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ABSTRACT 

 

A hallmark trait of chickpea (cicer arietinum L.) is its ability to form root nodules 

and to fix atmospheric nitrogen in symbiosis with compatible rhizobia. 

Chickpea plays a vital role in natural ecosystems, agriculture, and agro-

forestry, where its ability to fix nitrogen in symbiosis makes it an excellent 

settler of low-N2 environments, and economic and environmentally friendly 

crop. Forty seven chickpea genotypes were procured from Nuclear Institute for 

Food and Agriculture (NIFA), Peshawar, Gram Research Station (GRS), 

Karak, Pakistan and International Crops Research Institute for the Semi-Arid 

Tropics (ICRISAT), India. Entire experiments of the reported project were 

carried out from 2006 to 2009 at Agricultural University, and NIFA, Peshawar 

except molecular characterization, which was accomplished at Ehime 

University Matsuyama, Japan.  

All genotypes were characterized for marker traits, quantitative parameters, 

nodulation and molecular markers (SSR). Highly nodulated and non-nodulated 

parents were picked and hybridized to study mode of inheritance of nodulation 

and its linkage with marker trait loci. The germplasm was also grouped as desi 

(pink flower, green with purplish tings stem and colored seed coat) and kabuli 

(white flower, green stem and white seed coat) types. Highly significant 

differences and high heritability estimates were recorded for days to 50% 

flowering, days to maturity, leaf area, number of leaflets leaf-1, plant height, 

100 seed weight, biological yield plant-1 and grain yield plant-1 in all the 

genotypes. Genotypes from NIFA and GRS were nodulated while genotypes 

from ICRISAT were Nod-. All genotypes also differed highly and significantly 

for number of nodules plant-1. The genotypes NDC 5-S10 and NDC 4-20-4 



 xi

produced the maximum nodules plant-1. Highly significant response of 

rhizobium inoculation was recorded for nodules plant-1 and seed yield plant-1. 

Interaction of genotypes with treatments classified NDC 4-20-1(16.66) as 

highly Nod+ and Karak 3 (33 g) as high seed yielder plant-1. The maximum 

genotypic mean for nodulation and seed yield plant-1 was recorded for 

accession NDC 5-S10 (14.83) and Karak 3 (30.20) respectively. Inoculated 

genotypes exceeded control in treatment means both for nodules plant-1 (10.33 

& 7.22) and seed yield plant-1 (14.40 g & 10.59 g).  

Molecular characterization of 47 genotypes was performed using 10 simple 

sequence repeat (SSR) markers. Eight of the 10 SSR markers were 

polymorphic. Number of alleles ranged from 2 to 16, with an average of 7.4 

locus-1. Polymorphic information content (PIC) values ranged from 0.227 to 

0.876, with an average of 0.636. The average PIC was 0.582 in desi and 0.577 

in kabuli genotypes, shows that both groups are distinct. Significant genetic 

differentiation was found between desi and kabuli genotypes by using Analysis 

of molecular variance (AMOVA) under stepwise mutation assumption (RST = 

0.239, P ≤ 0.001). Unweighted pair-group method using arithmetic averages 

(UPGMA) and Minimum-evolution method (ME) trees as well as Principal 

Coordinate analysis (PCoA) classified the accessions into 6 groups and all the 

6 accessions could be clearly separated. Grouping was mostly the same in 

both the phylogenetic trees and PCoA, but the branching order differed 

greatly. Inheritance of nodulation was studied in two cross combinations i.e., 

ICC 19181(non-nodulated and dark green leaves) x NDC 5-S10 (nodulated 

and light green leaves) - Hybrid A and ICC 19181 x NDC 4-20-4 (Nod+ and 

light green leaves) - Hybrid B. Hybrid A, showed monogenic dominant 

inheritance, while hybrid B showed duplicate gene action for nodulation 

confirming that both Nod+ genotypes are from different clusters. Both hybrids 

revealed monogenic dominant inheritance of light green leaf color. Linkage 

study revealed that loci for nod and leaf color resides on the same 

chromosome at the distance of 15 centi Morgan (cM) in genotype NDC 5-S10 

while in genotype NDC 4-20-4 the two loci for nodulation exists at the distance 

of 26 cM and 15 cM from the locus of leaf color. The current research findings 

show significant diversity both at morphological and molecular levels, and 

valuable results regarding rhizobial inoculation, inheritance and linkage study 

of nodulation, which could play a vital role in future chickpea breeding 

programs.  
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CHAPTER 1 

INTRODUCTION 

 
1.1   Origin and botanical classification of chickpea 

Chickpea (Cicer arietinum L., 2x = 2n = 16) belongs to genus Cicer, 

tribe Cicereae, family Fabaceae, and subfamily Papilionaceae. Cicer is Latin 

name originated and derived from the Greek word 'kikus' that means force or 

strength. The origin of the word is traced to the Hebrew 'kikar'', where 'kikar' 

means round (Duschak, 1871). 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). The oldest report concerning this species was 5450 BC 

(Helbaek, 1959) and it has been cultivated for at least 7000 years (Van der 

Maesen, 1972).  

 

1.2     Mode of reproduction 

 Chickpea is highly self pollinated specie because of its cleistogamous 

flower (Smithson et al., 1985). Self pollination takes place 12-24 hour before 

the flower is fully opened. At the time of pollination the keel is closed and 

foreign pollen can’t reach the stigma. Fertilization takes place about 24 hr 

after flower is fully expanded. Due to fragility of flower artificial hybridization 

are rather poor, overall seed setting is estimated as 5 – 25%. Emasculation 

and pollination can be done at any time of the day, but simultaneous 

emasculation and pollination gave higher percentage of seed set than 

consecutive day operation (Singh and Ackuland, 1975). 



 2

  

1.3    Importance and utilization  

Chickpea is one of the world's most important but less-studied 

leguminous food crop with 740-Mb genome size. Chickpea ranks third 

among pulses, fifth among grain legumes, and 15th among grain crops of the 

world. It accounts for 12% of the world pulses production, with a 1.9% annual 

growth rate of chickpea production during the last 20 years (Upadhyaya, 

2003). Chickpea is one of the major pulse crops in West Asian and North 

African regions. It has great importance as food, feed and fodder. Due to the 

increasing need for legumes, chickpea is no longer considered a subsistence 

crop. The rising trend in its trade suggests that the crop is grown increasingly 

for the market (Saxena et al., 1996). In the developed world it represents a 

valuable crop for export. It provides a protein-rich supplement to cereal-

based diets. Chickpea is valued for its nutritive seeds with high protein 

content, 25.3-28.9 %, after de-hulling (Hulse, 1991).  

 

1.4     Medicinal uses of chickpea 

Among the food legumes, chickpea is the most hypocholesteremic 

agent; germinated chickpea was reported to be effective in controlling 

cholesterol level in rats (Geervani, 19991). Glandular secretion of leaves, 

stem and pods consist of malic and oxalic acids, giving a sour taste. Acids 

are supposed to lower the blood cholesterol levels. Medicinal applications 

include use for bronchitis, aphrodisiac, catarrh, cholera, cutamenia, 

constipation, diarrhea, flatulence, dyspepsia, snakebite, sunstroke, and 

warts. Seeds are considered antibilious (Duke, 1981). 
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1.5    Morphology and types 

There are two types of chickpea, depending on seed color, shape, 

and size. Kabuli type, the seeds of this type are large, round or ram head, 

and cream-colored. The plants are medium to tall (up to one m) in height, 

with large leaflets and white flowers, and contain no anthocyanin 

pigmentation. The second type is Desi type; this type has small seeds 

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, more prostrate with small leaflets and 

purplish flowers, and contain anthocyanin pigmentation (Muehlbauer et al., 

1982; Cubero, 1975).  Chickpea is grown in tropical, sub-tropical and 

temperate regions. Kabuli type is grown in temperate regions while the desi 

type chickpea is grown in the semi-arid tropics (Muehlbauer and Singh, 

1987; Malhotra et al., 1987).  

 

1.6    Chemistry of chickpea 

Chickpea is important due to its nutritive seeds which is a rich and 

cheap source of protein in human diet as compared to the animal protein. 

Chickpea seed has 38-59% carbohydrate, 4.8-5.5% oil, 3% fiber, 3% ash, 

0.3% phosphorus and 0.2% calcium,. Digestibility of protein varies from 76-

78% and its carbohydrate from 57-60% (Hulse, 1991).  

 

1.7     Area and Production 

 Pakistan is the second big producer of chickpea after India in the 

world. In Pakistan total cropped area is 22.51 million hectare. Out of this 
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area, 1.492 m.ha is under pulse cultivation which is 7% of the total cropped 

area, and 73% of the area under pulse production is occupied by chickpea 

cultivation. Total area under chickpea cultivation in our country is 1052.3 

thousand hectares with a production of 823 thousand tones and an average 

yield of 795.4 Kg ha-1. In Khyber Pakhtunkhwa (KPK) it was cultivated on an 

area of 49.0 thousand hectares with a production of 21.0 thousand tones 

with an average yield of 427.5 kg ha-1 (MINFAL, 2007-08). In KP about 75% 

chickpea is grown on rainfed lands and its cultivation is concentrated in the 

southern districts of the province including D.I. Khan, Tank, Lakki Marwat, 

Bannu and Karak. 

 

1.8    Genetic variability    

 Genetic diversity plays a vital role in survival and development of 

many natural populations and wild species. The crops genetic variability not 

only helps varieties to adopt  to diverse environments, to enhance the 

tolerance of unfavorable conditions and resistance to pest and diseases, but 

also to produce the diversity and to get better yield and quality of product to 

serve needs of people. Utilization of exotic and diverse germplasm is needed 

to enhance the genetic diversity of cultivars. Genetically diverse lines provide 

sufficient opportunity to create favorable gene combinations, and the 

probability of producing a unique genotype, increase in proportion to the 

number of genes by which the parents differ. 

 Genetic variability is prerequisite for crop improvement as it provides 

raw material to plant breeders to recombine the genes of different characters 

in same plant for development of desirable variety. Plant genetic resources 

are the basis of global food security. They contain diversity of genetic 
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material contained in traditional varieties, modern cultivars, crop wild 

relatives and other wild species. To fulfill the demand of increasing 

population and to produce more food, it would be essential to make better 

use of a broader range of the world’s plant genetic diversity (Farshadfar and 

Farshadfar, 2008).  

 

1.9    Nodulation and nitrogen fixation 

           Plant requires amino acids to form proteins and for the synthesis of 

amino acids nitrogen is one of the most important elements. Plants cannot 

take the atmospheric nitrogen as such they primarily take nitrogen in the 

ionic form of either ammonium (NH+,) or nitrate (NO3) (Cleyet-marel et al. 

1990). Leguminous plants form nitrogen-fixing root nodules post 

embryonically with symbiotic bacteria called rhizobia.  

          The cross-kingdom symbiosis is commenced by reciprocal signal 

exchange between the two organisms (Oldroyd and Downie, 2004). Root of 

legumes secrets flavonoid which is sense by rhizobia. Flavonoids trigger the 

secretion of nod factor by rhizobia, that in turn, recognized by the host plant 

which can lead to root hair deformation and many other cellular reactions 

such as ion fluxes. The rhizobia enter through a deformed root hair just like 

endocytosis, making an intracellular tube known as infection thread. The 

infection starts cell division in the cortex of the root where a new organ, the 

nodule appears as a result of successive processes. Infection threads infect 

the central tissue of nodule and release the rhizobia in these cells where 

they differentiate morphologically into bacteroids and start fixation of 

atmospheric nitrogen into plant useable form ammonia (NH4
+), by using 

nitrogenase enzyme. In return the plant provides carbohydrates, proteins 
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and oxygen to the bacteria. Plant protein leghaemoglobins (similar to human 

hemoglobins) helps in providing oxygen for respiration by keeping the free 

oxygen concentration very low so that nitrogenase activity may not be 

inhibited. 

The fact that about 50 million tons of nitrogen is manufactured 

industrially each year against an estimated 90 million tons fixed by plant 

processes, has make the phenomenon of nitrogen fixation tremendously 

important and the value of this “free” fertilizer N, can be placed in global 

perspective. (Cleyet-marel et al., 1990)  

1.10   Inoculation of chickpea with rhizobium 

On farmer’s fields, yield of Chickpea is very low as compared to its 

potential. The basic reported reasons responsible for its low yield are the 

unavailability of high-quality seed, absence of effective rhizobial inoculation 

and severe damage by blight and pod borer attack. In those soils lacking 

native effective rhizobia artificial seed inoculation is a very useful practice 

for the improvement of root nodulation and yield of the chickpea (Rupela 

and Dart, 1979; Sharma et al., 1983; Shamim and Ali, 1987; Shah et al., 

1994). Legume inoculation is a means of guarantee that the strain of 

Rhizobium appropriate for the cultivar being planted is present at the proper 

time in numbers sufficient to assure effective nodulation and nitrogen 

fixation (Cleyet-marel et al., 1990). 

It has been reported that the soils of Pakistan are generally deficient 

in nitrogen which is an essential element in the plants metabolism and 

protein synthesis. The deficiency of nitrogen is one of the basic reasons of 
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the low crop yield. In order to stimulate early growth of leguminous crops 

and to induce the activity of nitrogen fixing bacteria a starter dose of  

fertilizer nitrogen is frequently used in most legumes (Ali et al., 1998; Jefing 

et al., 1992). 

It is important that agricultural scientists learn to manipulate this 

symbiotic relationship in agronomic practice, employing selected 

combinations of bacteria and legumes in specific situations to obtain 

maximum crop production on land which is of low fertility and frequently 

unsuitable for growth of non-legume crops. Nitrogen fixation rates from 75 

to 300 kg of N per hectare per year are common in various combinations. 

 

1.11 Nodulation mutants in chickpea 

Non-nodulating, ineffectively nodulating and/or super nodulating 

mutants have been identified in several species of soybean, chickpea, 

peanut, red clover, and alfalfa. Variants in nodulation have been produced 

either spontaneously or from induced mutagenesis (Methews at al., 1989). 

These altered nodulation mutants play an important role in understanding the 

physiological processes and genetic control of nodule development and 

function.  

 

1.12   Linkage study in chickpea 

By studying inheritance patterns in pedigrees, it is possible to identify, 

which genes are near each other on a chromosome. This information is 

called linkage, which provides a way to map genes on chromosomes. 

Linkage is important when used with other techniques to determine the 
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location of certain genes on chromosomes, especially for genes, which have 

not been well studied, and for understanding the mode of transmission for 

many genetic disorders. Linkage study between non-marker characters like 

nodulation in chickpea and morphological markers like flower color, stem 

color etc will help the breeders and biotechnologists to do selection of better 

genotypes and to map the locus and gene controlling important characters 

(Thomas, 1999; Pundir and Reddy, 1998)  

 

1.13 Molecular study in chickpea 

DNA marker analyses are of increasing importance in modern plant 

breeding, and, as the methods become more widely adopted, the capacity 

for high-throughput analyses at low cost is crucial for its practical use. DNA 

marker techniques are non-destructive, and heterozygous individuals may 

be identified and maintained more easily than by conventional means 

(Helentjaris, 1991). Molecular marker technology is a valuable tool for plant 

breeding. A number of techniques [e.g. restriction fragment length 

polymorphism, amplified fragment length polymorphism, simple sequence 

repeats (SSR), single nucleotide polymorphisms] can be used as DNA 

markers linked to characters/traits of interest, directing selection towards 

these markers instead of a phenotypic reaction (Edwards and Mogg, 2001). 

Important breeding steps can be considerably improved by molecular 

marker tools, now available in plant breeding. 

Chickpea is an important system for genomics research because of 

its small genome size (740 Mb) and high economic importance as a food 

crop legume. Molecular markers are the prerequisites for undertaking 

molecular breeding activities. However, till now the reasonable number of 
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molecular markers could not be developed in cultivated species of 

chickpea. One of the major reasons for this may be the detection tools that 

are currently available which can sense a low level of genetic variability in 

the cultivated gene pools of these species (Huttle et al., 1999; Winter et al., 

1999). Although through various markers and genomic tools several genetic 

linkage maps have become available, but still sequencing efforts and their 

use are limited in chickpea genomic research. Among various molecular 

markers currently available, microsatellite or SSR markers are often chosen 

as the favored markers for a variety of applications in breeding because of 

their multi-allelic nature, co-dominance inheritance, relative abundance and 

extensive genome coverage (Gupta and Varshney, 2000). As a result 

several hundred of SSR markers have been developed in chickpea (Huttle 

et al., 1999; Winter et al., 1999). 

Due to the extreme importance of nodulation in nitrogen fixation, 

restoring soil fertility and increased crop production, Furthermore, owing to 

the increasing importance and utilization of molecular study via molecular 

markers, this project was planed with the following major objectives:  

1. Characterization of chickpea germplasm for morphological markers and 

quantitative traits 

2. Categorization of chickpea genotypes for nodulation and evaluation of 

the effect of rhizobial inoculation on nodules number and seed yield 

plant-1  

3. To investigate the inheritance of nodulation and  genetic linkage 

between loci responsible for nodulation and leaf color 

4. Molecular Characterization of chickpea genotypes using microsatellite 

markers 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

 Research findings regarding genetic diversity of nodulation, effect of 

rhizobial inoculation and other important agronomic and morphological 

parameters in chickpea is reported from most parts of the world but such 

information are lacking for the germplasm being grown in Pakistan. The 

information about genetics and other related studies of nodulation conducted 

at the agro-climatic conditions of the country are rarely available in literature. 

Since chickpea is marginal areas’ crop in Pakistan and is grown on sandy 

soils thus its production is entirely dependent on timely rain fall during its 

growing season. Due to high risk of chickpea production because of 

uncertain rains, the growers are reluctant to use inputs and thus government 

gives very low attention toward research for the improvement of this crop.  

Research findings related to nodulation and other important relevant 

parameters reported in literature are briefly reviewed below. 

  

2.1 Characterization of chickpea germplasm for morphological 
          markers and other quantitative traits 

 In chickpea sufficient genetic variability for number of days taken to 

flowering, days to maturity, plant height, total dry weight of the plant and 

grain yield plant-1 and high heritability for plant height (96.24%) and total dry 

weight of the plant (80.26%) has also been reported (Iqbal et al., 1994). 

Considerable amount of variations were also reported in characters like plant 

color, flower color, dots on seed testa, seed testa texture, days to maturity, 

pods per plant, 100-seed weight and plot yield among all the three groups 
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(kabuli, desi and intermediate). However, the Kabuli and Intermediate types 

did not differed significantly for seed color and growth habit (Upadhyaya et 

al., 2002). Sufficient genetic variability was reported for various quantitative 

traits including plant height, number of pods plant-1, 100- seed Weight, 

biological yield and seed yield plant-1. Heritability for these characteristics 

indicated that selection could be more effective for genetic improvement 

(Nawab, 2002). Highly significant differences among genotypes were also 

reported for days to flowering, number of secondary branches plant-1, 

number of pods plant-1, 100-seed weight seed yield plant-1 (Shahzad et al., 

2002; Shaukat et al., 2003; Arshad et al., 2004), pods plant-1, days to 

maturity (Burli et al., 2004), seed color, flower color and plant growth (Afsari 

et al., 2004). 

Significant differences for yield and yield attributes among genotypes 

for high productivity, wide adaptability and multiple resistances can be 

achieved simultaneously by using potentially complementary approaches 

(Yadav et al., 2004). Extensive amount of genetic diversity was also 

observed in grain yield and yield components of chickpea (Imtiaz et.al., 

2004; Bakhsh et al., 1999). Significant amount of genetic variability was 

recorded among chickpea genotypes for pods plant-1, 100-seed weight; 

biological yield plant-1 and seed yield plant-1 (Jeena et al., 2005).  

 In chickpea high genetic variability with considerable amount of 

heritability was registered for seed yield plant-1 followed by biological yield 

plant-1, pods plant-1, 100-seed weight, secondary branches plant-1 plant 

height (Sharma et al., 2004) flowering, days to maturity, 100 seed weight, 

secondary branches and biological yield (Ghafoor et al., 2004; Burli et al., 

2004). High coefficients of variation (CVs) were recorded in pods branch-1, 
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seeds pod-1, pods plant-1, yield plant-1, seeds plant-1and branches plant-1 

(Naghavi and Jahansouz, 2005) 100-seed weight and seed yield kg ha-1 

(Hakim et al. 2006) and some other morphological traits (Farshadfar, 2008) 

showing low environmental impact for these characters. Highest genotypic 

variance was recorded for 1000 seed weight, followed by seed number plant-

1. Minimum (5.47%) broad-sense heritability was reported for days to 

flowering while maximum (51.66%) for seed number plant-1 (Derya and 

Emin, 2006).  

  Significant amount of variability were observed for means and 

components of variability for yield and various yield components in chickpea. 

