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Study of chickpea seed size heredity (Cicer arietinum L.)

R.Sturzu*, T.Nistor, F.Bodescu, C.Melucă

Agricultural Research and Development Station Teleorman, Drăgănești Vlașca, Teleorman County, Romania 

Abstract. The hybridological study of five chickpea parental genotypes and their direct hydrids in F  generation elucidated some aspects regarding the genetic 1

control of seed size. The experimental results showed that into genetic control of the seed size, both additivity (g ) and dominance (l, l , l ) effects of genes, i i ij
1/2involved into heredity of this genetically quantitative trait, have been involved. They acted asa “partial dominance” genetic mechanism (H /D)  = 0.82 and 1

Vr/Wr = 0.87 confirmed by the result of graphical analysis, too. The frequency of dominance genes was in excess vs. that of recessive ones. The dominant and 
recessive genes as well as the dominant and recessive alleles (H /4H 0.21) were symmetrically distributed among parents. The set of tested genitors can 2 1 = 

2emphasize the presence of a gene or a dominant gene group of them closely associated, which obviously influence the tested trait (h /H  = 0.87). The heredity 2

coefficients for the tested trait had values of 0.72 in narrow and 0.99 in large one.

Keywords: chickpea, breeding, seed size

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 6, No 2, pp , 2014143 - 147

Introduction geographical origins: P.I. 451628 (Iran), P.I. 107128 (Italy), P.I. 
462196 (India), Bărbuţa (Romania) and Stepnovoi (Bulgaria), 
besides their direct hybrids in F  generation released through direct 1Seed size is a very important element of productivity in 
diallel crossing were performed. The biological material was sown chickpea, because the tendency of consumers to utilize chickpea 
after randomized blocks in three reps. The seed size was kabuli with large seed is recognized, so, all breeders make large 
determined by counting and weighting seeds of ten plants harvested efforts to release a productive type of crop, which achieves high 
from each rep.number of pods and seeds, expressed as TKW over 300 g.Arora 

The experimental results were statistically analysed as (1991) found high values of variation coefficients (phenotypical and 
following: ANOVA for group of experiments (Ceapoiu, 1968), ANOVA genotypical) for TKW trait. Both Misra and Vijaikumar et al. (1991) 
half diallel table (Walters and Morton, 1978), analysis of covariance have found high values of heritability and moderate ones of genetic 
and variance of hybrid rows with one common parent (Jinks and progress in TKW. Eser et al.(1991) and Lokendra and Arora (1991, 
Hayman, 1953; Hayman, 1954a), estimation of components in both 1992) showed that the TKW in chickpea was significantly correlated 
genetics variance and heredity coefficients (Jinks, 1954; Hayman, with seed yield. Singh et al. (1992) using diallel analysis have 
1954b; Mather and Jinks, 1974), theoretical parents with maximum established that the seed size is controlled by the additivity genetic 
number of dominant and recessive genes, correlation between effects. Singh et al. (1993) analizing the variance of general and 
parental average values and sum of corresponding variance and specific combining ability, have established that the additive genic 
covariance (Mather and Jinks, 1974).effect was dominant for TKW trait, as both Salimath and Bahl (1988) 

and Shinde et al. (1990) have shown. Rao et al. (1994) have 
established the existence of a high heritability and genotypic 
variation coefficient as well as great genetic progress in seed size. Results and discussion
Also, the TKW was positively correlated with seed yield.

Based on study of chickpea seed size, Kumar and Singh (1995) The chickpea seed size expressed as TKW is a quantitative 
have established that the feature „small size” was partially dominant genetic trait with relative importance in yield determination.The seed 
over the „large size” trait, a major contribution to genetic variation size in parental forms under testing ranged between 130.33 g in 
having additive genic effects. The non-additive genic effects – cultivar P.I. 451628 and 342.67 g in cultivar P.I. 462196 (Table 1).
dominant type and additivity – dominance interaction, affected The achieved results emphasize the fact that the tested 
relatively low the expression of this trait. Both heritability and genotypes are avery strongly differentiated, feature manifested to 
estimated genetic progress were higher, while the minimum number the obtained hybrids too, the seed size registering values from 
of factors involved in seed size control ranged between 1.33 and 121.66 g in genotype P.I. 451628/ P.I. 107128 till 342.67 g in 
2.19. genotype P.I. 462196 (Table 2).

