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Abstract 
 Triple test cross analysis was carried out to detect the epistasis of thirteen yield and yield components in 
five chickpea (Cicer arietinum L.) crosses. Total epistatic effect was found to be non-significant for all the 
studied traits. Partitioning of total epistasis indicated the involvement of ‘i’ type (additive  additive) 
epistasis for DFF, PHFF, PWH, NPd/P, PdW/P, NS/P and SW/P in cross-1; NPBFF and NSBFF in cross-3 
and for PHFF, DMF, PHMF and NSBMF in cross-5. The magnitude of additive component (D) was higher 
than that of the dominance component (H). Partial degree of dominance (H/D) was observed for most of the 
traits. Both broad (h2

b) and narrow (h2
n) sense heritability were found to be moderately high. Positive and 

significant correlation between sums and differences indicated the direction of dominance towards decreasing 
parents and vice-versa. 
 

Introduction 
 Chickpea (Cicer arietinum L.) is an annual legume belonging to Fabaceae and commonly 
known as gram, Bengal gram, garbanzo or garbanzo bean and Egyptian pea, widely grown for its 
nutritious seeds. The seeds are high in fibre and protein and good source of iron, phosphorus and 
folic acid. It also contains potentially health-beneficial phytochemicals (Wood and Grusak 2007). 
Chickpea dominates international markets over other legume crops and it is traditionally a low-
input crop and is grown extensively in the moisture stress environments (Yadav et al. 2007). Thus, 
more importance should be given in the cropping intensity on chickpea in Bangladesh. To 
formulate an efficient breeding program, it is essential to understand the mode of inheritance, the 
magnitude of gene effects and their mode of action. 
 Triple Test Cross (TTC) provides precise estimates of various genetic parameters together 
with the availability of a test for epistasis which is not envisaged in other multiple mating designs. 
TTC analysis was successfully used in chickpea (Malhotra and Singh 1989) and other genotypes such 
as in bhendi (Saravanan et al. 2005), in rice (Ram et al. 2007), in wheat (Zafar et al. 2008), in lentil  
(Kumar et al. 2011, Azad 2012). Therefore, an attempt was made to examine the role of various 
components of genetic variance in the inheritance of yield and yield components using TTC 
analysis. 
 

Materials and Methods 
 The experiment was conducted in the research field of the Biometrical Genetics Research 
Laboratory of the University of Rajshahi, Bangladesh during the crop season of 2009-2010 to 2012-
2013. Five chickpea genotypes viz., BARI chola-1, BARI chola-4, BARI chola-6, BARI chola-7 and 
BARI chola-8 were taken as research materials. These genotypes were hybridized to develop F1 seed. 
From F2 population, 10 plants were randomly selected as male and crossed back to their respective P1,  
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P2 and F1 to generate L1i (P1  F2), L2i (P2  F2) and L3i (F1  F2),  families as suggested by Kearsey and 
Jinks (1968). As a result, 30 families were obtained for each of the five separate crosses for genetic 
study. The experimental field layout was a randomized complete block design with three replications. 
Data were recorded on 13 yield and yield components viz., 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 per plant (NPd/P), pod 
weight per plant (PdW/P), number of seeds per plant (NS/P) and seed weight per plant (SW/P). 
 Collected data were analyzed following the biometrical technique of analysis which was developed 
by Kearsey and Jinks (1968) as an extension of North Carolina Design III (NCD III) of Comstock and 
Robinson (1952). 
 
