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Effect of genotypic and environmental factors on the inheritance of the main characters in 
chickpea and relationships between them

1 1 1 1 2R. Sturzu , T. Nistot , Cr. Melucă , Fl. Bodescu , A. Stoilova *

1Agricultural Research and Development Station Teleorman, Romania
2Field Crops Institute, 6200 Cirpan, Bulgaria

Abstract. The objective of this paper was to evaluate the environmental influence weight compared to the weight of genetic variance in quantitative characters 
in chickpea main expression and phenotypic correlations between them. In the period 2011–2012, at the Agricultural Research and Development Station 
Teleorman, Romania, we conducted a series of experiments that included five species/groups of chickpea along with direct F  hybrids obtained after a half 1

diallele cross. The results obtained showed that the coefficients of variation had values corresponding to the intended purpose and they are from 12.34% for the 
size of the plant to 20.17% for the seed weight per plant and seed size. High values of regression coefficients (b = 0.61 to 0.97) expressing the relationship Vr/Wr 
(variance and covariance parent – descendant) suggest large gene effects for the characters and small environmental effects and reveal a high probability of 
similarity of the descendants with their parents. Heritability coefficients in narrow sense that are due to additive gene action and are of importance for the 
breeding were high for all the characters. The presence of high and positive correlations between the characters allows purposeful selection on several 
characters simultaneously. Genetic information acquired from this study offer opportunities to chickpea breeders to intensify the rapid improvement of all 
studied characters.
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Introduction variance was significant for pod and seed traits, also, both additive 
and dominance genetic variances were significant for pod thickness 
and width. Hossain et al. (2010) found that seed size is governed by Chickpea (Cicer arietinum L.) is a grain legume crop grown in 
two major complementary genes, where small size is dominant. The many countries in the Mediterranean, South and West Asia, North 
low genotype × environment interaction (<6.0% of the total variation) America, North and East Africa and Australia. Chickpea is the third 
suggested limited environmental influence on this trait. Two major most important crop of the food legume in the world and it is very 
quantitative trait loci (QTL) were identified that together accounted important source of good quality protein, carbohydrates and   other 
for 20% of the seed size trait. The same loci also accounted for 37% nutrients, low production cost, high adoptability and applying in crop 
of the phenotypic variance for 100-seed weight across the two rotation and nitrogen fixation (Yaghotipoor and Farshadfar, 2007). 
environments, indicating the close genetic relationship between Increasing of yield and quality are major objectives in plant breeding 
seed size and weight Phenotypic correlations can take a wide range programs. Genotype and environmental conditions, and genotype-
of forms, from the closest (not functional sense) to the total lack of environment interaction, are factors determining phenotypic 
connection, being influenced by many factors, systematic and expression of characters. Effect of environment on yield and crop 
random, which makes the two studied properties not vary in close quality is not heritable, effects of genotypic factors on yield and 
accordance (Nistir, 1997).related characters in plant breeding research need to be examined 

As much resemblance between parents and their descendants (Güler et al., 2001). 
(a higher regression coefficient) suggests large genetic effects and Many workers have been studied the mode of inheritance, 
small environmental effects, regression coefficient being an genetic control (gene effects and their action) and components of 
empirical value (but very accurate) of heritability in a narrow sense. It genetic variance of characters in chickpea (Malhotra et al, 1997; 
is considered, therefore, that these coefficients of the regression Lichtenzveig et al., 2005; Cobos et al., 2009). Singh and Saxena 
provide a more secure way of assessing heritability compared to (1999) reported that many genes control the inheritance of the seed 
sharing genetic variance in components.size, a trait that seems to be governed more by additive than by non-

This paper aims to elucidate some aspects of the environment additive genes. In the investigations carried out by Upadhyaya et al. 
influence weight compared to the weight of genetic variance in main (2006) the normal seed size was dominant over small seed size. 
quantitative characters in chickpea as well as phenotypic Cobos et al. (2007) reported that seed size was the most heritable 
correlations between them.trait (90%). Farshadfar et al. (2008) indicated dominance in the 

inheritance of grain yield, biological yield, harvest index, seed 
weight, and number of seeds/plant, and over dominance gene action 

