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ABSTRACT 

The whole work of the present investigation was carried out under three separate 

heads, such as part-I consist study of variability, heritability, genetic advance, 

correlation coefficient, path coefficient and selection index; part-II consist 

genotype �u environment interaction and part-III consist genetic study. Again, 

part-III i.e. genetic study had been done following three biometrical model viz., 

genetic study-1 deals with generation mean analysis, genetic study-2 deals with 

biparental progeny (BIPs) analysis and genetic study-3 deals with triple test cross 

(TTC) analysis. The thirteen yield and yield contributing characters 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) of eight 

chickpea genotypes were taken for the analysis. The experiment was set up 

during the four consecutive robi seasons of 2009-2010, 2010-2011, 2011-2012 

and 2012-2013 at the Botanical Research Field, University of Rajshahi, 

Rajshahi-6205, Bangladesh. 

In part-I, the analysis of variance showed significant differences among the 

genotypes for all the thirteen studied characters. The phenotypic variation (�V2
p) 

was greater than those of other components of variation for all the characters. The 

highest phenotypic variation was observed for NPd/P followed by NS/P and 

PWH. It is also noticed that phenotypic coefficient of variability (PCV) in general, 

was higher than the estimates of genotypic coefficient of variability (GCV) for all 

the characters. The highest GCV with high PCV were found for NS/P and NPd/P. 
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The heritability (h2b), genetic advance (GA) and genetic advance as percentage of 

mean (GA %) were found to be low for most of the characters. 

Regarding correlation coefficient, the most important trait SW/P that is yield per 

plant exhibited positive association with NPBFF, NPBMF, NPd/P, PdW/P and 

NS/P both at genotypic and phenotypic levels. The path coefficient analysis had 

been done based on SW/P as a dependent variable revealed that NS/P had the 

highest positive direct effect on seed weight, both at genotypic and phenotypic 

levels. On the other hand, the highest negative direct effect on SW/P was recorded 

for NPd/P both at genotypic and phenotypic levels but highest positive indirect 

effect of NS/P nullified its negative effect and finally it turn into positive. In the 

analysis of descriminant function, it showed that the combination of two attributes 

viz., NPBFF and NPBMF gave the highest expected genetic gain. Since these two 

traits exhibited highest genetic gain in the combination of selection index and 

showed positive correlation with SW/P both at genotypic and phenotypic levels 

hence considered as primary yield component. However during selection study 

emphasis may be given on PdW/P and NS/P as they showed high correlation and 

positive direct effect on seed yield. Considering heritability, genetic advance and 

positive association with SW/P, trait NPd/P should also be given importance 

during selection of chickpea trait.  

In part-II, genotype �u environment (G×E) interaction was carried out according 

to Freeman and Perkins (1971) model. The results of joint regression analysis 

exhibited that the mean square due to genotypes were significant for all the 

traits. All the studied traits except DMF exhibited significant variation due to 

environmental changes. Combined regression displayed significant values for 

PHFF, NPBFF, NSBFF, DMF, NPBMF, NPd/P, PdW/P and NS/P in 

comparison to residual-1. Resedual-1 item in comparison to error was 

significant for the traits DFF, NSBFF, PHMF and SW/P.  
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According to Freeman and Perkins (1971) model a desired genotype should 

be with high mean performance, a nearly unit regression coefficient (bi=1.0) 

and non-significant deviation from regression ( di
2S ) irrespective of sign. On 

the basis of the above mentioned criteria the genotype-1 for DFF, NPBFF and 

DMF; genotype-2 for NSBFF and NPBMF; genotype-3 for NSBFF; 

genotype-4 for NSBMF; genotype-5 for NPBFF and NPBMF; genotype-6 for 

NSBMF and SW/P and genotype-7 for NPBFF and NPBMF were considered 

as stable genotypes. On the other hand, genotype-1 for PHFF and PHMF; 

genotype-2 for PHMF, NSBMF and SW/P; genotype-3 for DFF, NPBFF, 

DMF and PHMF; genotype-5 for NSBFF; genotype-6 for DMF, NPBMF and 

PdW/P and genotype-7 for DMF, NSBMF and SW/P were considered as 

suitable genotypes for favorable environments.  

For the genetic study of chickpea, five different crosses were considered in 

part-III. Obtained results of genetic study-1 in part-III that is generation mean 

analysis is performed by Mather’s (1949a) scaling test. In this case, scales (C 

and D) showed significant for most of the characters and crosses. C and D were 

found to be non-significant for PWH in cross-2; for NSBFF, PHMF and 

NSBMF in cross-3 and for NPBMF in cross-4 indicated additive-dominance 

model was adequate for these traits. On the other hand, Cavalli’s (1952) joint 

scaling test showed significant �F2 values in maximum cases. Non-significant �F2 

values observed for PWH, NPd/P and NS/P in cross-2; for NSBFF and 

NSBMF in cross-3 and for NPBMF in cross-4. In the present investigation, 

dominance effect [h] plays a greater role in the inheritance of most of the traits 

due to their higher magnitude than additive effect [d]. The negative sign of [h] 

indicated dominance towards decreasing parent. In the present study, most of 

the characters exhibited duplicate type epistasis. The character PWH in cross-5 

exhibited complimentary type of epistasis. Complementary gene action could 

be successfully exploited in the selection programme. The values of degree of 

dominance (�¥H/D) for most of the characters in studied crosses showed over 
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dominance. The number of effective factor i.e. K1 was found less than one for 

all the characters and crosses. 

Heritability estimates both in broad (h2
b) and narrow (h2n) senses were found to 

be high in majority cases. Both the high values of broad and narrow sense 

genetic advance (GA) as well as genetic advance as percentage of mean (GA%) 

indicated that improvement of these characters is possible through selection. 

The values of mid-parents (MP) heterosis were non-significant for most of the 

characters in studied crosses.  

Results obtained from the genetic study-2 that is biparental progeny (BIPs) 

analysis, showed significant difference among the families (crosses) for all the 

characters except DMF in cross-1; NSBFF and NPd/P in cross-4 and DMF, 

NPBMF, NPd/P, PdW/P and SW/P in cross-5 which suggests considerable 

variation among the BIPs families.  

In the present investigation, magnitude of additive (DR) component was higher 

than that of dominance (HR) 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 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. This result indicated the relative important of additive gene 

action in the inheritance of these characters. Therefore, selection for these traits 

which exhibited additive gene action will be very effective. Over dominance for 

most of the characters and crosses were noted in the present study. The 

significant regression item in some cases revealed good relationship between 

biparental progenies and their parents.  

Both broad and narrow sense heritability and genetic advance (GA) were low for 

most of the traits in each cross. In case of NPBFF, DMF, PWH, NS/P and SW/P 

in cross-1; PHFF, PWH, NPd/P, NS/P and SW/P in cross-2; PHFF, NSBFF and 

PWH in cross-3; NSBFF, NSBMF, NPd/P and PdW/P in cross-4 and DFF, 
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NSBFF, NPBMF, NSBMF and NPd/P in cross-5, both heritability and genetic 

advance in narrow sense were higher than broad sense heritability and genetic 

advance. This indicated that additive gene action was important in the expression 

of these traits. Thus additive gene action is a measure of breeding value of a 

genotype. Hence, for these traits which showed preponderance of additive gene 

action, reliance should be placed on pure line selection, mass selection and or 

progeny selection. By comparing total variances of F2 BIPs, F2 and F2×F1 

generations, it found that the linkage was present in repulsion phage for most of 

the characters. 

Again, in the genetic study-3 that is triple test cross (TTC) analysis; total 

epistatic effects were found to be non-significant for all the studied traits. But 

partitioning of total epistasis indicated the involvement of ‘i’ type (additive �u 

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 and involvement of ‘j+l’ type epistasis for DFF in cross-2; 

for PHMF, NSBMF and NS/P in cross-3 and for PHFF and NSBFF in cross-4. 

The magnitude of additive component was higher than that of dominance 

component for most of the traits. Incomplete dominance was noted for most of 

the traits in each cross which indicated that the predominant nature of additive 

genetic component. Both broad sense and narrow sense heritability estimates 

were found to be moderately high or high for most of the characters. Positive and 

significant correlation between sums and differences found 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 indicated that direction of dominance towards 

decreasing parents while, negative and significant correlation between sums and 

differences observed 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 indicated the direction of 

dominance towards increasing parents. 
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GENERAL INTRODUCTION 

Among the major food crops, legumes (pulses) occupy a unique position in the 

world agriculture by virtue of their high protein content (23-25%), starch 

content (60-67%) and capacity of fixing atmospheric nitrogen. Especially in the 

Asia-Pacific region, particularly South, East and Southeast Asia, pulses as 

nutritionally rich food, play an important role in improving the diet of the 

people of these area. To meet the dietary requirements particularly for the 

poorer section of the society, to whom animal protein is less accessible pulse, is 

ideal crop. So, pulses bring formidable solution to the alarming problem of 

protein scarcity of the world. In many of the developing countries, pulses are 

the major source of dietary protein. Their amino acids pattern is close to the 

ideal amino gram with rich in lysine content. In fact lysine is the most limiting 

essential amino acid in cereals, which is very well supplemented by the pulses. 

Plant proteins have an important advantage over animal proteins – as plants 

they do not contain cholesterol at all and when they do have fat, it is in the 

form of unsaturated oil which is better than animal fat.  

Bangladesh is mainly the great combined delta of the Ganges, Brahmaputra, 

and Meghna rivers. It is also a humid, low-lying, alluvial region and one of the 

world's ten most populated countries and has a predominantly rural population, 

with over 60% of the workforce engaged in agriculture (van Nes et al., 2005). 

The land of this country is very fertile and produces a great variety of crop. 

But, in this country the major part of the population suffer from malnutrition, 

mainly due to deficiency of protein, owing to expensive price of animal protein 

like meat, fish etc. Among the major food crops in Bangladesh, pulses as 

nutritionally rich food, play an important role in improving the overall value of 

cereal-based diets for low and medium income group of the people. Pulses are 

vital components in diversification of Bangladesh’s largely rice-based cropping 

system. In accordance to the availability of statistics, the total areas under 
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different crops as well as different pulse crop cultivation in Bangladesh are 

presented in the following Figure 1 and Figure 2, respectively. 
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Figure 1. Area under different crop cultivation in Bangladesh, 2009-2010. 

Source: Agriculture statistics wing BBS, 2010. 
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Figure 2. Area under different pulses in Bangladesh, 2009-2010. 

Source: Agriculture statistics wing BBS, 2010. 



 
3

In Bangladesh, a number of summer and winter pulses grow to meet the dietary 

requirements particularly for the poorer section of the society, to whom animal 

protein is less reachable. A large number of pulses are grown in Bangladesh. 

Presently about 1351000 acres are cultivated under pulses. This from is 3.52% of 

total cultivated land in Bangladesh (Agriculture statistics wing BBS, 2010). The 

major pulses are grasspea (Lathyrus sativus L.), lentil (Lens culinaris Medik.), 

mungbean (Vinga radiate L.Wilezek), blackgram (Vinga mungo L. Hepper), 

fieldpea (Pisum sativum L.), pigeonpea (Cajanus cajan L.) and chickpea (Cicer 

arietinum L.). Among the pulses grown in Bangladesh, chickpea contributes about 

20% of the total pulses. Position of chickpea is present in Table 1. 

Table 1. The position of chickpea.  

Crop Area (lac ha) Production (lac ha) Yield (t/ha) 
Grasspea 2.41 2.36 0.98 
Mungbean (summar) 1.63 1.50 0.90 
Lentil 1.62 2.11 1.30 
Blackgram (summar) 0.48 0.48 1.00 
Chickpea 0.07 0.10 1.43 
Source: Krishi Diary 2012. 

