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ABSTRACT 

The study was conducted during the period 2023-2024 at the Institute of Forage Crops (Pleven) and aimed 

to assess the heterosis and degrees of dominance of main traits in F1 chickpea hybrids. Crosses were realized to 

increase seed productivity through the hybridization of suitable parental forms (Garbanzo 1, Blanco Lechoso, 

VSP 11, Garbanzo negro, Irenka and Balkan) of the Desi and Kabuli types (Desi × Kabuli and Kabuli × Desi). 

Hybrids exhibing higher positive heterosis for height/plant, number of pods and seeds/plant, and \ earliness 

were predominantly of the Desi × Kabuli type. For seed weight and 1000 seed mass the Kabuli × Kabuli type 

showed superior performance, while for first pod height, Desi × Desi combination were superior. For several 

key traits, the highest hypothetical and true heterosis was recorded as follows: in Garbanzo negro × Blanco 

Lechoso for height/plant (140.76%; 133.04%), in Irenka × Blanco Lechoso for number of pods (59.11%; 

37.50%) and seeds/plant (77.06%; 42.81%), in Blanco Lechoso × Garbanzo negro for seed weight/plant 

(131.60%; 129.83%) and 1000 seeds mass (85.45%; 20.88%). The gene actions controlling plant height and first 

pod height in all hybrids was predominantly of the positive overdominance type. For seed weight, 1000-seed 

weigh and earliness, negative dominance, and overdominance were observed, whereas for pod and seed 

numbers, intermediate inheritance predominated in most cases.  

 

Keywords: chickpea, heterosis, productivity, breeding, health benefit. 

 
INTRODUCTION 

 

hickpea (Cicer arietinum L.) is the 

second most widely grown legume crop 

worldwide in terms of cultivated area and 

ranks third in total production. Today, it is 

grown in countries in Central Asia, East 

Africa, Eastern Europe, America, and 

Australia. Chickpea seeds have diverse 

applications in agriculture, animal husbandry, 

and the food industry (Omelyanuk, 2012; 

Bykova, 2017; Koul et al., 2022; Singh et al., 

2022). Increasing chickpea areas is hampered 

by insufficient knowledge of the biology and 

genetic potential of the crop. Chickpea yield 

and productivity are strongly influenced by 

agronomic practices, including fertilization, 

weed management, and irrigation regimes, 

which significantly affect yield components 

and plant performance. In this regard, a 

comprehensive study of chickpea collections 

and identification of appropriate sources of 

valuable traits is imperative for creating new 

varieties with increased productive potential 

(Funga et al., 2016; Bulti et al., 2019; Phiri et 

al., 2023). 

A significant part of the main breeding 

traits of chickpeas, such as productivity,  

pods number and seeds number per plant, 

longevity of growing season, and others,    

are quantitative. Their manifestation is 

determined by multiple gene associations 

(polygenes) with relatively small individual 

effects, which vary under the influence of 

environmental conditions (Bykova, 2017; 

Gupta et al., 2017; Lakmes et al., 2022; 
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Khrisanapant et al., 2022). Intraspecific 

hybridization remains the main breeding 

method for creating source material for the 

subsequent selection of elite plants that give 

beginning new chickpea varieties. Therefore, 

studying the inheritance patterns of 

quantitative traits is still relevant today. 

Knowledge of the patterns acting in 

decomposing hybrid populations allows a 

more effective selection of appropriate 

genotypes. The most important patterns in 

trait inheritance are manifestations of 

heterosis, degrees of dominance in the first 

and second hybrid generations, and degree 

and frequency of transgression (Pratap and 

Kumar, 2011; Duc et al., 2015; Berger et al., 

2017; Murthy et al., 2017; Qulmamatova et 

al., 2024). In the past few years, advances in 

chickpea genomics have provided more 

opportunities to study its unique biological 

characteristics, including advances in 

sequencing its genome (Jain et al., 2013; 

Varshney et al., 2013). Agro-ecological 

parameters, regional climate, genotype and 

mineral nutrition influence the yield of plants 

(Popović et al., 2013, 2015; Rajičić et al., 

2019; Ugrenović et al., 2021). However, 

conventional breeding methods are still most 

commonly used to develop new genotypes in 

this crop. 

The aim of the study was to analyze the 

values of genetic parameters and the variation 

of a group of traits in F1 chickpea hybrids to 

support their targeted use in the breeding 

programs. 

  

MATERIAL AND METHODS 

 

The study was conducted during the 

period 2023-2024 at the Institute of Forage 

Crops (Pleven, Bulgaria). Hybridization was 

carried out between chickpea varieties of 

"Kabuli" type (Garbanzo 1, Blanco Lechoso) 

and "Desi" type (VSP 11, Garbanzo Negro, 

Irenka and the Bulgarian variety Balkan). The 

parental forms (P1 and P2) and first hybrid 

generation (F1) were studied in the following 

combinations: Garbanzo 1 × VSP 11, VSP 11 

× Garbanzo 1, Garbanzo Negro × Blanco 

Lechoso, Balkan × VSP 11, Blanco Lechoso 

× Garbanzo Negro, Irenka × Blanco Lechoso. 

Sowing was carried out manually, according 

to the classical scheme (P1, F1, P2), in 

optimal terms, according to the crop growing 

technology, at a sowing distance of 50/20 cm 

and a depth of 5 cm. Plant material from    

the aboveground biomass of parental forms 

and F1-hybrids was analyzed. Biometric 

measurements included the following     

traits: height/plant (cm), 1
st 

pod height (cm), 

pods number/plant, seeds number/plant,   

seed weight/plant (g), mass of 1000 seeds (g), 

duration of the germination-flowering period 

(days). 

For each hybrid combination, arithmetic 

means (x), standard errors (Se), coefficient of 

variation (VC, %), degree of dominance 

(d/a), hypothetical and true heterosis were 

calculated. True heterosis represents the 

superiority of the hybrid in a given trait over 

the better parent (HP), while hypothetical 

heterosis refers to superiority over the 

average value for both parents (MP) 

(Omarov, 1975). The type of inheritance of 

traits in F1 hybrids was determined by the 

ratio of dominant to additive parameter (d/a) 

(Mather and Jinks, 1971). The cytoplasmic 

effect (R) was determined using Reinhold's 

method (2002). A positive value of R (R>0) 

means that paternal hereditary factors have a 

greater influence on the manifestation of a 

given trait, and a negative value (R<0) 

indicates a stronger impact of maternal 

cytoplasmic heredity. 

