present generation, selections 

should be initiated after 3-4 generations. 

3.4. Number of seeds per pod.  

Number of seeds per pod is a significant yield com-

ponent in developing high-yield cultivars (Ceyhan 

2004). There is a positive relationship between seed 

yield and number of seeds per pod. Seed yields can be 

increased through increasing number of seeds per pod. 

Number of seeds per pod of parents varied between 

3.33 seeds/pod (Java) and 4.67 seeds/pod (Mor Topar-

lak and Beyaz Toparlak) and number of seeds per pod 

in F1 generation varied between 3.33 seed/pod (Java x 

Ribera) and 7.00 seeds/pod (SF 08/03 x Java) (Table 

2). Present findings comply with the results of Ceyhan 

et al. (2014b), Ülker and Ceyhan (2008) and Varank-

aya and Ceyhan (2012). 

Quite greater SCA variance than GCA variance for 

number of seeds per pod indicated that non-additive 

gene effect was effective in heredity of this trait (Table 

3). Al-Mukhtar and Coyne (1981) indicated that num-

ber of ovaries per pod in beans was under the effect of 

non-additive effect of single gene allele. Ceyhan et al. 

(2014b) also indicated non-additive gene effects for 

number of seeds per pod. 

With regard to GCA, while Java, SF 08/03 and Mor 

Toparlak cultivars had positive effects, Beyaz Toparlak 

and Ribera cultivars had negative values (Table 3). 

Therefore, Java, SF 08/03 and Mor Toparlak cultivars 

with positive GCA values were identified as the par-

ents to be used in breeding studies to increase number 

of seeds per pod in beans (Ceyhan 2004; Ulker and 

Ceyhan 2008). 

Considering the SCA effects of hybrids in F1 gener-

ation, it was observed that while “SF 08/03 x Java” 

(p<0.01) and “Java x Mor Toparlak” (p<0.05) combi-

nations had significant positive effects, “Java x Beyaz 

Toparlak” (p<0.05) combination had significant nega-

tive SCA effect. Except for these hybrids, the rest did 

not have significant SCA effect (Table 3). 

Since “SF 08/03 x Java” (p<0.01) and “Java x Mor 

Toparlak” (p<0.05) hybrids had highly significant 

positive SCA effects, they were considered as proper 

combinations to be used in increasing number of seeds 

per pod. Significant GCA and SCA effects were also 

reported in previous studies for number of seeds per 

pod (Rodrigues et al. 1998; Barelli et al. 2000; Ceyhan 

et al. 2014b; Al-Mukhtar and Coyne 1981; Arunga et 

al. 2010; Ceyhan and Şimşek 2021). 

Heterosis values in F1 generations varied between -

18.52% (Ribera x Mor Toparlak) and 90.91% (SF 

08/03 x Java) with a mean value of 9.65%. Except for 

four hybrids, the rest had significant heterosis values 

for this trait (Table 4). Ceyhan et al. (2014b) investi-

gated heterosis and heterobeltiosis values for number 

of seeds per pod and reported both positive and nega-

tive heterosis and heterobeltiosis values. 

Broad and narrow sense heritability values for 

number of seeds per pod in F1 generation was respec-

tively identified as 0.78 and 0.01 (Table 2). High broad 

sense heritability and low narrow sense heritability in 

F1 generation indicated that number of kernels per pod 

was greatly influenced by environmental factors. Be-

cause of significant non-additive gene effects in present 

generation, selections should be initiated after 3-4 

generations. 

3.5. Number of seeds per plant.  

Several researchers indicated significant effects of 

number of seeds per plant on seed yield (Ceyhan et al., 

2014b; Ulker and Ceyhan, 2008; Varankaya and 

Ceyhan, 2012). Number of seeds per plant of the par-

ents varied between 33.00 seed/plant (Java) and 77.00 

seeds/plant (Mor Toparlak) and number of seeds per 

plant in F1 generation varied between 39.67 seeds/plant 

(Java x Ribera) and 116.67 seeds/plant (SF 08/03 x 

Mor Toparlak) (Table 2). Similar findings were also 

reported by Ceyhan et al. (2014b), Ülker and Ceyhan 

(2008), Varankaya and Ceyhan (2012), Sozen and 

Karadavut (2017) and Tamüksek and Ceyhan (2020). 