Chickpea, an ancient crop of modern times, was first cultivated at least 9500 

years ago in the Fertile Crescent, from Turkey to Iran, at the beginning of 

agriculture (Ladizinsky, 1975). Chickpea cultivation in the Indian subcontinent 

dates back at least 4000 years. Chickpea is cultivated in nearly 50 countries 

around the world. Due to its high nutritional value, it is an integral part of the 

daily dietary system for millions of people. 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. Thus, in the cropping 

intensity in Bangladesh on chickpea should be given more importance. The 

cropped area as well as production of chickpea has been decline over the past few 

years in our country mainly because of the increased emphasis on high yielding 
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variety (HYV) of rice, wheat and other cash crops. The area and yield of different 

pulses are shown in Figure 3 and Figure 4, respectively. 
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Figure 3. Areas of different pulse crop in Bangladesh. 

Source: Agriculture statistics wing BBS, 2010. 
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Figure 4. Yield of different pulse crop in Bangladesh. 

Source: Agriculture statistics wing BBS, 2010. 
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Botany 

Chickpea originated in southeastern Turkey (Ladizinsky, 1975). Duschak 

(1871) traced the origin of the word to the Hebrew 'kirkes', where 'kikar' means 

round. The word arietinum is also Latin, translated from the Greek 'krios', 

another name for both ram and chickpea, an allusion to the shape of the seed 

which resembles the head of a ram (Aries) (van der Maesen, 1987). Chickpea is 

also called garbanzo (Spanish), hamaz (Arab world), shimbra (Ethiopia), nohud 

or lablabi (Turkey), chana (India), chola (Bangladesh), pois chiche (French), 

kichar or chicher (German), and gram or Bengal gram (English). In Turkey, 

Romania, Bulgaria, Afghanistan, and adjacent parts of Russia, chickpea is 

called 'nakhut' or 'nohut' (van der Maesen, 1987).  

Chickpea (Cicer arietinum L.) belongs to genus Cicer, The genus Cicer L. 

(Leguminosae, Cicereae) comprises 9 annual and 35 perennial species that 

have a centre of diversity in south-western Asia, with remote, endemic species 

found in Morocco and the Canary Islands (van der Maesen, 1987). The genus is 

the member of the monogeneric tribe Cicereae Alef., subfamily Papilionoideae, 

family Fabaceae (Leguminosae). General information of chickpea as follows: 

Table 2. General information of chickpea. 

Features Specification  References 

Common name Gram, Chola (in Bangla)  

Botanical genera Cicer  

Cultivated species arietinum  

Related wild species Cicer reticulatum  

Ploidy level Diploid (2x) Millan et al.(2006) 

Chrosome number 2n= 16 Millan et al.(2006) 

Genome size 740 Mbp Arumuganathan and Earle (1991)
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Domestication 

Chickpea was domesticated in association with other crops of wheat, barley, 

rye, peas, lentil, flax and vetch (Harlan, 1971; Abbo et al., 2003), and with 

sheep, goats, pigs and cattle (Diamond, 1997), as part of the evolution of 

agriculture in the Fertile Crescent 12,000–10,000 years ago (Zohary and Hopf, 

1973; Bar-Yosef, 1998). The earliest records of chickpea used as food are: 8th 

millennium BC at Tell el-Kerkh (Tanno and Willcox, 2006) and Tell Abu 

Hureyra Syria (Hillman, 1975); 7500–6800 BC at Cayonu Turkey (van Zeist 

and Bottema, 1972); and 5450 BC at Hacilar Turkey (van der Maesen, 1984).  

In the late Neolithic era chickpea spread westwards to modern Greece. By the 

Bronze Age chickpea had been disseminated widely to Crete in the west, upper 

Egypt in the south, eastwards through present-day Iraq to the Indian subcontinent, 

where remains have been found in Harrapan settlements in Pakistan (Vishnu-

Mittre and Savithri, 1982) and a variety of sites in Uttar Pradesh and Maharashtra. 

By the Iron Age, chickpea consolidated its distribution in South and West Asia, 

and appeared in Ethiopia for the first time. Chickpea is used for both food and 

medicinal or herbal purposes by Homer in the Iliad (1000–800 BC), in Roman, 

Indian and medieval European literature (van der Maesen, 1972). The crop spread 

with the cluster of founder crops from the Fertile Crescent into Europe and west-

central Asia from the c.5500 BC onwards (Harlan, 1992; Damania, 1998 and 

Harris, 1998). Chickpea was introduced to the New World by the Spanish and 

Portuguese in the 16th century AD, and kabuli types moved to India from the 

Mediterranean via the Silk Road in the 18th century (van der Maesen, 1972). Desi 

chickpea was probably imported to Kenya by Indian immigrants during the later 

19th century (van der Maesen, 1972). 

Phylogeny of the Genus Cicer 

The genus Cicer has been traditionally classified into two sub genera 

(Pseudononis and Viciastrum) and four sections (Cicer, Chamaecicer, 
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Polycicer and Acanthocicer) based on morphological traits and geographical 

distribution (Popov, 1929; van der Maesen, 1972 and 1987). Morphological 

homoplasy (i.e. life cycle and flower size) and lack of diagnostic 

synapomorphies hinder sectional monophyly based on morphology in the 

infrageneric classification of van der Maesen (1972 and1987). 

Plant Habit 

Chickpea is an herbaceous annual plant with plant height ranging 30-80 cm. 

which branches from the base. It is almost a small bush with diffused, spreading 

branches. The plant is mostly covered with glandular or non-glandular hairs but 

some genotypes do not possess hair and also the foliage is covered with 

glandular hairs which secrete highly acidic exudates and is considered important 

in conferring tolerance to insect pests, such as pod borer. Leaves are compound, 

arranged in an alternate phyllotaxy and generally imparipinnate with 11 to 13 

leaflets. Flowers are axillary, solitary or in inflorescence of two or three. Flowers 

are white, pink and purplish in color. The plant has a deep root system and is 

consider a hardy crop. It produces nodules in common with other legumes and is 

efficient in fixing atmospheric nitrogen. 

Based on seed size and color, cultivated chickpeas are of two types (Cubero, 

1975). a). Macrosperma (kabuli type): the seeds of this type are large (100-seed 

mass >25 g), round or ram head, and cream-colored. The plant is medium to tall in 

height, with large leaflets and white flowers and contains no anthocyanin while, 

b). Microsperma (desi type): the seeds of this type are small and angular in shape. 

The seed color varies from cream, black, brown, yellow to green. There are 2-3 

ovules per pod but on an average 1-2 seeds per pod are produced. The plants are 

short with small leaflets and purplish flowers and contain anthocyanin. 
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Photograph 1. Macrosperma (kabuli type - BARI Chola-8) type chickpea.  

 
Photograph 2. Microsperma (desi type - BARI Chola-6 ) type chickpea. 
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Photograph 3. Mature chickpea plant. 

 

 
Photograph 4. Harvested chickpea pod. 
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Chickpea Consumption in Bangladesh and Indian Subcontinent 

Traditionally, chickpea is one of the most favoured of all pulses in Bangladeshi 

society. In Bangladesh and surrounding countries, chickpea serves as food in 

many ways. After harvesting and threshing, dried seeds of chickpea are used 

for the preparation of dhal, which has an attractive yellow colour, and is used in 

various preparations. The cooked dhal, called soopah (soup) in Sanskrit, 

constituted a common food item. We find it mentioned by Charaka (c. 700 BC), 

who states that chickpea soup has good food value and that it helps in the 

recovery from spleen and liver disorders (Vidyalankar, 1994). A common food 

since the time of the Rigveda (c. 8000 BC) was the ‘instant’ food sattoo, made 

by preparing flour from roasted chickpea and barley or wheat, and mixing it in 

milk or water with some cane jaggery. During the holy month of Ramadan, 

chickpea are used to make most favoured item Ghugni for iftary. During 

cropping season green leaves are used as a vegetable, fully developed green 

pods are used in vegetable dishes, rice and pulav and some are roasted with 

salt. Beside that, chickpea grain has been fed to horses since ancient times. 

Likewise, seed hulls were fed to cattle, a practice that continues to this day.  

Nutritional Value of Chickpea 

The World Health Organization (WHO) recognizes the importance of plant 

foods in the diet, recommending >400g/day consumption of fruits and 

vegetables, not including tubers (FAO/WHO, 2003). Chickpea and other pulse 

crops are staple foods in many countries and play an enhanced role in the diets 

of vegetarians around the world. Pulses are a primary source of nourishment 

and when combined with cereals, provide a nutritionally balanced amino acid 

composition with a ratio nearing the ideal for humans. Frequent consumption 

of pulses is now recommended by most health organizations (Leterme, 2002). 

Chickpea is a good source of energy, protein, minerals, vitamins, fibre, and 

also contains potentially health-beneficial phytochemicals. Nutritive value of 

different pulses with other pertinacious food is illustrated in Table 3. 
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Table 3. Nutritional value of different pulses with other pertinacious food. 

Food staff Energy 
(k. cal) 

Protein 
(g) 

Fat 
(g) 

Carbohy 
(mg) 

Calcium 
(mg) 

Iron 
(mg) 

Thiamin 
(mg) 

Riboflavin 
(G) 

B-
Carotene

Lentil 347.00 24.50 1.40 59.60 154.00 9.10 0.42 0.37 38.00 

Blackgram 343.00 25.10 0.60 59.00 69.00 4.80 0.45 0.49 270.00 

Mungbean 348.00 24.50 1.20 59.90 75.00 8.50 0.72 0.15 49.00 

Chickpea 372.00 20.80 5.60 59.80 56.00 9.10 0.48 0.18 129.00 

Grasspea 345.00 28.20 0.60 56.60 90.00 6.30 0.39 0.41 120.00 

Rice 356.00 6.40 0.40 79.00 9.00 4.00 0.21 0.09 - 

Wheat flour 341.00 12.10 1.70 69.40 48.00 11.50 0.49 0.29 29.00 

Wheat 348.00 11.00 0.90 73.90 23.00 2.50 0.12 0.70 25.00 

Soybean 432.00 43.20 19.50 20.90 240.00 11.50 0.73 0.76 426.00 

Groundnut 567.00 25.30 40.90 26.10 90.00 2.80 0.45 0.13 37.00 

Goose egg 181.00 13.50 13.70 0.80 70.00 3.00 0.90 0.26 540.00 

Cow milk 67.00 3.20 4.10 4.40 120.00 0.20 0.12 0.19 20.00 

Ruhita fish 97.00 16.60 1.40 4.40 650.00 1.00 0.50 0.70 - 

Chicken 109.00 25.90 0.60 - 25.00 - - 0.14 145.00 
Source: Afzal et al., 2003.  

 

11 



 
12

Cropping Systems 

Chickpea cropping systems and production practices vary from region to region 

and also within a region. Chickpea is a temperate crop, which has become adapted 

to sub-tropical condition. This dry land pulse does not like at all excessive 

moisture in the soil, high humidity and cloudy weather; the crop is mostly grown 

on conserved moisture on well-drained soils. In Bangladesh, the crop is grown on 

sandy loam, alluvial to clay loam soils, which are normally well drained. The 

chickpea can be grown on soil with pH range of 6.0-9.0. However, it is sensitive to 

salinity and alkalinity. In the traditional chickpea growing areas about 60% to 65% 

of the crops grown under the aus (rain fed) rice / jute-fallow/chickpea cropping 

pattern. In this patterns, chickpea sown in early November (mid Kartic) and is 

harvested by early March (mid Falgune) in southern part of Bangladesh. In the 

northern districts it is sown in mid November (early Aghrayon) and harvest in last 

March or early April (mid Chaittra). The remaining 35%-40% is grown under the 

aman (rainy season) rice-chickpea-fallow cropping pattern under the late sowing 

condition. The mean yield of chickpea is 1.43 t/hac (Krishi Diary, 2012).  