The date of the flower beginning was 

adopted as a criterion for assessing the degree 

of early maturity, and the early-ripening 

coefficient was used for a quantitative 

assessment (Kuzmova, 2002). For ultra-early 

varieties, the value of this coefficient ranged 

from 1.00 to 1.17; for early varieties, from 

1.17 to 1.33; for medium-early varieties, 

from 1.4 to 1.66, and for late varieties, it was 

>1.66. Statistical analysis was performed 

using Microsoft Excel 2016. 

 

RESULTS AND DISCUSSION 

 

The effect of heterosis, characteristic of 

first-generation hybrids (F₁), has been used in 

a number of studies in legume crops. In some 

plant species, a number of difficulties have 
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been identified, such as a low percentage     

of hybrid seeds obtained, and artificial 

pollination in self-pollinating crops, which 

prevent the use of heterosis on a scale 

exceeding the experimental level (Talebi et 

al., 2008; Bushulyan and Sichkar, 2009). 

When working with hybrid populations in  

the early generations, sufficiently complete 

information on the expression of traits in the 

progeny is essential. Such information is 

provided by the indicators of heterosis and 

degree of dominance, which allow for a 

better understanding of inheritance patterns 

and facilitate the selection of superior 

genotypes. Under the conditions of the present 

study, almost all hybrids (except Garbanzo 1 

× VSP 11) exhibited higher plant height 

compared to the parental forms (Table 1).  

The hybrid combination Garbanzo Negro × 

Blanco Lechoso considerably exceeded the 

taller parent (138.89 cm). A very high positive 

(both hypothetical and true) heterosis was 

observed in it. In the reciprocal cross, an excess 

of the hybrid over the parents was also observed 

but less pronounced. When combining the 

varieties Garbanzo 1 and VSP 11, hybrids with 

slightly expressed positive hypothetical 

heterosis were obtained. The true heterosis was 

negative (-4.50) only in Garbanzo 1 × VSP 11. 

The inheritance of height/plant (Figure 1) in the 

studied hybrid combinations ranged from 

positive dominant (Garbanzo 1 × VSP 11) to 

over dominant in all others. The direction of 

inheritance was towards the parent with higher 

values, which is favorable. 

The first
 
pod height in F1 hybrids ranged 

from 31.78 cm (Garbanzo 1 × VSP 11) to 

41.00 cm (Balkan × VSP 11). Considerable 

differences were not found in the crosses and 

reciprocal combinations. Compared to the 

parents, all hybrids showed a higher setting 

of 1st pod. Based on the results of the 

heterosis calculation, it can be noted that it is 

positive for all hybrids. The strongest 

heterosis effects were found in Balkan × VSP 

11 (72.275; 39.93). The hypothetical and real 

heterosis effects were the weakest (8.425; 

2.91) in Irenka × Blanco Lechoso. Similarly 

to the previous trait, in Garbanzo Negro x 

Blanco Lechoso, a high value (10.90) of the 

parameter for predominant gene actions 

regarding the 1st pod height was calculated. 

The relatively high values in the other 

hybrids also indicate that the trait inheritance 

is of positive overdominance type. In the 

hybrid combinations Blanco Lechoso × 

Garbanzo Negro and Garbanzo 1 × VSP 11, 

an influence (although not as strongly 

expressed) of the maternal cytoplasm on the 

trait inheritance was found (Figure 2). 

 

 
А - height/plant; B -first pod height; C - pods number/plant; D - seeds number/plant; 

E - seed weight/plant; F - 1000 seeds mass; G - days to flowering 

H1 - Garbanzo 1 × VSP 11; H2 -VSP 11 × Garbanzo 1; H3 - Garbanzo Negro × Blanco Lechoso; 

H4 - Balkan × VSP 11; H5 - Blanco Lechoso × Garbanzo Negro; H6 - Irenka × Blanco Lechoso 

 

Figure 1. Degree of dominance of main traits in F1 chickpea hybrids 
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Table 1. Characteristics of parent forms and their F1 hybrids 

 