For number of seeds per plant, GCA variance was 

smaller than SCA variance. Such a case indicated that 

non-additive gene effect was effective on heredity of 

this trait (Table 3). Barelli et al. (2000) indicated that 

additive and non-additive genes had equal effects on 

heredity of number of seeds per pod in beans. Ceyhan 

et al. (2014b), Tamüksek and Ceyhan (2020) and Cey-

han and Şimşek (2021) indicated significant effects of 

non-additive genes on heredity of number of seeds per 

pod in beans. 

With regard to GCA of the parents, while Mor Top-

arlak (p<0.05) cultivar had significant positive effects, 

Java and Beyaz Toparlak cultivars had significant neg-

ative values (p<0.05) (Table 3). Therefore, Mor Topar-

lak (p<0.05) with a highly significant positive GCA 

was identified as the parent to be used in increasing 

number of kernels per plant in beans. 

Considering the SCA of the hybrids in F1 genera-

tion, it was observed that “SF 08/03 x Java”, “SF 08/03 

x Mor Toparlak” and “Ribera x Beyaz Toparlak” com-

binations had significantly positive (p<0.05) SCA 

effects. Except for these hybrids, the others did not 

have significant SCA effects (Table 3). Since “SF 

08/03 x Java”, “SF 08/03 x Mor Toparlak” and “Ribera 

x Beyaz Toparlak” hybrids in F1 generation had highly 

significant positive SCA effects, they were identified 

as proper combinations to increase number of seeds per 

plant. 

Heterosis values in F1 generation varied between -

25.05% (Beyaz Toparlak x Mor Toparlak) and 

165.49% (SF 08/03 x Java). With regard to this trait, 
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only nine hybrids had significant heterosis values (Ta-

ble 4). 

Broad and narrow sense heritability of number of 

seeds per plant in F1 generation was respectively identi-

fied as 0.93 and 0.07 (Table 2). High broad sense herit-

ability and low narrow sense heritability in F1 genera-

tion indicated that number of seeds per plant was also 

greatly influenced by environmental factors. Because 

of significant non-additive gene effects in present gen-

eration, it is better to initiate selections after 3-4 gener-

ations. 

3.6. Seed yield: 

It is quite difficult to identify high-yield genotypes of 

self-pollinating plants like beans in early generations. 

Although single seed yields are used to determine the 

seed yields of the genotype in breeding programs, great 

impacts of environmental conditions on this trait make 

precise assessments difficult. Mean seed yields of the 

parents varied between 19.34 g/plant (Java) and 45.09 

g/plant (Beyaz Toparlak) and mean seed yields in F1 

generation varied between 20.72 g/plant (Java x Ribe-

ra) and 56.92 g/plant (Beyaz Toparlak x Ribera) (Table 

5). Present findings comply with the results of Ceyhan 

et al. (2014b), Ülker and Ceyhan (2008), Varankaya 

and Ceyhan (2012) and Sozen et al. (2018). 

Greater SCA variance than GCA variance for seed 

yield indicated that non-additive gene effect was effec-

tive on heredity of this trait. Similarly, a (H/D)1/2 ratio 

of greater than 1 indicated superior dominance and 

supported that finding (Table 5). Present findings re-

vealed that heredity of seed yield of beans was not a 

simple characteristic. Some previous researchers indi-

cated that additive genes were effective in heredity of 

seed yield in beans (Zimmermann et al., 1985; Singh 

and Urrea, 1994; Oliveira et al., 1997; Rodrigues et al., 

1998) and some others indicated that non-additive 

genes were effective (Barelli et al. 2000 and Ceyhan et 

al. 2014b; Tamüksek and Ceyhan 2020; Ceyhan and 

Şimşek 2021). 

If the heredity of seed yield is dominated by addi-

tive gene effect, then selections can be initiated at early 

generations and superior genotypes can be identified at 

greater success. However, dominancy was effective in 

heredity of seed yield in beans instead of additive 

genes and such a case then reduces the rate of success 

in selections for this trait at early generations. In such 

cases, success is largely depending on type of effective 

epistasis. Selections for seed yield should be performed 

at later generations and transfer of superior genotypes 

to further generations should be provided. 