Lower genotypic and phenotypic coefficients of variation were found for days 

to maturity and days to flowering. While moderate PCV and GCV were 

observed for seeds pod-1, plant height, branches plant-1, 100 seed weight, 

total weight of the plant, pods plant-1 and seed yield plant-1. High heritability 

estimates were observed for branches plant-1, pods plant-1, seed yield 

(Durga et al., 2007), days to flowering (Saleem et al., 2008), days to maturity, 

grain yield plant-1 and secondary branches (Atta et al., 2008). On the other 

hand in another report estimates of heritability were moderate for days to 

maturity and pods plant-1 (Saleem et al. 2008). This variation has 

necessitated the establishment of a core collection of chickpeas in the world. 

 

2.2 Characterization of genotypes for nodulation and effect of  
          rhizobial inoculation on nodulation 

According to Rupela (1992) the frequency of Nod- plants ranged from 

120 to 490 per million in four genotypes (ICC 435, –4918, –5003 and –4993) 

of chickpea. The Nod- selections and their respective parent genotypes 
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were identical in plant growth they only differed in their nodulation trait, and 

most Nod- plants yielded likewise to their Nod+ genotypes when supplied 

with 50 to 100 kg N ha–1. While in the field with low nitrogen fertilizer or 

without N fertilizer, the Nod- plants grew poorly, light green, had small 

leaves and leaflets, had short internodal distance and had reddish brown 

pigment on margine of leaflets, rachis and sometime branches. In another 

report sinorhizobium fredii strains was found to produce nodules and can 

fix nitrogen significantly, for symbiosis S.fredii-soybean, compatibility is 

must (Vidieria et al., 2001) 

               Bhatia et al. (2004) examined the Prospects of using the 

nodulation mutants in developing grain legume cultivars that combine high 

yield with high residual N, within the bioenergetic constraints, for developing 

sustainable cropping systems. Nodulation mutants have contributed to the 

understanding of plant-microbe symbiotic interactions, nitrogen fixation, and 

nodule development. Breeding of genotypes with higher yield and nitrogen 

fixation rate becomes possible through nodulation mutants. They found that 

after inoculation with specific bacterial strains or a mixture of strains, the 

nodulation mutants show either: no nodulation (nod-), few nodules (nod+/-), 

ineffective nodulation (fix-), or hyper nodulation (nod++). In most of the 

nodulation mutant’s monogenic recessive inheritance has been observed, 

however semi-dominant and dominant inheritance was also reported. The 

process of autoregulation controlled the nodule number; relaxed 

autoregulation have been reported in hypernodulating mutants.  

             Significant variation has been reported with respect to nodulation 

among chickpea genotypes (Yadav et al., 2004; Gallani et al., 2005). 

Nodulation also showed high heritability along with significant variation 
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among different genotypes of chickpea (Mensah and Olukoya, 2007). C. 

arietinum and its root nodule bacteria should be considered in a separate 

cross-inoculation group (Gaur and Sen, 1979). There is a significant 

correlation between nodulation and seed yield (Corbin et al., 1977). 

Nitrogen fixed by nodules is the most important source supplying nitrogen 

to the grain as compare to the other sources like nitrogen fertilization 

(Hungria and Neves, 1987).  

 Symbiotic relationship in chickpea is highly specific, with a unique 

group of rhizobia necessary for the formation of nodules and nitrogen 

fixation. Absence of appropriate strains, low population numbers, 

infectiveness, and poor survival of rhizobia are basic reasons for 

nodulation problems. Legume inoculation assures presence of appropriate 

rhizobial strain at proper time in sufficient number which confirms nodules 

formation and nitrogen fixation (Cleyet-Marel et al., 1990). Numbers of 

indigenous rhizobia inversely affect the response of the plant to 

inoculation and the competitive success of inoculant rhizobia. The 

considerable response to N application, significant increases in nodule 

parameters, and more than 50% nodule occupancy by inoculant rhizobia 

did not essentially correspond to significant inoculation responses (Thies 

et.al., 1991).  

Liquid inoculant gave a very uniform coverage of the seeds and yield 

of lentil and peas increased upto 29% and 9%, respectively (Hynes et al., 

1995). Significant variation was reported for plant growth in response to 

inoculation with Rhizobium strains (Rodríguez-Navarro et al., 1999). 

Equally effective establishment of successful symbiosis was reported with 

peat as well as granular inoculants in chickpea (Stephen et al., 2002). On 
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the other hand in another study the performance of peat based powder 

inoculant was better than the liquid inoculant in terms of seed yield. The 

effect of inoculant formulation on nodules number, nitrogen accumulations 

etc were in order: granular > peat powder > liquid = un-inoculated 

(Clayton et al., 2003). 

An increase in 1000 seed weight, seed yield and biological yield in 

chickpea was observed with seed inoculation as compared to un-

inoculated seed (Hakoomat et al., 2004). Inoculation also enhanced 

nodules formation on the root system of chickpea (Khattak et al., 2006). In 

the same way significantly enhanced yield as well as nitrogen uptake was 

recorded with rhizobial inoculation in sainfoin over the control (Tufenkci et 

al, 2006).  

Significant increase in nodules number, nodule fresh weight and 

nitrogen uptake along with grain yield was recorded in chickpea with 

rhizobium inoculation (Romdhane et al., 2007). The average increase due 

to inoculation was 110% over the un-inoculated control. Different 

genotypes responded differently to inoculation, the effect of various 

rhizobium strains was also diverse (Tellawi et al., 2007). Stover yield also 

showed positive response to inoculation along with seed yield, nodule 

number and nodule weight in chickpea (Bhuiyan et al., 2008). 

Requirement of competitive rhizobium was reported for enhanced 

nodulation and yield of chickpea and is economically promising to 

increase chickpea production (Romdhane et al., 2008). 
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2.3 Inheritance and linkage study of gene responsible for         
         nodulation in chickpea 

Non-nodulation trait is controlled by two tetrasomically inherited 

recessive genes (nn1, and nn2) in Alfalfa. At both loci the nulliplex condition 

resulted in non-nodulation. The non-nod trait segregates independently of 

one another (Peterson and Barnes, 1981). In chickpea nodulation study 

through combining ability showed that nodulation was predominantly under 

the control of non-additive gene action although considerable additive effect 

was also present (Bhapkar and Deshmukh, 1982). In another study 

resistance race 1 of Fusarium oxysporum f.sp was found to be controlled by 

at least two genes in chickpea. Presence of both genes in homozygous 

recessive form is must for complete resistance (Updhyaya, 1983). In 

soybean the gene for ineffective nodulation in Kent was dominant over the 

gene responsible for normal nodulation in Pecking with the fast-growing 

rhizobial strain USDA 205 (Devin, 1984).     

 Host genetic control of nodulation in the chickpea rhizobium 

symbiosis was tested by nodulation mutants PM665, PM679 and PM 233 at 

different root temperatures (24°C, 29°C and 34°C). Mutant PM 233 did not 

form nodules at any temperature tested while other mutants altered their 

nodulation response at different root temperature (Devis et al., 1986). 

These mutants of chickpea were characterized by rhizobium strain CC1192. 

Genetic studies showed that the Nod– phenotypes in PM233, PM665, and 

PM679 were controlled by recessive alleles at three different loci. They 

proposed that the symbols rn1, rn2, and rn3 be assigned to the loci 

producing the non-nodulated phenotype in mutants PM233, PM665, and 

PM679, respectively (Thomas et al., 1986). Similarly in mutants PM405 and 
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PM796 of chickpea ineffective nodulation is controlled by two recessive, 

non allelic root nodulation genes.  Recessive epitasis was observed in 

cross PM405 x PM796 (Devis, 1988).  

 A new genetic model involving three genes in the inheritance of non-

nodulation was proposed in pea. Nodule formation is controlled by two 

genes while the third genes inhibit nodulation only when it is dominant and 

the former two genes (that control nodule formation) are in recessive 

homozygous condition. They suggested that nodulation intensity appears to 

be controlled quantitatively (Dutta and Reddy, 1988).  

Non-nodulation in mutant ICC 435 of chickpea is controlled by single 

recessive gene. Recessive gene that control non-nodulation in mutant ICC 

435 is different from the recessive gene that control non-nodulation in 

mutant PM 233 (Singh et al., 1992). In another study monogenic dominant 

gene action was reported for nodulation in chickpea genotypes, Annegeri, 

Rabat, PM 233 and P 319-9. The recessive gene controlling non-nodulation 

of roots in previously identified mutants (PM 233, P319-9 NN, and Anigeri 

NN) is different from the one that identified in Rabat NN (Singh and Rupela, 

1998). However, in pea, lines UF 487A, PI 262090, and Florunner, 

nodulation is controlled by three genes at three independent loci (Gallo-

Meagher et al., 2001).  

Nodulation in promiscous (produce functional nodules and green 

leaves) type of soybean is controlled by two dominant alleles at two 

segregating loci and thus in non-promiscous (no or nonfunctional nodules 

and yellow leaves) it is controlled by recessive alleles at each locus (Gwata 

et al., 2005). 
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Genetic linkage was reported among gene controlling restricted root 

nodulation (Rj1) and gene responsible for fascinated stem (F) in soybean. 

The two loci were separated by a distance of 40 ± 2.2 genetic map units 

(Dvine et al., 1983). Allelic and linkage associations among five 

morphological markers of chickpea showed linkage between allele for white 

flower color (w2) and filiform leaf trait (fil). Linkage was also exhibited 

between simple leaf trait (slv) and root nodulation gene (rn3). They also 

observed a loose linkage between the w2-fil and the rn3-slv (Devis, 1991).  

              Linkage relationship between principle subtypes of histone (H1) and 

the cotyledon protein FG which is soluble in perchloric acids was recorded. 

The two groups of genes were found to be linked with a recombination value 

ranging from 6.5 to 9.5. The corresponding genes of Pisum sativum (garden 

pea) were also found to be linked (Gorel and Berdnikov, 1993). Flower type 

(open or closed) and leaf type (small or large) of chickpea were found to be 

controlled by single recessive gene. Linkage was reported between these 

two valuable traits (Pundir and Reddy, 1998). 

Linkage was reported in B. oleracea among loci for genetic male 

sterility and seedling markers. Linkage was also observed between male 

sterility gene ms-1 of green sprouting broccoli (var. italica) and gene c 

(antheocyanin free plant with bright green hypocotyls) of curly kale (var. 

acephala) and variegated ornamental kale (Sampson, 1966a). Furthermore, 

linkage was recorded between genes po (polycotyledony) and le (leaf 

excrescened), among loci gl-3 (glossy) and pg (pale green) and between the 

glossy foliage gene gl-y and gl-e3 of the linkages group 1(Sampson, 1967b). 

In B. oleracea Linkage was also detected between the genes Fn (fern-leaf) 

and c-2 (antheocyanin suppressor), and genes cp-1 (crinkly petal) and A 
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(pigmented overy) (Wills and Smith, 1972). Genes responsible pg-2 (pale 

green foliage) and Hr-1 (hairy leaf) (Wills and Smith, 1974), cp-1 (crinkily 

petal) and as (anther spot) and gl-el (glossy foliage) also showed linkage in 

B. oleracea. Genes fc1 and fc2 (fused cotyledon) were found to be unlinked 

(Wills and Smith, 1973). A dominant gene for heavy pubescence, designated 

Hr –2, from curly kale (var. acephala) acted in an additive manner with gene 

Hr-1 (hairy leaf margins) to produce relatively long hairs on leaves, petioles 

and stems. Linkage (group 4) between the two genes was tentatively 

proposed (Sampson, 1978). 

  
 

2.4      Molecular characterization of chickpea germplasm using   
            Microsatellite (SSR) markers 

Microsatellite markers were found to be useful in distinguishing 

diverse genotypes. The large amount of polymorphisms permits a quick 

and efficient detection of barley genotypes (Struss and Plieske, 1998). 

High level of interspecific polymorphism was reported with microsattelite 

markers as compare to isozymes, RAPDs and conventional RFLPs which 

revealed slight or no polymorphism. The amount of variation revealed by 

microsattelite had significant positive correlation with the average number 

of repeats, showing that replication slippage may be the molecular 

mechanism involved in generation of variability at the loci (Udupa et al., 

1999).  

Simple sequance repeat (microsatellite) markers were reported to 

be efficient for assessing the genetic variability patterns within chickpea 

(Winter et al,. 1999). Significant proportion (14.6%) of genetic variation 
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among cultivar was recorded by analysis of molecular variance (AMOVA) 

with SSR markers in raygrass (Christine et al., 2001). SSR markers 

detected an average of five alleles per locus and had mean polymorphism 

information content (PIC) value of 0.67 in rice (Coburn et al., 2002). 

Microsatellite markers have great value in the evaluation of 

polymorphic information content, diversity index, and probability of identity 

in legumes (Jan et al., 2002). With RAPD markers analysis of molecular 

variance (AMOVA) showed 18% of the total variation by species, 15% by 

populations within species, and 67% by individuals within populations. G. 

max and G. soja groups are separated completely by principal component 

analyses and cluster analysis (Zenglu and Randall, 2002). Different levels 

of variability were recorded with SSR markers while studying bean types. 

Lower level of variation was recorded for fine French bean, indicating the 

effect of breeder’s intensive selection (Métais et al., 2004)  

Simple sequence repeats (SSR) were reported to cause mostly the 

modification of the gene with which they are connected. The number of 

repeats is responsible for the influence of SSRs on gene regulation, 

transcription and protein function. However there are frequent and reversible 

mutations that add or subtract repeat units, thus SSRs provide a productive 

source of qualitative and quantitative variation. Over the last decade, 

researchers have reported that this spontaneous variation has been tapped 

by artificial and natural selection to adjust almost every aspect of gene 

function. These studies support the hypothesis that SSRs, by asset of their 

special mutational and functional qualities, have a most important role in 

producing the genetic diversity underlying adaptive evolution (Kashi and 

King 2006).  
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Evaluation of chickpea genotypes differing in reaction to ascochyta 

blight by simple sequence repeat (SSR) markers linked to quantitative trait 

loci (QTL) for resistance, revealed that it is possible to enhance the level of 

resistance by crossing moderately resistant parents with distinct genetic 

backgrounds at the QTL for resistance to ascochyta blight (Tar’an et al., 

2007). SSR markers are well suited for studies of genetic diversity and 

cultivar identification in chickpea because SSR markers are polymerase 

chain reaction (PCR)-based markers, extremely polymorphic, and amenable 

to high-throughput technologies (Imtiaz et al., 2008). 
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CHAPTER 3 

MATERIALS AND METHODS 

 The research project was conducted in the chickpea growing seasons 

of 2006 to 2009. The project consisted of classical breeding (carried out at 

Peshawar, Pakistan) and molecular study (accomplished at Faculty of 

Agriculture, Ehime University Matsuyama, Japan). 

 

3.1     Procurement of seed 

 Forty-nine local and exotic genotypes were procured from Nuclear 

Institute for Food and Agriculture (NIFA), Peshawar, Grain Research Station 

(GRS), Ahmadwala Karak and International Crops Research Institute for the 

Semi-Arid Tropics (ICRISAT), India.  

 Out of 40 genotypes procured from NIFA, two genotypes (NKC-262-

26 and NKC-452-2) did not germinate. Out of remaining 38 genotypes, 22 

(NDC-122 to NDC 4-20-7, NIFA 88 to NIFA 2005 and Hassan 2K) were 

developed through induced mutation through gamma irradiation of four 

genotypes i.e. C-44, Pb-91, 6153 and ILC-195. The remaining 16 genotypes 

obtained from NIFA were the selection from hybrids originated at ICRISAT, 

India and ICARDA, Syria. Genotypes, NDC 5-S10 and NDC 5-S11 were 

developed through hybridization of Desi and Kabuli genotypes at ICRISAT.  

Genotypes NKC-10-99 to NKC-5-S24, were developed through hybridization 

of Kabuli x Kabuli lines at ICARDA. Five genotypes (Karak 1 to Lawaghar) 

procured from ARS were the selection from land races of Pakistan. Four 

genotypes (ICC4993 to ICC19181) were obtained directly from ICRISAT, out 

of these two genotypes (ICC19183 and ICC19181) were developed at 
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ICRISAT while the other two are land races, one from India (ICC4993) and 

one (ICC4918) from Morocco (Detailed description along with pedigree of 

these genotypes is presented in Table 3.1.). 

 

3.2      Experimental sites 

 Field experiment was conducted in department of Plant Breeding and 

Genetics (PBG), Khyber Pukhtunkhwa Agricultural University Peshawar 

(KPK-AUP) in the season of 2006-07. In this experiment germplasm was 

characterized for genetic markers and other quantitative traits.   

 In the same season (2006-07), the second experiment was conducted 

in pots in the net house facility of Institute of Biotechnology and Genetic 

Engineering (IBGE) KP-AUP, to evaluate genotypes for presence or absence 

of nodules without rhizobium inoculation as well as with rhizobium 

(Rhizobium leguminosarium) inoculation and grouped into nodulated and 

non-nodulated genotypes. The germplasm was also characterized for 

number of nodules plant-1 (without inoculation) to recognize the highly 

nodulated genotypes. In this experiment the effect of inoculation on number 

of nodules and seed yield plant-1of diverse chickpea genotypes was also 

studied.  

 In experiment 4 all the 47 genotypes were also characterized at 

molecular level for confirmation of groupings (nodulated/non-

nodulated).Also, to study diversity in the germplasm and among nodulated 

and non-nodulated genotypes at molecular basis. This experiment was 

performed in the Forest Resource Biology (FRB) laboratory and green house 

facilities of Ehime University Matsuyama, Japan during March-October 2008 
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 Third experiment was consisted of study of inheritance pattern of 

nodulation and linkage of gene responsible for nodulation with morphological 

marker (leaf color) using selected highly nodulated and non-nodulated 

genotypes (experiment 2).  

  These genotypes were crossed in the experimental fields of the 

department of PBG, during growing season of 2007-08. In the subsequent 

season (2008-09), the F1 generation was grown in the fields of Nuclear 

Institute for Food and Agriculture (NIFA), Peshawar to get the F1 population. 

Back crosses were also made. During September-October 2009, F1, 

backcross and F2 populations along with concerned parents were evaluated 

for presence (+) or absence (-) of nodules and leaf color, in the net house of 

the department of PBG, KP-AUP.  
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Table 3.1 Pedigree and origin of genotypes/accessions used in the study
 
Genotype 
name 

Parentage Origin Genotype  
name 

Parentage Origin 

NDC-122 C-44 x ILC-
195 

NIFA, 
Pakistan 

NKC-10-99 Flip98-138c x 
Sel99th15039 

ICARDA/,Syri
a 

NDC-727 C-44/M NIFA, 
Pakistan 

NKC-5-S12 BAHODIR x 
SEL99TER85530 

ICARDA, 
Syria 

NDC-728-5 C-44/M NIFA, 
Pakistan 

NKC-5-S13 SEL99TH15039 x 
S98008 

ICARDA, 
Syria 

NDC-730-2 C-44/M NIFA, 
Pakistan 

NKC-5-S14 SEL99TH15039 x 
S98008 

ICARDA, 
Syria 

NDC-15-1 Pb-91/M NIFA, 
Pakistan 

NKC-5-S15 FLIP98-15C x 
S98033 

ICARDA, 
Syria 

NDC-15-2 Pb-91/M NIFA, 
Pakistan 

NKC-5-S16 S99456 x 
SEL99TER85314 

ICARDA, 
Syria 

NDC-15-3 Pb-91/M NIFA, 
Pakistan 

NKC-5-S17 S99456 x 
SEL99TER85314 

ICARDA, 
Syria 

NDC-15-4 Pb-91/M NIFA, 
Pakistan 

NKC-5-S18 (ILC4291xFLIP98-
129C) x S98008 

ICARDA, 
Syria 

NDC-4-15-1 C-44/M NIFA, 
Pakistan 

NKC-5-S19 (ILC4291xFLIP98-
129C) x S98008 

ICARDA, 
Syria 

NDC-4-15-2 C-44/M NIFA, 
Pakistan 

NKC-5-S20 (FLIP98-138C x 
SEL99TH15039) 

ICARDA, 
Syria 

NDC-4-15-3 C-44/M NIFA, 
Pakistan 

NKC-5-S21 GLK95069 x 
SEL99TER85530 

ICARDA, 
Syria 

NDC-4-20-1 C-44/M NIFA, 
Pakistan 

NKC-5-S22 CA9783007 x 
SEL99TER85534 

ICARDA, 
Syria 

NDC-4-20-2 C-44/M NIFA, 
Pakistan 

NKC-5-S23 CA9783007 x 
SEL99TER85534 

ICARDA, 
Syria 

NDC-4-20-3 C-44/M NIFA, 
Pakistan 

NKC-5-S24 CA9783007 x 
SEL99TER85534 

ICARDA, 
Syria 

NDC-4-20-4 C-44/M NIFA, 
Pakistan 

HASSAN-2K ILC-195/M NIFA, 
Pakistan 

NDC-4-20-5 C-44/M NIFA, 
Pakistan 

Karak 1 Local  selection Karak, 
Pakistan 

NDC-4-20-6 C-44/M NIFA, 
Pakistan 

Karak 2 Local  selection Karak, 
Pakistan 

NDC-4-20-7 C-44/M NIFA, 
Pakistan 

Karak 3 Local  selection Karak, 
Pakistan 

NDC-5-S10 JG 74 x ICC 
12071. 