From the above discussion it is clear that chickpea is one of the most important 

pulses in Bangladesh but it’s per acre yield is low. It is very much neglected 

and very few works have been done for the improvement of this crop. On this 

ground chickpea cultivation should be taken with care in the country and high 

yielding heritable and stable line need to be developed and cultivated to meet 

up the nutritional needs of our people. 

Yield by itself is probably not an adequate criterion of economic value; because 

yield is quantitative in nature and is associated with other component 

characters. The main objective of chickpea research is to grow high yield and 

high quality crops. Improvement of yield is important in any breeding program. 

But, the success of breeding program depends on the knowledge of genetic 

variability of population about the nature and different gene actions governing 

the various quantitative characters. Although several information of the 
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genetical work on chickpea are available in the world but it is scanty in 

Bangladesh. Extensive research efforts are therefore, necessary for the 

improvement of chickpea crop in our country. So the present investigation has 

been done on different aspects as follows: 

1. To study variability, heritability, genetic advance of the traits for 

understanding the performance of the traits and genotypes. 

2. To study genotypic and phenotypic correlations along with path coefficient 

and to determined the discriminant function for the construction of a 

suitable selection index. 

3. To study G×E interaction for recognizing better progeny lines. 

4. To test the adequacy of additive-dominance model for identifying 

inheritance pattern.   

5. To create heritable variation by means of forced recombination using 

biparental mating for breaking linkage. 

6. To estimate the epistatic effect accurately. 

7. To estimate and compare genetic parameters such as gene effects and 

heritability and also heterosis for some traits in chickpea. 

Keeping this view in mind the eight chickpea genotypes were considered and 

the whole investigation was divided into three parts as follows: 

Part I: Deals with variability, correlation, path coefficient and selection index. 

Part II:  Deals with genotype �u environment interaction. 

Part III: Deals with genetic study. 
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INTRODUCTION 

Food legumes are the important source of good quality protein in the diets 

of people and are valuable as animal feed. Legumes also increase and sustain 

the productivity of the soil by reducing chance of build-up of diseases, insect pests 

and obnoxious weeds in rotation with cereals (Zali et al., 2011). Pulse crops (food 

legumes) are the second most planted crops in Bangladesh after rice, reflecting the 

importance of pulses as a source of protein in Bangladeshi diets. Among the 

cultivated winter pulses in Bangladesh, chickpea with 17-24% protein, 41-50.8% 

carbohydrates and high percentage of other mineral nutrients and unsaturated 

linloeic and oliec acid is one of the most important crops for human consumption 

(Farshadfar and Farshadfar, 2008). Unfortunately despite its nutritional values, the 

average yield of chickpea is relatively low in Bangladesh. To improve the yield of 

this crop, plant breeders are continuously engaged to meet up the demands of an 

ever increasing population.  

The information on nature and extent of variability is an important to make 

significant genetic improvement in chickpea. Therefore, the magnitude of 

genetic variability is a precondition for chickpea breeding program, which 

provides opportunity to a plant breeder or researcher for selecting high yielding 

genotypes. The estimates of genotypic and phenotypic variances as well as 

coefficient of variation provide information on the extent of variability. Several 

researchers such as Saleem et al. (2002), Arshad et al. (2003a), Pratap et al. 

(2004), Jeena et al. (2005), Saleem et al. (2005c), Khan et al. (2006), Atta et al. 

(2008), Ali et al. (2009), Tomar et al. (2009), Sharma and Saini (2010), Jivani 

et al. (2013), Sarker et al. (2013) and Zeeshan et al. (2013) have emphasized 

the utility of the estimates of genetic variability in chickpea. But genetic 

variability is uninformative for heritable portion of this variation. Knowledge 

on the heritability is important to a plant breeder since it indicates the 

possibility and extent to which improvement is possible through selection. Also 
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heritability is a parameter of tremendous significance to the breeder as its 

magnitude indicates the reliability with which genotypes can be recognized 

through its phenotypic expression. Johanson et al. (1955) and Arshad et al. 

(2004) suggested that heritability alone is not a very useful measure but this 

statistic together with genetic advance is more valuable. Several researchers 

such as Arshad et al. (2003a), Noor et al. (2003), Pratap et al. (2004), Jeena et 

al. (2005), Sharma et al. (2005), Yucel et al. (2006), Tomar et al. (2009), 

Sharma and Saini (2010), Srivastava et al. (2012) and Sarker et al. (2013) have 

emphasized the utility of the estimates of heritability and genetic advance in the 

prediction of response of quantitative characters to selection in chickpea.  

Moreover, yield the ultimate goal of a breeding program, is very complex 

character, which is affected by many genetic as well as environmental factors. 

Hence the breeders need some index character in order to design the selection 

strategy for indirect selection towards higher yield. An improvement is one 

character is inheritable with positive or negative changes in another; 

association studies at genotypic as well as phenotypic level will help the 

breeder to select the genetic improvement of yield. It is also essential to 

establishing selection criteria. However, simple correlation coefficient between 

yield and yield components may not give satisfactory results. Because, the 

components do not only directly affect the yield, they also affect the yield 

indirectly by affecting other yield components in negative or positive manner. 

As a trait has helpful effect on a trait for yield, it can affect some other or all 

traits negatively (Walton, 1980). Under such situation, the path coefficient 

analysis helps to determine the direct contribution of these characters and their 

indirect contribution via other characters (Singh et al., 1990). For this reason, 

many of the studies on correlation and path analysis have been conducted in 

field crops. Correlation coefficient between yield and yield components and 

direct and indirect effect of various characters on yield and yield components have 

been reported by several researchers such as Bakhsh et al. (1999), Guler et al. 
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(2001), Narayana and Reddy (2002), Sial et al. (2003), Noor at al. (2003), 

Arshad et al. (2003a and 2004), Deb and Khaleque (2005), Jeena et al. (2005), 

Saleem et al. (2005c), Obaidullah et al. (2006), Yucel et al. (2006), Bakhsh et 

al. (2006), Khan et al. (2006), Renukadevi and Subbalakshmi (2006), Atta et 

al. (2008), Farshadfar and Farshadfar (2008), Ali et al. (2009), Tomar et al. 

(2009), Thakur and Sirohi (2009), Vaghela et al. (2009), Shahid et al. (2010), 

Sharma and Saini (2010), Yucel and Anlarsal (2010), Akhtar et al. (2011), Ali et 

al. (2011), Zali et al. (2011), Ali et al. (2012), Jivani et al. (2013), Mushtaq et al. 

(2013) and Zeeshan et al. (2013). 

However, the information on the nature and extent of genetic variability present 

in a population for desirable character, their association and relative 

contribution to yield comprise the basic requirement of selection desirable 

genotypes but the discriminant function provides an efficient method for 

simultaneous selection (Smith, 1936). Thus construction of selection indices 

will be very helpful to differentiate desirable genotypes. This method have 

been successfully followed by various scientists in different crops such as Deb 

and Khaleque (2007) in chickpea, Sarker and Deb (2009) in blackgram, 

Ferdous et al. (2010) in spring wheat, Kumar et al. (2012) in rabi sorghum and 

Sarker et al. (2013) in chickpea. 

The present investigation was therefore, undertaken to assess the magnitude of 

genetic variability, heritability and genetic advance to determine the nature and 

magnitude of correlations among different traits and their direct and indirect 

effect on seed yield and construction of selection indices in chickpea. Therefore, 

the available information will be helpful for an efficient selection criterion in 

selecting the most desirable and high yielding genotype of chickpea.  



REVIEW OF LITERATURE 

Grain yield in any crop is a complex character and is the final product of many 

contributory traits and their interaction. The knowledge of these factors and 

these relationships with each other and with yield provide the basic information 

on yield improvement. Therefore, for convenient of study and thorough 

understanding of variability, heritability, correlation coefficient, path 

coefficient and selection index, the available literature in chickpea has been 

reviewed as follows. 

Saleem et al. (1999) worked with a set of twelve elite chickpea lines including 

one standard to evaluate for grain yield and other related character for path 

coefficient analysis. Seed yield was positively correlated with all attributes 

except days taken to flowering. Number of seeds per plant had maximum 

positive direct effect on yield. Number of pods per plant and plant weight had 

maximum negative direct effects on seed yield but contributed indirectly through 

other characters. The study related that selection may be done with optimistic 

compromise between number of seeds per pod, number of secondary branches 

per plant, number of seeds per plant, number of pods per plant and plant weight. 

Jeena and Arora (2002) evaluated 40 genotypes of chickpea in a randomized 

experiment for yield and its components traits. Correlations among all the 

characters computed and subjected to path analysis. Biological yield exhibited 

highest positive correlations with seed yield coupled with highest positive direct 

effect on it. Biological yield, pods per plant, 100-seed weight and first pod forming 

node found to be the major yield contributing traits from selection point of view.  

Saleem et al. (2002) worked with 20 elite chickpea genotypes. The genotypes 

showed highly significant difference for all the characters under studied. Seed 

yield per plant was positively and significantly correlated with days to flower, 
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total weight of plant, number of pods per plant and 100-seed weight both at the 

genotypic and phenotypic levels. The correlation of number of secondary 

branches per plant with seed yield was negative and significant. Number of pods 

per plants had maximum positive direct effect on seed yield. The other traits in 

the study also exhibited considerable indirect effect on seed yield through 

number of pods per plant. It was concluded that number of pods per plants and 

100-seed weight could be used as selection criteria to improve the yield.  

Arshad et al. (2004) conducted the research work to determine variability, 

heritability, genetic advance, correlation and path coefficient for yield and its 

components in 24 advance lines of chickpea. High heritability with low genetic 

advance for days to flowering, days to maturity and 100-seed weight indicating the 

influence of dominant and epistatic genes for these traits. High heritability for 

secondary branches and biological yield coupled with high genetic advance 

reveled that additive gene effect is important in determining these characters. 

Grain yield had positive and significant correlations with plant height, pods per 

plant, 100-seed weight and biological yield. High direct effects were contributed 

by biological yield and harvest index although the later had negative association 

with grain yield. Moreover, it was noticed that high indirect contribution was via 

biological yield by most of the yield components and hence these two parameters 

(biological yield and harvest index) should be given more emphasis while 

deciding about selection criteria of genotypes for rainfed conditions. 

Ciftci et al. (2004) conducted an experiment to determine the relationship among 

yield and some of the yield components using correlation and path coefficient 

analysis. They used 14 chickpea cultivars designed in randomized block with three 

replications. In this study, seed yield was positively and significantly related with 

plant height, number of branches, number of pods per plant, biological yield, 

harvest index and number of seeds per plant. Negative and non-significant 

relationship was determined between yield and 100-seed weight. According to 
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path coefficient analysis, they also observed that seed yield was highly influenced 

by biological yield, harvest index and number of seeds per plant. 

Deb and Khaleque (2005) studied correlation, path coefficient in chickpea and 

found the significant correlation between pod weight per plant and seed weight 

per plant, number of seeds per plant and seed weight per plant. In path 

coefficient analysis, number of primary branches at first flower, number of 

secondary branches at first flower, plant weight at harvests, pod weight per 

plant and number of seeds per plant to be the most important yield component 

because these characters exhibited direct positive effect on seed weight per 

plant both at phenotypic and genotypic levels.  

Khan et al. (2006) was carried out an investigation using thirteen chickpea 

cultivars for the magnitude of genetic variability, heritability and genetic advance. 