With regard to GCA values in F1 generation, it was 

observed that Mor Toparlak and Beyaz Toparlak culti-

vars had significant positive values (p<0.05) and SF 

08/03, Ribera and Java cultivars had significant nega-

tive values (p<0.05) (Table 6). Therefore, Mor Topar-

lak and Beyaz Toparlak cultivars with significant posi-

tive GCA value were identified as promising parents to 

be used in further hybridizations for seed yield. 

Considering the SCA values of hybrids in F1 gener-

ation, it was observed that “SF 08/03 x Mor Toparlak”, 

“Java x Mor Toparlak” and “Ribera x Beyaz Toparlak” 

(p<0.05) had significant positive SCA effect. These 

hybrid combinations with quite high significant SCA 

values could be considered as genotypes with a breed-

ing potential for seed yields in further generations 

(Table 6). Previous researchers also investigated GCA 

and SCA effects on seed yield of beans and reported 

significant GCA and SCA values for parents and hy-

brids (Zimmermann et al. 1985; Singh and Urrea 1994; 

Oliveira et al. 1997; Rodrigues et al. 1998; Barelli et 

al., 2000; Arunga et al., 2010, Ceyhan et al. 2014b; 

Tamüksek and Ceyhan 2020). 

Heterosis values for seed yield varied between -

27.11% (Beyaz Toparlak x Mor Toparlak) and 

105.99% (Ribera x Java) with a mean value of 31.82% 

(Table 7). Except for two hybrids, the rest exhibited 

significant positive heterosis. These hybrids were then 

identified as proper hybrids for further generations 

(Ceyhan et al. 2014b; Tamüksek and Ceyhan 2020). 

Broad and narrow sense heritability for seed yield 

in F1 generation was respectively identified as 0.90 and 

0.13 (Table 5). High broad sense heritability and low 

narrow sense heritability for seed yield indicated that 

this trait was greatly influenced by environmental fac-

tors. Again low narrow sense heritability and non-

additive gene effects on heredity of this trait reduce the 

rate of success in selections for seed yield in early 

generations. Rate of success can be improved through 

selecting the genotypes with quite high heredity for 

seed yield instead of selecting high-yield genotypes in 

early generations. 

3.7. Hundred seed weight.  

As it was in all plants, hundred seed weight is a signifi-

cant yield component with direct impacts on yields. 

Hundred seed weights of the parents varied between 

55.67 g (Ribera and Mor Toparlak) and 62.67 g (Beyaz 

Toparlak) and hundred seed weight of hybrids in F1 

generation varied between 29.33 g (Java x SF 08/03 

and SF 08/03 x Java) and 77.33 g (Beyaz Toparlak x 

Java) (Table 5). Similar findings were also reported by 

previous researchers (Ceyhan et al. 2014b; Ceyhan 

2004; Ulker and Ceyhan 2008; Arunga et al. 2010; 

Tamüksek and Ceyhan 2020; Ceyhan and Şimşek 

2021). 

Greater GCA variance than SCA variance indicated 

that non-additive gene effect was effective on heredity 

of hundred seed weight (Table 5). Ceyhan et al. 

(2014b) also indicated non-additive gene effects on 

heredity of hundred seed weight in beans. 
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Table 5 