Hybrids 
P1* P2 F1 

Hypothetical 

heterosis 

True 

heterosis 

Height/plant 

Garbanzo 1 × VSP 11 58.11±2.51 66.90±2.81 63.89±2.26 2.21 -4.50 

VSP 11 × Garbanzo 1 66.90±2.81 58.11±2.51 67.89±0.96 8.61 1.48 

Garbanzo Negro × Blanco Lechoso 59.60±0.97 55.78±2.66 138.89±2.11 140.76 133.04 

Balkan × VSP 11 59.20±1.72 66.90±2.81 75.00±0.57 18.95 12.11 

Blanco Lechoso × Garbanzo negro 55.78±2.66 59.60±0.97 94.00±1.75 62.94 57.72 

Irenka × Blanco Lechoso 71.90±2.34 55.78±2.66 86.17±3.06 34.99 19.85 

 1
st
 pod height 

Garbanzo 1 × VSP 11 29.89±0.27 18.30±1.32 31.78±0.64 31.89 6.32 

VSP 11 × Garbanzo 1 18.30±1.32 29.89±0.27 32.67±0.68 35.58 9.29 

Garbanzo Negro × Blanco Lechoso 27.70±0.55 29.38±1.03 37.67±1.15 31.99 28.23 

Balkan × VSP 11 29.30±0.96 18.30±1.32 41.00±1.88 72.27 39.93 

Blanco Lechoso × Garbanzo negro 29.38±1.03 27.70±0.55 34.00±3.73 19.14 15.74 

Irenka × Blanco Lechoso 32.70±1.22 29.38±1.03 33.65±1.06 8.42 2.91 

 Pods number/plant 

Garbanzo 1 × VSP 11 44.89± 4.39 117.6±19.73 68.00±13.49 -16.30 -42.18 

VSP 11 × Garbanzo 1 117.60±19.73 44.89±4.39 82.33±11.27 1.34 -29.99 

Garbanzo Negro × Blanco Lechoso 116.90±14.55 41.44±7.32 93.56±13.52 18.17 -19.97 

Balkan × VSP 11 156.30±15.94 117.6±19.73 35.00±5.77 -74.44 -77.61 

Blanco Lechoso × Garbanzo negro 41.44±7.32 116.9±14.55 80.00±7.5 1.05 -31.57 

Irenka × Blanco Lechoso 56.90±11.43 41.44±7.32 78.24±11.44 59.11 37.50 

 Seeds number/plant 

Garbanzo 1 × VSP 11 52.56±4.84 142.1±20.45 90.78±21.08 -6.73 -36.12 

VSP 11 × Garbanzo 1 142.10±20.45 52.56±4.84 106.56±15.9 9.48 -25.01 

Garbanzo Negro × Blanco Lechoso 138.90±16.87 41.44±7.41 124.8±19.43 38.38 -10.17 

Balkan × VSP 11 70.30±14.37 142.1±20.45 48.00±5.77 -54.80 -66.22 

Blanco Lechoso × Garbanzo negro 41.44±7.41 138.9±16.87 81.00±5.37 -10.17 -41.68 

Irenka × Blanco Lechoso 67.60±15.00 41.44±7.41 96.54±11.98 77.06 42.81 

 Seed weight/plant 

Garbanzo 1 × VSP 11 22.76±2.46 22.03±4.31 14.72±3.24 -34.24 -35.29 

VSP 11 × Garbanzo 1 22.03±4.31 22.76±2.46 16.81±2.31 -24.92 -26.13 

Garbanzo Negro × Blanco Lechoso 25.95±3.42 25.55±2.74 20.13±3.1 -21.81 -22.40 

Balkan × VSP 11 21.33±4.68 22.76±4.31 18.49±5.35 -16.11 -18.75 

Blanco Lechoso × Garbanzo negro 25.55±2.74 25.95±3.42 59.63±4.15 131.60 129.83 

Irenka × Blanco Lechoso 11.78±2.62 25.55±2.74 27.51±4.17 47.43 7.69 

 1000 seeds mass 

Garbanzo 1 × VSP 11 412.10±12.49 153.94±9.76 151.5±0.54 -46.49 -63.25 

VSP 11 × Garbanzo 1 153.94±9.76 412.1±12.49 159.7±0.31 -43.57 -61.25 

Garbanzo Negro × Blanco Lechoso 184.95±4.82 609.0±20.06 162.2±0.33 -59.14 -73.37 

Balkan × VSP 11 299.66±10.37 153.94±9.76 385.2±0.54 69.85 28.55 

Blanco Lechoso × Garbanzo negro 609.00±20.06 184.95±4.82 736.2±0.88 85.45 20.88 

Irenka × Blanco Lechoso 169.73±7.48 609.0±20.06 328.5±2.12 -15.63 -46.06 

 Days to maturity 

Garbanzo 1 × VSP 11 40.00 31.00 41.00 15.49 32.26 

VSP 11 × Garbanzo 1 31.00 40.00 46.00 29.58 48.39 

Garbanzo Negro × Blanco Lechoso 48.00 40.00 46.00 4.55 15.00 

Balkan × VSP 11 53.00 31.00 61.00 45.24 96.77 

Blanco Lechoso × Garbanzo negro 40.00 48.00 67.00 52.27 67.50 

Irenka × Blanco Lechoso 56.00 40.00 49.00 2.08 22.50 

P1; P2 - first and second parent form. 
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The results regarding the trait of pod 

number per plant are presented in Table 1. 

The parental forms Balkan (156.30), VSP 11 

(117.6), and Garbanzo Negro (116.9) were 

characterized by the highest number of   

pods. Varieties belonging to the Kabuli type 

formed a small number of pods (41.44-

44.89), while the hybrids had mean values for 

this trait. Increased number of pods was 

recorded for Garbanzo Negro × Blanco 

Lechoso (93.56) and VSP 11 × Garbanzo 1 

(82.33). In combinations in which the 

maternal component is Desi type, the hybrids 

form a greater number of pods. Heterosis 

manifestations in hybrids were expressed in a 

wide range: from strongly negative (-74.44%; 

-77.61%) in Balkan × VSP 11 to strongly 

positive (59.11%; 37.50%) in Irenka × 

Blanco Lechoso. The crosses VSP 11 × 

Garbanzo 1, Garbanzo Negro × Blanco 

Lechoso and Blanco Lechoso × Garbanzo 

Negro were characterized by a weak positive 

hypothetical and relatively high negative true 

heterosis. In the hybrid combinations VSP 11 

× Garbanzo 1, Garbanzo Negro × Blanco 

Lechoso and Blanco Lechoso × Garbanzo 

Negro, intermediate inheritance of the trait 

with a positive sign was established. With the 

same degree, but with a negative sign, was 

the inheritance for the pods number in 

Garbanzo 1 × VSP 11. In Irenka × Blanco 

Lechoso, positive overdominance (3.76) was 

noted, and in Balkan × VSP 11, negative 

overdominance in the inheritance of this trait 

(-5.27) was registered. 

The parent varieties with more pods/plant 

logically formed a higher number of 

seeds/plant. The trait ranged from 41.44 

(Blanco Lechoso) to 142 (VSP 11). Similar 

diversity was obtained in the hybrids. The 

seeds number reached 124.78 in Garbanzo 

Negro × Blanco Lechoso, and in Balkan × 

VSP 11 was only 48. For Garbanzo 1 × VSP 

11, Balkan × VSP 11 and Blanco Lechoso × 

Garbanzo Negro, the heterosis (hypothetical 

and real) was negative. 

The parent varieties with more pods/plant 

logically formed a higher number of 

seeds/plant. The trait ranged from 41.44 

(Blanco Lechoso) to 142 (VSP 11). Similar 

diversity was obtained in the hybrids. The 

seeds number reached 124.78 in Garbanzo 

Negro × Blanco Lechoso, and in Balkan × 

VSP 11 was only 48. For Garbanzo 1 × VSP 

11, Balkan × VSP 11 and Blanco Lechoso × 

Garbanzo Negro, the heterosis (hypothetical 

and real) was negative.  

Only Irenka × Blanco Lechoso had high 

positive values (77.06%; 42.81%) for 

heterosis manifestations. The trait inheritance 

ranged from positive overdominant (Irenka × 

Blanco Lechoso) to negative overdominant 

(Balkan × VSP 11). For Garbanzo 1 × VSP 11, 

VSP 11 × Garbanzo 1 and Blanco Lechoso × 

Garbanzo negro, intermediate inheritance of 

the trait was characteristic, and for Garbanzo 

Negro × Blanco Lechoso - positive dominant. 