ICRISAT, 
India 

Sheenghar Local  selection Karak, 
Pakistan 

NDC-5-S11 JG 74 x ICC 
12071. 

ICRISAT, 
India 

Lawaaghar Local  selection Karak, 
Pakistan 

NIFA-88 6153/M NIFA, 
Pakistan 

ICC 4993 Rabat Karnataka, 
India 

NIFA-95 6153/M NIFA, 
Pakistan 

ICC 19183 ICC 4993 ICRISAT 

NIFA-2005 PB-91/M NIFA 
Pakistan 

ICC 4918 Annigeri Morocco 

NKC-262-26 ILC-195/M NIFA/,Pakist
an 

ICC 19181 ICC 435 ICRISAT 

NKC-452-2 
(ILC4291 x 
Flip98-129c) x 
S98008 

ICARDA, 
Syria 
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3.2. Experiment 1 Characterization of germplasm for various  

                                 morphological markers and quantitative traits 
 

 This experiment was carried out using a Randomized Complete 

Block Design (RCBD) with three replications. Each replication consisted of 

forty nine blocks of 4 m2, having a block to block distance of 40 cm. Each 

block was divided in three rows, each of which was of 4 m long. Plant-to-

plant spacing between and within rows was kept 30 cm and 10 cm, 

respectively. 

  

Morphological or genetic markers  

 All genotypes were characterized for three morphological markers 

i.e. flower color (pink / white), stem color (green / green with purplish 

tinge) and seed coat color (brown /dark brown / yellow / white).  

 

Quantitative characteristics 

Genotypes were also evaluated for quantitative traits including days 

to 50% flowering, days to maturity, plant height, number of leaflets leaf-1, 

leaf area, seed yield plant-1,100 seed weight  and biological yield. 

 

Procedures for recording observations  

 

Morphological markers 

 Flower color and stem color were recorded at flowering stage while 

seed coat color was noted at pod maturity.  
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Quantitative traits 

Ten equally competitive plants were ear marked from each genotype 

replication-1 for recording data on the quantitative traits. Days to 50% 

flowering were recorded as number of days from the date of sowing to the 

date on which at least 50% of the plants had at least one flower. Days to 

maturity were counted from the date of sowing to the date on which 90% of 

the plants had mature pods. Data on plant height was documented in cm at a 

stage when plants turned brown and ceased further growth.  Plant height of 

the already selected plants was measured from the ground level to the tip of 

the plant with the help of a meter rod. Average number of leaflets leaf-1 were 

noted for five randomly selected leaves selected from each plant, while Leaf 

area of the same leaves was measured in cm using leaf area meter (Licor 

model 2000).  

  After about 175 days, most of the genotypes were mature. Pods from 

the already selected plants were harvested and threshed separately. Seeds 

of these selected plants genotype-1 were weighed using electric balance and 

recorded as Seed yield plant-1. A random sample of 100 seeds from each 

genotype was also weighed. Selected plants of all genotypes were carefully 

uprooted and sun dried. Total biomass of each selected plant was weighed 

and average weight plant-1 (g) was calculated as biological yield plant-1. 

 
Data analysis 

     Data were analyzed using statistical software SAS (statistical analysis 

system) version 9 following the model for a Randomized Complete Block 

Design (RCBD). Least significant difference (LSD) test at 5% probability 

level was applied for mean differences (James et al., 1997).  
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 The genetic parameters (genotypic and phenotypic variances, and 

their coefficient of variation) and heritability (broad-sense) were estimated 

as suggested by Burton (1952) and Hanson et al. (1956), respectively. 

Details of the equations used are as follows 

 

Genotypic Coefficient of Variation  

 

Phenotypic coefficient of variation  

 

 

 

 

 

Heritability  

 

Where 

Vg = Genotypic variance; Vp = Phenotypic variance; Ve = Environmental 

variance; MSG = mean squares of genotypes; MSE = mean squares of 

error; r= number of replications; Ū= mean value for a particular trait  

 

3.4.1 Experimsnt.2 Characterization of genotypes for nodulation                       
                                and effect of rhizobial inoculation on nodules  
                                 number and seed yield plant-1 

 

Treatments and design 

To study presence or absence of nodules, the effect of rhizobium 

inculcation on nodules number and seed yield plant-1 and to select highly 

nodulated and non-nodulated genotypes for further study, a pot 
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experiment was carried out in the net house of Institute of Biotechnology 

and Genetic Engineering (IBGE), KP Agricultural University, Peshawar 

during 2006-07. The inoculum (Rhizobium leguminosarium) for seed 

treatment was provided by Soil Microbiology section of Agriculture 

Research Institute, Tarnab, Peshawar.  

The experiment comprised of two treatments (un-inoculated and 

inoculated). Pots were arranged in three replications using Completely 

Randomized Design (CRD). Seeds of each genotype were sown in two 

pots replication-1 @ 5 seeds pot-1 in each treatment. Pots having a 

diameter of 22 cm were filled with 4.5 KG soil. Potting soil was comprised 

of 50% clay and 50% sand. All genotypes (Table 3.1) were evaluated for 

number of nodules plant-1 genotype-1 in un-inoculated pots as well as in 

the pots treated with inoculum. Moreover effect of inoculation on seed 

yield plant-1was also recorded. 

  

Inoculant preparation and use 

Chickpea inoculation slurry was prepared by adding 40 g of 

inoculant in 300 ml of 5% sugar solution. The contents were stirred well. 

Sugar solution improves the adhesion of inoculant to the seed. Slurry was 

then poured on seed, and mixed in a clean vessel or on a plastic sheet 

until all the seeds were uniformly coated. The whole inoculation procedure 

was completed in shade as sunlight damages the bacteria. Seed were 

then dried in shade for about an hour before sowing in pots.  
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 Procedure for data collection 

Plants were removed from pot at flowering stage. Soil was washed 

out by dipping the plants along with the soil into a tub of clean tap water. 

This procedure was repeated three times for each entry in order to remove 

soil thoroughly. All genotypes were checked for presence or absence of 

root nodules. Number of nodules plant-1 was also recorded for inoculated 

and un-inoculated treatments. Seed yield plant -1 was recorded in g, after 

harvest by weighing seeds of each plant pot -1 for all genotypes in both 

treatments.  

 

       

                      

                      Figure 3.1 Washing Procedure of roots to check nodules 
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Data analysis 

Data of number of nodules plant-1 was analyzes by SAS (statistical 

analysis system version 9). Genotypic and phenotypic variances, their 

coefficient of variation and heritability (broad-sense) were estimated as 

suggested by Burton (1952) and Hanson et al. (1956), respectively 

(formulas are given in experiment 1) 

 The effect of rhizobium inoculation on the number of nodules plant-1 

and seed yield plant-1 of chickpea and difference among treatments (un-

inoculated and inoculated) were analyzed using analysis of variance 

procedures (SAS, statistical analysis system version 9) for two factorial 

design by using PROC GLM. The differences among the treatments 

mean, genotypes mean and interaction of treatment and genotype were 

compared, using least significant difference (LSD) test at 5% probability 

level.  

Percent change (Percent increase or decrease) in number of 

nodules plant-1 and seed yield plant-1 after rhizobium inoculation of each 

genotype was obtained by the following formula 

 

   % change =   Mean of inoculated – Mean of un-inoculated      X 100 
                                    Mean of un-inoculated  

 

On the basis of presence or absence of nodules (with rhizobium 

inoculation and without inoculation) in each genotype the germplasm was 

divided into nodulated and non-nodulated groups. Among nodulated 

genotypes highly nodulated genotypes were selected, for studying 

inheritance and linkage study of nodulation. 
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3.5    Experiment.3  Inheritance and linkage study of nodulation  

  Three chickpea genotypes viz., NDC 5-S-10 (nod+), NDC 4-20-4 

(nod+) and ICC 19181, (nod-) selected in experiment 2. Selection was 

based on high nodulated and non-nodulated genotypes.  

 Hybridization of Nod+ with Nod- chickpea genotypes 

These genotypes were crossed in the following two combinations 

during 2007-08 in the field of PBG, AUP.                  

            

Production of F1 and backcross seeds 

 The hybrid seeds obtained from both cross combinations were 

grown during 2008-09 in the field of Nuclear Institute for Food and 

Agriculture (NIFA), Peshawar. The parents and F1 generation (seeds of 

hybrid A and hybrid B) were raised in separate rows as follows: 

Row 1: Male parent of hybrid A (NDC 5 S 10)  

Row 2: Hybrid A seeds (ICC19181 x NDC 5-S-10) 

Row 3: Female parent of hybrids A and B (ICC 19181) 

Row 4: Hybrid B seeds (ICC19181 x NDC 4-20-4) 

Row 5: Male parent of hybrid B (NDC 4-20-4) 

 F1 plants of both cross combinations (hybrid A and hybrid B) were 

backcrossed to their respective female as well as male parents in order to 

S.No Cross combination Hybrid Name 

1 ICC19181♀ x NDC 5-S-10♂ Hybrid A 

2 ICC19181 ♀x NDC 4-20-4♂ Hybrid B 
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produce backcrossed population (BC11F1, BC12F1) for assessing the 

inheritance pattern of nodules. 

 Seeds from the F1 plants (including backcross seeds as well as F1 

seeds) were collected separately. 

 

Segregating population 

In the season of 2009, the following populations were tested for 

presence/absence of nodulation in the screen house of the Department of 

Plant Breeding and Genetics, KP Agricultural University Peshawar. 

 Parents (ICC 19181, NDC 5-S-10 and NDC 4-20-4)       

 F1 (of hybrids A and B),  

 Backcross, BC11F1a (hybrid A X ♀ parent),  

 Backcross, BC12F1a (hybrid A X ♂ parent)  

 Backcross, BC13F1b (hybrid B X ♀ parent),  

 Backcross, BC14F1b (hybrid B X ♂ parent)}  

 F2 (of hybrids A and B)  

Data was recorded for the presence/absence of nodules on 120 

plants of parents (40 plant parent-1), 57 plants of F1 (27 plants of hybrid A 

and 30 plants of hybrids B), 270 backcross plants (84 plants of BC11F1a, 48 

of BC12F1a and 79 of BC11F1b, 59 BC12F1b) and 226 F2 plants (109 from 

hybrid A and 117 from hybrid B). Three seeds were sown pot-1 [22 cm-

diameter pots filled with 4.5 KG soil (50% sand + 50% clay)]. Seeds were 

inoculated at the time of sowing with rhizobium leguminosarium strain. Pots 

of each entry were placed in eleven separate rows as per following details: 
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Row 1: 14 pots (40 plants) of ICC 19181 (♀ parent of both hybrid A and B) 

Row 2: 14 pots (40 plants) of NDC 5 S 10 (♂ parent of hybrid A)  

Row 3: 14 pots (40 plants) of NDC 4-20-4 (♂ parent of hybrid B) 

Row 4: 9 pots (27 plants) of hybrid A (ICC19181 x NDC 5-S-10) 

Row 5: 10 pots (30 plants) of hybrid B (ICC19181 x NDC 4-20-4) 

Row 6: 28 pots (84 plants) of Backcross BC11F1a (Hybrid A x ICC 19181) 

Row 7: 16 pots (48 plants) of Backcross BC12F1a (Hybrid A x NDC 5-S-10) 

Row 8: 27 pots (79 plants) of Backcross BC11F1b (Hybrid B x ICC 1918) 

Row 9: 20 pots (59 plants) of Backcross BC12F1b (Hybrid B x NDC 4-20-4) 

Row 10: 37 pots (109 plants) of F2 population of hybrid A 

Row 11: 40 pots (117 plants) of F2 population of hybrid B 

  Plants were evaluated after six weeks of sowing for the presence or 

absence of nodules (Singh and Rupela, 1998)  

 

Data collection 

Data leaf color was also recorded six weeks after sowing (used for 

linkage study in experiment 3 part 2) for all populations. Plants along with 

soil were removed from pots by holding pots upside down (to study the 

presence or absence of nodules). The soil was washed out thoroughly 

(washing procedure is same as presented in section 3.4). All plants were 

carefully scored for leaf color and presence or absence of root nodules.  

 

Data analysis 

The Chi-square (χ2) test using Yates correction factor to adjust small 

population size was used to test the goodness of fit for appropriate genetic 

hypotheses (Steel et al., 1980). Data on presence or absence of nodulation 
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in F2 and backcross populations were tested based on the hypothesis that 

it will fit to the expected ratios of 3:1, 1:1, respectively. The test statistics 

was calculated as described by Yates (1934).  

                            

 

 

Where: 

            χ2 Yates= test statistic that asymptotically approaches a χ2 distribution   

                         with yates correction factor. 

Oi = observed frequency 

Ei = expected (theoretical) frequency, asserted by the null hypothesis 

N = number of distinct event 

 

For linkage study between gene responsible for nodulation and leaf 

color, the data recorded in F1 and F2 generations was analyzed through 

Linkage 1 computer program (Sulter et al., 1983). 

 

3.6 Experiment 4    Molecular characterization of chickpea       
                               germplasm using microsatellite markers 

 

 Molecular analysis of chickpea germplasm was performed in Forest 

Resource Biology Laboratory at Faculty of Agriculture, Ehime University 

Matsuyama, Japan. 

 

DNA Extraction 

          Seeds of chickpea were sown in 27 cm diameter pots containing 7.5 

Kg of sandy soil with 5 seeds per pot in a green house. DNA was extracted 
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separately from fresh leaves of 2 to 5 week old plants for each genotype 

using modified CTAB method described by Doyle and Doyle (1990). Details 

of the method are given below: 

1.  0.5 g of leaves were weighed and placed into a pestle. Liquid 

nitrogen was poured on leaves and grinded with a mortar to convert 

them into powder form. Then 10 ml Cold isolation Buffer I (CIBI) was 

added and further grinded.  

2.  The material was filtrated with cheese cloth. 

3.  The solution was transferred to 15 ml spits tube, and centrifuged at  

3,500 rpm for 10 min. Then the upper solution was discarded.                                      

4. 2.5 ml of Cold isolation Buffer (CIB) II was added and kept in 

refrigerator for 10 min. 

5. 2.5 ml of 2 x CTAB (cetytriammoniumbromide) was added. Mixed 

well and kept in water bath at 60°C for 30 min. 

6.  Equal volume (5 ml) of CIA (Chloroform: L isoamylalchohol, 24:1) 

was added. Shacked for 15 min on shaker.                                                                     

7. Centrifuged at 3,500 rpm for 10 min. 

8. The supernatant was transferred to a new 15 ml spits tube. The 

debris was discarded to a determined container. 

9. 2/3 vol. of ice-cold isopropanol was added and mixed gently. DNA 

appeared (Isopro-precipitation). 

10.  Isopro-precipitation was centrifuged at 3,500 rpm for 10 min and the 

upper solution was discarded carefully, not to lose the precipitation 

(DNA). 
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11.  Alcohol was removed completely. 250µl of TE (10 mM TrisCl PH8.0, 

1mM EDTA PH8.0) was added to dissolve DNA. DNA solution was 

transferred into a new 1.5 mL Eppendorf tube. 

12.  0.5 µl of RNase (10mg/mL) was added and incubated at 37°C for 30 

min in a water bath. 

13.  Equal volume (250 µl) of Tris-EDTA saturated phenol was added. 

Mixed well for 5 min. 

14.  Centrifuged at 10,000 rpm for 10 min. The supernatant was 

transferred to a new 1.5 mL Eppendorf tube. 

15.  1/10 volume (18 µl) of 3M sodium acetate was added; mixed well 

and then 2.5 volumes (500 µl) of 100% ethanol was added. Mixture 

was kept in a freezer at -20°C for at least 30 min. Mixed gently and 

DNA precipitation were appeared (this step is called “ethanol 

precipitation”). 

16.  Mixture was centrifuged at 12,000 rpm for 10 min. The upper 

solution was discarded with care so that not to lose DNA. 

17.  70% ethanol was added gently on top of DNA (rinsing). Kept at 

room temperature for 5 min without mixing. 

18.  DNA along with 70% ethanol was centrifuged at 12,000 rpm for 10. 

The upper solution was discarded. Kept at room temperature with 

the tube lid open (air dry). 

19. 100µl of TE (10 mM TrisCl PH8.0, 1mM EDTA PH 8.0) was added to 

dissolve DNA. Then kept in refrigerator. 
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Amplification of DNA  

            Ten SSR (microsatellite) markers including 5 dinucleotide and 5 

trinucleotide repeats were used for genotyping. Eight markers were screened 

from C. arietinum BAC libraries (Lichtenzveig et al., 2005) and 2 were Cicer 

arietinum sequence-tagged microsatellite site (CaSTMS) markers screened 

from a genomic library of the same species (Hüttle et al., 1999). Primers were 

labeled with FAM, HEX, and NED fluorescent dyes (Applied Biosystems, Foster 

City, USA). Sequences of the primer pairs for each marker are listed in Table 

3.2. The reaction mixture for amplification of markers contained 8.4 µl of distilled 

water, 1.25 µl of 10× PCR buffer, 1.25 µl of 2 mM deoxynucleotide mix, 0.5 µM 

forward and reverse primers, 0.1 U of Taq DNA polymerase (Blend Taq, 

Toyobo, Osaka, Japan) and 5 ng of genomic DNA in a total volume of 12.5 µl. 

Microsatellite amplification was carried out using the following cycling 

parameters: preheating for 3 min at 95°C followed by 25 cycles of denaturing at 

94°C for 30 sec, annealing at primer specific temperatures of 48–60°C for 30 sec 

(Table 3. 2), and extension for 1 min at 72°C. Reactions were completed by 

incubation at 72°C for 1 min and holding at 4°C. The PCR products were 

denatured for 2 min at 95°C and separated by capillary electrophoresis on an 

ABI Prism 310 Genetic Analyzer (Applied Biosystems). GeneMapper software 

(Applied Biosystems) was used for sizing and genotyping microsatellite 

alleles.
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Table 3.2 Details of primers sequencing  

Locus Sequence 
Annealing 

temperature 
Motif Repeats

H1116f GACATGAAATTCGGTGCATT 52°C GA 20 

H1116r AACGCCCTAAACCTCTTGGT    

H1F17f GGGGAGGAAGAAGATGGAA 48°C TA 27 

H1F17r GCGTTATGGGTGGAAATGGTA    

H3C06f AATTTCGTGAATCATTAAAAATAGAGG 55°C TAA 23 

H3C06r CACATGACTATCTAGACATTTTATTTATC    

H3A10f TTTAAGGCTTCAGGTATTGATTTCT 55°C TTA 24 

H3A10r TCACACATGCCAACTTAAAATAAAA    

H3A07f GCGACACCTATTCCTCTTTTCTA 58°C TTA 20 

H3A07r TCATTTTTGGAATATTTTAGTGACAA    

H2J09f AACGAAAAACAAGGGAGAAAAA 52°C GA 18 

H2J09r TATTTCTTTGACTCCCCCTAACTT    

H1B11f GCAGCTGTTGACATCTAATTTTG 60°C TAA 20 

H1B11r ACCGAAAACACTTGTGATTGTTA    

H6G07f TCTATCAGAGATATTAAGTTGAACG 60°C TAA 23 

H6G07r CGTGACAGAATTAGCCTCTTGT    

CaSTMS19f TGAAGCTGGGGGTTCCTTG 50°C AT 15 

CaSTMS19r TCAATTGAGTCGCGACGAGAG    

CaSTMS25f TACACTACTGCTATTGATATGTGGT 50°C CT 19 

CaSTMS25r GACAATGCCTTTTTCCTT    
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Microsatellite data analysis 

           Genetic diversity parameters were computed using GenAlEx 6 

software (Peakall and Smouse, 2006). The following statistics were 

estimated: average number of alleles (Na), and effective number of alleles 

(Ne). Polymorphic information content (PIC) of each microsatellite locus was 

determined as described by Weir (1996): 

 PIC 1 pi
2  

where pi is the frequency of the ith allele in the examined test lines. The 

estimation of genetic differentiation was performed using AMOVA and 

Principal coordinate analysis (PCoA) implimented in GenAlex 6. Random 

permutation test with 999 shuffles was performed under the assumption of 

stepwise mutation model (Slatkin, 1995). Phylogenetic analysis was 

completed using UPGMA and ME method using MEGA4 software (Tamura 

et al., 2007) based on the genetic distance matrix constructed by the method 

of Smouse and Peakall (1999). 
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Chapter 4      Results and Discussions 

 
Experiment.1.   Characterization of chickpea germplasm for  
                   various morphological markers and quantitative traits 

 

4.1.1   Introduction 

The assemblage of germplasm with a wide range of genetic 

variability is preliminary and prerequisite step to initiate a successful 

breeding program. The efficacy of a germplasm collection would be 

enhanced if the distinctive features of each accession were to be 

described and recorded, so that researcher could choose those 

accessions from the collection, which have the desired genetic 

characteristics for the specific objectives of a program. 