Mean values for investigated traits in full-diallel hybrid set 

Parents Seed Yield 
Hundred Seed 

Weight 
Protein Ration 

Protein  

Yield 

SF 08/03 23.46 57.33 25.71 6.01 

Ribera 22.73 55.67 23.57 5.36 

Java 19.34 59.33 26.80 5.24 

Mor Toparlak (MT) 39.56 55.67 20.01 7.93 

Beyaz Toparlak (BT) 45.09 62.67 21.99 9.92 

F1 Hybrids     

SF 08/03 X Ribera 34.40 53.33 28.90 9.95 

SF 08/03 X Java 31.19 29.33 28.13 8.76 

SF 08/03 X MT 54.94 58.67 26.06 14.31 

SF 08/03 X BT 39.47 68.33 28.11 11.07 

Ribera X SF 08/03 28.31 36.33 28.42 8.05 

Ribera X Java 43.33 49.33 25.91 11.21 

Ribera X MT 43.00 47.33 23.72 10.20 

Ribera X BT 27.93 37.67 25.49 7.12 

Java X SF 08/03 26.87 29.33 28.33 7.62 

Java X Ribera 20.72 45.67 28.60 5.92 

Java X MT 45.75 58.00 24.66 11.31 

Java X BT 38.75 67.33 23.57 9.14 

MT X SF 08/03 44.22 54.67 23.74 10.50 

MT X Ribera 40.09 55.67 24.04 9.64 

MT X Java 45.23 60.00 24.23 10.96 

MT X BT 35.08 54.00 21.28 7.46 

BT X SF 08/03 42.63 66.33 24.16 10.27 

BT X Ribera 56.92 76.67 24.15 13.74 

BT X Java 42.80 77.33 23.85 10.21 

BT X MT 30.85 54.00 20.95 6.46 

GCA 9.50 14.63 1.86 0.11 

SCA 91.90 173.76 2.41 7.41 

Reciprocal 22.04 31.64 0.49 1.30 

²GKK/ ²ÖKK 0.10 0.08 0.77 0.02 

H/D1/2 132.94 234.65 6.62 8.94 

H2 0.90 0.97 0.99 0.90 

h2 0.13 0.12 0.56 0.02 
GCA: General Combining Ability; SCA: Specific Combining Ability; H/D1/2: Mean Degree of Dominance; H2: Broad Sense Heritability; h2: Narrow 

Sense 

Considering the GCA of the parents for hundred 

seed weight, it was observed that while Beyaz Toparlak 

cultivar had a significant positive value (p<0.01), SF 

08/03 and Ribera cultivars had a significant negative 

(p<0.01) value (Table 6). Beyaz Toparlak with signifi-

cant positive GCA value was considered as a proper 

parent to be used in further breeding studies to increase 

hundred seed weight of the beans. 

With regard to SCA of hybrids in F1 generation, it 

was observed that “SF 08/03 x Mor Toparlak”, “Java x 

Mor Toparlak”, “SF 08/03 x Beyaz Toparlak”, “Java x 

Beyaz Toparlak” hybrids with significant positive SCA 

value could be used as promising genotypes in further 

breeding studies to be carried out to increase hundred 

seed weights. On the other hand, “SF 08/03 x Ribera”, 

“SF 08/03 x Java” and “Mor Toparlak x Beyaz Topar-

lak” hybrids had significant negative SCA values (Ta-

ble 6). Barelli et al. (2000), Ceyhan et al. (2014b), 

Tamüksek and Ceyhan (2020) and Ceyhan and Şimşek 

(2021) also reported genotypes with significant posi-

tive GCA and SCA values. 

Heterosis values in F1 generation varied between -

49.71% (SF 08/03 x Java and Java x SF 08/03) and 

29.58% (Beyaz Toparlak x Ribera). Except for six 

hybrids, all the rest had significant heterosis values 

(Table 7). Negative mean heterosis value of F1 genera-

tions indicated that non-additive gene effects were 

effective on this trait. Such a case was probably result-

ed from the above mention reason or reverse domi-

nance effect. 

Broad and narrow sense heritability for hundred 

seed weight in F1 generation was respectively identi-

fied as 0.97 and 0.12 (Table 5). Lower narrow sense 

heritability value indicated that hundred seed weights 

were greatly influenced by environmental factors. Con-

sidering the significant effects of non-additive genes on 

heredity of hundred seed weight, it was recommended 

that selections should be initiated in later generations. 
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Table 6 

Genetic components for investigated traits in full-diallel hybrid set 

Parents Seed Yield 
Hundred Seed 

Weight 
Protein Ration Protein Yield 

SF 08/03 -2.012* -3.700** 1.751** 0.121 

Ribera -2.891* -3.467** 0.662** -0.479 

Java -3.575* -1.300 1.113** -0.573* 

Mor Toparlak (MT) 4.923* 0.567 -2.105** 0.535* 

Beyaz Toparlak (BT) 3.555* 7.900** -1.421** 0.396 

F1 Hybrids     

SF 08/03 X Ribera -0.646 -2.800* 1.269** 0.222 

SF 08/03 X Java -2.292 -20.467** 0.391* -0.494 
SF 08/03 X MT 9.764* 5.000* 0.279 2.616** 
SF 08/03 X BT 2.600 8.333** 0.827** 1.019 
Ribera X SF 08/03 -3.043 -8.500** -0.242 -0.951 
Ribera X Java 1.582 -2.533 0.504* 0.486 
Ribera X MT 2.607 -0.400 0.349* 0.731 