In the present study, the parent forms were 

contrasting regarding seed weight/plant. 

Garbanzo Negro (25.95 g) and Blanco 

Lechoso (25.95 g) were distinguished by  

high seed productivity. The Balkan variety, 

although it produced a high number of 

seeds/plant, had a low weight. It was found 

that the average values for seed weight/plant 

were higher than those of the parental 

varieties in the hybrid combinations Blanco 

Lechoso × Garbanzo Negro (56.63 g) and 

Irenka × Blanco Lechoso (27.51 g). Also, it is 

noteworthy that Garbanzo Negro × Blanco 

Lechoso (the reciprocal combination) was 

inferior in productivity compared to both 

parents. In Garbanzo 1 × VSP 11 and VSP 11 

× Garbanzo 1, the direction of crossing did 

not play an essential role in improving the 

trait. However, there was a heterosis effect in 

the inheritance of that trait. Well-expressed 

positive heterosis manifestations were found 

in Blanco Lechoso × Garbanzo Negro 

(131.60%; 129.83%) and Irenka × Blanco 

Lechoso (47.43%; 7.69%). The heterosis 

effect in chickpeas (compared to other model 

plants in breeding) has been less investigated. 

In previous studies, Mangal and Bahl (1984) 

reported the presence of positive and negative 

heterosis in the productivity of 26 chickpea 

hybrids, which was confirmed in the present 

experiment. 

The cytoplasmic effect was strongly 

expressed when crossing Blanco Lechoso 
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with Garbanzo Negro (Figure 2). Therefore, 

in breeding regarding seed productivity, 

Blanco Lechoso (Kabuli type) has to be used 

as a maternal parent component. Garbanzo 1, 

which is the same type, can be successfully 

used as a paternal component in hybridization 

schemes. All other hybrids, due to their 

weaker productive potential, had negative 

hypothetical and true heterosis, reflecting the 

trait inheritanceʼs mode, which is of the 

negative overdominance type. Bayahi and 

Rezgui (2018) reported the improvement of 

some quantitative traits in chickpea by 

crossing the two main types Desi and Kabuli. 

Our study partially supports their results, 

according to which a higher heterosis effect 

has been obtained in crosses with a paternal 

form of the Kabuli type. Similar 

manifestations of cytoplasmic effects were 

reported by Wafula et al. (2021). A particular 

effect of maternal influence has been 

obtained in the hybrid Chaina I × Mwanza 2, 

which is recommended for creating high-

yielding genotypes. 

The 1000-seed mass is a characteristic that 

gives an idea of the seed size. The Kabuli-

type varieties were generally large-seeded, 

with a seed mass ranging from 412.10 g 

(Garbanzo 1) to 609 g (Blanco Lechoso). 

Most of the Desi-type varieties were 

medium-seeded (from 153.94 g to 184.95 g). 

In this group, Balkan can be defined as a 

large-seeded variety, with 1000 seeds mass  

of 299.66 g. Considerable diversity was 

observed in F1 generation hybrids as the 

seeds of Garbanzo 1 × VSP 11, VSP 11 × 

Garbanzo 1, and Garbanzo Negro × Blanco 

Lechoso were smaller and did not exceed 163 

g. Balkan × VSP 11 and Irenka × Blanco 

Lechoso were determined as large-seeded 

(385.2 - 328.5 g), and Blanco Lechoso × 

Garbanzo Negro was distinguished by the 

heaviest seeds (736.2 g). 

When comparing the results obtained for 

Garbanzo 1 × VSP 11 and Blanco Lechoso × 

Garbanzo Negro and their reciprocals, it can 

be noted that the direction of crossing plays 

an important role in the second hybrid, when 

Blanco Lechoso is the maternal form. 

Therefore, this hybrid combination had the 

highest hypothetical (85.45%) and true 

heterosis (20.28%). Also, in Garbanzo 1, an 

extranuclear inheritance was expressed but 

much weaker. Similar levels of heterosis 

were also found in Balkan × VSP 11, which 

is obviously due to the presence of Balkan 

variety. In the other crosses, the 

manifestations of heterosis were negative. 

The mass of 1000 seeds in chickpea 

hybrids was inherited mainly from the type of 

negative overdominance (-1.22 - -5.75) and 

negative dominance (Garbanzo Negro × 

Blanco Lechoso; Irenka × Blanco Lechoso), 

which indicates some advantage of the 

parents compared to the hybrids. Similar 

results were obtained by Syed et al. (2012) 

and Johnson et al. (2019) when studying 

chickpea hybrids. The authors reported high 

positive values of heterosis for the traits as 

period to flowering, vegetation period, pods 

number and seed weight per plant, and a 

negative value for 1000-seed weight. 

Early maturity is a desired and sought trait 

in many breeding programs. Chickpea 

varieties selected in the hybridization scheme 

differed in their phenological development. 

The days from germination to flowering 

varied greatly. VSP 11 was distinguished by 

the shortest period (31 days), followed by 

Garbanzo 1 and Blanco Lechoso (40 days).  

In contrast, Irenka and Balkan were 

characterized by longer periods until 

flowering (53 and 56 days). The analysis of 

data showed that in most cases, the hybrids 

start flowering later than their parents, or the 

duration of the period until flowering is 

closer to that of the later-flowering parent. 

According to the early-ripening coefficient 

(Figure 4), varieties and hybrids were divided 

into the following groups: ultra-early ripening 

- VSP 11; early ripening - Garbanzo 1, 

Garbanzo 1 × VSP 11, Blanco Lechoso; 

medium early ripening - Irenka 4, Balkan, 

Garbanzo Negro, Irenka × Blanco Lechoso, 

VSP 11 × Garbanzo 1, Garbanzo negro × 

Blanco Lechoso; late ripening - Balkan × 

VSP 11 and Blanco Lechoso × Garbanzo 

negro. In terms of this trait, the hybrids 

showed positive hypothetical and true 

heterosis, which was most pronounced in 

Balkan × VSP 11 (45.24%; 96.77%) and 

Blanco Lechoso × Garbanzo Negro 11 
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(57.27%; 67.50%). A weak influence of the 

maternal cytoplasm was found only when 

crossing Garbanzo 1 with VSP 11 (Figure 3). 