Results and Discussion  
 Results of detection of epistatic effect for all the 13 characters in all the five different crosses 
separately are presented in Table 1. The method allows partitioning of the item total epistasis into 
fixable (‘i’ type i.e., additive × additive interaction) and unfixable epistasis (‘j + l’ type i.e., 
additive × dominance and dominance × dominance interaction) for 1 and 9 degrees of freedom, 
respectively. Similarly, total epiatsis × blocks was partitioned into ‘i’ type epistasis × blocks and ‘j 
+ l’ type epistasis × blocks for 2 and 18 degrees of freedom, respectively. Before testing individual 
epistasis, the homogeneity of the interaction was first tested. So for homogeneity, at first ‘i’ type 
eplstasis × blocks was tested against ‘j + l’ type epistasis × blocks. In this study, this test was 
found to be non-significant for all the characters and crosses, suggesting homogeneity of 
interaction variances. It is therefore, items viz., total epistasis, ‘i’ type epistasis, ‘j + l’ type 
epistasis, ‘i’ type epistasis × blocks and ‘j+l’ type epistasis × blocks in all cases were tested 
against total epistasis × blocks. 
 In the present study, total epistatic effect was found to be non-significant for all the traits which are 
in conformity with the study of Malhotra and Singh (1989) in chickpea and Ram et al. (2007) in rice. 
Division  of  total epistasis into ‘i’ (additive × additive) type epistasis and ‘j + l’ (additive × dominance 
and dominance × dominance) type epistasis indicated the involvement of ‘i’ type epistasis for DFF, 
PHFF, PWH, NPd/P, PdW/P, NS/P and SW/P in cross-1; for NPBFF and NSBFF in cross-3 and for 
PHFF, DMF, PHMF and NSBMF in cross-5 due to their significant values. The greater magnitude of 
‘i’ type epistasis for these traits has significance in chickpea breeding where a linear directional and 
fixable component of genetic variation can be effectively exploited compared to non-directional and 
unfixable components (Ram et al. 2007). The influence of additive  additive  type of epistasis for plant 
height was also reported by Verma et al. (2006) in rice. On the other hand, involvement of ‘j + l’ type 
epistasis was found for DFF in cross-2; for PHMF, NSBMF and NS/P in cross-3 and for PHFF and 
NSBFF in cross-4. 
 Obtained result revealed that ‘i’ type epistasis was higher in magnitude than ‘j + l’ type epistasis 
for most of the studied characters in all crosses reflecting the importance of additive × additive non-
allelic interaction in the genetic system controlling such characters. The importance of additive × 
additive type of epistasis has been amply demonstrated by several researchers such as Hassan-Sher 
et al. (2012) and Pavan et al. (2017) in maize. Standard  hybridization and selection procedures could 
take benefit of epistasis if it is ‘i’ type epistasis whereas, ‘j + l’ types of epistasis are not fixable by 
selection under self-fertilization and therefore they would not be favourable for developing pure lines; it 
could be useful in the development of  hybrids only (Ketata et al.1976). The interaction of total, ‘i’ type 
and ‘j+l’ types of epistasis with blocks were non-significant which indicated that these interactions were 
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not sensitive to the environments (blocks). These results are in agreement with the results reported by 
Saleem et al. (2009) in rice. However, most of the traits of the studied crosses showed non-significant 
epistatic effects indicating that there were no significant roles of epistasis in the expression of these 
traits.  Absence of epistasis was reported by several investigators for different traits in deferent crops 
viz., in mungbean (Khattak et al. 2002) and lentil (Azad 2012). The non-significant estimates of 
epistasis may happen due to the involvement of common alleles or the limited number of lines used or 
may be the environmental influences (Khattak et al. 2002). Therefore, more elaborate experiments as 
well as efficient breeding procedures are needed to get a clear picture of the genetic systems controlling 
these characters. 
 Analysis of variance for sums ( 3i2i1i LLL  ) and differences ( 2i1i LL  ) provides direct tests of 
the significance of additive and dominance components. The ten (10) sums of means of the families 
provided a variance of sums with 9 degrees of freedom. Similarly, the variance of differences was also 
obtained with 9 degrees of freedom. Variances of sums × blocks and differences × blocks were 
computed each for 18 degrees of freedom. At first, the items  viz.,  sums, differences, sums × blocks and 
differences × blocks were tested against their respective within family error. Later on, sums and 
differences were also tested against sums × blocks and differences × blocks, respectively. In this way, 
test of significance of variance for sums and differences were done separately for all the characters and 
the results obtained are presented in Table 2. In this investigation, both sums (σ2