All the characters under studied showed significant genetic variability in the 

analysis of variance. The phenotypic coefficient of variation ranged from 2.23 for 

number of days to flowering to 15.47 for number of seeds per plant. The genotypic 

coefficient of variation was relatively low for days to flowering, days to maturity 

and plant height while it was high for seeds per plant. 100-seed weight and seed 

yield kg per hectare indicating low environmental impact for these characters. The 

magnitude of heritability was very high for days to flowering, days to maturity, 

pods per plant, 100-seed weight and seed yield kg per hectare and moderate for 

plant height. Genetic advance was high for seed yield kg per hectare followed by 

number of pods per plant indicating the greater effects of additive gene than the 

environment. Genotypic, phenotypic and environmental correlations revealed that 

days to flowering, days to maturity, pods per plant and 100-seed weight were 

positively correlated with seed yield both at phenotypic and genotypic levels 

while, plant height was found negatively correlated with seed yield.  

Renukadevi and Subbalakshmi (2006) performed correlation and path 

coefficient for eleven characters including seed yield of fifty chickpea 
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genotypes during robi season in 2002. In this study, plant height, number of 

primary branches, number of pods per plant, 100-seed weight, biological yield 

per plant and harvest index had positive and significant correlation with seed 

yield. The positive direct effect on seed yield was reveled by plant height, 

number of primary branches per plant, number of pods per plant, biological 

yield per plant, harvest index, days to maturity and soluble protein content.   

Yucel et al. (2006) studied variability, heritability and correlations between 

yields and its components and path coefficient in chickpea. Genotypic variance 

was the highest for 1000-seed weight followed by seed number per plant. They 

observed that the heritability for seed number, 1000-seed weight and number of 

full pods was greater than those for the other traits. Positive and significant 

relationship were determined between seed yield per plant with plant height, 

first pod height, secondary branches, total pods, number of full pods and seeds 

per plant. They also observed that the traits viz., number of seeds and number 

of full pods showed the highest direct effect on yield per plant.  

Deb and Khaleque (2007) carried out an experiment in chickpea to construction 

an index for selection and found the maximum genetic gain of 98716.34% 

exhibited when number of primary branches at first flower, number of 

secondary branches at first flower, plant height at maximum flower, number of 

seeds per plant and seed weight per plant were included in the discriminant 

function. Among these four yield components such as number of seeds per 

plant and number of primary branches at first flower showed significant 

phenotypic and very high genotypic correlation with yield, respectively and 

plant height at maximum flower and number of secondary branches at first 

flower indicated high direct positive effect, hence these traits may be 

considered as primary yield components. The second highest genetic gain was 

noted as 89128.85% when all the characters under study were included in the 

discrinatnt function. This was followed by 85205.56% genetic gain when all 
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the characters except number of secondary branches at first flower were 

included in the discriminant function. 

Singh (2007) analyzed correlation coefficient and path coefficient for getting 

appropriate information regarding interrelationship among different characters 

for effective selections program in forty five genotypes of chickpea. The 

genotypic correlation was higher than the corresponding phenotypic ones. Seed 

yield had highly significant positive correlation with biological yield per plant, 

pods per plant, harvest index and secondary branches per plant. Biological yield 

per plant and pods per plant had highly significant correlation with seed yield 

and its direct effects were very strong. Pods per plant, harvest index, 100-seed 

mass and secondary branches per plant were indirect contributory components, 

therefore, due emphasis may be given on these characters for selecting high 

yielding genotypes in chickpea. 

Talebi et al. (2007) carried out an experiment on thirty six genotypes of 

chickpea for their yield performance. In the examined characteristics, they 

found positive and statistically significant relationship between 100-seed 

weight and plant height, between number of secondary branches and plant 

height, between days to heading and days to maturity, between days to maturity 

and number of primary and secondary branches, between seed yield and 

number of pods per plant, between seed yield and biomass as harvest index and 

also found negative and significant relationships between number of pods per 

plant and 100-seed harvest, between seeds per plant and number of secondary 

branches. Harvest index had greatest direct effect on seed yield. Also, its 

indirect effect on seed yield more positive through plant height, number of 

pods per plant, number of seeds per plant and biomass, but negative and low 

through days to heading and maturity, 100-seed weight and number of primary 

branches. They suggested that selection for high seed yield should be based on 

biomass (biological yield) and harvest index in Kabuli chickpea.  
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Ali et al. (2008) studied twenty elite chickpea lines for variability and 

correlation for traits like number of days to flowering, number of days to 

maturity, number of primary branches per plant, number of secondary branches 

per plant, plant height and seed yield per plant. Varietals differences among the 

genotypes were significant. Phenotypic and genotypic variances were higher 

for plant height and seed yield per plant. Broad sense heritability was the 

highest for plant height and seed yield per plant. Genetic advance was higher 

for seed yield per plant and plant height. High heritability for both the traits 

coupled with high genetic advance revealed that additive genetic effects were 

important for these characters. Positive genotypic correlation was detected 

between seed yield and number of primary branches per plant, while at 

phenotypic association was highly significant.  

Farshadfar and Farshadfar (2008) made an experiment to determine the genetic 

variability among 360 chickpea land races and lines. Among the morphological 

characters, they observed that numbers of branches and pod numbers showed 

the higher variation while, leaflet had minimum variation. On the other hand, 

among the phonological traits the flowering period showed the highest and 

flowering time showed the least variability. In this study, the seed yield per 

plant exhibited the highest variation. The highest correlation coefficient 

observed between seed yield per plant and pod numbers. Path analysis revealed 

that the pods number, seeds number, 100-seed weight and single seed weight 

had highest direct effect on seed yield. 

Ali et al. (2009) studied correlation and path analysis in chickpea. The results 

of correlation analysis reveled that the grain yield per plant had significant 

genotypic and phenotypic relationship with primary branches, pods per plant, 

seeds per plant, seeds per pod and total biological yield. The path coefficient 

analysis based on grain yield per plant, as a dependent variable, exposed that all of 

the traits, except days to flowering, days to maturity and secondary branches 
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exhibited positive direct effect. The path analysis confirmed that biological yield 

followed by number of seeds per plant and 100-grain weight had the maximum 

positive direct influence on grain yield per plant.  

Malik et al. (2009) considered twenty chickpea genotypes for various yield 

parameters under field conditions to estimate correlation coefficient and 

linkage distance. Analysis of variance of yield and its components revealed 

significant differences between genotypes for six out of nine traits under 

studied. Maximum variation was recorded for pods per plant followed by 

secondary branches per plant, biological yield, grain yield and harvest index. 

Highly significant and positive correlation of grain yield was found with 

biological yield, secondary branches and number of pods per plant. Secondary 

branches were positively correlated with number of pods per plant and grain 

yield per plant, whereas it was negatively associated with 100-grain weight.  

Thakur and Sirohi (2009) investigated correlations and path coefficient analysis 

in chickpea. Correlations studies indicated that seed yield per plant exhibited 

stable positive associations with biological yield per plant, pods per plant, 

primary branches per plant, plant height and harvest index both at genotypic and 

phenotypic levels in individually as well as combined over season. Path analysis 

revealed high positive and direct influence of biological yield per plant with seed 

yield per plant followed by harvest index and pods per plant in individuals as 

well as combined over the season. Pods per plant, primary branches per plant 

and plant height contributed to seed yield mainly through indirect effect via 

biological yield. Therefore, selection for high biological yield and harvest index 

would be lead to high seed yield and selection for pods per plant, primary 

branches per plant and plant height would facilitate for high biological yield.  

Tomar et al. (2009) evaluated forty five genotypes of chickpea during 2004-2005 

and 2005-2006 at two different locations under three planting dates. The 

genotypic and phenotypic coefficient of variation was found maximum for 
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number of seeds per plant. The high broad sense heritability was recorded for 

all the traits except days to maturity. The genetic advance as percentage of 

mean was high for seeds per plant. The genotypic correlation coefficient was 

observed to be higher than that of phenotypic correlation coefficient indicating 

the existence of strong inherent association for various traits and phenotypic 

selection may be rewarded. Grain yield per plant exhibited stable positive 

association with biological yield per plant, followed by seeds per plant, pods 

per plant and seeds per pod at genotypic and phenotypic levels.  

Khan et al. (2010) was carried an investigation for the study of nature and 

magnitude of genetic variability using forty seven chickpea genotypes. The 

germplasm was grouped as deshi (pink flower, green with purplish tinge stem 

and colored seed coat) and kabuli (white flower, green stem and white seed 

coat) types. Highly significant differences were recorded among the genotypes 

for days to 50% flowering, days to maturity, leaf area, number of leaflets per 

leaf, plant height, 100-seed weight, biological yield per plant and grain yield 

per plant. Grain yield per plant had maximum phenotypic and genotypic 

coefficient of variation, followed by biological yield per plant. Heritability 

estimates of all the traits were high except leaf area which showed moderate 

heritability. Highest heritability was recorded for days to 50% flowering 

followed by biological yield per plant, plant height, 100 seed weight, grain 

yield per plant, leaflets per leaf and days to maturity. 

Kobraee et al. (2010) worked on correlation analysis to detect the 

relationship between grain yield and other quantitative traits in chickpea. 

Early planting chickpea produce the highest plant height, distance of first 

pod from the earth surface, number of sub branch, number of pods per plant, 

number of seeds per plant, 100-seed weight, grain yield, biological yield and 

harvest index. Results showed that number of seeds per plant, number of 

pods per plant, plant height and biological yield had the highest positive 
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correlation with grain yield. The results of path coefficient analysis revealed 

that number of seed per plant had high and positive direct effect on seed 

yield, but number of pods per plant was an important constituent.  

Sharma and Saini (2010) studied the genetic variability, heritability, genetic 

advance, correlation and path analysis in chickpea. Study of variability and 

heritability revealed the presence of sufficient variability with high heritability 

for most of the yield components. Correlation and path analysis indicated that 

number of pods per plant and branches per plant could be useful as selection 

indices for development of high yielding genotypes of chickpea.  

Yucel and Anlarsal (2010) carried out an experiment to determine selection 

criteria by using correlation and path coefficient analysis in chickpea. Among 

the studied characters, positive and significant relationships were found 

statistically between seed yield and harvest index and between seed yield and 

seeds number. The path coefficient analysis based on seed yield as a dependent 

variable revealed that harvest index had the highest direct effect on seed yield. 

Both correlation and path analysis indicated that harvest index was the major 

direct contributor to seed yield. 

Akhtar et al. (2011) studied genetic variability, heritability and interrelationship 

for seed yield and its components in twenty advance genotypes of chickpea. 

Significant and positive correlations were found between yield and 100-seed 

weight and between number of pods per plant and plant height. Heritability for 

100-seed weight and number of pods per plant was observed as higher than the 

other traits. Phenotypic coefficient of variability for days taken to flowering, 

days taken to maturity, plant height and seed yield was higher than genotypic 

coefficient of variation which means that the expression of these traits in more 

influenced by environmental effects. It is therefore, suggested that the grain 

yield could be improved by using the 100-seed weight and number of pods per 

plant as selection criterion in chickpea.  
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Ali et al. (2011) conducted an experiment to estimate the correlation for 

qualitative traits in chickpea. Correlation coefficient studies showed that bio-

mass per plant, number of pods per plant, number of secondary branches per 

plant, number of seeds per plant and 100-seed weight was positive and 

significant at genotypic level but positive and highly significant at phenotypic 

level with grain yield per plant. Number of days taken to flowering, number of 

days taken to maturity, primary branches per plant and secondary branches per 

plant were positively correlated with grain yield per plant at genotypic as well 

as phenotypic levels. Plant height was negative and non-significantly correlated 

with grain yield per pant both at genotypic and phenotypic levels.  