The characterization of diversity in germplasm collections is 

important to plant breeders for crop improvement and to gene bank 

curators for efficient and effective management of collection (Updhaya, 

2003). The presence of genetic variability is of utmost importance for any 

breeding program and for that reason the plant breeders have recognized 

the evaluation and characterization of germplasm for the improvement of 

crop yield (Virmani et al., 1983; Bakhsh et al., 1992) as well as for 

selection of core collection for utilization in breeding programs. Thus the 

evaluation of germplasm is not only useful in selection of core collection 

but also for its utilization in breeding programmes. 

Chickpea has high variation for various qualitative and quantative 

traits i.e. grain color and shape, color of flower, podding, seed coat color, 

earliness, insect pests resistance, like any other crop of different 

ecological zones,  that can help breeders to release better and superior 



 42

lines and varieties (Dasgupta et al., 1987; Singh, 1997). For maintenance 

and efficient utilization of germplasm, it is important to investigate the 

extent of genetic variability and its magnitude for the determination of the 

success of a breeding program (Smith et al., 1991). 

An initial step in a breeding program is the assembly of germplasm 

with a wide range of genetic variability. The utility of a germplasm 

collection would be enhanced if the unique features of each genotype 

were to be described and recorded, so that the researcher could choose 

those genotypes in the collection, which have the genetic characteristics, 

desired for his specific objectives (Shah, 1999). 

Evaluation and characterization of chickpea germplasm has received 

attention of plant breeders due to increased recognition and its 

importance (Virmani et al., 1983; Bakhsh et al., 1992). Thus due to utmost 

importance of genetic diversity, the present study was planned with 

following objectives  

1. Characterization of genotypes for various genetic markers  

2. Characterization of genotypes for other quantitative characters 

3.     To estimate heritability of different important traits 

 

4.1.2 Materials and Methods 

Forty nine local/exotic genotypes obtained from NIFA, Peshawar; 

GRS, Ahmedwala Karak and ICRISAT, India were evaluated in the field of 

Plant Breeding and Genetics department, Agricultural University 

Peshawar, during the season of 2006-07. The material was planted in 

randomized complete block design (RCBD) with three replications. Out of 

49 genotypes two genotypes failed to germinate therefore data were 
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collected on 47 genotypes (Table 4.1.7). Detailed materials and methods 

including data collection, data analyses etc of this experiment are 

presented in chapter 3 section 3.3.  

 

4.1.3 Results 

4.1.3.1 Characterization for morphological markers 

 Characterization for flower, stem and seed coat color of all 

genotypes is presented in Table 4.1.1. Significant variation in color of 

three traits among genotypes was observed. Out of 47 genotypes, 29 

genotypes including 23 from NIFA, four from Karak and two from 

ICRISAT, India (Table 4.1.7) produced pink flowers, green with a purplish 

tinge stem and light brown to dark brown or yellowish seed coat color 

(Table 4.1.1). These markers are typical for Desi type chickpea. Rest 18 

genotypes including 15 from NIFA, one from Karak and two from ICRISAT 

(Table 4.1.7) produced white flowers with green stem and white seed coat 

(Table 4.1.1). These characters are distinctive for Kabuli type chickpea. 

These markers play a vital role in identification of land races and 

estimation of out-crossing percentage in chickpea. 

 

4.3.2 Characterization for quantitative characters 

All genotypes were also evaluated for days to flowering, days to 

maturity, plant height, leaflets leaf-1, leaf area, seed yield plant-1, 100-seed 

weight, and biological yield.  Analysis of variance (Table 4.1.1 and 4.1.2) 

and mean values (Table 4.1.3 and 4.1.4) for each trait showed highly 

significant differences and broad range of variation for various traits for 
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genotypes, which is amenable for genetic improvement of chickpea 

through selection. Flowering in genotype ICC19183 was earlier (90 days), 

while in NDC-4-20-6 was late (122). Genotype ICC19181 matured earlier 

(163 days) while genotype Sheenghar matured later (178 days). Plants of 

the accession NDC 5-S11 were the shortest (47 cm) whilst those of NKC-

5-S15 were the tallest (94 cm). Leaf area of accession NKC-5-S18 was 

the largest (10.92 cm) whereas of genotype ICC4918 was the smallest 

(1.73 cm).  Genotypes NDC-730-2 and NDC-4-20-2 produced the 

maximum number of leaflets leaf-1 (16.33) while genotype NDC-5-S11 

produced the minimum (11.66) leaflets leaf-1. On average seed yield of 

Karak 3 was the maximum (28.9 g) while of NDC-15-2 was the lowest (4.1 

g). Weight of 100 seed of NKC-5-S18 was the maximum (39 g) whereas of 

NDC-4-20-1 was the minimum (13 g). NIFA-2005 produced the highest 

biological yield (68 g) whilst NKC-5-S19 yielded the lowest (14.3 g).  

Heritability estimates (Table 4.1.6) were high for days to 50% 

flowering (93%), biological yield plant-1 (89%), plant height (88%), 100 

seed weight (82%), seed yield plant-1 (77%) and number of leaflets leaf-1 

(75%). Moderate heritability was recorded for days to maturity (68%) and 

leaf area (51%). All traits revealed higher phenotypic coefficient of 

variation (PCV) as compare to genotypic coefficient of variation (GCV) 

(Table 4.1.6). However, differences among PCV and GCV were low for 

days to 50% flowering (7.1 and 6.9), days to maturity (2.3 and 1.9), plant 

height (14.5 and 13.4), leaflets leaf-1(13.4 and 11.l6), 100 seed weight 

(23.3 and 21.1) and biological yield plant-1 (36.4 and 34.5) while only leaf 

area (29.91 and 21.2) and seed yield plant-1 (49.9 and 43.6) revealed 

comparatively more difference among PCV and GCV. Majority of traits 
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revealed high heritability and low level of differences among PCV and 

GCV which indicate less environmental influence on these traits and 

showed that genotypes had more influential role in the expression of these 

traits. This suggests a great chance of genetic improvements of these 

traits in chickpea. 
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Table 4.1.1 Flower color, stem color and seed coat color of evaluated chickpea germplasm
 
Genotype Name  Flower color Stem color Seed coat color 
NDC-122 Pink Green with purplish tinge light brown 
NDC-727 " " dark brown 
NDC-728-5 " " dark brown 
NDC-730-2 " " dark brown 
NDC-15-1 " " " 
NDC-15-2 " " " 
NDC-15-3 " " " 
NDC-15-4 " " " 
NDC-4-15-1 " " " 
NDC-4-15-2 " " " 
NDC-4-15-3 " " " 
NDC-4-20-1 " " " 
NDC-4-20-2 " " " 
NDC-4-20-3 " " " 
NDC-4-20-4 " " " 
NDC-4-20-5 " " " 
NDC-4-20-6 " " " 
NDC-4-20-7 " " " 
NDC-5-S10 " " dark brown 
NDC-5-S11 " " yellowish 
NIFA-88 " " brown 
NIFA-95 " " brown 
NIFA-2005 " " yellowish 
NKC-10-99 white Green white 
NKC-5-S12 " " " 
NKC-5-S13 " " " 
NKC-5-S14 " " " 
NKC-5-S15 " " " 
NKC-5-S16 " " " 
NKC-5-S17 " " " 
NKC-5-S18 " " " 
NKC-5-S19 " " " 
NKC-5-S20 " " " 
NKC-5-S21 " " " 
NKC-5-S22 " " " 
NKC-5-S23 " " " 
NKC-5-S24 " " " 
HASSAN-2K " " " 
Karak 1 Pink Green with purplish tinge brown 
Karak 2 " " " 
Karak 3 " " " 
Sheenghar " " " 
Lawaghar white Green white 
ICC4993 " " " 
ICC 19183 " " " 
ICC4918 Pink Green with purplish tinge brown 
ICC19181 Pink “ brown 
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Table 4.1.2. Mean square for days to 50% flowering, days to maturity, plant height and 
 number of leaflets leaf-1 of chickpea germplasm 

 

Mean square values Source of 
variation 

Degrees of 
freedom Days to 50% 

flowering 
Days to 
maturity 

Plant 
height 

Number of 
leaflets leaf-1 

Replication 2 25.45 12.27 0.900 0.57 

Genotype 46 186.64** 38.4** 260.05** 8.61** 

Error 92 4.36 5.75 60.42 0.84 

 

 

Table 4.1.3. Mean square for leaf area, seed yield plant-1, 100 seed weight  and biological   
yield plant-1 of chickpea germplasm 

 

Mean Square values Source of 
variation 

Degrees 
of 

freedom Leaf area Seed yield 
plant-1 

100 seed 
weight 

Biological yield 
plant-1 

Replication 2 0.45 3.64 1.75 10.82 

Genotype 46 9.09** 70.75** 88.02** 359.36** 

Error 92 2.23 6.58 5.93 13.5 
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Table 4.1.4:   Mean values of days to 50% flowering, days to maturity, plant height and
                       leaflets leaf-1 in chickpea germplasm 

 

Genotype 
Days to 50% 

Flowering  Days to maturity  Plant height 
No of Leaflets 

leaf-1 

NDC-122 116 173 70 16 
NDC-727 118 167 66 12.6 
NDC-728-5 118 168 77 15.6 
NDC-730-2 114 166 73 16.3 
NDC-15-1 118 171 66 15.0 
NDC-15-2 118 175 76 15.6 
NDC-15-3 118 169 62 16.0 
NDC-15-4 118 168 67 15.6 
NDC-4-15-1 115 173 64 16.0 
NDC-4-15-2 116 171 50 16.0 
NDC-4-15-3 118 172 58 15.3 
NDC-4-20-1 116 169 70 15.3 
NDC-4-20-2 119 170 67 16.3 
NDC-4-20-3 118 172 65 14.6 
NDC-4-20-4 117 173 67 16.0 
NDC-4-20-5 115 170 67 16.0 
NDC-4-20-6 122 173 63 14.0 
NDC-4-20-7 116 172 67 15.6 
NDC-5-S10 105 177 51 12.0 
NDC-5-S11 104 176 47 11.6 
NIFA-88 116 175 73 12.0 
NIFA-95 115 174 67 12.0 
NIFA-2005 113 171 64 13.0 
NKC-10-99 116 175 88 12.0 
NKC-5-S12 112 176 69 12.3 
NKC-5-S13 113 176 72 12.3 
NKC-5-S14 111 175 66 12.0 
NKC-5-S15 113 175 94 12.0 
NKC-5-S16 97 174 60 16.0 
NKC-5-S17 110 176 57 14.0 
NKC-5-S18 99 175 62 12.0 
NKC-5-S19 120 172 65 12.3 
NKC-5-S20 101 175 72 13.0 
NKC-5-S21 112 176 60 14.0 
NKC-5-S22 107 175 64 13.3 
NKC-5-S23 107 174 73 13.3 
NKC-5-S24 110 173 73 11.6 
HASSAN-2K 116 174 68 15.6 
Karak 1 115 175 69 12.0 
Karak 2 117 174 67 12.6 
Karak 3 114 172 67 13.0 
Sheenghar 120 178 70 14.3 
Lawaghar 118 176 60 14.0 
Rabat 97 165 88 12.3 
ICC 90 164 89 11.0 
Annigeri 96 168 59 12.3 
ICC19181 92 163 60 12.3 

 LSD   (0.05) 3.38 3.89                           2.42                  1.49 
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Table 4.1.5:   Mean values of chickpea germplasm leaf area, seed yield plant-1, 100 sed weight
                       and biological yield-1 in chickpea germplasm. 

 

Genotype Leaf   area  Seed yield  plant -1  100-seed 
weight 

Biological yield 
plant-1  

 
NDC-122 

 
8.3 

 
10.0 

 
27.0 

 
39.7 

NDC-727 6.2 7.0 20.7 32.0 
NDC-728-5 9.5 7.8 21.7 30.4 
NDC-730-2 8.2 7.4 20.9 36.0 
NDC-15-1 7.1 15.0 23.0 39.6 
NDC-15-2 7.6 4.1 21.1 20.4 
NDC-15-3 8.0 5.0 20.3 23.1 
NDC-15-4 7.8 9.0 25.0 22.2 
NDC-4-15-1 7.7 5.3 20.1 24.0 
NDC-4-15-2 9.9 7.0 23.0 18.2 
NDC-4-15-3 6.5 5.4 23.0 24.1 
NDC-4-20-1 6.5 18.0 13.0 56.7 
NDC-4-20-2 8.3 6.2 21.3 29.0 
NDC-4-20-3 8.8 5.3 22.3 22.0 
NDC-4-20-4 8.0 5.0 20.6 24.3 
NDC-4-20-5 6.8 6.0 21.7 28.0 
NDC-4-20-6 7.5 15.6 25.0 65.7 
NDC-4-20-7 7.7 5.2 21.5 47.4 
NDC-5-S10 5.7 9.1 27.0 24.4 
NDC-5-S11 5.4 9.0 27.0 23.0 
NIFA-88 7.1 7.5 14.6 20.1 
NIFA-95 4.4 7.0 14.1 19.7 
NIFA-2005 7.2 14.7 22.0 68.0 
NKC-10-99 8.3 7.2 33.0 43.9 
NKC-5-S12 5.2 13.6 23.0 34.6 
NKC-5-S13 8.3 15.5 35.0 39.6 
NKC-5-S14 7.0 14.5 29.0 32.3 
NKC-5-S15 9.0 13.1 32.0 36.7 
NKC-5-S16 8.5 12.0 25.0 30.0 
NKC-5-S17 9.8 13.3 34.0 34.4 
NKC-5-S18 10.2 13.2 39.0 32.1 
NKC-5-S19 7.1 10.0 26.0 14.3 
NKC-5-S20 6.4 13.1 29.0 27.4 
NKC-5-S21 5.6 12.0 25.0 27.1 
NKC-5-S22 6.4 9.2 25.0 26.4 
NKC-5-S23 7.1 12.5 28.0 31..0 
NKC-5-S24 6.7 15.0 33.0 36.2 
HASSAN-2K 5.0 13.2 23.0 26.3 
Karak 1 7.2 18.2 22.0 31.3 
Karak 2 8.1 16.9 24.0 28.5 
Karak 3 6.3 28.9 25.0 27.6 
Sheenghar 7.5 14 22.0 33.4 
Lawaghar 7.5 13.7 36.0 25.3 
Rabat 3.6 7 21.0 28.7 
ICC 3.8 6 22.0 24.6 
Annigeri 1.7 8.4 28.0 25.1 
ICC19181 4.6 5.9 26.0 27.7 

 LSD   (0.05) 6.18 4.16 4.44 5.95 
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Table 4.1.6: Estimates of genotypic variance (Vg), phenotypic variance (vp), genotypic
                    coefficient of variability (PCV),  phenotypic coefficient of variability (GCV)   
                    and heritability ( h2

(bs) ) for various agronomic traits 
 

 
Traits 

 
Vg 

 
Vp 

 
GCV 

 
PCV 

 
%h2

(bs) 

 
Days to 50% flowering 

 
60.76 

 
65.06 

 
6.9 

 
7.18 

 
93 

 
Days to maturity 

10.88 15.93 1.9 2.3 68 

 
Plant height 81.84 96.37 13.41 14.56 88 

 
Leaflets leaf-1 

 
2.58 

 
3.43 

 
11.66 

 
13.42 

 
75 

 
Leaf area 

2.28 4.519 21.26 29.91 51 

 
Grain yield plant-1 

21.3 27.9 43.6 49.9 77 

 
100 seed weight 

 
27.34 

 
33.34 

 
21.16 

 
23.37 

 
82 

Biological yield plant-1 115.28 128.78 34.51 36.47 89 
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Table 4.1.7  Description of chickpea genotypes used in present study 

No. Entry Phenotype Genoty
pe ParentageA Origin HB 

1 NDC-122 Desi Nod+ C-44 × ILC-195 NIFA 0
2 NDC-727 Desi Nod+ C-44/M NIFA 0.25
3 NDC-728-5 Desi Nod+ C-44/M NIFA 0.375
4 NDC-730-2 Desi Nod+ C-44/M NIFA 0.125
5 NDC-15-1 Desi Nod+ Pb-91/M NIFA 0
6 NDC-15-2 Desi Nod+ Pb-91/M NIFA 0
7 NDC-15-3 Desi Nod+ Pb-91/M NIFA 0
8 NDC-15-4 Desi Nod+ Pb-91/M NIFA 0
9 NDC-4-15-1 Desi Nod+ C-44/M NIFA 0
10 NDC-4-15-2 Desi Nod+ C-44/M NIFA 0
11 NDC-4-15-3 Desi Nod+ C-44/M NIFA 0
12 NDC-4-20-1 Desi Nod+ C-44/M NIFA 0
13 NDC-4-20-2 Desi Nod+ C-44/M NIFA 0.375
14 NDC-4-20-3 Desi Nod+ C-44/M NIFA 0
15 NDC-4-20-4 Desi Nod+ C-44/M NIFA 0.5
16 NDC-4-20-5 Desi Nod+ C-44/M NIFA 0.125
17 NDC-4-20-6 Desi Nod+ C-44/M NIFA 0
18 NDC-4-20-7 Desi Nod+ C-44/M NIFA 0.125
19 NDC-5-S10 Desi Nod+ JG74 × ICC12071 ICARDA 0
20 NDC-5-S11 Desi Nod+ JG74 × ICC12071 ICARDA 0.375
21 NIFA-88 Desi Nod+ 6153 NIFA 0
22 NIFA-95 Desi Nod+ 6153/M NIFA 0.125
23 NIFA-2005 Desi Nod+ Pb-91/M NIFA 0

24 NKC-10-99 Kabuli Nod+ FlIP98-138C × 
SEL99TH15039 

ICARDA 0 

25 NKC-5-S12 Kabuli Nod+ 
BAHODIR × 
SEL99TER85530 

ICARDA 0 

26 NKC-5-S13 Kabuli Nod+ SEL99TH15039 × S98008 ICARDA 0.25
27 NKC-5-S14 Kabuli Nod+ SEL99TH15039 × S98008 ICARDA 0.125
28 NKC-5-S15 Kabuli Nod+ FLIP98-15C × S98033 ICARDA 0.375

29 NKC-5-S16 Kabuli Nod+ 
S99456 × 
SEL99TER85314 

ICARDA 0.625 

30 NKC-5-S17 Kabuli Nod+ 
S99456 × 
SEL99TER85314 

ICARDA 0 

31 NKC-5-S18 Kabuli Nod+ 
(ILC4291 × FLIP98-129C) 
× S98008 

ICARDA 0.375 

32 NKC-5-S19 Kabuli Nod+ 
(ILC4291 × FLIP98-129C) 
× S98008 

ICARDA 0 

33 NKC-5-S20 Kabuli Nod+ 
FLIP98-138C × 
SEL99TH15039 

ICARDA 0 

34 NKC-5-S21 Kabuli Nod+ GLK95069 × 
SEL99TER85530 

ICARDA 0 

35 NKC-5-S22 Kabuli Nod+ 
CA9783007 × 
SEL99TER85534 

ICARDA 0 

36 NKC-5-S23 Kabuli Nod+ CA9783007 × 
SEL99TER85534 

ICARDA 0 

37 NKC-5-S24 Kabuli Nod+ 
CA9783007 × 
SEL99TER85534 

ICARDA 0 

38 HASSAN-2K Kabuli Nod+ ILC-195/M NIFA 0
39 Karak 1 Desi Nod+ Local selection Karak 0
40 Karak 2 Desi Nod+ Local selection Karak 0
41 Karak 3 Desi Nod+ Local selection Karak 0
42 Sheenghar Desi Nod+ Local selection Karak 0
43 Lawaaghar Kabuli Nod+ Local selection Karak 0 
44 ICC 4993 Kabuli Nod– Rabat Morocco 0
45 ICC 19183 Kabuli Nod– ICC 4993NN ICRISAT 0
46 ICC4918 NN Desi Nod– Annigeri India 0
47 ICC19181NN Desi Nod– ICC 435NN ICRISAT 0
 

AThe lines indicated by /M is mutation induction lines. 
BHeterozygosity. 
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4.1.4    Discussion 

Characterization based on flower, stem and seed coat color clearly 

differentiated chickpea germplasm in two types i.e. desi and kabuli. 

Genotypes with pink flowers, green with purplish tinge stem and dark brown 

to light brown seed coat were Desi type. Kabuli type had white flowers, green 

stem and white seed coat. Upadhyaya et al. (2002) found significant 

variation in core collection of chickpea for flower and plant color (stem color). 

In their collection dots on seed testa were also present. Variation in flower 

and seed color is also reported by Farshadfar and Farshadfar (2008) while 

evaluating 360 chickpea land races. Variability in seed coat and flower color 

was also observed by Afsari et al (2004) in chickpea germplasm. 

 Plant growth duration (flowering and maturity) plays important role in 

increasing seed yield of chickpea. Variation in climatic factors like 

temperature and photoperiod in different environments affect maturity of 

genotypes and so the overall yield. The variability in days to 50% flowering 

and days to maturity were significant among all the genotypes. Other studies 

have confirmed significant variation in days to 50% flowering and days to 

maturity in Chickpea (Atta et al., 2008; Saleem et al., 2008; Hakim et al., 

2006; Shaukat et al., 2003) and soybean (Muhammad et al., 2007). 