s) and differences 
(σ2

d) items were found to be significant in maximum cases when tested against within families 
while, in few cases when tested against their respective interaction (sums × blocks and differences 
× blocks item). The significant sums and differences observed in the present investigation 
indicated the importance of both additive and dominance variance in controlling the expression of 
these traits in chickpea. The significant differences indicated that L1 and L2 testers were different 
from each other. Similar results were noted by Saravanan et al. (2005) in bhendi, Azad (2012) in 
lentil.  
 The results of additive ( D̂ ) and dominance ( Ĥ ) components of variation, degree of dominance      
( DH ), heritability in narrow sense (h2

n) and broad sense (h2
b) with direction of dominance (rs.d) for all 

crosses and characters are presented in Table 3. The results showed the magnitude of additive 
component of variation was higher than that of dominance component of variation for most of the traits 
in each cross which indicated the presence of common alleles in the testers and their cumulative effects 
in the expression of the traits which can be improved by pedigree method of selection. Again, a high 
magnitude of additive variance for respective characters indicated the relative importance of fixable 
type of gene action in their inheritance. These results are in conformity with the findings of Kumar        
et al. (2011) in lentil. Additive values are expected to be higher in self-pollinated crops like chickpea 
but the environment may influence the gene action. In respect of degree of dominance ( DH ), partial 
dominance was found for most of the traits in each cross which indicated the predominant nature of 
additive genetic component. Similar results were reported by Zafar et al.  (2008) in wheat and by 
Kumar et al.  (2011) in lentil. High narrow sense heritability was noted for PHMF and NSBMF in 
cross-1; for DFF, NSBFF, DMF and PWH in cross-2; for DFF, PHFF and NSBMF in cross-3; only for 
PHMF in cross-4 and for DFF, PHMF and NPBMF in cross-5. The high estimates of narrow sense 
heritability indicate the characters are largely governed by additive genes and hence these characters 
will be improved through the simple selection procedure. Furthermore, the broad sense heritability was 
higher than narrow sense heritability in almost all the crosses for all the characters, as would be 
expected. Similar findings were reported by Khan and McNeilly (2005) in maize. 
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 Correlation between sums (
3i2i1i LLL  ) and differences (

2i1i LL  ) i.e., direction of domi-
nance (rs.d) were positive and significant for NSBFF, PHMF, NPd/P, PdW/P, NS/P  and  SW/P  in 
cross-1; for DFF and NSBMF in cross-3 and for DFF and NPBMF in cross-5 while, negative and 
significant for DMF in cross-1; for NPd/P, PdW/P, NS/P and SW/P in cross-2; for PHMF in cross-3 
and for DFF in cross-4. Positive and significant correlation between sums and differences indicated 
the direction of dominance towards decreasing parents whereas, negative and significant correlation 
between sums and differences indicated the direction of dominance towards increasing parents. The 
direction of dominance of the rest of the traits in different crosses showed non-significant correlation. 
Non-significant correlation suggested dominant alleles were dispersed between testers; therefore, did 
not show any proof of directional dominance for these characters (Saleem et al. 2009). 
 Though, the estimation of total epistasis was non-significant for all the traits indicating that there 
was no significant roles of epistatic effect in the expression of any traits in this study but after 
partitioning of epistasis, the involvement of ‘i’ type (additive  additive) of epistasis for DFF, PHFF, 
PWH, NPd/P, PdW/P, NS/P and SW/P in cross-1; for NPBFF and NSBFF in cross-3 and for PHFF, 
DMF, PHMF and NSBMF in cross-5 was found. It is recognized that the additive × additive  (‘i’) 
type of epistasis can be fixed in the early generation due to its linear directional nature. Therefore, 
pure lines can be developed through the simple selection procedure of the above characters in the 
respective crosses. The predominance of additive and dominance type of gene action for yield and 
some of the important yield traits was also observed in the present work, as both additive and 
dominance gene effects were significant for most of the characters, simple selection procedures in 
the immediate progenies will not help in achieving improvement in the characters. Thus, it can be 
exploited effectively following random intermating in segregating generations and selection in later 
generations. 
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