Ribera X BT 4.855* -2.067 0.605* 1.377* 

Java X SF 08/03 -2.160 0.000 0.098 -0.573 

Java X Ribera -11.305* -1.833 1.342** -2.645* 

Java X MT 7.239* 4.933* 0.459* 2.037* 

Java X BT 3.886 10.933** -0.956** 0.717 
MT X SF 08/03 -5.360* -2.000 -1.158** -1.906* 
MT X Ribera -1.455 4.167** 0.158 -0.280 

MT X Java -0.258 1.000 -0.213 -0.172 

MT X BT -12.418** -9.267** -0.334* -3.106** 
BT X SF 08/03 1.582 -1.000 -1.977** -0.398 

BT X Ribera 14.492** 19.500** -0.672* 3.308** 

BT X Java 2.025 5.000* 0.138 0.534 

BT X MT -2.115 0.000 -0.163 -0.499 

Gi 1.011 0.475 0.006 0.065 
Sij 4.296 2.018 0.026 0.277 
Rij

 6.317 2.967 0.038 0.408 
Gi : GCA, Sij: SCA; Rij: Reciprocal effect, ** : significant at 1% level; * :  significant at 5% level 

3.8. Protein content: 

Protein content of parents varied between 20.01% 

(Mor Toparlak) and 26.80% (Java) and protein ratios of 

the hybrids varied between 20.95% (Beyaz Toparlak x 

Mor Toparlak) and 28.90% (SF 08/03 x Ribera) (Table 

5). Present findings comply with the results of Ceyhan 

et al. (2014a), Varankaya and Ceyhan (2012), Ceyhan 

(2006). 

Lower GCA variance than the SCA variance indi-

cated that non-additive gene effect and superior domi-

nancy were effective on heredity of protein ratio (Table 

5). Ceyhan et al. (2014a) in a study indicated that non-

additive gene effect was effective on heredity of pro-

tein ratios in beans. 

With regard to GCA of the parents for protein ratio, 

it was observed that while SF 08/03, Ribera and Java 

cultivars had a significant positive (p<0.01) value, Mor 

Toparlak and Beyaz Toparlak cultivars had a signifi-

cant negative (p<0.01) value (Table 6). Therefore, SF 

08/03, Ribera and Java cultivars with significant posi-

tive GCA values can be recommended for further 

breeding programs to be carried out to increase protein 

ratios. 

Considering the SCA effects of the hybrids in F1 

generation, it was observed that all hybrids, except for 

one, had significant SCA effects. Therefore, “SF 08/03 

x Ribera” (p<0.01), “SF 08/03 x Java” (p<0.05), “SF 

08/03 x Beyaz Toparlak” (p<0.01), “Ribera x Java” 

(p<0.05), “Ribera x Mor Toparlak” (p<0.05), “Ribera x 

Beyaz Toparlak” (p<0.05) and “Java x Mor Toparlak” 

(p<0.05) hybrids with significant positive GCA effects 

were found to be promising genotypes to be used in 

further breeding programs for protein ratios (Table 6). 

In a previous study, Ceyhan et al. (2014a) also reported 

genotypes with significant positive GCA and SCA 

values for protein ratio. 

Heterosis values for protein ratio in F1 generation 

varied between -3.38% (Java x Beyaz Toparlak) and 

17.85% (SF 08/03 x Beyaz Toparlak). While all hy-

brids had significant heterosis values for protein ratio, 

heterobeltiosis values of two hybrids were insignificant 

(Table 7). 

Broad and narrow sense heritability in F1 generation 

was respectively identified as 0.99 and 0.56 (Table 5). 