 Plant height is desirable trait to reduced lodging in crops; similarly, 

higher seed weight, leaf area and more leaflets leaf-1 contribute to higher 

seed yield.  In the present study an adequate variability for plant height and 

other yield contributing traits among various genotypes was found. Earlier 

reports in chickpea by Atta et al. (2008), Hakim et al. (2006), Arshad et al. 

(2004), Nawab et al. (2002) and Raza and Mahdi (1992) and in soybean by 

Muhamad et al. (2007) also confirm these results. 
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Biomass (total dry weight) plant-1 gives significant information about 

chickpea and other crops. Significant variation in biomass/biological yield 

plant-1 was found among genotypes in the collected germplasm for the 

current project. Similarly Jeena et al. (2005) and Arshad et al. (2004) also 

reported significant differences in biological yield plant-1 among their 

chickpea collection. 

Components of variance for entire studied parameters are depicted in 

table 4.1.6. Phenotypic coefficient of variation as well as the genotypic 

coefficient of variation was found lower for days to flowering and days to 

maturity. Moderate values of PCV and GCV were observed for 100 seed 

weight, leaf area, leaflets leaf-1 and plant height and their range were high for 

grain yield plant-1 and biological yield. Saleem et al. (2008), Atta et al. 

(2008), Hakim et al. (2006) and Burli et al. (2004) also reported low PCV and 

GCV for days to flowering and days to maturity in chickpea. Similar results 

were registered by saleem at al. (2008) and Atta et al. (2008) for seed yield 

plant-1, plant height, 100 seed weight and biological yield of chickpea, while 

Hakim et al. (2006) observed high values of PCV and GCV in chickpea for 

100 seed weight and seed yield plant-1 but lower for plant height. Burli et al. 

(2004) also observed high PCV and GCV values for seed yield plant-1 but he 

registered low values for 100 seed weight in chickpea. The difference in 

result for 100 seed weight could be attributed to difference in environment. 

 Phenotypic coefficient of variability was greater than genotypic 

coefficient of variability for all the parameters but the difference is less in all 

the cases except leaf area and seed yield plant-1. All traits showed high 

heritability except days to maturity and leaf area which exhibited moderate 

heritability. High heritability of all the traits was also reflected by the minor 
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difference in magnitudes of PCV and GCV.  High estimates of heritability of 

the traits under study could be due to the greater genetic variability of the 

germplasm. Saleem et al. (2008), Durga et al. (2007), Hakim et al. (2006), 

Ghafoor et al. (2004), Noor et al. (2003), Sable et al. (2003), Arrora et al. 

(2001) and Raza and Mehdi (1992) found similar results and observed high 

heritability in chickpea for days to flowering, plant height, 100-seed weight, 

seed yield plant-1 and biological yield plant-1.  

 The present study concluded that there is a great amount of genetic 

diversity in the germplasm under study. High values of heritability indicate 

that these parameters are less influenced by the environment and have 

greater chance of transmission to the next generation. Therefore this 

variability could be utilized successfully in different breeding programs for the 

betterment of existing genotypes and for the development of new more 

desirable genotypes through hybridization and other modern breeding 

techniques. 
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Experiment 2.   Characterization for nodulation and effect of   
                   rhizobium inoculation on nodules number and seed    
                                                   yield plant-1 

 

4.2.1 Introduction 

Grain legumes have an important characteristic of fixing atmospheric 

nitrogen to ammonium nitrogen that can be used by the plant. In agro-

ecosystem biological nitrogen fixation (BNF) is a vital component of nitrogen 

cycle. Traditionally legumes were grown as manure crop, to restore soil 

fertility.  

Root nodules are formed in most of the legumes when they are infected 

by suitable rhizobium strain and they become able to fix atmospheric 

nitrogen. However, either spontaneously or through mutagenesis non-

nodulated mutants have been reported from different species that generally 

produce nodules including soybean (Glycine max L.), wild pea (Pisum spp.), 

common bean (Phaseolus vulgaris L.),  sweetclover (Melilotus alba Desr.), 

chickpea (Cicer spp), red clover (Trifolium pratense L.) alfalfa (Medicago 

sativa L.) and peanut (Arachis hypogaea L.) (Gallo-Meagher., 2001). Non-

nodulating (Nod–) lines are an important reference for estimating the amount 

of biologically fixed N2 in a legume (Rupela, 1991). 

Chickpea plants have a strong taproot system, grows 1.5-2.0 m deep with 

3 or 4 rows of lateral roots (Cubero, 1987). Chickpea roots bear rhizobium 

nodules. They are branched with laterally flattened ramifications, 

occasionally forming a fanlike lobe (Corby, 1981). Nodulated mutants are 

important for basic studies of plant-microbe symbiotic interactions, nitrogen 

fixation and breeding of cultivars with higher yield and nitrogen fixation rate 

(Bhatia et al., 2004). 
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 Chickpea has the capacity to fix sufficient atmospheric nitrogen to 

replace the nitrogen removed in harvested grains (Schwenke et al., 1998). 

It has highly specific symbiotic association, with a unique group of rhizobia 

necessary for formation of nodules and nitrogen fixation. (Cleyet-marel et 

al., 1990). Absence of suitable strains, small population size and poor 

survival of rhizobia cause problems in nodules formation. Legumes 

Inoculation assures the presence of some appropriate strain of rhizobium 

compatible with cultivar, at proper time and in sufficient numbers that 

guarantee effective nodulation and nitrogen fixation (Cleyet-Marel et al., 

1990). 

Appropriate nodule forming bacteria presence in the soil is essential for 

management and utilization of atmospheric nitrogen. If the nodulated crop 

has not been sown in recent past and grown for the first time then seed 

inoculation is essential before sowing. Further to avoid uncertainty about 

natural inoculation, the seed should be inoculated every time (Richard and 

Henery, 1967) 

Nitrogen fixing potential of chickpea genotypes can be increased 

significantly by inoculation (Hussain, 1983) and grain yield of chickpea 

increased significantly with rhizobial application (Khattak et al., 2006). 

Nodulation chickpea yield can also be enhanced by inoculation with 

competitive rhizobia and is especially economical promising to increase 

chickpea production (Romdhane et al., 2008). In the light of above and 

existing situation, the said research work was planned to: 

 

1. categories the genotypes for the presence or absence of nodules 
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2. identify highly nodulated genotypes on the basis of number of 

nodules plant-1 

3. study the influence of seed inoculation with rhizobium on the number 

of nodules plant-1 in all the genotypes. 

4. evaluate the change in seed yield plant-1 genotype-1 due to rhizobium 

inoculation 

5. select suitable parents for inheritance and linkage studies of 

nodulation in chickpea. 

 
4.2.2 Materials and Methods 

The experiment was carried out in pots in the net house facility of 

Institute of Biotechnology and Genetic Engineering (IBGE) with 

completely randomized design (CRD) during 2006-07. The experiment 

was comprised of two treatments (inoculated and un-inoculated) each 

consisted of three replications. Procedure for data collection, data 

analyses etc of the experiment are presented in chapter 3 section 3.4. 

 
4.2.3   Results 

4.2.3.1 Characterization of genotypes for the presence or            
              absence of nodules 
 

Genotypes were examined without rhizobium inoculation as well as 

with rhizobium inoculation for the presence or absence of nodules (Table 

4.2.1). Results (both un-inoculated and inoculated) showed that genotypes 

procured from NIFA Peshawar and GRS Ahmedwala Karak were nodulated 

(produce nodules) while genotypes received from ICRISAT India failed to 

produce any nodule (non-nodulated). Two groups were formed on the basis 

of nodulation i.e. nodulated and non-nodulated. The nodulated group 
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consisted forty three genotypes i.e., from NDC 122 to Lawaghar (Table 5.1) 

while non-nodulated group contained four genotypes (ICC4993, ICC19183, 

ICC4918 and ICC19181).  

 
4.2.3.2 Number of nodules plant-1 genotype-1 

Analysis of variance revealed highly significant differences for 

nodules number plant-1 among genotypes (un-inoculated) shown in table 

4.2.1. Mean values of the genotypes for number plant-1 of nodules are 

given in table 4.2.2., while components of variance and heritability 

percentage for number of nodules plant-1 are presented in table 4.2.3. 

  The highest and lowest values for nodules plant-1 revealed wide range of 

variation and showed highly significant differences among the genotypes 

(Table 4.2.1). Maximum numbers of nodules plant-1 (14.53) were produced 

by NDC-5-S10 followed by NDC 4-20-4 (12.53) whereas Lawaghar showed 

minimum number of nodules plant-1 (2.43). 

Components of variance for number of nodules plant-1 (Table 5.3) 

revealed moderate phenotypic coefficient of variation (PCV) and genotypic 

coefficient of variation (GCV) i.e. 32.88 and 24.08 respectively, while 

heritability percentage was high i.e. 53.64%. 

 

            Figure 5.1:  Nodulated Root                                 Figure 5.2 Non-nodulated:  Root 
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4.2.3.3 Effect of rhizobial inoculation on number of nodules 
             plant-1

 

Among 47 genotypes 43 were nodulated while four genotypes were 

recorded as non-nodulated. The non-nodulated genotypes were excluded 

from the analysis. According to analysis of variance (Table 4.2.4) the 

interaction means of genotypes with two treatments (un-inoculated and 

inoculated) were highly significant. The genotype means as well as 

treatment means also showed significant differences (Table 4.2.4). In 

genotypes versus treatment interaction (Table 4.2.5), the maximum 

nodules plant-1 (16.66) was exhibited by genotype NDC 4-20-1 followed by 

genotype NDC 4-20-7 and NDC 15-4 with 16.5 and 16.4 nodules plant-1 

respectively. The minimum number of nodules plant-1 was produced by 

genotype Lawaghar (2.433) followed by genotype NKC 5-S-18 (3.100). In 

genotype means, the genotype NDC 5-S10 showed best performance 

followed by NDC 4-20-4 with 14.8 and 13.6 nodules plant-1 respectively. 

Genotype Lawaghar showed poor performance with 4.8 nodules plant-1 in 

genotype means. The treatment means were greater for inoculated 

treatment (10.8 nodules palnt-1) than that of un-inoculated treatment which 

showed 7.8 nodules palnt-1.  

Among genotypes different levels of percent increase (Table 4.2.5) 

were observed for number of nodules plant-1.With rhizobium application, 

above 100% increase in nodules plant-1 was noticed in 3 genotypes (NKC 5-

S20, NKC 5-S23 and Lawaghar), 50 – 100% in 10 genotypes (NDC 727, 

NDC 15-1,NDC 15-2, NDC 15-4, NDC4-15-2, NDC 4-20-7, NIFA 88, NKC 

10-99, Karak 3 and Sheenghar) while less then 50% in 28 genotypes (NDC 
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122, NDC 728-5, NDC-730-2, NDC-15-3, NDC-4-15-, NDC-4-15-3, NDC-4-

20-1to NDC 4-20-6, NDC-5-S10, NDC 5-S11, NIFA 95, NIFA 2005, NKC-5-

S112 to NKC-5-S18, NKC-5-S21, Hassan 2K to Karak 2). Two genotypes 

(NKC-5-S22, NKC-5-S24) did not show any positive response to rhizobium 

inoculation, even a small decrease was observed in their number of nodules 

plant-1. The greatest response to seed inoculation was recorded for genotype 

Lawaghir (196%) whilst lowest by genotype NIFA 2005 (2.1%). The 

treatment means showed that the inoculated genotypes produced 38.1% 

more nodules plant-1 over the un-inoculated.  

 

4.2.3.4 Effect of rhizobium inoculation on seed yield plant-1 

Rhizobium inoculation also had extremely significant effect on seed yield 

plant1 as observed in analysis of variance (Table 4.2.6). Highly significant 

differences were recorded in interaction means of genotypes with two 

treatments (control and inoculated); genotype means and in treatment 

means (Table 4.2.6). In the interaction means of genotypes with treatments 

as well as in the genotype means Karak 3 was reported as genotype with 

highest seed yield plant-1 (33 and 30.4 g seed yield plant-1 ), respectively. 

Genotype sheenghar stood second to Karak 3 in seed yield plant-1 (30.2 and 

21.8 g). The genotype NDC 15-2 was recorded as a low yielding genotype in 

the interaction means of genotypes with treatments followed genotype NDC 

4-20-4 with 3.6 and 4.3 g seed yield plant-1 respectively. NDC 15-2 also 

remained a poor yielder in genotype means with 3.8 g seed yield plant-

1.Treatment mean for seed yield plant-1 was 10.0 g for un-inoculated and 

15.1 g for inoculated treatments.  
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Like nodulation, varied increase for seed yield plant-1 amongst genotypes 

was also observed after seed inoculation with rhizobium. Seven genotypes 

(NDC-727, NDC-15-4, NDC 4-15-1, NDC-5-S11, NKC-5-S13, NKC-5-S21, 

NKC-5-S24, and Sheenghar) were in a position to have more than 100% 

increase in seed yield plant-1, Six genotypes (NDC 4-20-3, NDC-4-20-5, 

NIFA 95, NKC-5-S15, NKC-5-S20 and NKC-5-S23) provided 50 to 100% 

greater seed yield plant-1, twenty five genotypes (NDC 122, NDC 728-5 to 

NDC 15-3, NDC 4-15-2 to NDC 4-20-1, NDC 4-20-4, NDC 4-20-6 to NDC 5-

S10, NIFA 88 to NKC 5-S12, NKC 5-S16, NKC 5-S17, NKC 5-S19, NKC 5-

S22, Hassan 2K, Karak 2, karak 3 AND Lawaghar) produced  less than 

50% seed yield plant-1 after inoculation. Four genotypes (NDC-4-20-2, 

NKC-5-S14, NKC-5-S18, and Karak 1) were observed with no response to 

seed inoculation and there was even somewhat decrease in their seed 

yield plant-1. Maximum response of 195.3% increase in seed yield plant-1 to 

inoculation was recorded for genotype NKC 5-S13 while genotype NIFA 

2005 revealed minimum percent increase (2.1) followed by Karak 1 (2.4) for 

seed yield plant-1. The overall increase in seed yield plant-1 of inoculated 

treatment over the un-inoculated treatment was 50.5%. 

 

Table 4.2.1  Mean square for number of nodules plant-1 of chickpea  germplasm          
 

Source of variation Degrees of freedom Mean square values 

Genotype 42 13.64** 

Error 86 3.1 
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Table 4.2.2: Presence or absence of nodules and number of nodules  plant-1 (without    
inoculation) in chickpea genotypes 

 

Genotype name Nodules 
Present/absent 

No of Nodules plant-1 

(uninoculated) 
NDC-122 Present 8.0 
NDC-727 Present 7.8 
NDC-728-5 Present 7.2 
NDC-730-2 Present 7.9 
NDC-15-1 Present 8.1  
NDC-15-2 Present 7.3 
NDC-15-3 Present 9.3 
NDC-15-4 Present 9.9 
NDC-4-15-1 Present  8.1 
NDC-4-15-2 Present 8.8 
NDC-4-15-3 Present 8.7 
NDC-4-20-1 Present 11.0 
NDC-4-20-2 Present 12.0 
NDC-4-20-3 Present 10.4  
NDC-4-20-4 Present 12.5 
NDC-4-20-5 Present 9.2 
NDC-4-20-6 Present 8.8 
NDC-4-20-7 Present 9.0 
NDC-5-S10 Present 14.5 
NDC-5-S11 Present 9.6 
NIFA-88 Present 6.4  
NIFA-95 Present 6.7 
NIFA-2005 Present 9.1 
NKC-10-99 Present 7.2 
NKC-5-S12 Present 6.6 
NKC-5-S13 Present 6.9 
NKC-5-S14 Present 6.9 
NKC-5-S15 Present 7.7 
NKC-5-S16 Present 4.7 
NKC-5-S17 Present 9.6 
NKC-5-S18 Present 3.1 
NKC-5-S19 Present  6.8 
NKC-5-S20 Present 4.0 
NKC-5-S21 Present 5.1 
NKC-5-S22 Present 7.4 
NKC-5-S23 Present 4.9 
NKC-5-S24 Present 4.9 
HASSAN-2K Present 7.8 
Karak 1 Present 8.1 
Karak 2 Present 7.9 
Karak 3 Present 6.7  
Sheenghar Present 5.8 
Lawaghar Present 2.4 
ICC 4993 (Rabat) Absent 0  
ICC  19183 Absent 0  
ICC 4918 (Annigeri) Absent 0  
ICC19181 Absent 0 
LSD (0.05%)  2.8 
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Table 4.2.4. Mean square for inoculation effect on nodules plant-1 and seed yield plant-1 
 

 

 
 

Mean squares 

Source of variance Degrees of 
freedom Nodules plant-1 Seed yield plant-1 

Treatment 1 648.3** 1104.01** 

Genotype  42 28.6** 201.59** 

Treatment X Genotype 42 8.0** 28.72** 

Error 172 2.19 11.86 

 
 

Table 4.2.3. Estimates of variability parameters of number of nodules plant-1 in various 
                    chickpea genotypes 
 
 
 
Variability parameters 

 
Number of nodules plant-1 

 
 
Genotypic variance 

 
3.51 

 
Phenotypic variance 
 

6.62 

 
Genotypic coefficient of 
variation 

17.48 

 
Phenotypic coefficient of 
variation 

32.85 

 
Heritability (broad sense)% 
 
 

53.2 
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Table 4.2.5. Effect of control and rhizobial inoculation on nodules plant-1 in chickpea   
                     gengotypes 

Genotype  name Un-inoculated Inoculated Genotype mean % change 
NDC-122 8.0 9.0 8.5 12.5 
NDC-727 7.8 14.9 11.4 90.0 
NDC-728-5 7.2 8.0 7.6 11.1 
NDC-730-2 7.9 11.0 9.4 39.2 
NDC-15-1 8.1 13.1 10.6 61.7 
NDC-15-2 7.3 12.6 10.0 72.6 
NDC-15-3 9.3 12.3 10.8 32.2 
NDC-15-4 9.9 16.4 13.2 65.6 
NDC-4-15-1 8.1 11.2 9.6 38.2 
NDC-4-15-2 8.8 14.9 11.9 69.3 
NDC-4-15-3 8.7 10.6 9.6 21.8 
NDC-4-20-1 11 16 13.5 45.4 
NDC-4-20-2 12 15 13.5 25.0 
NDC-4-20-3 10.4 12.4 11.4 19.2 
NDC-4-20-4 12.5 14.8 13.65 18.4 
NDC-4-20-5 9.2 11.2 10.2 21.7 
NDC-4-20-6 8.8 12.4 10.6 40.9 
NDC-4-20-7 9.0 16.5 12.7 83.3 
NDC-5-S10 14.5 15.1 14.8 4.1 
NDC-5-S11 9.4 12.9 11.1 37.7 
NIFA-88 6.4 9.9 8.1 54.6 
NIFA-95 6.7 9.9 8.3 47.7 
NIFA-2005 9.2 9.4 9.3 2.1 
NKC-10-99 7.2 10.8 9.0 50.0 
NKC-5-S12 6.6 9.0 7.8 36.3 
NKC-5-S13 6.9 9.6 8.3 39.1 
NKC-5-S14 6.9 7.2 7.1 4.3 
NKC-5-S15 7.7 10.9 9.3 41.5 
NKC-5-S16 4.7 6.9 5.8 46.8 
NKC-5-S17 9.6 11.7 10.6 21.8 
NKC-5-S18 3.1 7.5 5.3 141.9 
NKC-5-S19 6.8 8.4 7.6 23.5 
NKC-5-S20 4.0 10.0 7.0 150 
NKC-5-S21 5.1 5.8 5.5 13.7 
NKC-5-S22 7.4 5.4 6.4 -27.0 
NKC-5-S23 4.9 12.5 8.7 155.1 
NKC-5-S24 8.2 7.5 7.8 -8.5 
HASSAN-2K 7.8 8.4 8.1 7.7 
Karak 1 8.1 8.3 8.2 2.4 
Karak 2 7.9 9.0 8.5 13.9 
Karak 3 6.7 10.5 8.6 56.7 
Sheenghar 5.8 11.0 8.4 89.6 
Lawaghar 2.4 7.1 4.8 196.0 
ICC 4993 0 0 0 0 
ICC 19183 0 0 0 0 
ICC 4918 0 0 0 0 
ICC19181 0 0 0 0 
Treatment         
    mean 

7.86 10.86  38.1 

  
LSD(0.05) values   
Interaction  LSD = 1.81;       Genotype means = 1.34;      Treatment means = 0.36 
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Table 4.2.6. Effect of control and rhizobial inoculation on seed yield plant-1 in chickpea
                     genotypes 
 

Genotype Name Un-inoculated Inoculated Genotype means % change 

NDC-122 9.4 14 11.7 48.0 
NDC-727 6.4 15 10.7 134.0 
NDC-728-5 6.8 8 7.4 17.6 
NDC-730-2 6.8 10 8.4 47.0 
NDC-15-1 14.8 14.2 14.5 4.0 
NDC-15-2 3.6 4.1 3.85 13.8 
NDC-15-3 4.7 7 5.85 48.9 
NDC-15-4 8.8 18.2 13.5 106.8 
NDC-4-15-1 4.9 14.1 12.0 187.7 
NDC-4-15-2 6.8 12 9.4 76.4 
NDC-4-15-3 4.5 8 6.25 77.7 
NDC-4-20-1 17.9 22.2 20.0 24.0 
NDC-4-20-2 5.6 5 5.3 -10.7 
NDC-4-20-3 4.5 7.2 5.8 60.0 
NDC-4-20-4 4.3 6.2 5.2 44.1 
NDC-4-20-5 5.3 10.1 7.7 90.5 
NDC-4-20-6 14.8 24 19.4 62.1 
NDC-4-20-7 4.4 6.16 5.2 40.0 
NDC-5-S10 8.3 11.2 9.7 34.9 
NDC-5-S11 8.6 18.1 13.3 110.4 
NIFA-88 6.7 6.2 6.4 7.4 
NIFA-95 6.0 9.06 7.5 51.0 
NIFA-2005 13.8 25 19.4 81.1 
NKC-10-99 6.8 11.1 8.9 63.2 
NKC-5-S12 12.7 20.2 16.4 59.0 
NKC-5-S13 6.5 19.2 12.8 195.3 
NKC-5-S14 13.7 13.1 13.4 -4.3 
NKC-5-S15 12.3 23 17.6 86.9 
NKC-5-S16 11.4 12 11.7 5.2 
NKC-5-S17 12.5 18.2 15.3 45.6 
NKC-5-S18 12.6 12.1 12.3 -3.9 
NKC-5-S19 9.3 13 11.1 39.7 
NKC-5-S20 12.4 24 18.2 93.5 
NKC-5-S21 11.1 22.2 16.6 100.0 
NKC-5-S22 9.5 13.1 11.3 37.8 
NKC-5-S23 11.3 18 14.6 59.2 
NKC-5-S24 14.1 29.1 20.1 106.0 
HASSAN-2K 12.1 14 13.0 15.7 
Karak 1 17.1 17 17.0 0.0 
Karak 2 15.5 17.1 16.3 10.3 
Karak 3 27.8 33 30.4 18.7 
Sheenghar 13.4 30.2 21.8 125.3 
Lawaghar 12.6 16.3 14.4 29.3 

Treatment means 10.0 15.1  50.5 

 
LSD (0.05)  values 
Interaction =  1.11;        Treatment mean = 0.84;        Genotypes mean = 3.93 

 
 

 
 
 
 



 66

4.2.4   Discussion  

There was no report about non-nodulated chickpea earlier than 1985 

(Thomas et al., 1985). Rupela and Sudarahana (1986) observed the 

genetics of non-nodulation in a spontaneous mutant ICC 435M in chickpea. 