Biabani et al. (2011) carried out an experiment in order to evaluate the relationship 

between grain yield and the other characteristics considering two cultivar of 

chickpea (Hashem and Arman) in determination (0 as control, 7 and 14 days). The 

experiment was a factorial completely randomized design with 2 factors. At 

harvest time, height of plant, filled and unfilled pods per plant, number of seeds 

per plant, plant dry weight and yield were measured. They observed that the yield 

was highly and positively correlated with filled pod per plant.  

Zali et al. (2011) studied heritability, correlation and path coefficient in chickpea 

genotypes. Heritability values were greater for number of days to 50% maturity 

followed by number of days to 50% flowering, plant height, number of secondary 

branches, number of primary branches and number of seeds per plant indicating 

that these traits are controlled mainly by additive genes and that selection of such 

traits may be effective for improving seed yield. Number of seeds per plant and 

100-seed weight had a positive direct effect on seed yield. Number of seed per 

plant, number of secondary branch, 100-seed weight, number of pods per plant, 

number of primary branch and plant height also had positive and highly significant 

phenotypic correlations with seed yield. They concluded that seed yield in 

chickpea can be improved by selecting an ideotype having greater number of 
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secondary and primary branches, as well as higher number of pods per plant, 

number of seeds per plant and 100-seed weight.  

Kaloki and Kioko (2012) carried out an experiment at two different locations viz., 

Kabete (cool environment) and Kiboko (hot environment) to detect the genetic 

variability and heritability of 110 chickpea genotypes. Significant difference 

through the ANOVA indicated that there was genetic variability in most of the 

traits at both sites. Path coefficient analysis showed that number of pods per plant 

had the highest direct effect on grain yield in both locations. Heritability estimates 

were high for days to 50% flowering, days to 75% maturity and 100 seed mass 

hence, these characters can be effectively improved through selection.  

Naveed et al. (2012) conducted an experiment in chickpea during the crop 

season of 2008-2009. The high heritability value was found for plant height 

while, genetic advance was noted for number of pods per plant. Correlation 

studies showed that the traits like as biomass per plant, number of pods per 

plant, number of secondary branches per plant, number of seeds per pod and 

100-seed weight were positive and significant both at genotypic and phenotypic 

levels. Higher direct effect was found for number of days taken to flowering 

and maturity, biomass per plant and 100-seed weight on grain yield per plant. It 

was concluded that selection can be made on the basis of these traits.     

Jivani et al. (2013) studied a set of 105 diverse genotypes of chickpea to estimate 

correlation and path coefficient analysis for seed yield per plant and its ten 

component characters. They reported that the seed yield per plant had significant 

and positive correlation with number of pods per plant, biological yield per plant 

and harvest index both at genotypic and phenotypic levels. Among the 

component traits, biological yield per plant had significant and positive 

association with plant height, number of pods per plant and 100-seed weight. 

Path coefficient analysis revealed that the maximum positive direct effect was 

observed for harvest index, followed by biological yield per plant, number of 
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pods per plant, and 100-seed weight towards seed yield and were considered to 

be the most promising traits for selection for higher seed yield in chickpea. 

Mushtaq et al. (2013) carried out an investigation to estimate variability and 

path coefficient analysis in twenty elite chickpea genotypes including three 

standards. The material was also evaluated for means and components of 

variability and interrelationships (genotypic and phenotypic) for yield and yield 

components. High heritability values were noted for days taken to flowering, 

days taken to maturity, pods per plant, total weight of plant, secondary 

branches per plant, plant height, 100-grain weight and grain yield per plant 

while other characters exhibited moderate heritability. Seed yield was 

positively correlated with all attributes under study. Investigations regarding 

path coefficient showed that days taken to flowering had maximum direct 

influence on seed yield per plant followed by total weight of plant, 100-grain 

weight, primary branches and plant height. 

Padmavathi et al. (2013) conducted an experiment with thirty genotypes of 

kabuli chickpea to study the extent of genetic variability, correlation and path 

analysis for yield and yield contributing characters. They found that wider 

genetic variability with high heritability and high genetic advance as 

percentage of mean was recorded for number of primary branches per plant, 

biological yield per plant and seed yield per plant. Correlation studies revealed 

that seed yield was significantly and positively correlated with plant height, 

number of primary branches per plant, number of secondary branches per plant, 

number of pods per plant, 100-seed weight, harvest index and biological yield 

per plant. Path coefficient analysis indicated that biological yield per plant, 

number of pods per plant and harvest index had high positive direct effect on 

seed yield signifying the importance of these traits in improvement of seed yield. 

Sarker et al. (2013) studied variability, heritability, genetic advance, genetic 

advance as percentage of mean and selection index in chickpea applying four 
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irradiation treatments in two consecutive years. The lines were genetically well 

differentiated as indicated by the analysis of variance. The characters number 

of seeds per plant, number of pods per plant, plant weight after fully dried and 

1000-seed weight showed the higher values for phenotypic variance, genotypic 

variance, phenotypic coefficient of variation and genotypic coefficient of 

variation which indicated a wide scope of improvement of these traits through 

selection. Estimates of broad sense heritability was found to be low. In the 

discriminant function analysis, single character indices like number of primary 

branches at maximum flower showed maximum genetic advance. Again, the 

highest expected genetic gain of 638.460 % was observed for characters 

combination viz., number of primary branches at maximum flower with 

number of secondary branches at maximum flower.  

Zeeshan et al. (2013) conducted an experiment to estimate genotypic 

variability, heritability and correlation of 20 chickpea genotypes for yield and 

its related traits under rainfed conditions. There were significant genetic 

differences between genotypes for all the characters studied which suggested 

enormous scope of genotypes selection with desirable characters. High 

heritability for plant height and 100-seed weight coupled with high genetic 

advance revealed that additive gene effects were important in determining these 

traits. High heritability with low genetic advance for days to maturity indicated 

influence of dominant and epistatic genes. Estimation of correlation coefficient 

showed that pods per plant, plant biomass and 100-grain weight were positively 

correlated with grain yield. The traits, which revealed high amount of 

heritability and genetic advance, were controlled by additive genes, which 

advocated the chances of their improvement through selection.  

 



MATERIALS AND METHODS 

A. MATERIALS 

The materials for the present study comprised eight genotypes of chickpea. The 

materials were collected from Regional Agricultural Research Station, Ishurdi, 

Pabna, Bangladesh.  

The eight chickpea genotypes are presented in Table 4. 

Table 4. List of eight chickpea genotypes. 

Sl. 
No. Genotypes Identifying Characteristics 

 
 
 
1 BARI Chola-1 

ICRISAT line 

�x Light green leaves with less waxy layer and
spreading type canopy. 

�x Absence of stem pigmentation, less nodulation
capacity. 

�x Each node contains only one flower and the
flowers are light pink. 

�x Seed color is light yellow. 
 
 
2 
 

BARI Chola-2 
ICRISAT line, 
ICCL-83228 

�x Semi spreading type and tip of the branch is
slender with long internodes.  

�x Plant is green. 
�x Seed size is 40-50% larger than the local variety. 
�x Both sides of the seed are flattery and light brown

in color. 
 
 
3 BARI Chola-3 

ICRISAT line, 
ICCL-83105 

�x Erect type and light green color. 
�x Leaflets are large.  
�x Seed size is 50-60% larger than the local variety

and 40-50% from BARI chola-1. 
�x This variety is specially suitable for the Barind

region. 
 
 
4 
 

BARI Chola-4 
ICRISAT line, 
ICCL-85222 

�x Two flower and pod in a same peduncle is the
main identifying character of this variety.  

�x Semi erect stature and light green color. 
�x Grey color pigmentation presentation is stem. 
�x Both sides of the seed is somewhat flattery,

smooth and light brown in color. 
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Sl. 
No. Genotypes Identifying Characteristics 

 
 
 
5 BARI Chola-5 

Local Selection 
(local Cultivar 
of Pabna) 

�x Main identifying character of this variety is spread
in stature and light green color. 

�x No pigmentation observed at seedling stage but
light grey pigmentation observed in the matured
stage stem. 

�x Seed size is small and seed coat is grey brown
color.  

�x Both sides of the seed are somewhat flattery,
smooth. 

 
 
6 
 
 

BARI Chola-6 
ICRISAT line, 
ICCL-83149 
 

�x Semi spreading type with medium and light green
leaflets. 

�x No pigmentation observed in stem at seedling
stage but light grey pigmentation observed in the
matured stage. 

�x Small seed size, round shaped with deep brown
color seed coat. 

�x It is resistant to wilt. 
 
7 
 
 

BARI Chola-7 
ICRISAT line, 
ICCL-3272 

�x Erect type stature with large and green leaflets. 
�x Light brown color seed coat and larger than the

local variety. 
�x Resistant to wilt disease and tolerant to botrytis

grey mold disease. 
 
8 
 
 

BARI Chola-8 
ICRISAT line, 
ICCL-88003 

�x Erect type stature with large and green leaflets. 
�x White color flower. 
�x White color seed coat and larger than the desi

variety. 
�x Resistant to wilt. 

Source: Pedigree of BARI Chola-1 to BARI Chola-8 Pulse Research Centre, BARI, Gazipur. 
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Photograph 5. Eight chickpea genotypes. 
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B. METHODS 

The methods followed to conduct the experiment and analyses of the data are 

divided into the following sub-heads:  

a. Preparation and Design of the Experimental Field, 

b. Sowing of Seeds,  

c. Maintenance of the Experimental Plants, 

d. Collection of Data and 

e. Techniques of Analysis of Data.  

Descriptions of the sub-heads are as follows: 

a. Preparation and Design of the Experimental Field  

The experiment was set in the botanical research field behind the third science 

building, University of Rajshahi, during the consecutive four rabi crop seasons 

of 2009-2010, 2010-2011, 2011-2012 and 2012-2013. The experimental field 

was ploughed six times repeatedly. Weeds were removed completely before 

lay-out of the field and sowing of the seeds. The field was pulverized and 

leveled properly. Lay-out of the experimental field (Figure 5) considering 

randomized complete block design with three replications. Each replication 

having eight plots. Each plot contains five rows and per row having five hills. 

In each hill, single plant was maintained. Gap between replications, plots, rows 

and hills were 120 cm, 80 cm, 45cm and 45cm, respectively.  

b. Sowing of Seeds  

The seeds of eight genotypes were sown in the experimental field according to 

design on 11th November, 2009; 11th November, 2010; 11th November, 2011 

and 11th November, 2012.  

c. Maintenance of the Experimental Plants  

When the seedlings were 15-16cm in heights, the excess seedlings were 

removed from the experimental field and regular weeding was done. As the soil 
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of the experimental field as moist sufficiently throughout the crop season, no 

irrigation was given.  