ANOVA for the experiment group (Ceapoiu,1968) has 
emphasized distinctly significant differences between genotypes Material and methods
under testing (Table 3).

To establish the chickpea seed size heredity, at Agricultural 
Variance analysis of half diallel table Research and Development Station Teleorman, Romania 
To establish the genes involved into chickpea seed size experiments which consisted of 5 parental genotypes with different 

* e-mail: odicasturzu@yahoo.com
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and dominance effects were distinctly significant (test F)(Table 4).
The results obtained suggest that into genetic control of the 

chickpea seed size, both additivity genetic (gi) and dominance one 
(l, li, lij) components are involved. Although the dominance is 
involved into chickpea seed size heredity, the data reveal higher 
importance of gene additivity effects into this trait heredity, having a 
significant share in total genetic variance. For the significance of the 
three types of dominance effects, the following aspects were 
emphasized:

· The chickpea seed size dominance is uni-directional 
(component l);

· The positive and negative alleles which control this trait are 
relatively unequally distributed between parts (component li);

· For both genitor set under study and thefollowed trait, the 
presence of significant residual dominance due probably to specific 
reaction of some hybrids is highlighted (component lij).

Mathematical model: Yij= m+gi+gj+l+li+lij  (Walters and Morton, 
1978)

This model allows the details at the level of each parental 
genotype of both additivity and dominance effects, making possible 
an estimation for the five genotypes under study. Therefore, as 
additivity effects (gi), the genotypes P.I. 462196, Stepnovoi and P.I. 
107128 contributed to the seed size increasing, while the genotypes 
Bărbuţa and P.I. 451628 determined its diminution (Table 5).

Analyzing the dominance effects, for the trait under study, one 
can ascertain that the cultivars P.I. 462196, P.I. 451628 and Bărbuţa 
generated positive deviations of supplementary dominance, due to 
genotype i (li), and the cultivar P.I. 107128, negative deviations of 
supplementary dominance (Table 6).

The hybrid combinations with positive specific reaction for seed heredity control, the genetics variance was decomposed into its 
size (dominance deviations due to crossing i x j = lij) were: P.I. component parts: genetics variance for additivity (gi) and dominance 
451628/Stepnovoi, P.I. 107128/Bărbuţa, P.I. 451628/P.I. 462196, genetics variance (l, li, şi, lij), based on model proposed by Walters 
P.I. 107128/P.I. 462196 and P.I. 462196/Bărbuţa, and the and Morton (1978).For the trait chickpea seed size, both additivity 
combinations with negative specific reaction for this trait were: P.I. 

Table 1. Seed size in chickpea parental genotypes under study

No.

1.

2.

3.

4.

5.

P.I. 451628

P.I. 107128

P.I. 462196

Bărbuţa

Stepnovoi

Average

LSD 5%

LSD 1%

LSD 0.1%

262.60

6.42

9.34

14.01

130.33

279.00

342.67

227.33

333.67

Genotype Seed size, g

Table 2. Average values of seed size in both five chickpea
parental genotypes and their direct hybrids in F1 generation 

No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

 

P.I. 451628

P.I. 451628/ P.I. 107128

P.I. 451628/ P.I. 462196

P.I. 451628/ Bărbuţa

P.I. 451628/ Stepnovoi

P.I. 107128

P.I. 107128/ P.I. 462196

P.I. 107128/ Bărbuţa

P.I. 107128/ Stepnovoi

P.I. 462196

P.I. 462196/ Bărbuţa

P.I. 462196/ Stepnovoi

Bărbuţa

Bărbuţa/ Stepnovoi

Stepnovoi

Average

LSD 5%

LSD 1%

LSD 0.1%

269.90

5.288

7.119

9.467

130.33

121.66

320.00

189.00

310.00

279.00

334.33

258.00

270.00

342.67

311.66

335.33

227.33

285.66

333.66

Genotype Seed size, g

Table 4. ANOVA of half diallel table for chickpea seed size

* Significant for 5%, ** Significant for 1%

Variability cause

Additive contribution of genotype i (gi)

Average deviation due to dominance (l)

Average deviation due to genotype i (li)

Average deviation due to crossing ixj (lij)

Error 

91404.94

1202.68

15867.47

36694.39

279.45

4

1

4

5

28

22851.23

1202.68

3966.87

7338.88

9.98

2289.62**

120.50**

397.47**

735.33**

-

Seed size, g

SP GL F2s

Table 3. ANOVA for chickpea seed size

* Significant for 5%, ** Significant for 1%

Variability cause
SP GL F2s

Blocks

Genotypes

Errors 

Variability
coefficient (%)

80.55

221815.80

279.45

11.704

2

14

28

40.28

15843.98

4.04*

1587.52**

Seed size, g



451628/P.I. 107128, P.I. 462196/Stepnovoi, P.I. 451628/Bărbuţa, 
P.I. 462196/Bărbuţa, Bărbuţa/Stepnovoi and P.I. 107128/Stepnovoi 
(Table 7).