The frequency of natural occurrence of non-nodulation in chickpea was 

studied by Rupela (1992) he observed a low number of non-nodulated plants 

in genotype ICC 435. The non-nodulated chickpea genotypes may originate 

through spontaneous or induced mutations (Thomas et al., 1985). In the 

present study the nodulation of genotypes in the un-inoculated pots showed 

that there are native (local) rhizobia in the soil used in the pots which 

produced nodules in chickpea genotypes.  

Significant differences were recorded in the number of nodules plant-1 

among the genotypes. This confirmed that these genotypes showed different 

response to rhizobia. The reason of this difference is the bacteria-plant 

genotype interaction or compatibility of bacteria (rhizobium leguminosarum) 

and genotype of plant. The variation in nodulation among chickpea 

genotypes have also been reported by Tellawi et al. (2007), Mensah and 

olukoya, (2007), Gallani et al. (2005), and Rodriguez-Navarro (1999). 

Values of both phenotypic coefficient of variability (PCV) and 

genotypic coefficient of variability (GCV) were moderate but PCV was rather 

greater than GCV. Moderate heritability indicated that genetic improvement 

of number of nodules plant-1 in chickpea can be achieved successfully.  

Rhizobium leguminosarium was used to test the 47 genotypes for 

their nodulation expression. All genotypes developed normal nitrogen fixing 

nodules except four procured from ICRSAT, India which didn’t produce any 
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nodule in control as well as inoculated treatments. Results revealed that 42 

genotypes were nodulated and only four were found non-nodulated.  

   In un-inoculated pots majority of genotypes showed nodulation which 

confirming the presence of existing indigenous rhizobia in the soil. The 

nitrogen fertilizer was not applied to the pots, however the plants didn’t show 

any nitrogen deficiency symptoms which confirmed the role of indigenous 

rhizobia appeared to fix atmospheric nitrogen at reasonable levels. Still the 

level of indigenous rhizobia might be less than 10 rhizobia g-1 of soil because 

rhizobium inoculation significantly increased the nodules number and seed 

yield plant-1. Thies et al. (1991) observed that once the soil holds more than 

10 rhizobia g-1 of soil then the response to rhizobium inoculation become 

negligible in many soils. Tufenkci et al. (2006) observed that inoculation had 

not significantly influenced any of the parameters measured as the soil 

already contained sufficient and an efficient native rhizobial population.  

The seed inoculation with rhizobium significantly increased the 

nodules and seed yield plant-1. After inoculation, the nodules plant-1 and seed 

yield plant-1 increased at the rate of 38.1% and 50.5 % respectively, over the 

un-inoculated chickpea genotypes. The possible reason for significant 

increase in the nodules plant-1 was the increased rhizobial population in g-1 

of soil. Due to increased rhizobia in the soil, the nodules plant-1 increased 

which result in greater nitrogen fixation and eventually the yield was 

influenced positively and resulted in significant increase in the seed yield 

plant-1. A similar promotive effect of inoculation on nodules and seed yield 

plant-1 in chickpea was also observed by Bhuiyan et al. (2008), Romdhane et 

al. (2008), Tellawi et al. (2007), Khattak et al. (2006), Stephan et al. (2002) 

and Cleyet-marel et al. (1990). However, the findings of McKenzie et al. 
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(1992) were contradictory and observed no-positive effect of rhizobial seed 

inoculation on the seed yield of chickpea. The contradiction might be due to 

different genotypes and climatic condition, soil fertility levels and existing 

rhizobial population in soil. 

The effect of inoculation on nodules number and seed yield plant-1 

was different in different genotypes; in some genotypes it was very high 

(more than 100%). Many genotypes were recorded with medium to high (50 

to 100%) response.  A large number of genotypes showed low to medium 

(less than 49%) increase and at the same time a small number of genotypes 

were observed with no response or somewhat decrease in nodules and seed 

yield plant-1 when seed was inoculated with rhizobium. The possible 

explanation of differences in response of miscellaneous genotypes to 

rhizobium inoculation could be the compatibility and interaction between 

rhizobium and genotypes. Romdhan et al. (2007) also found variable 

response to inoculation in different chickpea cultivars. Rodríguez-Navarro et 

al. (1999) findings on bean also showed significant effect of strain x cultivar 

interaction for number of nodules and seed yield. They concluded that the 

performance of rhizobia strain is significantly modified by the plant genotype, 

the strain which was highly effective in one cultivar and could be rated 

moderately or less efficient in other cultivar. Hungría and Neves (1987) also 

detected significant rhizobia × plant cultivar interaction for symbiotic 

parameters and plant growth in Phaseolus vulgaris. The reports of Videria et 

al. (2001) in soybean also authenticated the results of this study by reporting 

that nodulation was not related to rhizobium species but influenced by 

interaction among rhizobium and cultivar. Otieno et al. (2009) also indicated 

the variable influence of inoculation on grain legumes that depends on 
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specie, parameter being measured and other environmental factors. The 

above mentioned observations identified the importance of considering both 

symbiotic partners while attempting to improve different plant parameters. 

The results of genotype means showed partial correlation of 

nodulation with yield (Tables 4.2.5 and 4.2.6). One possible explanation may 

be the complexity of yield character which is the product of several other 

traits. The results are also in line with those of Bhuiyan et al. (2008) who 

didn’t observe any significant correlation between seed yield plant-1 and 

nodules plant-1in chickpea. Videira et al. (2001) also reported that the 

increase in number of nodules was not directly reflected in soybean yield. 

They suggested that the reason for such response of yield to nodules 

number might be that induction of more nodules may provoke a diversion of 

carbohydrate to maintain the metabolic activities of a larger mass of nodules. 

Three genotypes (two highly nodulated i.e. NDC 5-S-10 and NDC 4-

20-4, and one non-nodulated genotypes, ICC1918) were selected on the 

basis of current evaluation. ICC19181 was selected because most of the 

non-nodulated mutants like PM 665 and PM 679 were reported to have 

produced normal root nodules at a temperature of 2°C. Mutants  ICC19181 

(ICC 435M) when grown on at ICRISAT, India, under ambient temperature 

varying between 3 and 32°C during the first 60 days after sowing, did not 

produce root nodules (Singh et. al., 1992). This confirmed the stability in 

resistance of this mutant to a mixture of rhizobium strains that probably 

occurred in the fields.  

The results suggested that nodulation and seed yield of chickpea 

can be improved by inoculation with compatible rhizobia which could be 
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economically feasible to increase chickpea production. It is concluded 

from the current findings that breeding efforts are needed to develop 

chickpea genotypes that nodulate consistently across a wide range of 

chickpea growing regions in Pakistan to overcome nitrogen deficiency 

facing during growing this crop. 
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Expt. 3    Inheritance and linkage studies of nodulation in  

chickpea 
 

4.3.1 Introduction 

Low availability of nitrogen is responsible for limited growth of 

agricultural crops. Synthetic fertilizers like ammonia, nitrate, or urea met at 

least 50% of the global requirement. However, there is great need to exploit 

biological nitrogen fixation which is one of the most important sources of 

nitrogen for agriculture. The primary source of biological nitrogen fixation are 

rhizobium or rhizobia specie and the actinobacterium Frankia spp, Biological 

nitrogen fixation through the endosymbiotic association reduces the need for 

expensive nitrogen fertilizers in legume crops and is an important feature of 

sustainable agriculture. Crops of family leguminocea, like chickpea do not 

respond to high doses of nitrogen fertilizer as they mainly depend upon 

atmospheric nitrogen. During selection of genotypes having high nitrogen 

fixation efficiency was given due consideration when an attempt was being 

made for breeding high yielding genotypes in legumes crops (Bhapkar and 

Deshmukh, 1982) 

In several legumes, genes controlling the formation and function of 

nodules have been identified (Nutman, 1981).  An independent single 

recessive gene, determining the non-nodulation characteristic of chickpea 

mutants PM233, PM665, and PM 679, has also been reported (Devis et al., 

1985; Rupela and Sudarshana, 1986). A genetic locus characterized by 

Mendelian segregation with a major phenotypic effect on nodulation was 

found to govern the nodulation response of soybeans (Devine, 1984). 
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Selection of plants with desirable characters is the basic step of plant 

breeding. However, problems arise in selection of traits, evaluation of which 

is difficult and have to be selected indirectly. That difficulty might be 

overcome by the identification of markers closely linked to the desired traits; 

indirect selection then becomes possible, if location of the desired gene in 

relation to the other is known. Moreover, linkage map of various organisms 

can be constructed with the help of linkage study. 

Two genes said to be linked if they are located on the same 

chromosome. Different chromosomes segregate independently during 

meiosis. Therefore, for two genes located at different chromosomes, we may 

assume that their alleles also segregate independently. The chance that an 

allele at one locus co-inherits with an allele at another locus of the same 

parental origin is 50% and such genes are unlinked. 

Major component of genetic characterization of agronomic crops is 

the evaluation of genetic linkage relationship among agronomically important 

genes. More than sixty mendellian genes controlling morphological 

characteristics such as the shape, color and the size of leaves, flower, fruits, 

and other organs (reviewed by Muehlbauer and Singh, 1987), and the 

formation and function of root nodules (Davis et al.,1986; Devis, 1988) have 

been reported. The unclear allelic relationship among genes described, and 

the inconsistent genetic terminology used by different workers, makes it 

difficult to ascertain how many different linkage groups actually have been 

identified in chickpea (Muehlbauer and Singh, 1987). 

Polymorphic monogenic traits were some of the earliest genetic 

markers used in scientific studies and they may still be best for genetic, 

breeding and plant germplasm management. Although morphological 
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markers are limited in nature but their evaluation neither require complicated 

equipment nor difficult procedures (Singh and Singh, 1992). Morphological 

markers (Monogenic or oligenic) are usually simple, fast and cheap to score 

(Ghafoor, 1999). Some of these traits may serve as genetic markers 

appropriate for plant germplasm management (Stanton et al., 1994). The 

information provided by markers based approach depend on the type and 

number of markers and their linkage relationship (Singh and Singh, 1992) 

Nodulation is an imperative character of legumes due to which 

leguminous plants are capable of growing under nitrogen-limiting conditions. 

Due to the utmost importance of biological nitrogen fixation and high cost of 

synthetic fertilizers, breeding for an efficient nodulation in legume crops is an 

important trait. Information on the inheritance of nodulation would facilitate to 

incorporate this important character in a high yielding and well adapted 

genotypes. Moreover, nodulation can’t be evaluated until plants are 

uprooted, though, this problem can be solved by the identification of a 

marker traits linked to nodulation. In the light of above mentioned facts the 

present experiment was designed with the following objectives 

 

1. To understand the mode of inheritance of nodulation in chickpea. 

2. To know the inheritance pattern of leaf color in chick pea.  

3. To identify linkage among loci controlling nodulation and leaf color.  

 

4.3.2 Materials and Methods 

The selected chickpea genotypes i.e. ICC19181 (non-nodulated with 

dark green leaf color), NDC 5-S10 (nodulated with light green leaf color) and 

NDC 4-20-4 (nodulated with light green leaf color) were hybridized during the 
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chickpea growing season of 2007-08 at PBG department, AUP. In 2008-09 

the F1 generation was raised at NIFA, Peshawar to produce F1,, BC1 (P1) 

and BC1 (P2) seed as per following details: 

  

Parents, F1, F2 and backcross generations were raised in the net 

house of the department of Plant Breeding and Genetics during September 

2009. Data for leaf color and nodulation was recorded after six weeks of 

planting. The distribution of phenotypic classes was tested for goodness-of-

fit through Chi square test. Detailed materials and methods including 

procedure for data collection, data analysis etc has been mentioned in 

chapter 3. 

                                           

                           

  Figure 4.3.1 Chickpea crossed flower;      Figure 4.3.2 Roots of nodulated (left) and non- 
                                                                                        nodulated plants (right) 

 

S.No Cross combination Cross designation 

1 ICC19181 x NDC 5-S-10 Hybrid A (F11) 

2 ICC19181 x NDC 4-20-4 Hybrid B (F12) 

3 (ICC19181 x NDC 5-S-10) x ICC19181 BC11(P1) 

4 (ICC19181 x NDC 5-S-10) x NDC 5-S-10 BC12(P2) 

5 (ICC19181 x NDC 4-20-4) x ICC19181 BC13(P1) 

6 (ICC19181 x NDC 4-20-4) x NDC 4-20-4 BC14(P2) 
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4.3.3 Results 

4.3.3.1 Inheritance of nodulation 

     The results presented in table 4.3.1 for hybrid A (ICC 19181 x NDC 5-

S10) and Table 4.3.2 for hybrid B (ICC19181 x NDC 4-20-4) revealed that all 

F1 plants of both hybrids produced normal nodules (Table 4.3.1) indicating 

dominant gene effect for nodulation in chickpea..  

     The segregation in F2 population for nodulated and non-nodulated 

phenotypes was in the ratio of 3:1 in hybrid A (Table 4.3.2) indicated 

monogenic inheritance of nodulation. The distribution of nodulated and non-

nodulated phenotypes in the backcross progenies (Table 4.3.2) further 

confirmed this result which showed a good fit as 1 Nod+: 1 Nod- the same as 

expected for single gene inheritance.  The chi-square values for F2 data of 

cross ICC 19181 x NDC 5-S10 had probability between 68 - 70%, which 

authenticate the presence of single dominant gene for nodulation or 

monogenic inheritance of nodulation in genotype NDC 5-S10. 

     In hybrid B, F2 segregation for nodulation fit well to the ratio of 15 

nodulated: 1 non-nodulated (Table 4.3.3). This segregation pattern was 

supported by the backcross progenies in which the ratio for nodulated and 

non-nodulated phenotypes showed a good fit to the expected ratio of 3 Nod+: 

1 Nod- (Table 4.3.3). Thus in hybrid B, the nodulation in genotype NDC 4-20-

4 is controlled by two alleles at two independent loci with dominant gene 

action. Normal nodules production in the F1 generations, and segregation of 

backcross and F2 progenies for nodulated and non-nodulated phenotypes 

confirmed that nodulation in genotype NDC 4-20-4 is controlled by duplicate 

dominant genes. The probability of chi-square values for F2 data of cross 
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ICC19181 x NDC 4-20-4 was between 15 - 20% which strongly supports the 

duplicate gene action of nodulation in genotype NDC 4-20-4. 

 

4.3.3.2 Inheritance of leaf color 

F1 population of both the crosses (ICC19181 x NDC 5-S10 and 

ICC19181 x NDC 4-20-4) showed light green color (Table 4.3.1). The F2 

populations segregated for leaf color as light green and dark green. 

Segregating ratios (Table 4.3.4 and 4.3.5) of both F2 populations were in 

good agreement with a Medelian dominant genic model and fit to 3:1 ratio. 

The backcross progenies of both crosses also verified the result of F2 

segregating population by showing a good fit to the ratio of 1 light green: 1 

dark green. Thus it is concluded that the leaf color in chickpea is controlled 

by a single dominant gene. F2 data showed high level of probability for chi 

square values which confirmed the monogenic inheritance of leaf color in 

chickpea. 

 

4.3.3.3 Leaf color Vs nodulation 

Results of both the crosses (ICC19181 x NDC 5-S10 and ICC19181 x 

NDC 4-20-4) presented in table 4.3.6 revealed that there is a close linkage 

between nodulation and leaf color traits. The recombination value between 

genes for leaf color and root nodulation in ICC19181 x NDC 5-S10 cross was 

observed to be 0.1575 + 0.0928 (Table 4.3.6). This showed that the distance 

between two genes is about 15 centi Morgan (cM). On the other hand cross 

ICC19181 x NDC 4-20-4 showed recombination value of 0.264 + 0.084 

among genes responsible for nodulation and leaf color. This suggests that 

the space between genes controlling nodulation and leaf color in genotype 
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NDC 4-20-4 is 26 cM.  From the present study results it is concluded that 

both genes controlling nodulation in genotype NDC 4-20-4 are present on 

the same chromosome and the space between these two genes (responsible 

for nodulation) is 11cM.  

 

 

Table 4.3.1: Morphological markers of parents and their F1 used in linkage studies of 
                     Chickpea 
 

Parents/Hybrids Leaf Color Nodulation 

ICC 19181 l rn 

NDC 5-S10 L RN 

NDC 4-20-4 L RN 

 
ICC 19181 x NDC 5-S10 (F1) 

L RN 

 
ICC 19181 x NDC 4-20-4 (F1) 

L RN 

L = Light green; l = Dark green; RN + Nodulated; rn = Non-nodulated 

 

Table 4.3.2: Nodulation response of non-nodulated (Nod-) and nodulated (Nod+) parents,
                     F1, F2, and backcross progenies of ICC 19181 X NDC 5-S10 cross to 
                     rhizobial inoculation. 
 