                                           

 

            

 

 

 

 

 

 

                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Design of lay-out of the experimental field. 
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Photograph 6. Experimental field of chickpea. 

d. Collection of Data 

Thirteen yield and yield contributing characters which are quantitative in nature 

were considered for the present investigation. Data were collected and recorded 

on individual plant basis of eight genotypes of chickpea. Following characters 

were measured and recorded.  

i. Date of first flower (DFF): Date of first flower of the individual plant was 

recorded from the date of sowing. 

ii. Plant height at first flower (PHFF):  Height of the individual plant was recorded 

from the base of the stem to the top of the plant at the time of first flowering. 

iii. Number of primary bran ches at first flower (NPBFF): The total number 

of primary branches from the main stem of the individual plant at the time of 

first flowering was counted and recorded. 
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iv. Number of secondary branches at first flower (NSBFF): The total 

number of secondary branches came out from the primary branches of the 

individual plant at the time of first flowering was counted and recorded. 

v. Date of maximum flower (DMF):  Date of maximum flower of the 

individual plant was recorded from the date of sowing. 

vi. Plant height at maximum flower (PHMF): Height of the individual plant 

was recorded from the base of the stem to the top of the plant at the time of 

maximum flowering. 

vii. Number of primary branches at maximum flower (NPBMF): The total 

number of primary branches from the main stem of the individual plant at the 

time of maximum flowering was counted and recorded. 

viii. Number of secondary branches at maximum flower (NSBMF): The 

total number of secondary branches came out from the primary branches of the 

individual plant at the time of maximum flowering was counted and recorded.  

ix. Plant weight at harvest (PWH): Weight of each plant was taken at the 

time of harvest of the plant and recorded. 

x. Number of pods per plant (NPd/P): All the pods of the individual plant 

after harvesting were removed and counted. 

xi. Pod weight per plant (PdW/P): All the pods of the individual plant were 

weighted and recorded. 

xii. Number of seeds per plant (NS/P): All the pods of an individual plant 

were threshed and seeds were taken out from the pods and cleaned, then the 

total number of seeds was counted and recorded. 

xiii. Seed weight per plant (SW/P): Total seeds of the individual plant were 

weighted and recorded. 
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e. Techniques of Analysis of Data  

The collected data were analyzed following the biometrical techniques of 

analysis as developed by Mather (1949a) based on the mathematical models of 

Fisher et al. (1932). The techniques were used are described under the 

following sub-heads: 

1. Mean  

Data on individual plant was added together then divided by the total number 

of observations and the mean was obtained as follows: 

           Mean (
��

X )
n

X
n

1i
i�¦

� �     

Where,  

           X = the individual reading was recorded from each plant. 

           n = number of observations. 

           i = 1, 2, 3…….n 

           �™= summation.    

2. Standard deviation  

Standard deviation is the root of the average of the deviation of the individual 

observations from the mean. It was calculated as the square root of the variance 

as follows:  

 S = 2S   

Where, 

S = standard deviation 

S2 = variance 

3. Standard error of mean  

If, several samples are considered instead of one sample, it will be found that 

the standard deviation of the different samples also varies. This variation is 

measured by the standard error of mean which are determined as follows: 

S��
x n

S
�  
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Where, 

           S��
x
= standard error of mean 

           S = standard deviation  

           n = total number of individuals. 

Standard error of mean gives an idea as to how any mean obtained from a 

sample may differ from the true hypothetical means of the population. 

4. Analysis of variance 

Variance is a measure of dispersion of a population. So, the analysis of 

variance is done for testing the significant differences among the genotypes. 

Variance analysis for each of the characters was carried out separately with raw 

data taken on individual plants. 

The variances due to different sources such as replication (R), genotype (G), 

year (Y), genotype × year (G×Y) and within error of a population were 

calculated as per the following skeleton of analysis.  
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Where, 

Genotype (G)   =  8 

Replication (R) =  3 

Year (Y)           =  4   

 
Total ss 
df = RGY-1 = 95 

 
Treatment ss 
df = GY-1=31 

 
Within error ss 
df = (GY-1)(R-1)= 62 

 
Year ss 
df = (Y-1) = 3   

 
Genotype ss 
df = (G-1)= 7  

 
Genotype × Year ss   
df = (G-1)(Y-1)=21 

 
Replication ss 
df = R-1 = 2 
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The plant to plant variance of a population was calculated according to the 

following formula:  

 
1n

/nXiXi

S

n

1i

2n

1i

2

2

��

�¸
�¹

�·
�¨
�©

�§
��

� 
� ¦ � ¦

�  �   

Where,  

S2 = variance 

X= the individual reading recorded on each plant 

n = the total number of individuals. 

�™= summation   

i = 1, 2, 3…….n 

n-1= degrees of freedom.     

Furthermore where,  

Total SS = �™ (RiGjYk)
2-CF  

Replication SS CF
G

R

j

i

2
i

��� 
�¦

 

Treatment SS CF
R

)Y(G

i

k  j

2
kj

��� 
�¦

 

Within Error SS = Total SS - Treatment SS 

Genotype SS CF
RY

G

ik

j

2
j

��� 
�¦

 

Year SS CF
RG

Y

ij

k

2
k

��� 
�¦

 

G×YSS = Treatment SS - Genotype SS - Year SS 

Where,               

Ri  = the value of jth replication  

Gi = the value of ith genotype 
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Yk = the value of ith genotype 

Gj Yk= the value of jth genotype in kth Year 

CF = correction factor = (GT)2 / N  

GT = grand total  

           N = total number of observations = (RGY) 

The analysis of variance of a mixed model was used, where genotype (G) was 

fixed and Year (Y) effect was random. The expectation of mean square (EMS) 

was derived as follows. 

Table 5. Analysis of variance. 

Item df MS EMS 

Replication (R) R-1 MS1 �12E + GY�12R 

Genotype (G) G-1 MS2 �12E + R�12GY + RY�12G 

Year (Y) Y-1 MS3 �12E + RG�12Y 

Genotype × Year (G×Y) (G-1)(Y-1) MS4 �12E + R�12GY 

Within Error (GY-1)(R-1) MS5 �12E 

Where, 

G = genotype  

R = replication  

Y = year 

MS1= represents mean square of replication  

MS2= represents mean square of genotype  

MS3= represents mean square of year 

MS4= represents mean square of G×Y 

MS5= represents mean square of within error 

RY�12G = variance due to genotype 

GY�12R = variance due to replication 

R�12GY = variance due to G×Y 

  �12E = variance due to within error 
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5. Components of variation 

It is a measure of variation among families/treatments or replications, etc. 

obtained by dividing the sum of squares by corresponding degrees of freedom 

to get mean sum of square, i.e. variances. Variance parameter is widely used in 

various statistical analyses. The phenotypic (�12P), genotypic (�12G), interaction 

(�12GY,) and error (�12E) variances were determined as follows: 

Step-I:  

�12G       =  (MS2- MS4)/RY 

�12Y       =  (MS3- MS5)/RG 

�12 
GY   =  (MS4-MS5) /R 

�12E       =   MS5 

Step-II:   

Phenotypic variance (�12P) = �12G+ �12 
GY + �12E 

Genotypic variance (�12G) = �12G 

  Genotype × year variance = �12 
GY 

  Error variance = �12E 

6. Coefficient of variability (CV)  

When variation has to be compared for different characters, each represented 

by different units, variance, SD or SE are not adequate. However, by 

converting units of all characters on the same scale, the job can be done neatly. 

It is expressed as the percentage ratio of SD to corresponding mean, i.e.  

CV 100 
X

2

�u� 
S  

Co-efficient of variability at different levels was calculated as follows: 

i) Phenotypic coefficient of variability (PCV) 100 
X

2

�u� P�V
 

ii) Genotypic coefficient of variability (GCV) 100 
X

2

�u� G�V
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iii) Error coefficient of variability (ECV) 100 
X

2

�u� E�V
 

Where, 

           X  = grand mean 

           �12P = phenotypic variance 

           �12G = genotypic variance  

           �12E = error variance 

7. Heritability (h2
b)  

Heritability (in broad sense) estimates was computed by dividing the genotypic 

variance with phenotypic variance and then multiplying by 100 as suggested by 

Warner (1952).  

 h2
b  100 

2
P

2

�u� 
�V
�VG  

Where,  

 h2
b = heritability in broad sense  

 �12P = phenotypic variance 

          �12G = genotypic variance  

8. Genetic Advance (GA)  

Genetic advance was calculated by the following formula as suggested by Lush 

(1949) 

 GA = K × �VP × h2
b 

Where,  

K = the selection differential in standard units for the present study it 

was 2.06 at 5% level of selection (Lush, 1949).  

�VP = square root of the phenotypic variance  

h2
b = broad sense heritability  
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9. Genetic advance as percentage of mean (GA%)  

It was calculated by the following formula:  

 GA% of Mean = 
X

GA  × 100 

Where,  

 X  = grand mean for a particular character.  

10. Analysis of covariance 

For the purpose of correlation coefficients and path coefficients, the analysis of 

both variance and covariance are required (Miller et al., 1958). Nevertheless, 

covariances were calculated between all possible pairs of characters separately. 

For the analysis of covariance the raw data of individual plant were used 

according to the following formula.  

 
1n

/nYiXiXiYi

COV

n

1i

n

1i

n

1i

��
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�¾
�½

�¯
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Where,  

COV = covariance 

�¦
� 

n

1i

XiYi = sum of the X and Y 

�¦
� 

n

1i

Xi = grand total of X 

�¦
� 

n

1i

Yi = grand total of Y 

n = number of observation 

n-1= degrees of freedom  

i = 1, 2, 3…….n 

�™= summation   
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The expectation of mean cross product (MCP) was derived as follows: 

Table 6. Analysis of covariance.  

Item df MS MCP 

Replication (R) R-1 MCP1 �12E  + GY�12R 

Genotype (G) G-1 MCP2 �12E + R�12GY + RY�12G 

Year  (Y) Y-1 MCP3 �12E + RG�12Y 

Genotype × Year (G×Y) (G-1)(Y-1) MCP4 �12E + R�12GY 

Within Error (GY-1)(R-1) MCP5 �12E 

Where, 

MCP1= mean cross product of replication  

MCP2= mean cross product of genotype  

MCP3= mean cross product of year 

MCP4 = mean cross product of G×Y 

MCP5 = mean cross product of within error  

GY�12R = covariance due to replication 

RY�12G = covariance due to genotype 

GR�12Y = covariance due to year 

R�12GY= covariance due to G×Y 

�12E  = covariance due to within error 

11. Components of covariation  

The phenotypic (�12P), genotypic (�12G), interaction (�12GY) and error (�12E) 

components of covariance were measured as follows:               

Step-I:  

�12G       =  (MCP2- MCP4)/RY 

�12Y       =  (MCP3- MCP5)/RG 

�12 
GY   =  (MCP4-MCP5) /R 

�12E       =   MCP5 
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Step-II:   

Phenotypic variance (�12P) = �12G+ �12 
GY + �12E 

Genotypic variance (�12G) = �12G 

Genotype × year variance = �12 
GY 

Error variance = �12E 

12. Correlation coefficient  

The correlation coefficient at phenotypic (rP) and genotypic (rg) levels were 

computed as follows: 

rP =(�V
2
P12) / (�V

2
P11 × �V2

P22)
1/2, 

           rg =(�V
2
G12) / (�V

2
G11× �V2

G22)
1/2, 

Where, 

�V2
P12 and �V2

G12, represent covariances at phenotypic and genotypic 

levels, respectively for characters 1 and 2. 

�V2
P11 and �V2

G11 indicate variances at phenotypic and genotypic levels, 

respectively for character 1. 

�V2
P22 and �V

2
G22 represent variances at phenotypic and genotypic levels,   

respectively for character 2. 

13. Path coefficient  

The path coefficient analysis was done by using Wright’s (1921 and 1923) 

formula as was extended by Dewey and Lu (1959). The path coefficient 

analysis was carried out both at phenotypic and genotypic levels were obtained 

by solving a set of simultaneous equations as follows.  

rxy = Pxy+ rx2 P2y + rx3 P3y+ rx4 P4y + rx5 P5y + rx6 P6y + rx7 P7y + rx8 P8y + 

rx9 P9y+ rx10 P10y + rx11 P11y + rx12 P12y                                  

Where, the terms like 

rxy = correlation between one component character and yield. 

Pxy = path coefficient between the same character and yield. 
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   rx2, rx3,.......rxn = correlation between the same character and one of the 

remaining yield components in turn. 