Graphical analysis of covariance (Wr) and variance (Vr) 

non-allelic interactions involved into seed size genetic control (g), for 
this set of genotypes, has no level which could complicate their 
manifestation, underlining the fact that the proposed additivity x 
dominance model to explain the trait heredity is proper. The same 
thing is confirmed by the lack of significance versus slow regression 

The study of total genetics variance in seed size (g) was based line (Figure 1).
on graphical analysis of covariance (Wr) and variance (Vr), as well The graphical analysis of covariance and variance of hybrid 
as on determination of their genetics variance components. The first rows with common parent emphasizes:
stage of this analysis is represented by the ANOVA of difference · The intersection of Wr ordinate by regression line, up to 
between covariance and variance (Wr-Vr) in the 5 parental genotype origin point, indicates „partial dominance” type of genetic control;
rows, as homogeneity test of covariance (Wr) and variance (Vr) 

· The distance of parabola and points versus regression line 
values (Table 8).

shows that both additivity and dominance effects have an important 
The results of this analysis have shown that for the trait under 

role in the trait genetic control;
testing, the values of difference between covariance and variance of 

· From parental genotype distribution, along regression line, hybrid rows with a common parent (Wr-Vr) were relatively 
the gene type (dominant and/or recessive) is highlighted in the homogeneous and insignificantly different. This presumes that the 

Table 5. Additivity effects of parental genotypes (gi) for 
chickpea seed size

No.

1.

2.

3.

4.

5.

P.I. 451628

P.I. 107128

P.I. 462196

Bărbuţa

Stepnovoi

Σgi

- 66.1333 ± 0.6654

8.2000 ± 0.6654

40.0333 ± 0.6654

- 17.6333 ± 0.6654

35.5333 ± 0.6654

0

Genotype Seed size, g

Table 6. Deviations of supplementary dominance due to
genotype i (li) for seed size in chickpea parental genotypes

No.

1.

2.

3.

4.

5.

P.I. 451628

P.I. 107128

P.I. 462196

Bărbuţa

Stepnovoi

li

14.93 ± 1.5525

- 44.96 ± 1.5525

28.99 ± 1.5525

0.99 ± 1.5525

0.04 ± 1.5525

10.97 ± 1.00

Genotype Seed size, g

Table 7. Dominance deviation (lij) due to crossing i x j for
seed size (g) in chickpea parental genotypes

Var (lij) = 1.6634

No.
Maternal

genotype

1.

2.

3.

4.

5.

P.I. 451628

P.I. 107128

P.I. 462196

Bărbuţa

Stepnovoi

-63.9445 28.6111

28.5000

- 16.7222

37.8333

- 14.2778

52.0555

- 2.3889

- 42.8333

- 6.8333

Paternal genotype

2 3 54

Table 8. ANOVA Wr-Vr for chickpea seed size (g)

ns – insignificant

Variability cause

Reps

Genotypes (rows)

Error 

Total 

789.67

1431.05

1482.96

3703.68

2

4

8

14

394.83

357.76

185.37

ns2.13 
ns1.93 

Seed size, g

SP GL F2s

9000

9000

8000

8000

7000

7000

6000

6000

5000

5000

4000

4000

3000

3000

2000

2000

1000

1000

3
5

2

4

1

1 = P.I. 451628

2 = P.I. 107128

3 = P.I. 462196

4 = BARBUTA

5 = STEPNOVOI

Wr = 379.255 + 0.6618Vr

Vr

W
r

0
0

Figure 1. Graphical analysis of covariance (Wr) and variance (Vr) for chickrea seed size
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control of seed size of the five parental genotypes. Therefore, the conditions. The very significant values, in both parameter D (which 
genotype with the greatest cumulation of dominant genes is P.I. estimates the additivity effects), as well as H  and H  ones (which 1 2

462196, and the genotype with the greatest cumulation of recessive estimates the dominance effects), have confirmed the fact that both 
ones is P.I. 451628; types of effects have important role in this trait heredity. The positive 