           Plants  

Generation 

 

Parent or 
Cross Nod+ Nod- 

 

Expected 
ratio 

 

χ2 

 

<P < 

Parent (P1)  ICC 19181 0 40 -   

Parent (P2) NDC 5-S10 40 0 -   

F1 P1 X P2 27 0 -   

F2 P1 X P2 84 25 3:1 0.14 0.70-0.68 

BC1(P1) F1 X P1 45 39 1:1 0.29 0.70-0.50 

BC1(P2) F1 X P2 48 0 -   

Nod+:=Nodulated; Nod-= Non-nodulated; χ2= Chi Square; <P <= Probability  
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Table 4.3.3: Nodulation response of non-nodulated (Nod-) and nodulated (Nod+) parents,       
F1, F2, and backcross progenies of ICC19181 X NDC 4-20-4 cross to rhizobial       
inoculation 

 

          Plants            
 

Generation 

 

Parent or Cross  

   Nod+ Nod-     

 

Expected 
ratio 

 

χ2 

 

<P < 

Parent (P1) ICC 19181 0 40 -   

Parent (P2) NDC 4-20-4 40 0 -   

F1 P1 X P2 30 0 -   

F2 P1 X P2 105 12 15:1 2.55 0.20-0.15 

BC1(P1) F1 X P1 53 26 3:1 2.22 0.20-0.15 

BC1(P2) F1 X P2 59 0 -   

Nod+:=Nodulaed; Nod-= Non-nodulated; χ2= Chi Square; <P <= Probability                                

 

Table 4.3.4:  Inheritance of  leaf color in light green and dark green leaf colored  parents, F1,

                      F2, and backcross progenies of cross ICC 19181 X NDC 5-S10 
 

           Plants  

Generation 

 

Parent or 
Cross Light 

green 
Dark 
green 

 

Expected 
ratio 

 

χ2 

 

<P < 

Parent (P1) ICC 19181 0 40 -   

Parent (P2) NDC 5-S10 40 0 -   

F1 P1 X P2 27 0 -   

F2 P1 X P2 
78 31 3:1 0.49 0.50 

BC1(P1) F1 X P1 47 37 1:1 0.96 0.50 – 0.30 

BC1(P2) F1 X P2 48 0 -   

χ2= Chi Square; <P <= Probability                                                 
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Table 4.3.5: Inheritance of  leaf color in light green and dark green leaf colored  parents, F1 F2,
                     F2,and backcross progenies of ICC19181 X NDC 4-20-4 cross 
 

Plants 
 

Generation 

 

Parent or Cross Light 
green 

Dark 
green 

 

Expected 
ratio 

 

χ2 

 

<P < 

Parent (P1) ICC 19181 0 40 -   

Parent (P2) NDC 4-20-4 40 0 -   

F1 P1 X P2 30 0 -   

F2 P1 X P2 
88 29 3:1 0.45 0.50 

BC1(P1) F1 X P1 46 33 1:1 1.82 0.30 

BC1(P2) F1 X P2 59 0 -   

χ2= Chi Square; <P <= Probability                                               

  

 

Table 4.3.6: Joint segregation for markers of chickpea F2 population for Leaf color and   
                      nodulation 

Crosses Gene  A- B- A- bb aa B- aa bb Sum χ2 P R+SE 

ICC 19181 x 
NDC 5-S10 

L: N 73 5 11 20 109 42.37 0.00 0.1575+0.092

ICC 19181 x 
NDC 4-20-4 

L: N 85 3 20 9 117 18.084 0.00 0.264+0.084

χ2
: Chi square tests for assuming ratio 9:3:3:1; P:  probability of a greater chi square; SE: Stander error; R: 

Recombination value 
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4.3.4 Discussion 

The results of hybrid A in this study fit to the monohybrid Mendalian 

ratio 3 nodulated: 1 non-nodulated which indicates that nodulation in 

genotype NDC 5-S10 was controlled by a single dominant gene. In chickpea, 

monogenic inheritance in a cross of Annigeri and Rabat genotypes is also 

reported by Singh and Rupela (1998). In another study Devis (1988) got 

similar results from crosses of PM405 and PM 769 (non nodulated mutants 

with ineffective nodulation) with P502 (produce effective nodules), he also 

recorded monogenic inheritance of nodulation in chickpea, fit to monohybrid 

expected ratio of 3 (effective nodules): 1(ineffective nodules). In a cross of 

ICC435M (non-nodulated mutant) with its normal nodulated parent Singh et 

al. (1992) found the same single gene inheritance pattern of nodulation in 

chickpea. In addition to chickpeas, it was found that the nodulation in 

soybeans is also govern by Mendelian segregation with a major phenotypic 

effect in a cross of Kent and Peking with using the fast-growing rhizobial 

strain USDA 205 (Devin, 1984). The F1BC1 data and the highest probability 

level (68-70%) of chi square values also provided strong evidence to support 

the monogenic inheritance of nodulation in genotype NDC 5-S10. 

Results of second cross (hybrid B) revealed normal nodulation of the 

parents, F1 and backcross progenies, and the F2 segregation ( 15 Nod+: 1 

Nod-) for nodulated and non-nodulated phenotypes showed that nodulation 

in genotype NDC 4-20-4 of chickpea is controlled by two independent 

dominant genes. In chickpea, this is the first report about duplicate gene 

action controlling nodulation. Data of backcross progenies (distributed into 1 

Nod+: 1Nod-) strengthened the result of F2 segregating population. Moreover 

the probability level of chi square values of segregating data as well as of 
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backcross data was between 15–20% which strongly support the control of 

nodulation by duplicate gene action in genotype NDC 4-20-4. 

The digenic inheritance behaviour of nodulation in chickpea in the cross 

ICC19181 x NDC 4-20-4 is also confirmed by the molecular characterization 

of genotypes under study in experiment 4. Molecular investigations through 

Simple Sequence Repeats (SSR) or microsatellite markers revealed that the 

two genotypes NDC 5-S10 and NDC 4-20-4 fall into distinct groups in the 

cluster analysis or phylogenetic tree constructed by UPGMA (unweighted 

paired-group method) and by ME (minimum evolution) methods. Principal 

coordinate analysis (PCoA) based on microsatellite allele frequencies also 

showed these two genotypes in completely separate classes. Thus the 

molecular investigations also confirmed the high level genetic diversity 

among these two nodulated genotypes. Therefore it provides evidence of 

different genetic control for nodulation in two chickpea genotypes i.e., NDC 

5-S10 and NDC 4-20-4 in this study and probably other genotypes (may be 

reported by some other investigators in future endeavors).  However, in 

chickpea the presence of two genes for certain other traits like resistance to 

wilt and ascochyta blight and leaf type have been reported.  Duplicate gene 

action (Updhyaya et al., 1983) for the inheritance of resistance to Race 1 of 

Fusarium oxysporum f.sp. ciceris and control of leaf type by two genes 

(Danehloueipoueet et al., 2008) in chickpea further strengthens the results of 

the present project. 

In other crops like pigeon peas, Gallo-Meagher et al. (2001) proposed 

a three gene model for nodulation and suggested that three genes control 

nodulation at three independent loci, with nodulation being a product of two 

genes and inhibited by a third gene when it is dominant and the others are 
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homozygous recessive. In Soybean two dominant alleles were observed to 

control promiscuous nodulation (Gwata et al., 2005). Two duplicate 

recessive genes were also reported by Nigam et al. (1982) that control non-

nodulation in groundnut. Dutta and Reddy (1988) also reported duplicate 

genes action as well as single recessive gene controlled non-nodulation in 

Peanut. They stated that duplicate genes action as well as single recessive 

gene controlled non-nodulation in Peanuts.  

 In the present study leaf color of chickpea showed monogenic 

inheritance in both cross combinations. Previous studies also reported single 

gene inheritance for morphological markers including characteristics of leaf 

(other than color) in chickpea. Davis (1991) reported monogenic inheritance 

for simple leave, filform leave, ineffective nodulation and white color flower 

traits in chickpea similarly Pundir and Reddy (1998) observed single gene 

inheritance for chickpea’s small leaf size and open flower characteristics.  

Results of this study revealed that both the qualitative characters 

(nodulation and leaf color) deviated from the expected Mendelian 

segregating ratio of 9:3:3:1. Monogenic markers are useful in estimating the 

rate of out crossing in predominantly self pollinating crops. They also help in 

identification of F1 hybrids in the breeding programs. In case of complete 

dominance, detection of heterozygotes for morphological markers is not 

possible (Arshad et al. 2005). 

Rare linkage study has been reported among genes controlling 

nodulation with other morphological markers in chickpea.  The first report on 

genetic linkage of a locus controlling nodulation in the higher plants was 

reported by Thomas et al. (1983) who observed linkage between Rj1 locus 

(controlling restricted nodulation) and the F locus (controlling fasciated stem) 
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in soybean (Glycine max L.). Gwata et al. (2005) studied the inheritance of 

nodulation with the help of leaf color in soybean, they found that yellow leaf 

color with non-promiscous nodulation (which forms no or nonfunctional 

nodules) is dominant over green leaf color with promiscuous nodulation 

(which form functional nodules). From plant breeding stand point, such 

method of identifying nodulated genotypes is most rapid, less expensive and 

effective. The present study is the first effort to report linkage between genes 

for nodulation and leaf color in chickpea. In 1991, Davis reported linkage 

between genes for simple leave (slv) and root nodulation (rn3) as well as 

among genes controlling filform leave and open flower (fil and w2) traits of 

chickpea. He also detected loose linkage between w2-fil and slv-rn3 linkage 

groups. Pundir and Reddy (1998) found that two traits i.e. open flower and 

small leaf size in chickpea have monogenic recessive inheritance and both 

the traits have showed some linkage, while flower color and flower type 

revealed no linkage. Linkage was also reported by other scientists between 

characteristics of leaf and nodulation in legumes. Sarker (1999) reported 

linkage of early flowering gene (Sn) with seed coat pattern gene (Scp) and 

tendrilled leaf (Tnl) with colored stem (Gs) in linkage group 1 of lentil 

genome.  

It is concluded from the current study that nodulation in chickpea is 

controlled by a single dominant gene or two dominant genes, depending on 

the nature of germplasm. Leaf color in chickpea also has monogenic 

inheritance. Moreover, the It is concluded from the current study that 

nodulation in chickpea is controlled by a single dominant gene or two 

duplicate dominant genes, depending on the nature of germplasm. It is 

concluded from the current study that nodulation in chickpea is controlled by 



 84

a single dominant gene or two duplicate dominant genes, depending on the 

nature of germplasm. Presence of linkage between genes for nodulation and 

leaf color is of great importance, it could be used efficiently in plant breeding 

programs for rapid- screening method of effective nodulation. 
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Experiment 4   Molecular Characterization of Chickpea     
                        Germplasm using microsatellite markers 

 

4.4.1 Introduction 

 Over recent decades, molecular marker technology has developed into 

a valuable tool for plant breeding. A number of techniques (e.g. RFLP, 

RAPD, AFLP, SSR) can be used as DNA markers linked to traits of interest, 

directing selection towards these markers instead of selecting for a 

phenotype (Edwards and Mogg, 2001). The small genome size (740 Mb), 

and high economic importance as a food crop legume make chickpea an 

important species for genomics research. Molecular markers and linkage 

maps are the prerequisites for undertaking molecular breeding activities. 

However, the progress towards development of a reasonable number of 

molecular markers has been very slow in cultivated varieties of chickpea. 

One of the main reasons for this may be attributed to the low level of genetic 

diversity present in the cultivated gene pools of this species, at least with the 

detection tools that are currently available (Sharma et al., 1995, Rajesh et al, 

2002). Although several genetic linkage maps using various markers and 

genomic tools have become available, sequencing efforts and use of 

available resources have been limited in chickpea genomic research. Among 

various molecular markers currently available, SSR or microsatellite markers 

are often chosen as the preferred markers for a variety of applications in 

breeding because of their multi-allelic nature, co-dominant inheritance, 

relative abundance and extensive genome coverage (Gupta and Varshney, 

2000). As a result, several hundred SSR markers have been developed and 

are available in chickpea (Hüttle et al., 1999; Winter et al., 1999). By 
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examining the vast collection of chickpeas covering a broad geographic 

range, a sufficient amount of genetic variation has been reported (Serret et 

al., 1997; Udupa et al., 1999; Imtiaz et al., 2008; Upadhyaya et al., 2008). 

Together with availability of high density linkage map (Winter et al., 2000), 

highly polymorphic marker system like SSR would be of great value in QTL 

mapping and marker assisted selection for various important traits (Singh et 

al., 2008). 

 Genetic variation not only provides crop varieties with the capacity to 

adapt to various environments, and resistant pests and diseases, but is also 

a necessary resource for improving yield and quality required for food. In 

order to enhance the genetic diversity of cultivars, it is necessary to utilize 

exotic and diverse germplasm in breeding programs. Genetically diverse 

lines provide ample opportunity to create favorable gene combinations, and 

the probability of producing a unique genotype increases in proportion to the 

number of genes by which the parents differ.  

 The objective of the study was to explore the genetic diversity of all the 

composite genotypes of chickpea and also to examine desi and kabuli 

morphs in comparison with each other for their genetic variability. Due to the 

utmost importance of nodulation in nitrogen fixation, restoring soil fertility and 

increased crop production it is important to study the genetics of nodulation 

at molecular level in chickpea also just like other crops (Soybean, 

Medicago). The present study was planned with the following objectives: 

 

1. To investigate the genetic diversity in the composite genotypes of 

chickpea 
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2.  To evaluate genetic variability among desi and kabuli morphs of 

chickpea 

3.  To check the grouping pattern of nodulated and non-nodulated 

genotypes of chickpea. 

 

4.4.2 Materials and Methods 

  A total of 47 genotypes of chickpea were used for this study (Table 

4.4.1). They included 29 Desi and 18 Kabuli genotypes. Seeds of chickpea 

were sown in 27 cm diameter pots containing 7.5 Kg of sandy soil with five 

seeds per pot in a green house. DNA was extracted separately from fresh 

leaves of two-five week-old plants for each genotype using modified CTAB 

method described by Doyle and Doyle (1990). Ten SSR (microsatellite) 

markers including five dinucleotide and five trinucleotide repeats were used 

for genotyping. Primers were labeled with FAM, HEX, and NED fluorescent 

dyes (Applied Biosystems, Foster City, USA). Details’ regarding reaction 

mixture for amplification of markers, cycling parameters for markers 

amplification, capillary electrophoresis and data analysis has been given in 

chapter 3.  

 

4.4.3 Results 

4.4.3.1 Genetic variation 

           All the primer pairs generated reproducible and easily readable 

microsatellite patterns. Eight of the ten primer pairs generated more than two 

alleles (polymorphic), whilst two SSR primer pairs (H1B11 and H6G07) 

amplified only one allele (monomorphic). These two monomorphic loci were 
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excluded from the analysis. A total of 58 alleles were detected in the 47 

genotypes of chickpea (Table 4.4.3). The number of alleles per locus ranged 

from 2 (CaSTMS19) to 16 (H3A10), with the average of 7.4 per locus. The 

effective number of alleles (Ne) ranged from 1.29 (CaSTMS25) to 8.06 

(H3A10) with an average of 3.66. Between Desi and Kabuli morphs, 46 

alleles were found in Desi, and 42 alleles were found in the Kabuli, whilst 30 

alleles were shared by both. A total of 28 private alleles (16 in Desi and 12 in 

Kabuli) were detected. The average numbers of allele per locus in Desi and 

Kabuli morphs were 5.87 and 5.25, respectively, while their mean effective 

numbers were 2.78 and 3.40, respectively (Table 4.4.3). Across all the 

polymorphic loci, 6 alleles (0.3%) of the 58 alleles were classified as rare 

(present at a frequency of <1%), whereas 36 alleles (70.1%) were common 

alleles (1–20%) and 16 alleles (27.6%) were frequent alleles (> 20%). 

 The PIC values ranged from 0.227 (CaSTMS25) to 0.876 (H3A10), with 

an average of 0.636 (Table 4.4.3). Both CaSTMS markers showed relatively 

low PIC values. The average PIC was 0.582 in Desi and 0.577 in Kabuli, and 

these values were very similar. AMOVA was used to partition the genetic 

variation between morphs, between individual genotypes within each morph 

and within individuals (Table 4.4.4). Significant differentiation (RST = 0.239, P 

≤ 0.001) was obtained between the two morphs. 

 Segregating loci were detected in 14 of our composite chickpea 

genotypes, ranging from 1 to 5 loci per genotype with an average 

heterozygosity from 0.125 to 0.625 (Table 4.4.1). This resulted in an overall 

mean heterozygosity of 0.088. 
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4.4.3.2 Genetic relationship among genotypes 

The UPGMA tree based on the genetic distance (Fig. 1a) shows 

that all the genotypes were divided into 6 monophyletic groups (A, B, C, D, E 

and F) and 2 outliers (genotype ICC19183 and ICC19181). Group A consists 

of 3 Desi (genotypes NDC-122, Karak 1 and Sheenghar) and 1 Kabuli 

(Hassan 2K) genotype. Genotypes Karak 3 and Sheenghar were the local 

collections of Karak, Pakistan. Groups B (7 genotypes) and C (10 genotypes) 

both consist of only Desi lines. Among Group B genotypes, NDC-727, NDC 

4-15-1, NDC 4-15-3, NDC 4-20-3 and NDC 4-20-4 were derived from the 

same induced mutation line (C-44), while NDC 15-3 and NDC 15-4 were 

from another induced mutation line (Pb-91). Nine genotypes (NDC 728-5, 

NDC 730-2, NDC 15-1, NDC 15-2, NDC 4-15-2, NDC 4-20-1, NDC 4-20-2, 

NDC 4-20-5, NDC 4-20-6, and 2NIFA 2005) in Group C had the same 

parentage of C-44, with genotype NIFA 2005 located in the basal position. 

Group D includes 12 genotypes containing six Desi (NDC 4-20-7, NDC 5-

S10 to NIFA 95) and eight Kabuli (NKC 10-99 to NKC 5-S13, NKC 5-S15 to 

NKC 5-S19) genotypes. Lines NKC 5-S15 and NKC 5-S16 had the same 

parental origin. Group E is composed of seven Kabuli lines (genotypes NKC 

5-S14, NKC 5-S20 to NKC 5-S24 and ICC4993) with genotype ICC4993 

(local collection from Morocco) in the basal position. All the genotypes 

included in the Group F are the local collections from Karak, Pakistan, and 

this group consists of two Desi (Karak 1 and Karak 2) and one Kabuli 

(Lawaghar) genotype. The genotypes ICC19183 and ICC19181 are basal in 

the tree. The UPGMA tree locates the root at the middle point of the branch 

connecting genotype 47; however, the branching associations among the 

groups are ambiguous because they are connected with very short 
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branches. Bootstrap values for all these branches are very low (less than 

50%). 

 An ME tree was constructed and is shown in Fig. 1b. In this tree, six 

monophyletic groups (A', B', C', D', E' and F') were recognized. Genotype 

NDC-727 was a sister to the cluster of Groups A' and B'. These groupings 

are mostly the same as the grouping of the UPGMA tree (Group A in 

UPGMA corresponds to A' in ME, and so on) with some minor differences. 

Genotype ICC4993 in Group E of the UPGMA tree was displaced to Group 

A' in the ME tree. Genotype ICC19181 was included in Group B' in the ME 

tree. The composition of Group C' in the ME tree is the same as for Group C 

in the UPGMA tree. Genotype NKC 5-S16, which was in Group D of the 

UPGMA tree, was included in Group F' in the ME tree. Genotype NKC 5-

S12, which was in Group E' of the ME tree was in Group D in the UPGMA. 

Branching associations among the groups in the ME tree were very different 

from that of the UPGMA tree, reflecting ambiguous associations among the 

groups. Non-nodulating lines (genotypes ICC4993, ICC19183, ICC4918 and 

ICC19181) were not closely related in either of the trees.  

The genetic relationships among 47 chickpea genotypes were also 

determined using PCoA of GD estimates and are presented in figure 3. The 

first (PC 1) and the second (PC 2) principal coordinate axes accounted for 

28.12% and 42.70% of the total variation, respectively. So the first two 

components of the PCoA between chickpea genotypes represented 70.82 %( 

71%) of the variance, therefore PCoA was useful for graphical 

representation, as it adequately summarize the microsatellite data. The two 

axes separated the chickpea genotypes into 6 groups, with three outliers, 

line number 31, 46 and 49(fig 3). Grouping of PCoA was same to that of 
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cluster analysis. Group A'' include three Desi and one Kabuli genotypes. The 

genotypes of group B in cluster analysis were distributed into two  

groups in PCoA that is group B'' and B'''. Group C'' of PCoA is 

comparable to the group C of cluster analysis (UPGMA tree) containing ten 

desi genotypes. There were 13 genotypes in group D'', this group was also 

identical to group D of cluster analysis. Group E'' consisted of eight 

genotypes, identical to cluster analysis only genotypes NKC 5-S15 (30) 

which was in group A in cluster analysis fell into group E'' in PCoA, may be 

due to some statistical error. Group F'' of PCoA was indistinguishable from 

group F of cluster analysis. The non-nodulated lines 46, 49 and the 

nodulated genotype 31 remains as an out liar in PCoA, this is also 

comparable with UPGMA which showed genotype 49 as an out liars.  

 

4.4.3.3 Grouping of chickpea genotypes based on morphological        
             traits 
 
            Means of the 4 morphological traits in Desi and Kabuli genotypes are 

shown in Table 4.4.5 with their standard errors. ANOVA showed that there 

were significant difference in the number of leaflets and nodules per plant. 

Both were larger in Desi genotypes. Correlations among the 4 morphological 

traits (number of nodules per plant, seed weight, number of leaflets per leaf, 

and leaf area) are summarized in Table 6. Nodulation was significantly 

positively correlated with the leaf area and the leaflet number (P ≤ 0.01 for 

both). The correlation between leaf area and leaflet number was also highly 

significant (P ≤ 0.01). The seed weight did not show any significant 

correlation with any of the other traits. PCA was performed based on the 

covariance matrix. PCA based on the 4 morphological traits allocated 72.1% 
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and 16.4% of the variance to Principal component 1 (PC1) and PC2, 

respectively, accounting for 88.5% of the total variance (Table 7). Nodule 

number showed the largest eigenvector for PC1. Similarly, leaf area and 

leaflet number were the first and second largest eigenvectors for PC2, 

respectively. Using PC1 and PC2 as X and Y axes, respectively, chickpea 

genotypes were clustered graphically as shown in Fig. 2. This clearly 

differentiates the Nod– genotypes as an isolated group from the Nod+ 

genotypes. Among the Nod+ genotypes, Desi and Kabuli genotypes formed 

overlapping groups, but their center was clearly distinguished.  
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Fig.4.4.1 

Figure 4.4.1. (a) UPGMA tree showing phylogenetic relationship between 47 chickpea 

genotypes. (b) ME tree showing phylogenetic relationship between 47 chickpea genotypes. 