In Irenka × Blanco Lechoso and Garbanzo 

Negro × Blanco Lechoso, the established 

heterosis effect (compared to the average 

parental level) was with values of 2.08 to 

4.55%, respectively. Compared to the more 

productive parent, the heterosis effect in them 

was significantly lower than in other crosses 

and reached 15.00-22.50%. It can be 

suggested that in the next generations, 

earlier-ripening genotypes can be identified 

from them. The inheritance of early maturity 

trait was of negative overdominance type, 

except for crosses Garbanzo Negro × Blanco 

Lechoso and Irenka × Blanco Lechoso with 

intermediate inheritance. Previous studies 

(Parameshwarappa et al., 2012) support the 

present results. Rathod et al. (2018) reported 

that a considerable number of F1 chickpea 

hybrids outperformed their parental forms in 

terms of duration of emergence-flowering 

period, height per plant and other main traits, 

and showed positive heterosis. 

The variation coefficient (Figure 5) for 

height/plant and 1st pod height showed that 

the hybrids were slightly variable, especially 

VSP 11 × Garbanzo 1 (4.25%; 6.31%) and 

Blanco Lechoso × Garbanzo Negro (2.294%; 

9.21%). The range of variability for plant 

height was from 2.94% to 13.92% (Irenka × 

Blanco Lechoso), and for 1
st
 pod height - from 

6.04% (Garbanzo 1 × VSP 11) to 15.96% 

(Irenka × Blanco Lechoso). Strong variability 

was found for pod number/plant, reaching 

67.78% (Irenka × Blanco Lechoso). In most 

hybrids, the variability was above 28%, except 

Blanco Lechoso × Garbanzo Negro, in which 

variability was at an average level (12.50%). 

The trait of seeds number/plant was 

characterized by a wide range of modification 

variability, most pronounced in Garbanzo 1 × 

VSP 11 and Irenka × Blanco Lechoso (69.68 

- 61.69%). In all hybrids, the number of seeds 

largely depends on the environmental conditions. 

The seed weight per plant follows the 

variability of the previous two quantitative 

traits. The variation coefficient values were 

high in all crosses, especially in Garbanzo 1 

× VSP 11 (66.04%) and Irenka × Blanco 

Lechoso (65.58%). Differences were also 

reported in reciprocal cross-hybrids. It was 

found that when the maternal parent is Kabuli 

type, variability is higher. High variability 

indicates the possibility of selecting valuable 

genotypes in the early stages of the breeding 

process. As the most stable in terms of 1000-

seeds mass can be identified VSP 11 × 

Garbanzo 1 and Garbanzo Negro × Blanco 

Lechoso, in which the variability was below 

7%. Irenka × Blanco Lechoso and Balkan × 

VSP 11 showed variability ranging from 

21.46 to 25.94%, while Blanco Lechoso × 

Garbanzo Negro was distinguished by the 

highest instability (31.84%). 

 

 
А - height/plant; B - 1

st
 pod height; C - pods number/plant; D - seeds number/plant;  

E - seed weight/plant; F - 1000 seeds mass; G - days to flowering. 

 

Figure 2. Cytoplasmic effect (re) in hybrids Blanco Lechoso × Garbanzo Negro and Garbanzo Negro × Blanco Lechoso 



768                                                                                                                                                           Number 43/2026 

ROMANIAN AGRICULTURAL RESEARCH 

 

 
А - height/plant; B - 1

st
 pod height; C - pods number/plant; D - seeds number/plant;  

E - seed weight/plant; F - 1000 seeds mass; G - days to flowering. 

 

Figure 3. Cytoplasmic effect (re) in hybrids Garbanzo 1 × VSP and VSP × Garbanzo 1 

 

 
H1 - Garbanzo 1 × VSP 11; H2 - VSP 11 × Garbanzo 1; H3 - Garbanzo Negro × Blanco Lechoso;  

H4 - Balkan × VSP 11; H5 - Blanco Lechoso × Garbanzo Negro; H6 - Irenka × Blanco Lechoso. 

 

Figure 4. Early-ripening coefficient in chickpea hybrids and parent forms  

 

 
H1 - Garbanzo 1 × VSP 11; H2 - VSP 11 × Garbanzo 1; H3 - Garbanzo negro × Blanco Lechoso; 

H4 - Balkan × VSP 11; H5 - Blanco Lechoso × Garbanzo negro; H6 - Irenka × Blanco Lechoso. 

A - height/plant; B - 1
st
 pod height; C - pods number/plant; D - seeds number/plant; 

E - seed weight/plant; F - 1000 seeds mass. 

 

Figure 5. Coefficient of variation (CV, %) in F1 chickpea hybrids 
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The analysis of phenotypic (modification) 

variation indicated thatthe studied traits 

exhibited substantial variability as a result of 

the influence of environmental conditions. 

The present investigation allows us to note 

the presence of reliable genotypic diversity in 

chickpea hybrids and gives meaning to 

further studying the obtained hybrid material. 

Work in subsequent hybrid populations will 

allow the selection of promising accessions 

possessing valuable traits and indicators. 

Malik et al. (2011) and Shengu et al. (2018) 

reported lower coefficient of variation for the 

traits such as plant height, number of pods 

per plant, and 1000-seed weight in chickpea 

genotypes. In contrast, seed weight/plant was 

defined as a variable and unstable trait. 

According to Zali et al. (2011), chickpea 

breeding should be oriented towards traits 

such as seed number/plant and 1000 seed 

mass, which will contribute to increasing 

yield. The authors emphasized that chickpea 

yield could be improved by selecting a 

genotype with a higher number of pods and 

seeds per plant, as well as increased 1000 -

seed weight. 

 

The Health Advantages of Chickpeas 

Chickpeas are utilised as food in a variety 

of ways throughout the world. Eighty percent 

of the dry mass of chickpeas is made up of 

protein and carbs. Beyond their well-known 

role in providing protein and fibre, chickpeas 

have a number of physiological benefits that 

make them a possible contender for the 

category of "functional food" (Jukanti et al., 

2012) (Figure 6). Amylose and resistant 

starch are abundant in chickpeas. Amylose 

offers more resistance to digestion in the 

small intestine due to its higher degree of 

polymerisation, which causes a delayed 

conversion into glucose (Pittaway et al., 

2007). Due to the delayed entry of glucose 

into the bloodstream, less insulin is needed, 

the glycaemic index (GI) is lowered, and the 

insulinemic postprandial response is lessened 

(Osorio-Díaz et al., 2008). Type II diabetes is 

becoming less common and less severe as a 

result of these combined effects (Ahmed et 

al., 2006). The synthesis of prostaglandins, 

which is essential for controlling blood 

pressure, depends heavily on linoleic acid 

(Aurand et al., 1987). 