The relationship used in this study for yield and yield components were as follows:  

1. r1y = P1y+ r12 P2y + r13 P3y+ r14 P4y + r15 P5y + r16 P6y + .................+ r112 P12y 

2. r2y = P2y+ r21 P1y + r23 P3y+ r24 P4y + r25 P5y + r26 P6y + .................+ r212 P12y 

3. r3y = P3y+ r31 P1y + r32 P2y+ r34 P4y + r35 P5y + r36 P6y + .................+ r312 P12y 

4. r4y = P4y+ r41 P1y + r42 P2y+ r43 P3y + r45 P5y + r46 P6y + .................+ r412 P12y 

5. r5y = P5y+ r51 P1y + r52 P2y+ r53 P3y + r54 P4y + r56 P6y + .................+ r512 P12y                        

6. r6y = P6y+ r61 P1y + r62 P2y+ r63 P3y + r64 P4y + r65 P5y + .................+ r612 P12y 

7. r7y = P7y+ r71 P1y + r72 P2y+ r73 P3y + r74 P4y + r75 P5y + .................+ r712 P12y 

8. r8y = P8y+ r81 P1y + r82 P2y+ r83 P3y + r84 P4y + r85 P5y + .................+ r812 P12y  

9. r9y = P9y+ r91 P1y + r92 P2y+ r93 P3y + r94 P4y + r95 P5y + .................+ r912 P12y 

10. r10y = P10y+ r101 P1y + r102 P2y+ r103 P3y + r104 P4y+ r105 P5y +........+ r1012 P12y  

11. r11y = P11y+ r111 P1y + r112 P2y+ r113 P3y + r114 P4y+ r115 P5y + .......+ r1112 P12y  

12. r12y = P12y+ r121 P1y + r122 P2y+ r123 P3y + r124 P4y+ r125 P5y +........+ r1212 P12y  

Where, 

y, represent seed weight per plant (SW/P). The numbers 1, 2, 3, 4, 5, 6, 

7, 8, 9, 10, 11 and 12 represent  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) and  number of seeds per plant (NS/P).  
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Residual effect (X) = 1- R2 

Where, 

 R2 = P1y r1y + P2yr2y + ......................... + Pnyrny 

14. Selection index 

The coefficients b1, b2,…………bn used in the discriminant function technique 

were obtained from the genotypic and phenotypic variances and covariances by 

solving the following equations of an index simultaneously. Similar equations 

were set up for each index and the values obtained for b1, b2, …………bn were 

used in the discriminant function selection technique.  

b1P11 + b2P12+………………………………………+ bnP1n= G1y 

b1P12 + b2P22+………………………………………+ bnP2n= G2y 

b1P1n+ b2P2n+………………………………………+ bnPnn= Gny 

Where, 

P11 = an estimate of the phenotypic variance of character 1 

P12 = an estimate of phenotypic covariance of characters 1 and 2 

G1y,G2y, G3y......ny = an estimate of genotypic covariance of character 1 

and yield (seed weight per plant), etc. 

The phenotypic and genotypic variances and covariances as obtained were used 

for constructing discriminant functions using different character combinations 

according to the method developed by Fisher (1936) and Smith (1936). Later 

on, Hazel (1943) developed a simultaneous selection model following path 

analysis approach. Since then, the theory of selection index has been extended 

and modified in various ways by various authors to suit the requirements of 

practical breeders (Robinson et al., 1951; Singh, 1972). The expected genetic 

advance from strait selection [GA (S)] and from the dicriminant function [GA 

(D)] was calculated as follows:       
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Where, 

P
Z  =  selection differential in standard units, for the present study it was 

2.06 at 5% level of selection (Lush, 1949)  

Gyy  and tyy = genotypic and phenotypic variances of the character y  

b1, b2,……….bn =  relative weight for each character                        

G1y, G2y…Gny = genetic covariances of independent characters with y.           

The expected gain from the discriminant function over strait selection was 

calculated for all the functions and studied as follows: 

Expected gain (%) = [{GA (D)/ GA(S)}-1] × 100   



RESULTS  

The present experiment was carried out to assess the nature and extent of 

genetic variability, heritability, genetic advance, correlation coefficient, path 

coefficient and construct the selection index in the material. The materials was 

comprised of eight genotypes of chickpea such as BARI chola-1, BARI chola-2, 

BARI chola-3, BARI chola-4, BARI chola-5, BARI chola-6, BARI chola-7 and 

BARI chola-8. Thirteen yield and yield components viz., date of first flower 

(DFF), plant height at first flower (PHFF), number of primary brunches 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) have been considered 

for this investigation. The obtained results are described as follows. 

A. ANALYSIS OF VARIANCE  

The results of the analysis of variance for all the quantitative characters were 

done separately and presented in Table 7A - 7M. For this investigation a mixed 

model was followed for testing the main items and their interaction. In the 

analysis of variance replication item was found to be non-significant for all the 

characters except DMF. Item genotype was highly significant for all the traits. 

Item year found to be highly significant for all the traits except DMF. Except 

NPBMF, the G�uY interaction item was significant for all the traits. 

B. COMPONENTS OF VARIATION  

Components of variation viz., phenotypic (�V2
P), genotypic (�V2

G), year (�V2
Y), 

genotype × year interaction (�V2
G×Y) and error (�V2

E) components of variation 

were estimates separately for all traits and presented in Table 8.  
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a. Phenotypic Variation (�V2
P) 

Phenotypic variation was greater than those of �V2
G, �V2

G×Y and �V2
E components of 

variation for all the characters as expected. The highest phenotypic variation was 

found for NPd/P with a value of 1413.361 while the lowest recorded for NPBFF 

with a value of 0.290. 

b. Genotypic Variation (�V2
G) 

The highest �V2
G recorded for NS/P with a value of 499.591 while the lowest 

noted for NPBFF with a value of 0.047. 

c. Year Variation (�V2
Y) 

The highest year variation noted for the character NPd/P with a value of 

954.583 while the lowest recorded for DMF with a value of 0.009.  

d. Genotypic × Year Interaction Variation (�V2
G×Y) 

The highest and the lowest �V2
G×Y were noted for NPd/P and NPBMF with the 

values of 362.413 and 0.024, respectively.  

e. Error Variation ( �V2
E) 

For this item, the highest variation was found for the trait NPd/P with a value of 

588.795 while the lowest was found for the trait NPBFF with the value of 0.163.  

C. COEFFICIENT OF VARIABILITY  

Coefficient of variability viz., phenotypic (PCV), genotypic (GCV) and error 

(ECV) coefficient of variability were estimates separately for all traits and 

presented in Table 9. 

a. Phenotypic Coefficient of Variability 

Phenotypic coefficient of variability was found greater than genotypic and error 

coefficient of variability which was expected for all the traits. The height PCV 

was found for the trait NPd/P with a value of 1163.243 while the lowest was 

found for DMF with a value of 5.844.  
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b. Genotypic Coefficient of Variability 

The values of 389.340 and 1.148 noted as the highest and the lowest genotypic 

coefficient of variability for NS/P and NSBMF, respectively.  

c. Error Coefficient of Variability 

Coefficient of variability due to error of 484.598 and 1.093 recorded as the 

highest and the lowest for NPd/P and DMF, respectively.  

D. HERITABILITY (IN BROAD SENSE) 

Heritability in broad sense (h2
b) was calculated separately for all thirteen 

characters and presented in Table 9. Perusal the Table 9, the highest h2
b was 

found for DMF with a value of 71.237 followed by PHFF (62.799) and DFF 

(60.685) while, the lowest was found for PdW/P (6.152).  

E. GENETIC ADVANCE (GA) 

Perusal the Table 9, genetic advance of the trait NS/P was found to be the 

highest with a value of 28.294 while the lowest was found for NSBMF with a 

value of 0.163.  

F. GENETIC ADVANCE AS PARENTAGE OF MEAN (GA%) 

Perusal the Table 9, the traits NS/P and NSBMF showed the highest and the 

lowest GA % of 22.050 and 2.190, respectively.  

G. CORRELATION COEFFICIENT 

The correlation coefficient between pairs of characters was computed both at 

phenotypic and genotypic levels to understand the relationship between the 

yield and other traits. The results are presented in Table 10A and 10B.  

In the present investigation, correlation study showed that the most of character 

pairs both of genotypic and phenotypic associations were in same direction and 

genotypic correlation value was greater than respective phenotypic ones. 

NPBFF, NPBMF, NPd/P, PdW/P and NS/P were positively correlated with 
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SW/P both at genotypic and phenotypic levels. Seed yield was also positively 

correlated with NSBMF and PWH at phenotypic level whereas, rest of the 

traits were negatively correlated with seed yield at both levels.  

Among the positive correlated traits, NPd/P, PdW/P and NS/P exhibited 

significant correlation with SW/P at both levels. Traits viz., NPBFF and 

NPBMF showed significant positive association with SW/P at genotypic level 

only. Again, the rest of the traits viz., DFF, PHFF, NSBFF, DMF, PHMF, 

NSBMF and PWH were negatively significant with SW/P at genotypic level.  

Among the yield contributing traits, DFF showed positive correlation with 

PHFF, DMF, PHMF, PWH, NPd/P and NS/P both at genotypic and phenotypic 

levels and all were significant at genotypic level while, NPd/P and NS/P were 

non-significant at phenotypic level. On the other hand, DFF showed negative 

correlation with NPBFF, NSBFF, NPBMF, NSBMF and PdW/P both at 

genotypic and phenotypic levels. In that case, all traits exhibited significant 

value at genotypic level while, NSBFF and NSBMF showed significant value 

at phenotypic level. 

Positive correlation of PHFF was observed with DFF, NPBFF, DMF, PHMF, 

PWH, NPd/P and NS/P at both levels and all were significant at genotypic level 

while, PWH, NPd/P and NS/P were non-significant at phenotypic level. On the 

other hand, it had negative association with NSBFF, NPBMF, NSBMF and 

PdW/P at both levels, where significant value showed only at genotypic level. 

Character NPBFF showed positive and significant correlation with PHFF, 

DMF, PWH, NPd/P, PdW/P and NS/P while, negative and significant 

correlation with DFF and NSBMF at genotypic level. On the other hand at 

phenotypic level NPBFF showed positive and significant correlation with 

PHFF, NSBFF and DMF.  
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The trait NSBFF exhibited significant and positive correlation with NSBMF 

and NS/P at genotypic level while with NPBFF and NSBMF at phenotypic 

level. It also showed positive and non-significant correlation with DMF, PWH 

and NPd/P at genotypic level and with DMF, NPBMF, NPd/P and NS/P at 

phenotypic level. On the other hand, negative genotypic correlation with this 

trait was exhibited by DFF, PHFF, NPBFF, PHMF, NPBMF and PdW/P and 

among them correlation between NSBFF and NPBFF and NSBFF and PHMF 

were non-significant at genotypic level. Again, at phenotypic level, NSBFF 

exhibited negative correlation with DFF, PHFF, PHMF, PWH and PdW/P and 

among them correlation between NSBFF and PHFF, NSBFF and PHMF and 

NSBFF and PWH were non-significant.  

DMF had positive and significant genotypic association with DFF, PHFF, 

NPBFF, PHMF, PWH, NPd/P and NS/P. Again, it had positive and significant 

phenotypic association with DFF, PHFF, NPBFF, PHMF and NS/P. It also 

showed positive but non-significant correlation with NSBFF at genotypic level 

while, NSBFF, PWH and NPd/P at phenotypic level. On the other hand, 

negative and significant genotypic correlation of DMF exhibited by NPBMF, 

NSBMF and PdW/P while, only PdW/P exhibited negative and significant 

correlation with this trait at phenotypic level. DMF also showed negative and 

non-significant phenotypic association with NPBMF and NSBMF. 

The trait PHMF exhibited positive and significant correlation with DFF, PHFF, 

DMF and PWH at genotypic level while, with DFF, PHFF and DMF at 

phenotypic level. On the other hand, PHMF had negative and significant 

genotypic association with NPBMF, NSBMF and PdW/P while, it showed 

negative phenotypic association with NSBFF, NPBMF, NSBMF and PdW/P.  

