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Abstract 

 Information regarding additive and dominance properties of gene of the quantitative traits is very 
important to improve any crops. Five chickpea genotypes were taken as a base material for this study and five 
different crosses were made between the genotypes to raised F1, F2 and biparental (BIP’s) family. Analysis of 
variance showed significant differences among the families in almost all the cases. Higher magnitude of 
additive component than that of dominance component along with high narrow sense heritability and high 
genetic advance recorded for pod weight plant-1 in cross-4 and cross-5; number of seeds plant-1 in cross-3, 
cross-4 and cross-5; while seed weight plant-1 in cross-3 and cross-5. This is signifying that the selection of 
these traits for the respective crosses will be very effective for the improvement of chickpea yield. Regression 
item in some cases was significant which revealed good relationship between biparental families and their 
parents and vice-versa. Significant linkage in both coupling and repulsion phases were detected. 
 

Introduction 
 Pulses are the second most important crop in Bangladesh in terms of cultivation, which 
highlights its importance in the country's diet. Among pulses, chickpea (Cicer arietinum L.) as dry 
seeds are important sources of healthy human’s food all over the world. Bangladesh is a low 
chickpea producing country and imports chickpea from other countries to meet up the demand 
(Rezia et al. 2021). Hence, pulse breeders of Bangladesh are continuously paying their attention to 
improve an average chickpea yield. Thus, estimates of additive and non-additive components of 
genetic variance are required first to improve any high yielding crop, which makes available 
information about of how a particular trait could be selected for a population improvement 
program. Among the existing mating design, Mather (1949a) suggested biparental mating (BIP’s) 
design is very simple random mating designs. BIP’s also exhibited improved estimates of 
heritability and genetic advance (Koli et al. 2018). Therefore, the present investigation was aimed 
to know the gene action as well as to identify the suitable traits of chickpea through the biparental 
progeny analysis. 
 
Materials and Methods 
 Five chickpea genotypes namely BARI chola-1, BARI chola-3, BARI chola-4, BARI chola-7 
and BARI chola-8 were collected from Regional Agricultural Research Station, Ishurdi, Pabna, 
Bangladesh and used as a base material. Five different crosses such as Cross-1(8 × 3); Cross-2 (8 
× 1); Cross-3 (8 × 4); Cross-4 (4 × 8) and Cross-5 (8 × 7) were made between the genotypes to 
raise F1, F2 and BIP’s family population. 
 The experiment was set in the botanical research field of the University of Rajshahi, in four 
consecutive rabi crop seasons from 2009-2010 to 2012-2013. In the first year, seeds were sown 
and  hybridization  was  done  to  raise F1 seeds. In the following year F1 seeds were sown to get F2 
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seeds. At the same time fresh F1s were also maintained. In the third year, F2 and fresh F1 
generations were grown in the field. From the F2 generations, 20 plants were selected randomly in 
pairs and marked as male and female parents and crosses were made between the mates of a pair. 
At the same time for linkage test, selected F2 considered as male was crossed with the selected F1 
plants. Thus, seeds of 10 F1 families and 10 (F1 × F2) families were obtained for each cross from 
that year. Seeds from each mate of a pair (10 pairs) treated as P1 and P2 of the F2 population were 
also collected and marked as 10 P1 and P2 families. Finally, in the fourth year, seeds of 10 F1, 10 
P1, 10 P2 and 10 (F1 × F2) families along with their F2 generations were sown and plants were 
raised. 
 Thirteen yield and yield components namely, date of first flower (DFF), plant height at first 
flower (PHFF), number of primary branches at first flower (NPBFF), number of secondary 
branches at first flower (NSBFF), date of maximum flower (DMF), plant height at maximum 
flower (PHMF), number of primary branches at maximum flower (NPBMF), number of secondary 
branches at maximum flower (NSBMF), plant weight at harvest (PWH), number of pods plant-

1(NPd/P), pod weight plant-1(PdW/P), number of seeds plant-1(NS/P) and seed weight plant-

1(SW/P) were considered for this experiment. Data were collected and recorded on individual 
plant basis. 
 The collected data were analyzed according to the biometrical technique of analysis of 
Kearsey and Jinks (1968) which an extension of North Carolina Design III of Comstock and 
Robinson (1952). The test of linkage has been done by comparing total variance (σ2) of any 
pair of three generations such as F2, F2 (BIP’s) and F1×F2 (L3i) for all the thirteen characters 
following Jinks and Perkins (1970). In calculating F value for significance test, the lower 
variance was considered as denominator. 
 