Butyrate has been shown to reduce the  

risk of colorectal cancer by inhibiting cell 

growth (Cummings et al., 1981) and inducing 

apoptosis (Mathers et al., 2002). Previous 

research suggests that adding β-sitosterol,  

the main phytosterol found in chickpeas, to a 

rat's diet can prevent colonic tumours caused 

by the carcinogen N-methyl-N-nitrosourea 

(Raicht et al., 1980). Additionally, chickpea 

seeds' lycopene content may provide defence 

against prostate cancer (Giovannucci et al., 

1995). Another study found that a chickpea 

isoflavone extract inhibited the formation of 

epithelial tumours without affecting healthy 

cells (Julio et al., 2004). 

As a low-GI item, chickpeas may be a 

useful supplement to diet plans. Furthermore, 

eating chickpeas has been shown to reduce 

the buildup of fat in obese people. Increased 

feelings of fullness and satiation result from 

including chickpeas in the diet (Murty et al., 

2010). In comparison to a usual diet, those 

fed a chickpea diet showed an overall 

improvement in bowel health in the test by 

Murty et al. (2010), including higher 

frequency of defecation, ease of defecation, 

and softer stool consistency. Bowel function 

was positively promoted by the Dietary   

Food - DF (Jukanti et al., 2012).  
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Figure 6. Chickpea health benefit  

 

CONCLUSIONS 

 

The breeding program conducted in 

chickpea varieties achieved a diversity of 

agronomic characteristics by hybridization 

between 6 parental components belonging to 

the Desi and Kabuli types. 

Hybrids with higher positive heterosis for 

height/plant, number of pods and seeds/plant 

and degree of earliness were Desi × Kabuli 

type, for seed weight and mass per 1000 

seeds were Kabuli × Kabuli type, and for 1st 

pod height were Desi × Desi type. 

The highest hypothetical and true heterosis 

regarding some main traits were found as 

follows: in Garbanzo Negro × Blanco 

Lechoso for height/plant (140.76%; 

133.04%), in Irenka × Blanco Lechoso for 

number of pods (59.11%; 37.50%) and 

seeds/plant (77.06%; 42.81%), in Blanco 

Lechoso × Garbanzo Negro for seed 

weight/plant (131.60%; 129.83%) and 1000 

seeds mass (85.45%; 20.88%). 

The gene actions in the manifestation of 

height/plant and 1
st
 pod height in all hybrids 

were of positive overdominance type. For 

seed weight, 1000 seeds mass and degree of 

early maturity, negative dominance, and 

overdominance were characteristic, and for 

pod and seed numbers, in most cases, 

intermediate inheritance was observed. 

Chickpeas are a high-protein, high-fiber 

food that can be used to prevent or treat Type 

II diabetes, lower the risk of colorectal cancer 

by preventing cell growth, protect against 

prostate cancer, and improve bowel health by 

increasing the frequency, ease, and 

consistency of bowel movements. 

 

ACKNOWLEDGEMENTS 

 

Investigations necessary for this paper are 

part of the Projects grant number 451-03-

33/2026-03/200032, 451-03-33/2026-03/ 

200053; and 451-03-34/2026-03/200116; 

financed by the Ministry of Science 

Technological Development and Innovation 

of the Republic of Serbia and Bulgarian 

Project (2024-2027): “Intercropping in maize 

growing for sustainable agriculture”. 

 

REFERENCES 

 
Ahmed, R., Anthony, B., David, T., Sarah, B., Judy, 

F., Tina, B., Behjat, K.H., Zhongyi, L., Sadequr, 

R., 2006. Matthew M. High-amylose wheat 

generated by RNA interference improves indices of 

large-bowel health in rats. Proc. Natl. Acad. Sci. 

USA, 103: 3546-3551. 

doi: 10.1073/pnas.0510737103 

Aurand, L., Woods, A., Wells, M., 1987. Food 

Composition and Analysis. Van Nostrand Reinhold 

Company, New York, NY, USA.  

Bayahi, K., and Rezgui, S., 2018. Improvement of 

Yields in Chickpea (Cicer arietinum. L): Genetic 

Study of Heterosis in Hybrids Derived from Desi x 

Kabuli and Kabuli x Kabuli Crosses. J. Adv. Plant 

Sci., 1(1): 1-7.  



771 

Sevda Ninova
 
et al.: Heterosis Manifestations and Degrees of Dominance of Main Traits 

in Chickepea Hybrids (Cicer arietinum L.) and Health Benefit 
 

Berger, J.D., Speijers, J., Sapra, R.L., Sood, U.C., 

2017. Genotype by environment interaction and 

chickpea improvement. Chickpea Breeding and 

Management, 30: 617.  

 Bulti, M., Jema, H., Fatih, Y., 2019. Economic 

importance of chickpea: Production, value, and 

world trade. Cogent Food Agric., 5: 1615718. 

https://doi.org/10.1080/23311932.2019.1615718 

Bushulyan, O.V., and Sichkar, V.I., 2009. Chickpea: 

genetics, selection, seed production, cultivation 

technology. Monograph. Odessa, SP, 246 p. 

Bykova, K.A., 2017. Evaluation of collection 

accessions of chickpea (Cicer.L) and creation of 

source material for its breeding in the southern 

forest-steppe of Western Siberia. Dissertation, 

Altai State Agrarian University, 139 p. 

Cummings, J., Stephen, A., Branch, W., 1981. 

Implications of dietary fibre breakdown in the 

human colon. In: Bruce, W., Correa, P., Lipkin, 

M., Tannenbaum, S., Wilkins, T. (eds.), Banbury 

Report 7 Gastrointestinal Cancer. Cold Spring 

Harbor Laboratory Press, New York, USA: 71-81. 