Character NPBMF had significant and positive genotypic correlation with 

NSBMF, NPd/P, PdW/P and NS/P while, it had positive but non-significant 

association with NPBFF at genotypic level. Whereas, this trait showed negative 
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and significant association with DFF, PHFF, NSBFF, DMF, PHMF and PWH 

at genotypic level. At phenotypic level, NPBMF had positive but non-

significant relationship with NPBFF, NSBFF, NSBMF, PWH, NPd/P, PdW/P 

and NS/P while, DFF, PHFF, DMF and PHMF exhibited non-significant 

negative association with NPBMF. 

NSBMF had positive and significant correlation with NSBFF and NPBMF at 

genotypic level while, with NSBFF at phenotypic level. The rest of the trait 

exhibited non-significant and positive correlation at the both levels. Whereas it 

had negative and significant genotypic association with DFF, PHFF, NPBFF, 

DMF, PHMF, PWH and PdW/P while, negative and significant phenotypic 

association only with DFF.  

Positive and significant correlation showed by PWH with DFF, PHFF, NPBFF, 

DMF and PHMF at genotypic level while, with DFF at phenotypic level. PWH 

negatively associated with NPBMF, NSBMF, NPd/P, PdW/P and NS/P at 

genotypic level. 

The trait NPd/P showed positive and significant association with DFF, PHFF, 

NPBFF, DMF, NPBMF and NS/P, but negative and significant association 

with PWH at genotypic level. Except PdW/P and NS/P, none of the traits 

significantly associated with NPd/P at phenotypic level. Simply all traits were 

positively correlated at phenotypic level. On the other hand, genotypic 

correlation of NPd/P with PWH and PdW/P was negative.  

Positive and significant correlation was exhibited by PdW/P with NPBFF 

and NPBMF at genotypic level and with NPd/P and NS/P at phenotypic 

level. On the other hand, it had negative and significant correlation with 

DFF, PHFF, NSBFF, DMF, PHMF, NSBMF and PWH at genotypic level 

while, at phenotypic level PdW/P was negatively and significantly 

correlated with NSBFF and DMF. 
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NS/P had positive and significant association with DFF, PHFF, NPBFF, 

NSBFF, DMF, NPBMF and NPd/P at genotypic level while, with DMF, 

NPd/P and PdW/P at phenotypic level. The traits PHMF, PWH and PdW/P 

negatively correlated with NS/P at genotypic level while all the traits were 

positively correlated with NS/P at phenotypic level. 

H. PATH COEFFICIENT 

The path coefficients were estimated separately both at genotypic and phenotypic 

levels to understand the direct and indirect effect of yield components on seed 

yield. The obtained results are presented in Table 11A and 11B.  

a. Path Coefficient Analysis at Genotypic Level 

In the present experiment, characters DFF, NSBFF, PHMF, NSBMF, PdW/P 

and NS/P had positive direct effect on seed yield (SW/P) and among them NS/P 

had the highest positive direct effect with a value of 13.1562. While, negative 

direct effect showed by PHFF, NPBFF, DMF, NPBMF, PWH and NPd/P. 

The indirect effects of DFF on seed yield via NPBFF, PHMF, NPBMF and 

NS/P were positive while, via PHFF, NSBFF, DMF, NSBMF, PWH, NPd/P 

and PdW/P were negative. Again, DFF had positive direct effect on seed yield 

(0.5425) which was nullified mainly due to DMF and NPd/P. As a result, the 

total effect was negative (-0.3065). 

The indirect effects of PHFF were positive on seed yield via DFF, PHMF, 

NPBMF and NS/P while, negative via NPBFF, NSBFF, DMF, NSBMF, PWH, 

NPd/P and PdW/P. It had negative direct effect on seed yield as -0.3526 and 

the total effect was -0.6565. 

The trait NPBFF had positive indirect effect on seed yield via PHMF, PdW/P 

and NS/P while, rest of the traits exhibited negative indirect effect on seed 

yield. The direct effect of NPBFF was -0.3699 which was compensated by high 

positive indirect effect via NS/P (11.8063) and the total effect was 0.5483. 
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NSBFF had second highest positive direct effect on seed yield (0.6365). The 

indirect effects of NSBFF on seed yield via DFF, DMF, PHMF, PWH, NPd/P 

and PdW/P were negative while, rest of the traits showed positive indirect 

effect on seed yield. The total effect of this trait was negative (-0.4632). 

DMF had second highest negative direct effect on seed yield and it had 

negative indirect effect via PHFF, NPBFF, NSBMF, PWH, NPd/P and PdW/P 

while, rest of the traits exhibited positive indirect effect on seed yield in respect 

of this trait. The total effect of this trait on seed yield was -0.7263.  

The trait PHMF had positive direct effect on seed yield (0.2840) which was 

turn into negative total effect via negative indirect effect of all the traits except 

DFF and NPBMF. The total effect of this trait was -1.0915.  

NPBMF had negative direct effect which turns into positive via PHFF, DMF, 

NSBMF, PWH, PdW/P and NS/P and among them NS/P had a great role 

(10.6815) to reverse negative direct effect into positive total effect. Rest of the 

trait had negligible negative indirect effect on seed yield except NPd/P. 

The trait NSBMF had positive but small direct effect on seed yield which turns 

into negative via DFF, PHMF, NPBMF, NPd/P and PdW/P. In this case, 

NPBMF (-0.9368) and NPd/P (-1.7156) had a great role to reverse its positive 

direct effect into negative total effect. Rest of the trait had small positive 

indirect effect on seed yield except NS/P. 

The indirect effect of PWH were positive on seed yield via DFF, NSBFF, PHMF, 

NPBMF and NPd/P while, negative indirect effect via PHFF, NPBFF, DMF, 

NSBMF, PdW/P and NS/P. The direct effect of PWH was negative and very 

negligible (-0.0050). The total effect of PWH was -0.9923.  

The trait NPd/P had the highest negative direct effect (-11.6785) on seed yield 

but this high value nullified by high indirect effect of NS/P (13.0785) and other 



 
58

positive indirect effect via DFF, NSBFF, PHMF, NSBMF and PWH. Rest of 

the traits had negative and comparatively small indirect effect on seed yield in 

respect of this trait. The total effect of this trait was 0.2047. 

PdW/P had positive and small direct effect of 0.3203 on seed yield. It exhibited 

positive indirect effect via PHFF, DMF, PWH and NPd/P while, it had negative 

indirect effect on seed yield via DFF, NPBFF, NSBFF, PHMF, NPBMF, 

NSBMF and NS/P which were comparatively low. The total effect was 0.9406. 

The highest positive direct effect (13.1562) on seed yield was exhibited by 

NS/P. But this high value reduces by high negative indirect effect of NPd/P 

(-11.6096) and other small negative indirect effect via PHFF, NPBFF, 

DMF, PHMF, NPBMF and PdW/P. It had positive and comparatively low 

indirect effect on seed yield via DFF, NSBFF, NSBMF and PWH. The 

total effect of this trait was 0.3373. 

The residual effect at genotypic level was -0.6876. 

b. Path Coefficient Analysis at Phenotypic Level 

At the phenotypic level of path analysis, the highest direct effect showed by 

NS/P (0.7995) followed by PdW/P (0.7615) while, the highest negative direct 

effect exhibited by NPd/P (-0.6776) followed by NPBMF (-0.0904).  

The trait DFF had positive direct effect on seed yield with a value of 0.0402 

however, it become negative due to negative indirect effect via PHFF, NPBFF, 

DMF, NSBMF, PWH, NPd/P and PdW/P. On the other hand, it had positive 

but low indirect effect on seed yield via NSBFF, PHMF and NPBMF. The total 

effect was -0.1572. 

PHFF had positive indirect effect of on seed yield via DFF, NPBFF, NSBFF, 

PHMF, NPBMF and NS/P. On the other hand, it had negative indirect effect on 

seed yield through DMF, NSBMF, PWH, NPd/P and PdW/P. The direct effect 

of PHFF on seed yield and the total effect were negative. 



 
59

The indirect effect on seed yield of NPBFF via DFF, PHFF, NSBFF, DMF, 

NPBMF, NSBMF and NPd/P was negative. Positive indirect effect via NS/P was 

comparatively high among the positive indirect effect showing traits. The direct 

and total effect for this trait was recorded as 0.1191 and 0.1145, respectively. 

NSBFF had negative and negligible direct effect (-0.0031) on seed yield. This 

trait had negative indirect effect on seed yield via DFF, DMF, PHMF, NPBMF, 

NPd/P and PdW/P. Rest of the traits exhibited positive indirect effect on seed 

yield regarding NSBFF. 

The direct effect of DMF on the seed yield was negative and small (-0.0664). It 

had negative indirect effect on seed yield via PHFF, NSBFF, NSBMF, PWH, 

NPd/P and PdW/P. The indirect effect on seed yield via DFF, NPBFF, PHMF, 

NPBMF and NS/P was positive. The total effect of DMF was negative (-0.1842). 

The trait PHMF had positive but vary small direct effect (0.0005) on seed yield 

which turns into negative total effect via PHFF, DMF, NSBMF, PWH, NPd/P 

and PdW/P. Rest of the traits had small positive indirect effect on seed yield 

except NS/P in respect of NPBMF on seed yield. 

NPBMF had negative direct effect (-0.0904) which was turn into positive total 

effect (0.0314) via positive indirect effect of PHFF, NPBFF, DMF, NSBMF, 

PdW/P and NS/P specially PdW/P and NS/P. It had negative indirect effect on 

yield via rest of the traits but they were lower than positive ones. 

NSBMF had positive direct effect of 0.1029 on yield. It had positive indirect 

effect on seed yield via PHFF, DMF, PWH, PdW/P and NS/P while, negative 

indirect effect on seed yield via DFF, NPBFF, NSBFF, PHMF, NPBMF and 

NPd/P. The total effect was 0.1718.  

The direct effect of PWH had negative and small (-0.0301) on yield. It had 

positive indirect effect on seed yield via DFF, NSBFF, PHMF, PdW/P and 



 
60

NS/P while, negative indirect effect on seed yield via PHFF, NPBFF, DMF, 

NPBMF, NSBMF and NPd/P. The total effect was 0.1718.  

The trait NPd/P had the highest negative direct effect (-0.6776) on seed yield 

but it become positive total effect due to the positive indirect effect via DFF, 

NPBFF, PHMF, NSBMF, specially PdW/P and NS/P which were higher than 

negative indirect effect via rest of the traits. 

In the present experiment, the second highest positive direct effect of 0.7615 on seed 

yield was exhibited by PdW/P. PdW/P had positive indirect effect on seed yield via 

all the traits except DFF, NPBMF, PWH and NPd/P. The total effect was 0.9406. 

The highest positive direct effect on seed yield (0.7995) exhibited by NS/P. It had 

also positive indirect effect via DFF, NPBFF, PHMF, NSBMF and PdW/P while, it 

had negative indirect effect which reduced its amount of total effect on seed yield 

via PHFF, NSBFF, DMF, NPBMF, PWH and NPd/P. The total effect was 0.4369.  

The residual effect at phenotypic level was 0.4608. 

I. SELECTION INDEX 

Selection index for yield were constructed for each set of data and different 

combinations were studied to identify the character which might be useful 

during selection program. For construct the selection indices, all the thirteen 

agronomical character viz., DFF, PHFF, NPBFF, NSBFF, DMF, PHMF, 

NPBMF, NSBMF, PWH, NPd/P, PdW/P,




















































































































































































































































































































































































































































































































































































































































































































