Results and Discussion 
 The result of analysis of variance (ANOVA) of biparental progeny (BIP’s) is presented in 
Table1. All the items of the ANOVA of BIP’s were tested by within family. Except DMF in cross-
1; NSBFF and NPd/P in cross-4 and DMF, NPBMF, NSBMF, NPd/P, PdW/P and SW/P in cross-5 
all the characters and crosses were significant regarding between families items. Significance of 
family variance suggests the suitability of the present materials for further breeding research. 
Kearsey (1965) and Sharma et al. (1979) also obtained a greater extent of genetic varition in the 
population of BIP’s in their materials. Similar results were reported by Ojha and Roy (2001) in 
sunflower and Husain et al. (2009) in chili. Interaction item (F×R) was noted to be non-significant 
in maximum cases. 
 Table 2 revealed regression item was significant only NPBMF in cross-4 and PHFF, NPBMF 
and PdW/P in cross-5 which indicated a good relationship between biparental progenies and their 
parents. Due to non-significant regression values in maximum cases, parent-offspring relationship 
bear the complex situations and there were involved non-linear components and vice versa.         
De Toledo et al. (2000) also marked the same situation in soybean. Regression item was non-
significant due to high standard error values in this material. Regression coefficients (bi) when 
tested with their standard error, in most of the cases standard errors were greater than the 
regression coefficient indicating the complex nature of parent-offspring relationship. Therefore, it 
is suggested that biparental progenies and their mid-parents were related regarding the inheritance 
of these characters in the crosses. 
 Table 3 showed that the extent of additive component (DR) was higher than that of the 
respective dominance component for NPBMF, NSBMF and PdW/P in cross-1; for DFF, NSBFF, 
DMF, PHMF, NPBMF and NSBMF in cross-2; for NPBFF, NPBMF, PdW/P, NS/P and SW/P in  
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Cross-3; for DMF, NPBMF, NPd/P, PdW/P, NS/P and SW/P in cross-4 and for DFF, PHMF, 
PdW/P, NS/P and SW/P in cross-5. A higher value of DR indicates the relative importance of the 
additive gene action in the inheritance of these characters, which are related with homozygosity 
and also fixable. So, selection for these traits will be very effective. Mahalingam et al. (2011) 
stated that additive component of variation is the only component of variation which respond to 
selection so the presence of additive components in breeding materials is the precondition for the 
improvement through selection program. Therefore, these traits can improve by pure line 
selection, mass selection and or progeny selection. Manickavelue et al. (2006) and Thirugnana      
et al. (2007) also reported the same findings. On the other hand, dominance component (HR) is 
linked with heterozygosity and unfixable, so it is ineffective to select these traits. Hence, to take 
advantage of dominance gene action, it is suggested that better traits should be selected from the 
later generations. The magnitude of HR in some cases was negative. Science HR is a variance 
component, it should not be negative. The probable cause of the negative value of HR may be first 
due to lack of random mating amounting to assertive mating, secondly due to sampling error 
(Mather1949b) and lastly due to high genotype × environment interaction (Hill 1966). In case of 
degree of dominance (√HR/DR), over dominance was observed for the majority of the characters 
and crosses signifying the high influence of dominance components. The presence of over 
dominance was reported by Kanwar and Karla (2004) and Jayaprada et al. (2005) in their studied 
materials. 
 Table 4 showed that in the majority cases both narrow (h2

n) and broad (h2
b) sense heritability 

values were low. It seems that high estimates of environmental variation (Ew) and their prevalence 
of HR components in this material deflated both narrow and broad sense heritability. Husain et al. 
(2009) and Alam (2012) reported low narrow and broad sense heritability for the majority of the 
traits in their study. Regarding genetic advance, both broad and narrow sense genetic advance was 
calculated as low.  
 Comparison between total variance (σ2

s) of different generations such as F2, F2 (BIP’s) and 
F1×F2 (L3i) was made and the results are presented in Table 5. Linkage test was not possible for 
cross-1 due to unavailable material of L3i families. In the presence of linkage, greater variance 
between the total variances as shown in F2 (BIP’s) and F1×F2 (L3i) families in this investigation. 
Further in many cases F2 and F1×F2 were intermediate. Hence in most of the comparison, total 
variances (σ2

s) of the F2 (BIP’s) and F1×F2 families provided a sensitive test of the presence of 
linkage in these materials. Test of significance shows that linkage in both coupling and repulsion 
phases were present in most of the cases. Significant linkage was also reported by De Toledo et al. 
(2000) in soybean and Husain et al. (2009) in chilli.  
 From the above, it is concluded that additive gene action for the traits pod weight plant-1 in 
cross-4 and cross-5; number of seeds plant-1 in cross-3, cross-4 and cross-5; seed weight plant-1 in 
cross-3 and cross-5 is important due to its fixable heritable nature. Therefore, selection of these 
traits will be very effective for the improvement of chickpea yield. 
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