Duc, G., Agrama, H., Bao, S., Berger, J., Bourion, V., 

De Ron, A.M., Gowda, C.L., Mikic, A., Millot, D., 

Singh, K.B., Tullu, A., Zong, X., 2015. Breeding 

annual grain legumes for sustainable agriculture: 

new methods to approach complex traits and 

target new cultivar ideotypes. Crit. Rev. Plant Sci., 

34(1-3): 381-411. 

https://doi.org/10.1080/07352689.2014.898469 

Funga, A., Ojiewo, C.O., Turoop, L., Mwangi, G.S., 

2016. Symbiotic effectiveness of elite rhizobia 

strains nodulating desi type chickpea (Cicer 

arietinum L.) varieties. J. Plant Sci., 4(4): 88-94. 

https://doi.org/10.11648/j.jps.20160404.15 

Giovannucci, E., Ascherio, A., Rimm, E.B., Stampfer, 

M.J., Colditz, G.A., Willett, W.C., 1995. Intake of 

carotenoids and retinol in relation to risk of prostate 

cancer. J. Natl. Cancer Inst., 87: 1767-1776. 

doi: 10.1093/jnci/87.23.1767 

Gupta, S., Nawaz, K., Parween, S., Roy, R., Sahu, K., 

Pole, K.A., Khandal, H., Srivastava, R., Parida, 

S.K., Chattopadhyay, D., 2017. Draft genome 

sequence of Cicer reticulatum L., the wild 

progenitor of chickpea provides a resource for 

agronomic trait improvement. DNA Res., 24: 1-10. 

doi:10.1093/dnares/dsw042 

Jain, M., Misra, G., Patel, R.K., Priya, P., Jhanwar, S., 

Khan, A.W., Shah, N., Singh, V.K., Garg, R., 

Jeena, G., Yadav, M., Kant, C., Sharma, P., Yadav, 

G., Bhatia, S., Tyagi, A.K., Chattopadhyay, D., 

2013. A draft genome sequence of the pulse crop 

chickpea (Cicer arietinum L.). Plant J., 74: 715-729.  

 Johnson, P.L., Sharma, R.N., Nanda, H.C., 2019. 

Hybridity testing and heterosis in relation to 

genetic divergence in chickpea (Cicer arietinum 

L.) under rice based cropping system. Indian J. 

Genet., 79(3): 622-625.  

Jukanti, A.K., Gaur, P.M., Gowda, C.L., Chibbar, 

R.N., 2012. Nutritional quality and health benefits 

of chickpea (Cicer arietinum L.): A review. Br. J. 

Nutr., 108(Suppl. 1): S11. 

doi: 10.1017/S0007114512000797  

Julio, G.C., Javier, V., María, D.M.Y., Justo, P., 

Manuel, A., Francisco, M., 2004. Effect of 

chickpea aqueous extracts, organic extracts, and 

protein concentrates on cell proliferation. J. Med. 

Food, 7: 122-129. 

doi: 10.1089/1096620041224175 

Khrisanapant, P., Kebede, B., Leong, S.Y., Oey, I., 

2022. Effects of hydrothermal processing on 

volatile and fatty acids profile of cowpeas (Vigna 

unguiculata), chickpeas (Cicer arietinum) and 

kidney beans (Phaseolus vulgaris). Molecules, 

4:27(23): 8204.  

Koul, B., Sharma, K., Sehgal, V., Yadav, D., Mishra, 

M., Bharadwaj, C., 2022. Chickpea (Cicer 

arietinum L.) biology and biotechnology: From 

domestication to biofortification and biopharming. 

Plants, 11(21), 2926. 

https://doi.org/10.3390/plants11212926 

Kuzmova, K., 2002. Quantitative assessment of 

wintering and spring varieties of peas in terms of 

earliness. Jubilee Scientific Session - 120 years of 

agricultural science in Sadovo, Bulgaria: 109-112. 

Lakmes, A., Jhar, A., Penmetsa, R.V., Wei, W., 

Brennan, A.C., Kahriman, A., 2022. The 

quantitative genetics of flowering traits in wide 

crosses of chickpea. Agriculture, 12, 486. 

doi: 10.3390/agriculture12040486 

Malik, S.R., Muhammad, S., Umer, I.M., Ashraf, Z., 

Bakhsh, A., Iqba, S.M., 2011. Genetic analysis of 

physiochemical traits in chickpea (Cicer 

arietinum) seeds. International Journal of 

Agriculture and Biology, 13(6): 1033-1036. 

Mangal, A., and Bahl, Р., 1984. Heterosis in diverse 

crosses of chickpea. Indian J. Genet. & Plant 

Breed, 44(1): 173-176. 

Mather, K., and Jinks, J.L., 1971. Biometrical 

Genetics. The study of continuous variation. 

Chapman and Hall, London XII, 382. 

Mathers, J.C., 2002. Pulses and carcinogenesis: 

Potential for the prevention of colon, breast and 

other cancers. Br. J. Nutr., 88: 273-279. 

doi: 10.1079/BJN2002717 

Murty, C.M., Pittaway, J.K., Ball, M.J., 2010. 

Chickpea supplementation in an Australian diet 

affects food choice, satiety and bowel health. 

Appetite, 54: 282-288. 

doi: 10.1016.j.appet.2009.11.012 

Murthy, V.R.K., Sree-Rekha, M., Vijaya-Lakshmi, B., 

2017. Climate change - Jowar yield prediction 

model for Bapatla coastal agroecosystem. Andhra 

Agric. J., 64(2): 317-318.  

Omarov, D.S., 1975. Towards the Methods of Plant 

Heterosis Recording and Assessment. Agricultural 

Biology, 10: 123-127. 

Omelyanuk, L.V., Asanov, A.M., Tanakulov, A.Kh., 

2012. The influence of hydrothermal support of the 

growing season on the yield of early maturing 



772                                                                                                                                                           Number 43/2026 

ROMANIAN AGRICULTURAL RESEARCH 

 

soybean varieties in the Southern forest-steppe of 

the Omsk region. Scientific and Technical Bulletin 

of the All-Russian Research Institute of Oil Crops, 

1(150): 80-83. 

Osorio-Díaz, P., Agama-Acevedo, E., Mendoza-

Vinalay, M., Tovar, J., Bello-Pérez, L.A., 2008. 

Pasta added with chickpea flour: Chemical 

composition, in vitro starch digestibility and predicted 

glycemic index. Cienc. Tecnol. Aliment, 6: 6-12. 

Parameshwarappa, S.G., Salimath, P.M., Upadhyaya, 

H.D., Patil, S.S., Kajjidoni, S.T., 2012. Genetic 

variability studies in minicore collection of chickpea 

(Cicer arietinum L.) under different environments. 

Karnataka J. Agric. Sci., 25(3): 305-308. 