· None of thetested parental genotypes is close by the value of parameter F suggests the fact that dominant gene 
1/2theoretical parent with maximum cumulation of dominant or frequency was in excess versus recessive ones. The ratio (H /D)  1

recessive genes. and Vr/Wr with sub-unitary values, emphasize the fact that the 
genetic control of this trait is „partial dominance”, in accordance with 

Component estimation of genetics variance and heredity thegraphical analysis result. 
coefficients The ratio of total number of dominant and recessive genes as 

1/2 1/2Based on covariance (Wr) and variance (Vr) of hybrid rows with part of parental genotypes under testing [(4DH ) +F/(4DH ) –F], 1 1

common parent, components of genetics variance were determined, over-unitary, emphasizes the asymmetry of dominant and recessive 
2achieving the following genetics parameters: D, H , H , F, şi, h , as 1 2 gene distribution which control this trait among parents. This aspect 

well as proportional values among them, with certain genetics is underlined by the ratio H /4H ,too (which estimates the relative 2 1

significance. The results emphasized the fact that the genetics repartition of dominant and recessive alleles among parents), which 
parameter values, which characterize the seed size, are significant, have lower value than thetheoretical one, of 0.25 (at an equal 
this trait being not influenced too much by the environment frequency of alleles).The sub-unitary value of the ratio ½ 

1/2F/[D(H –H )] , which ascertains the medium variation degree of 1 2

dominance atthe level of different loci, shows that dominance is not 
2variable from one locus to another. From the ratio value h /H  (which 2

estimates the number of genes closely associated), itresults that for 
this set of genitors there is a dominant gene or a group of genes well 
determined, which influence this trait heredity. The heredity 
coefficients for the chickpea seed size have high level, their value 
being 0.7224 in narrow sense and 0.9983 in broad sense (Table 9). 

The theoretical parents with maximum number of dominant and 
recessive genes, correlations between parental average values and 
sum of covariance and variance of hybrid rows with one common 
parent and dominance order

Based on comparison of covariance and variance sum (Wr” + 
Vr”) of hybrid rows with one common parent with values of theoretical 
parents with maximum of dominant genes (Wr' + Vr') or recessive 
ones (Wr” + Vr”), for the trait under testing it is obvious that none of 
the parental genotypes used in this study reaches the theoretical 
parent value with maximum number of dominant genes (Table 10).

The dominance order for chickpea seed size trait is: P.I. 
462196, Stepnovoi, Bărbuţa, P.I. 107128 and P.I. 451628. 
Insignificant correlation (-0.8317) between phenotype parents (Yr) 
and the amount of variance and covariance with astringof hybrids 
common parent (Wr +Vr) indicates that large amounts of seed size 
are determined by dominant genes.

Table 9. Values of genetics variance components for
chickpea seed size (g)

No.

1.

2.

3.

4.

5.

341.57 ± 0.5900

233.54 ± 0.1256

199.44 ± 0.1035

137.64 ± 0.1361

174.52 ± 0.1714

D

H1

H2

F
2h

½(H / D)1

Vr/Wr

H /4H2 1

2h /H2

Heredity coefficients
– in narrow sense

 in broad sense–

6. 0.8269

0.8748

0.2135

1.6443

0.7331

0.8751

0.7224
0.9983

7.

8.

9.

10.

11.

12.

(4DH ) + F1

½

(4DH ) – F1

½

Genetics parameters

Proportional values

Seed size, g

½ F
½ [D(H – H )]1 2

Table 10. Sum of covariance and variance of hybrid rows with one common parent (Wr + Vr), values of theoretical parents
with maximum of dominant genes (Wr' + Vr') and recessive ones (Wr” + Vr”), correlations between parental average values
(Yr) şi (Wr + Vr) and dominance order for chickpea seed size

No.
Yr Wr + Vr Wr‛ + Vr‛ Wr” + Vr”

1.

2.

3.

4.

5.

P.I. 451628

P.I. 107128

P.I. 462196

Bărbuţa

Stepnovoi

130.33

279.00

342.67

227.33

333.67

15597.01

12560.02

1019.98

6451.67

1821.36

23357.46

277.4121

Correlation between Yr and Wr+Vr (r)

Dominance order

ns- 0.8317 

3, 5, 4, 2, 1

Parental genotype
Seed size, g
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

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

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

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

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

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