Medium narrow sense heritability indicated that be-

sides environment, genetic variance was also effective 

on heredity of protein ratio. Significant non-additive 

gene effect on protein ratio indicated that selections 

should be initiated at late generations. 
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Table 7 

Heterosis (%) values for investigated traits in full-diallel hybrid set 

F1 Hybrids  Seed Yield 
Hundred Seed 

Weight 
Protein Ration Protein Yield 

SF 08/03 X Ribera 48.97** -5.60 17.27** 74.93** 

SF 08/03 X Java 45.74** -49.71** 7.14** 55.66** 

SF 08/03 X MT 74.37** 3.83 13.98** 105.33** 

SF 08/03 X BT 15.15 13.89** 17.85** 38.92** 

Ribera X SF 08/03 22.61* -35.69** 15.31** 41.49** 

Ribera X Java 105.99** -14.20** 2.88** 111.53** 

Ribera X MT 38.07** -14.97** 8.86** 53.56** 

Ribera X BT -17.63* -36.34** 11.89** -6.81* 

Java X SF 08/03 25.55** -49.71** 7.89** 35.31** 

Java X Ribera -1.51 -20.58** 13.53** 11.75* 

Java X MT 55.35** 0.87 5.33** 71.71** 

Java X BT 20.27* 10.38** -3.38** 20.58** 

MT X SF 08/03 40.34** -3.24 3.85** 50.64** 

MT X Ribera 28.73* 0.00 10.31** 45.13** 

MT X Java 53.59** 4.35 3.51** 66.47** 

MT X BT -17.12* -8.73** 1.32** -16.42** 

BT X SF 08/03 24.38* 10.56** 1.27** 28.93** 

BT X Ribera 67.85** 29.58** 6.00** 79.79** 

BT X Java 32.84** 26.78** -2.25** 34.65** 

BT X MT -27.11* -8.73** -0.24* -27.59** 

Mean 31.82 -7.36 7.12 43.78 

** : significant at 1% level; * :  significant at 5% level 
 

3.9. Protein yield. 

Protein yields of the parents varied between 5.24 g 

plant-1 (Java) and 9.92 g /plant-1 (Beyaz Toparlak) and 

protein yields of the hybrids varied between 5.92 g 

/plant-1 (Java x Ribera) and 14.31 g plant-1 (SF 08/03 x 

Mor Toparlak) (Table 5). Present findings comply with 

the results of Varankaya and Ceyhan (2012). 

With regard to protein yield, ²GCA was lower 

than ²SCA and (H/D)1/2 ratio was greater than 1 (Ta-

ble 5). Such findings revealed that non-additive gene 

effects and dominant gene effects were effective on 

heredity of protein yield. 

Considering the GCA of the parents, while Mor 

Toparlak cultivar had a significant positive (p<0.05) 

value, Java cultivar had a significant negative (p<0.05) 

value (Table 6). Therefore, Mor Toparlak cultivar with 

significant positive GCA can be used as a parent in 

further breeding studies to increase protein yields. 

With regard to SCA of the hybrids in F1 generation, 

“SF 08/03 x Mor Toparlak” (p<0.01), “Ribera x Beyaz 

Toparlak” (p<0.05) ve “Java x Mor Toparlak” (p<0.05) 

hybrids with significant positive SCA effects were 

identified as prominent genotypes to be used in further 

breeding programs to improve protein yield of the 

beans. On the other hand, “Mor Toparlak x Beyaz 

Toparlak” hybrid had significant negative SCA effect 

(Table 6). 

Heterosis values in F1 generation for protein yield 

varied between -27.59% (Beyaz Toparlak x Mor Top-

arlak) and 111.53% (Ribera x Java) with a mean value 

of 43.78%. All of the hybrids had significant heterosis 

values for protein yield (Table 7). 

Broad and narrow sense heritability for protein 

yield in F1 generation was respectively identified as 

0.90 and 0.02 (Table 5). Lower narrow sense heritabil-

ity indicated that environmental factors significantly 

influenced heredity of protein yield. Significant effects 

of non-additive genes on heredity of protein yield indi-

cated that selections for this trait should be performed 

at late generations. 

4. Conclusions 

It was concluded based on current findings that the 

present population had a sufficient variation for inves-

tigated agronomic traits. Non-additive genes and domi-

nant genes were more effective on investigated traits. 

Further selections in this population should be consid-

ered together with seed yield and better be performed 

especially at late generations. 
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