Phiri, C.K., Njira, K., Chitedze, G., 2023. An insight 

of chickpea production potential, utilization and 

their challenges among smallholder farmers in 

Malawi - A review. Journal of Agriculture and 

Food Research, 14, 100713.  

Pittaway, J.K., Ahuja, K.D.K., Robertson, I.K., Ball, 

M.J., 2007. Effects of a controlled diet 

supplemented with chickpeas on serum lipids, 

glucose tolerance, satiety and bowel function. J. 

Am. Coll. Nutr., 26: 334-340. 

doi: 10.1080/07315724.2007.10719620 

Popović, V., Glamočlija, Đ., Sikora, V., Đekić, V., 

Červenski, J., Simić, D., Ilin, S., 2013. Genotypic 

specificity of soybean [Glycine max (L.) Merr.] 

under conditions of foliar fertilization. Romanian 

Agricultural Research, 30: 259-270.  

Popović, V., Miladinović, J., Vidić, M., Vučković, S., 

Dražić, G., Ikanović, J., Djekić, V., Filipović, V., 

2015. Determining genetic potential and quality 

components of NS soybean cultivars under 

different agroecological conditions. Romanian 

Agricultural Research, 32: 35-42. 

Pratap, A., and Kumar J., 2011. History, origin and 

evolution Biology and Breeding of Food Legumes. 

CABI, Wallingford UK: 1-18.  

Qulmamatova, D.E., Adilova, Sh.Sh., Matkarimov, 

F.I., Fayzullaev, A.Z, Nurmetov, Kh.S., Kholliyev, 

O.E., Ziyadullaev, Z.F., Akbarova, G.O., Turaev, 

O.S., Baboev, S.K., 2024. Regression analysis of 

yield-related traits in chickpea (Cicer arietinum 

L.). SABRAO J. Breed. Genet., 56(4): 1524-1533. 

http://doi.org/10.54910/sabrao2024.56.4.18 

Raicht, R.F., Cohen, B.I., Fazzini, E.P., Sarwal, A.N., 

Takahashi, M., 1980. Protective effect of plant 

sterols against chemically induced colon tumors in 

rats. Cancer Res., 40: 403-405. 

Rajičić, V., Milivojević, J., Popović, V., Popović, V., 

Branković, S., Đurić, N., Perišić, V., Terzić, D., 

2019. Winter wheat yield and quality depending on 

the level of nitrogen, phosphorus and potassium 

fertilization. Agriculture and Forestry, 65(2):      

79-88. 

DOI: 10.17707/AgricultForest.65.2.06 

Rathod, V.B., Sarode, S.B., Kamble, S.S., 2018. 

Heterosis Analysis in Chickpea (Cicer arietinum 

L.). Int. J. Curr. Microbiol. App. Sci., 6(Special 

Issue): 2138-2143.  

Reinhold, K., 2002. Maternal effects and the evolution 

of behavioural and morphological characters: a 

literature review indicates importance of extended 

maternal care. J. of Heredity, 93(6): 400-405. 

Shengu, M.K., Hirpa, D., Wolde, Z., 2018. Genetic 

variability of some chickpea (Cicer arietinum L.) 

genotypes and correlation among yield and related 

traits in humid tropics of southern Ethiopia. 

Journal of Plant Breeding and Crop Science, 

10(10): 298-303. 

Singh, R.K., Singh, C., Ambika, Chandana, B.S., 

Mahto, R.K., Patial, R., Gupta, A., Gahlaut, V., 

Gayacharan, Hamwieh, A., Upadhyaya, H.D., 

Kumar, R., 2022. Exploring chickpea germplasm 

diversity for broadening the genetic base utilizing 

genomic resources. Front. Genet., 4:13: 905771. 

https://doi.org/10.3389/fgene.2022.905771 

Syed, M.A., Islam, M.R., Hossain, M.S., Alam, M.M., 

Amin, M.N., 2012. Genetic divergence in chickpea 

(Cicer arietinum L.). Bangladesh J. Agril. Res., 

37(1): 129-136. 

Talebi, R., Naji, A.M., Fayas, F., 2008. Geographical 

patterns of genetic diversity in cultivated chickpea 

(Cicer arietinum L.) characterized by amplified 

fragment length polymorphism. Plant Soil Environ., 

54: 447-452.  

Varshney, R.K., Song, C., Saxena, R.K., Azam, S., 

Yu, S., Sharpe, A.G., Cannon, S., Baek, J., Rosen, 

B.D., Tar'an, B., Millan, T., Zhang, X., Ramsay, 

L.D., Iwata, A., Wang, Y., Nelson, W., Farmer, 

A.D., Gaur, P.M., Soderlund, C., Penmetsa, R.V., 

Xu, C., Bharti, A.K., He, W., Winter, P., Zhao, S., 

Hane, J.K., Carrasquilla-Garcia, N., Condie, J.A., 

Upadhyaya, H.D., Luo, M.C., Thudi, M., Gowda, 

C.L., Singh, N.P., Lichtenzveig, J., Gali, K.K., 

Rubio, J., Nadarajan, N., Dolezel, J., Bansal, K.C., 

Xu, X., Edwards, D., Zhang, G., Kahl, G., Gil, J., 

Singh, K.B., Datta, S.K., Jackson, S.A., Wang, J., 

Cook, D.R., 2013. Draft genome sequence of 

chickpea (Cicer arietinum) provides a resource for 

trait improvement. Nat. Biotechnol., 31: 240-246.  

Wafula, J.K., Mosioma, J.O., Onyari, C.A.N., 

Nthakanio, P.N., Njoka, F.M., 2021. Heterosis in 

chickpea for grain productivity in Embu County, 

Kenya. Journal of Experimental Biology and 

Agricultural Sciences, 9(6): 715-726. 

Ugrenović, V., Popović, V., Ugrinović, M., Filipović, 

V., Mačkić, K., Ljubičić, N., Popović, S., Lakić, 

Ž., 2021. Black Oat (Avena strigosa Schreb.) 

Ontogenesis and Agronomic Performance in 

Organic Cropping System and Pannonian 

Environments. Agriculture, 11(1): 55. 

https://doi.org/10.3390/agriculture11010055 

Zali, H., Farshadfar, E., Sabaghpour, S.H., 2011. 

Genetic variability and interrelationships among 

agronomic traits in chickpea (Cicer arietinum L.) 

genotypes. Crop Breed. J., 1(2): 127-132. 

 