Material and methodsin the number of pod/plant, earliness and proline content. Moderate 
narrow-sense heritability estimates were observed for biological 
yield, harvest index, seed weight, number of seeds/plant and proline In 2011–2012, at Agricultural Research and Development 
content. Tuba and Dogan (2010) reported that additive genetic Station Teleorman, we conducted a series of experiments that 
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included five species/chickpea groups, among their direct hybrids in regression coefficients (Hayman, 1954). Coefficients of heritability in 
the F  generation obtained by a half diallel cross [p (p-1) / 2]. The the broad sense and narrow sense were calculated using genetic 1

parameters D, H , H  and F and experimental error, embedded purpose was to calculate the Regressio  coefficients and 1 2

coefficients of heritability specific to each quantitative genetic trait calculations in a single program named TEST-FOR (Popescu, 
studied and the correlations between them was calculated. 1990).
Regression coefficient (b) expresses the relationship Vr/Wr 
(variance and covariance parent – descendant) of the same row in a 
diallel table. The five genotypes of chickpea (Cicer arietinum L.) Results and discussion
used in this study were: P.I. 451 628, P.I. 107128, P.I. 462196 
Barbuta and Stepnovoi, from the collection of local and foreign The variation value coefficients of parental genotypes 
populations varieties existing at ARDS. The main criterion in corresponding to genetic characteristics studied, were small (Table 
choosing these genitors had been their categorical differentiation in 1), which leads to the idea that the degree of homozygosity of 
terms of increasing the value of the main elements of productivity, as parental forms was high: 1.73 to 2.73% for plant height, 1.61 to 
well as other morphological and physiological characteristics, 2.80% for the first pod insertion, 1.57 to 2.91% for the number of 
differentiation due to the different genetic structure of these parental pods/plant, 1.88 to 3.73% for number of seeds/plant, 1.78 to 3.73% 
forms which differ in terms of their geographical origin. for seed weight/plant and 2.03 to 3.73% for seed size (TKW).

Genotypes were sown in the field after randomized blocks The studied average values of the main quantitative genetic 2method in three repetitions, ensuring a density of 40 seeds/m , each characters in chickpea show a diversity of the studied biological 
plot consisting of  3 rows × 3 m length. The following characters have material (Table 2). Thus, the variability of chickpea plants waist is 
been determined in the field: plant height, the insertion of the first between 35.0 and 52.0 cm, the insertion of the first pod from 17.4 to 
pod, number of pods/plant, in laboratory number of seeds/plant, 25.4 cm, the number of pods/plant from 19.9 to 64.9, number of 
seed weight/plant and 1000 grain weight (TKW), all determinations seeds/plant 8.4 to 65.3, seed weight/plant from 1.12 to 16.70 g and 
were performed on 10 plants in each repetition. 130.33 to 342.66 g for TKW value.

The experimental results were statistically analyzed in the The analysis of variance by groups of experiments showed that 
following sequence: analysis of variance by groups of experiments, distinct differences between genotypes are significant in F test from 
estimating the coefficients of variation (Ceapoiu, 1968), estimates of 

 
n

 

Table 2. The mean values of parental characters studied, 2010–2011

Genotype

P.I. 451628

P.I. 107128

P.I. 462196

Bărbuţa

Stepnovoi

35.0

38.0

43.8

44.4

52.0

17.4

23.7

20.1

20.0

25.4

31.3

19.9

47.3

64.9

55.4

8.4

12.8

45.1

65.3

50.2

1.12

3.62

1.58

14.75

16.70

130.33

279.00

342.66

227.33

333.66

Height of
Plant, %

Insertion of the
first pod, cm

No. of
pod/plant

No. of
seed/plant

Seed weight/
Plant, g

TKW, g

Table 1. The values of variability coefficients of genetic characters studied, 2011–2012

Genotype

P.I. 451628

P.I. 107128

P.I. 462196

Bărbuţa

Stepnovoi

Iran

Italy

India

Rumania

Bulgaria

1.73

1.81

1.85

2.73

1.91

1.62

1.65

1.61

2.80

1.93

1.58

1.57

1.59

2.91

1.90

1.88

1.98

1.95

3.73

2.75

1.78

1.93

1.88

2.03

3.73

1.78

1.93

1.88

2.03

3.73

Origin
Height of
Plant, %

Insertion of the
first pod, %

No. of
pod/plant, %

No. of 
seed/plant, %

Seed 
weight/plant,%

TKW,
%

Table 3. Analysis of variance and coefficients of variability corresponding to genetic characters studied in chickpea,
2011–2012

The cause
of variability

Blocks

Genotypes 

Error

Variability
coefficient (%) 12.34 14.56 13.78 13.69

2

14

28

0.64

121.53

26.03

0.32

8.67

0.93

0.34

9.32**

-

0.40

364.51

24.47

0.20

26.04

0.87

0.02NS

29.93**

-

0.31

131.36

75.44

0.15

9.38

2.69

0.08NS

3.49**

-

1.52

166.58

56.47

0.76

11.90

2.02

0.38NS

5.89**

-

GL
GL GL GL GLF FFF2s 2s 2s 2s

Height of plant, cm Insertion of the first pod, cm No. of pod per plant No. of seed per plant
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the error variance for all the characters studied, variability number of seeds/plant (b=0.81), seed weight/plant (b=0.97) and 
coefficients having corresponding values for the purpose, these TKW (b=0.76), suggesting large genetic effects and small 
being 12.34% for height plant, 14.56% for insertion of the first pod, environmental effects. Compared with the high values of the 
13.78% for number of pods per plant, 13.69% for number of seeds regression coefficients of the quantitative genetic characters 
per plant, 18.67% for seed weight per plant and 20.17% for the value studied, the values in the narrow sense heritability coefficients 
of TKW (Table 3). obtained by dividing the variance in genetic components differ from 

The high values of regression coefficients for quantitative one character to another, the values of the coefficients of heritability 
genetic characters studied show high heritability of these in the broad sense being great for all characters studied. 
characters, the values were between 0.65 and 0.96 (Table 4). Lower factor heredity values in the narrow sense is recorded 
Regression coefficients prove to be a more reliable assessment of only at first pod insertion (h=0.4954), this genetic character suffering 
the heredity of the quantitative characters analyzed. an influence of environmental conditions on phenotypic 

High values of regression coefficients for height of plant manifestation and therefore a lower heritability compared to the 
(b=0.65), first pod insertion (b=0.98), number of pods/plant (b=0.96), coefficient value of regression (b = 0.61) (Table 4). 

Table 4. Values of regression coefficients and coefficients of genetic inheritance to the main characters studied, 2011–2012

Studied genetic character

Height of plant, cm

Insertion of the first pod, cm

No. of pod/plant

No. of seed/plant

Seed weight, g

TKW, g

0.65

0.61

0.96

0.81

0.97

0.76

0.5672

0.4954

0.7295

0.7751

0.7978

0.7224

0.9712

0.9185

0.9928

0.9964

0.9953

0.9983

Regression coefficients
Heredity coefficients

In a narrow sense In a large sense

number per plant (r = 0.948***), the number of seeds per plant show high heritability of all characters and their values can be 
and seed weight per plant (r=+0.484*), seed weight per plant and optimized to a higher level on the basis of obtained new genetic 
TKW (r = 0.691*). These high positive and statistically provided material and selection. Heritability coefficients in a narrow sense that 
values of the correlation coefficients give us useful and beneficial estimate the additive variance, of great importance for breeding, are 
information for improving the absolute values of the studied high and efficient selection can lead in the early segregated 
characters. Similar results were obtained by Sturzu and Patrascu generations – F2–F3. Variation coefficients are also high for all the 
(2004), Sturzu (2006). traits studied and give a possibility desired genotypes to be selected. 

The information acquired from this study can be used to Correlation analysis demonstrated positive association between 
formulate the most efficient breeding strategy for rapid and effective characters, except No. of seed/plant-seed weight/plant, which 
improvement of characters in chickpea. Regression coefficients means that selection can lead on several characters simultaneously.

Table 5. The coefficients of correlation between quantitative genetic characters studied, 2011–2012

Character
analysed

Height of plant, cm

Insertion of the first pod,  cm

No. of pod/plant

No. of fertile pod /plant

No. of seed/pod

No. of seed/plant

Seed weight/plant, g

+0.603**

-

-

-

-

-

-

+0.626**

+0.040

-

+0.950***

-

-

-

+0.665**

+0.094

+0.949***

+0.992***

+0.948***

-

-

+0.708***

+0.165

+0.919***

-

-

-0.117

-

+0.515*

+0.348

+0.452*

+0.519*

-

+0.484*

+0.691**

Insertion of the
first pod, cm

No. of 
pod/plant

No. of 
seed/plant

Seed weight/
plant, g

TKW, g

These values suggest a high probability that the progeny height of plant and number of seeds per plant (r = +0.665**), 
produced opportunities to be close to parents regarding the height plant and seed weight per plant (r = +0.708***), height of 
absolute values of plant height, first pod insertion, number of plant and TKW value (r = +0.515*), number of pods per plant and 
pods/plant, number of seeds/plant, seed weight/plant and TKW's. number of seeds per plant (r = +0.949***), number of pods per 
Correlations between the studied quantitative genetic characters plant and seed weight per plant (r =0.919***), number of pods and 
show their interdependence (Table 5). Large positive values and TKW (= 0,452*), the number of fertile pods and total number of 
statistically provided correlation coefficients are obtained between pods per plant (r = +0.950***), the number of fertile pods and 
height of plant and the insertion of the first pod (r = +0.603**), number of seeds per plant (r = +0.992***), the number of fertile 
height of plant and total number of pods per plant (r = 0.626**), pods and TKW (r = +0.519*), the number of seed pods and seed 
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