In both trees branch length is proportional to the genetic distance.  
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Fig. 4.4.2 

 

Figure 4.4.2. Scatter plot of principal component analysis based on 

morphological data. PC1: principal component 1; PC2: principal component 

2. Dotted line and dashed line circles show the 90% density ellipse of Nod+-

Desi and Nod+-Kabuli genotypes, respectively. The genotypes with asterisk 

show Nod- genotypes with 90% density ellipse of solid line. 
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Figure 4.4.3 
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Figure 4.4.3: Scatter plot of principal coordinate analysis based on 

microsatellite allele frequencies. PC1: principal coordinate 1; PC2: principal 

coordinate 2. Circles show the clusters shown by alphabets. A=3 Desi & 1 

Kabuli, B=  4 Desi, B’= 3 Desi, C=10 Desi, D= 6 Desi & 7 Kabuli, E= 8 Desi, 

and F=2 Desi & 1 kabuli 
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Table 4.4.1  Description of chickpea genotypes used in this study 

No. Entry Phenotype Genoty
pe ParentageA Origin HB 

1 NDC-122 Desi Nod+ C-44 × ILC-195 NIFA 0
2 NDC-727 Desi Nod+ C-44/M NIFA 0.25
3 NDC-728-5 Desi Nod+ C-44/M NIFA 0.375
4 NDC-730-2 Desi Nod+ C-44/M NIFA 0.125
5 NDC-15-1 Desi Nod+ Pb-91/M NIFA 0
6 NDC-15-2 Desi Nod+ Pb-91/M NIFA 0
7 NDC-15-3 Desi Nod+ Pb-91/M NIFA 0
8 NDC-15-4 Desi Nod+ Pb-91/M NIFA 0
9 NDC-4-15-1 Desi Nod+ C-44/M NIFA 0
10 NDC-4-15-2 Desi Nod+ C-44/M NIFA 0
11 NDC-4-15-3 Desi Nod+ C-44/M NIFA 0
12 NDC-4-20-1 Desi Nod+ C-44/M NIFA 0
13 NDC-4-20-2 Desi Nod+ C-44/M NIFA 0.375
14 NDC-4-20-3 Desi Nod+ C-44/M NIFA 0
15 NDC-4-20-4 Desi Nod+ C-44/M NIFA 0.5
16 NDC-4-20-5 Desi Nod+ C-44/M NIFA 0.125
17 NDC-4-20-6 Desi Nod+ C-44/M NIFA 0
18 NDC-4-20-7 Desi Nod+ C-44/M NIFA 0.125
19 NDC-5-S10 Desi Nod+ JG74 × ICC12071 ICARDA 0
20 NDC-5-S11 Desi Nod+ JG74 × ICC12071 ICARDA 0.375
21 NIFA-88 Desi Nod+ 6153 NIFA 0
22 NIFA-95 Desi Nod+ 6153/M NIFA 0.125
23 NIFA-2005 Desi Nod+ Pb-91/M NIFA 0

24 NKC-10-99 Kabuli Nod+ 
FlIP98-138C × 
SEL99TH15039 

ICARDA 0 

25 NKC-5-S12 Kabuli Nod+ 
BAHODIR × 
SEL99TER85530 ICARDA 0 

26 NKC-5-S13 Kabuli Nod+ SEL99TH15039 × S98008 ICARDA 0.25
27 NKC-5-S14 Kabuli Nod+ SEL99TH15039 × S98008 ICARDA 0.125
28 NKC-5-S15 Kabuli Nod+ FLIP98-15C × S98033 ICARDA 0.375

29 NKC-5-S16 Kabuli Nod+ 
S99456 × 
SEL99TER85314 

ICARDA 0.625 

30 NKC-5-S17 Kabuli Nod+ 
S99456 × 
SEL99TER85314 

ICARDA 0 

31 NKC-5-S18 Kabuli Nod+ (ILC4291 × FLIP98-129C) 
× S98008 

ICARDA 0.375 

32 NKC-5-S19 Kabuli Nod+ 
(ILC4291 × FLIP98-129C) 
× S98008 

ICARDA 0 

33 NKC-5-S20 Kabuli Nod+ 
FLIP98-138C × 
SEL99TH15039 ICARDA 0 

34 NKC-5-S21 Kabuli Nod+ 
GLK95069 × 
SEL99TER85530 

ICARDA 0 

35 NKC-5-S22 Kabuli Nod+ 
CA9783007 × 
SEL99TER85534 

ICARDA 0 

36 NKC-5-S23 Kabuli Nod+ 
CA9783007 × 
SEL99TER85534 

ICARDA 0 

37 NKC-5-S24 Kabuli Nod+ 
CA9783007 × 
SEL99TER85534 

ICARDA 0 

38 HASSAN-2K Kabuli Nod+ ILC-195/M NIFA 0
39 Karak 1 Desi Nod+ Local selection Karak 0
40 Karak 2 Desi Nod+ Local selection Karak 0
41 Karak 3 Desi Nod+ Local selection Karak 0
42 Sheenghar Desi Nod+ Local selection Karak 0
43 Lawaaghar Kabuli Nod+ Local selection Karak 0 
44 ICC 4993 Kabuli Nod– Rabat Morocco 0
45 ICC 19183 Kabuli Nod– ICC 4993NN ICRISAT 0
46 ICC4918 NN Desi Nod– Annigeri India 0
47 ICC19181NN Desi Nod– ICC 435NN ICRISAT 0
 

AThe lines indicated by /M is mutation induction lines. 
BHeterozygosity. 
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Table 4.4.2  Primers used for amplifying chickpea microsatellite regions 

Locus Primer Sequence (5'-3') Annealing 
temp. 

Motif Repeat

H1116 F GACATGAAATTCGGTGCATT 52°C  GA 20

 R AACGCCCTAAACCTCTTGGT  

H1F17 F GGGGAGGAAGAAGATGGAA 48°C TA 27

 R GCGTTATGGGTGGAAATGGTA  

H3C06 F AATTTCGTGAATCATTAAAAATAGAGG 55°C TAA 23

 R CACATGACTATCTAGACATTTTATTTATC  

H3A10 F TTTAAGGCTTCAGGTATTGATTTCT 55°C TTA 24

 R TCACACATGCCAACTTAAAATAAAA  

H3A07 F GCGACACCTATTCCTCTTTTCTA 58°C TTA 20

 R TCATTTTTGGAATATTTTAGTGACAA  

H2J09 F AACGAAAAACAAGGGAGAAAAA 52°C GA 18

 R TATTTCTTTGACTCCCCCTAACTT  

H1B11 F GCAGCTGTTGACATCTAATTTTG 60°C TAA 20

 R ACCGAAAACACTTGTGATTGTTA  

H6G07 F TCTATCAGAGATATTAAGTTGAACG 60°C TAA 23

 R CGTGACAGAATTAGCCTCTTGT  

CaSTMS19 F TGAAGCTGGGGGTTCCTTG 50°C AT 15

 R TCAATTGAGTCGCGACGAGAG  

CaSTMS25 F TACACTACTGCTATTGATATGTGGT 50°C CT 19

 R GACAATGCCTTTTTCCTT  
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Table 4.4.3  Genetic diversity statistics of chickpea genotypes 

 Locus 

 
Paramet

ersA 
H1116 H1F17 H3C06 H3A10 H3A07 H2J09 CaSTMS19 CaSTMS25 Mean 

All Genotypes 

 N 47 47 47 47 47 47 47 47 47 

 Na 5 7 12 16 6 7 2 3 7.37 

 Ne 3.261 3.648 5.381 8.062 3.344 2.543 1.641 1.294 3.66 

 PIC 0.693 0.726 0.814 0.876 0.701 0.607 0.39 0.227 0.636 

Kabuli vs Desi 

Desi N 29 29 29 29 29 29 29 29 29 

 Na 4 7 10 10 5 6 2 2 5.87 

 Ne 2.346 3.228 3.526 5.021 2.339 2.507 1.859 1.312 2.78 

 PIC 0.574 0.69 0.716 0.801 0.573 0.601 0.462 0.238 0.592 

Kabu

li 
N 

18 18 18 18 18 18 18 18 18 

 Na 3 5 8 12 5 4 2 3 5.25 

 Ne 2.418 2.582 2.838 7.714 3.682 2.445 1.246 1.256 3.40 

 PIC 0.586 0.613 0.829 0.87 0.728 0.591 0.198 0.204 0.577 

           

AN, no. genotypes examined; Na, actual number of alleles; Ne, effective 

number of alleles; PIC, polymorphic information content. 
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Table 4.4.4   AMOVA analysis of microsatellite data of chickpea genotypes 

SourceA d.f. SSB MSC Est. Var.D % 

Among 
morphs 1 7087.7 7087.7 140.7*** 24% 

Among 
genotypes 45 37647.6 836.6 389.3*** 66% 

Within 
genotypes 47 2725.5 58.0 58.0*** 10% 

Total 93 47460.9  588.0     100% 

   

*** Significant at P ≤ 0.001. 

 AMorphs are Desi and Kubuli. 
BSum of square. 
CExpected mean square. 
DEstimated variance. 
 

 

Table 4.4.5 ANOVA for the 4 morphological traits of chickpea genotypesA       

*** P ≤ 0.001 

ANon-nodulated lines are excluded from the analysis of nodulation. 
BThe values are mean ± standard error. 
CF-ratio testing the difference of Desi and Kabuli genotypes. The numbers in 
parenthesis are the degree of freedom. 
 

 

 

MeanB  

 Leaf area (cm2) Leaflet/plant 
Seed weight 
(g) 

Nodule/plant 

Desi 7.14 ± 0.159 14.3 ± 0.098 
0.719 ± 
0.0165 

8.89 ± 0.414 

Kabuli 7.06 ± 0.202 12.9 ± 0.125 0.747 ± 
0.0209 6.04 ± 0.538 

F-ratioC 0.0878 (1, 45) 74.14 (1, 45)*** 1.116 (1, 45) 17.60 (1, 41)*** 
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Table 4.4.6  Correlation among four morphological traits of chickpea  

                     genotypes 

 Leaflet Seed weight Nodulation 

Leaf area 0.3971** 0.0532 0.4365** 

Leaflet  0.0024 0.4307** 

Seed 
weight   –0.0699 

** P ≤ 0.01    

  

 

Table 4.4.7  Principal component analysis on four morphological traits of   

                     chickpea genotypes 

 PC1 PC2 PC3 PC4 

Eigenvalue 11.5216 2.6242 1.7774 0.0614 

Percent 72.0793 16.4170 11.1196 0.3841 

Cum. 
Percent 72.0793 88.4963 99.6159 100.0000 

Eigenvector 

Leaf 0.29749 0.68135 –0.66861 0.01471 

Leaflet 0.28387 0.60556 0.74345 –0.00211 

Seed weight –0.00377 0.01524 –0.00814 0.99984 

Nodulation 0.91154 –0.41088 –0.01335 0.00959 
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4.4.4     Discussion 

A collection of chickpea experimental lines for breeding programs 

was evaluated for their genetic variation, especially between Desi and Kabuli 

genotypes. All the SSR markers examined were selected randomly from 

previously published data. In this study, 8 out of the 10 selected SSR 

markers showed polymorphism in our 47 chickpea genotypes. The allele 

number per locus ranged from 2 to 16, averaging 7.32, and with PIC values 

of 0.227–0.876, averaging 0.636. These values are lower than those 

observed by Udupa et al. (1999), who reported an average number of alleles 

of 14.1 per locus and an average PIC of 0.86 for 12 SSR loci in 78 genotypes 

of chickpea including 72 landraces, 4 cultivars and 2 wild species of the 

primary gene pool (i.e. C. reticulatum and C. echinospermum). Similarly, 

Imtiaz et al. (2008), who evaluated 48 genotypes of chickpea comprising 

cultigens, landraces, and wild relatives using 21 SSR loci, detected an 

average of 16.9 alleles per locus and an average PIC value of 0.82. In a 

more comprehensive study, Upadhyaya et al. (2008) examined 2915 

genotypes from a vast collection of chickpea germplasm maintained in two 

gene banks in ICRISAT and ICARDA using 48 SSR markers. They reported 

that the number alleles per locus ranged from 14 to 67, with an average of 

35, and PIC values from 0.467 to 0.974, averaging 0.854. In comparable 

soybean studies, Narvel et al. (2001) reported an average of 10.2 alleles per 

locus among 79 genotypes including 39 elite genotypes (Elites) and 40 plant 

introductions (PIs) using 74 SSR loci. Average marker diversity among the 

PIs was 0.56 and that of the Elites was 0.50. Likewise Wang et al. (2006) 

calculated an average of 12.2 alleles per locus for 129 Chinese soybean 

genotypes using 60 SSR loci and the PIC among genotypes varied from 0.5 
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to 0.92 with a mean of 0.78. Although allele number is very much dependent 

on sample size, the possible explanation for the lower observed PIC value in 

our study could be that most of the genotypes were advanced-generation 

laboratory stocks derived from a limited number of parental lines or hybrids, 

whereas many of the studies cited above used a larger number of genotypes 

from geographically diverse areas including landraces and wild relatives. 

However, the materials used here still reveal a considerable amount of 

genetic variation. PIC values for the induced mutation lines derived from C-

44 was 0.443 and from Pb-91 was 0.422. These contain about 50% of the 

variation that resides in the world collections of chickpea (Upadhyaya et al., 

2008), and the SSR markers could effectively discriminate the lines derived 

from a same parental line. Thus the microsatellite technique proved to be a 

useful system for managing our experimental lines. Our result also showed 

the average heterozygosity of 0.088, which is rather high compared with 

reported range between 0 and 1% in chickpea natural cross-pollination 

(Singh, 1987). In this study, extensive care was taken to avoid inadvertent 

seed mixture and a single plant from each genotype was selected and used 

for DNA extraction and analysis. Probably in some lines, especially in the 

lines of hybrid origin, genetic materials are still segregating. 

 Desi and Kabuli genotypes showed clear morphological difference 

especially in the leaflet number and nodule number (Table 5, and Fig. 2). 

The average PIC values for Desi and Kabuli morphs were 0.582  0.061 and 

0.577  0.090, respectively, which are not significantly different from each 

other. Although significant differentiation in their allele frequency constitution 

was shown by AMOVA (Table 4), Desi and Kabuli groups were not clearly 

divided in UPGMA and ME phylogenetic trees (Figs. 1a and 1b). Some 
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genotypes formed monophyletic groups in phylogenetic tree such as in 

Group B and Group C for Desi genotypes and Group E for Kabuli genotypes 

in UPGMA tree, but others are paraphyletic (Fig. 1a). Apparently in our 

study, some genotypes were derived from hybrids between Desi and Kabuli 

lines (such as genotypes 1, 19, and 20), so that they made a group of 

mixture with both types. In the study of Upadhyaya et al. (2008) with 2915 

genotypes including 1668 Desi and 1167 Kabuli groups, Desi and Kubuli 

genotypes are largely separated but include some paraphyletic members. 

This probably shows that these two groups have not been completely 

isolated and occasional hybridization between the two morphs might have 

occurred.  

 AMOVA also showed significant differentiation between Nod+ and Nod– 

genotypes (RST = 0.270, P ≤ 0.01); however, Nod– genotypes are not 

monophyletic in either the UPGMA, ME trees or PCoA (Figs. 1a, 1b and 3). 

Probably mutations causing non-nodulation had occurred independently in 

different genetic backgrounds. Rupela (1992) reported that the frequency of 

Nod– plants in 4 Nod+ genotypes ranged from 120 to 490 per million. He also 

reported that Nod– selections were indistinguishable from their respective 

parents for plant growth except for nodulation, and yielded similarly to their 

Nod+ genotypes when supplied with 50 to 100 Kg N/ha, but on a low-N field, 

the Nod– plants were light green and grew poorly. Singh et al. (1992) 

reported that a new Nod– mutation that occurred in 1 genotype (ICC435) was 

inherited in Mendelian recessive manner, but was non-allelic to the formerly 

reported mutants, and suggested that there are at least 6 loci controlling 

nodulation. This verifies the high mutation rate observed for this character. 
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 The high level of variability observed in microsatellite markers makes 

them suitable for application in identification of germplasm of local varieties, 

cultigens and cultivars (Udupa et al., 1999). Here, we have shown that all, 

but 3 pairs (genotypes 5 and 10, genotypes 11 and 14, and genotypes 21 

and 26, Figs. 1a and 1b), could be readily distinguished with these 

microsatellite markers. Since the number of markers we used was very 

limited, using a larger number of markers in even more closely related lines 

could certainly improve resolution. Thus, this method is extremely useful for 

breeding programs that utilize induced mutation lines and lines of hybrid 

origin. 
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SUMMARY 

Total of 49 genotypes of Chickpea (Cicer arietinum L) were procured 

from various organizations for Genetic and Molecular Analysis of Nodulation. 

Two accessions failed to germinate and evaluation was made on 47 

genotypes. Out of 47 genotypes, 36 were from Institute for Food and 

Agriculture (NIFA), Peshawar, five from Gram Research Station (GRS), 

Ahmedwala Karak, and four from International Crops Research Institute for 

Semi-Arid Tropics (ICRISAT), India. 

Characterization of genotypes for quantitative and qualitative traits, 

and inheritance and linkage study of nodulation were carried out at the KPK 

Agricultural University Peshawar and NIFA, Peshawar. These genotypes 

were also characterized at molecular level, in the Forest Resource Biology 

laboratory Ehime University, Matsuyama, Japan.  

All genotypes were characterized under field conditions using 

Randomized Complete Block Design (RCBD) with three replications for 

morphological markers (i.e. anthocyanin pigmentation on stem, flower and 

seed coat color) and for quantitative traits (i.e., days to 50% flowering, days 

to maturity, leaf area, number of leaflets leaf,-1 plant height, biological yield, 

seed yield plant-1and 100 seed weight). The experiment was also conducted 

in pots using Complete Randomized Design (CRD) with three replications 

with two treatments (with and without rhizobium inoculation), to evaluate 

genotypes for nodulation, number of nodules plant-1 and to study the effect of 

rhizobium leguminosarum inoculation on nodules plant-1 and seed yield 

plant-1.  
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  Based on morphological markers, the germplasm was grouped as 

desi (pink flower, green with purplish tings stem and colored seed coat) and 

kabuli type genotypes (white flower, green stem and white seed coat). The 

germplasm showed significant variation and high broad sense heritability for 

all quantitative traits. Genotypes from NIFA, and GRS produced nodules 

while accessions from ICRISAT did not produce nodules. Two genotypes 

NDC 5-S10 and NDC 4-20-4 produced the maximum number of nodules 

plant-1 and were selected for inheritance and linage study along with 

genotype ICC 19181 (non-nodulated). 

Inheritance of nodulation and its linkage with leaf color in chickpea was 

thoroughly studied using F1, F2, backcross-I (BC11) and backcross-2 (BC12) 

using two cross combinations i.e., ICC 19181(Nod- and dark green leaves) x 

NDC 5-S10 (Nod+ and light green leaves) - Hybrid A and ICC 19181 x NDC 

4-20-4 (Nod+ and light green leaves) - Hybrid B. The hybrid A showed 

dominant monogenic inheritance for nodulation, while hybrid B showed 

duplicate gene action nodulation. This clearly shows that the nodulated 

genotypes of both crosses have different genetic background for nodule 

formation; molecular analysis also placed these genotypes in separate 

clusters. Both hybrid A and hybrid B revealed single gene dominant 

inheritance for light green leaf color. Linkage was detected between the loci 

for nodulation and leaf color in the F2 population of both the crosses. 

Nodulation and light green leaf color were dominant over Nod- and dark 

green leaf color in F1. In F2 population this segregation was diverted from the 

normal ratio of 9:3:3:1, which is an indication of linkage between these two 

loci. The recombination values (0.15 and 0.26) shows that the loci of 

nodulation and leaf color are residing on the same chromosome in genotype 
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NDC 5-S10 and NDC 4-20-4. In genotype NDC 5-S10 genes of nodulation 

and leaf color are at the distance of 15 cM, while In NDC 4-20-4 both genes 

of nodulation and gene of leaf color looks like to be on one chromosome one 

nodulation gene is at the distance of 15 cM and other at 26 cM from the gene 

of leaf color.  

 Molecular characterization (with 10 SSR markers) revealed high level 

of polymorphism in 47 accessions of chickpea. Rreproducible and easily 

readable microsatellite patterns were recorded for all the primer pairs. Eight 

primers were polymorphic (more than two alleles), whilst two primer pairs 

(H1B11 and H6G07) were monomorphic (amplified only one allele). These 

two monomorphic loci were not included in the analysis. The number of 

alleles locus-1 ranged from 2 (CaSTMS19) to 16 (H3A10), with the average 

of 7.4 locus-1. The effective number of alleles (Ne) ranged from 1.29 

(CaSTMS25) to 8.06 (H3A10) with an average of 3.66 locus-1. A total of 46 

alleles were found for desi, and 42 alleles for kabuli, whilst 30 alleles were 

shared by both. The average number of alleles locus-1 were 5.87 in desi 

types in which 2.78 were effective on average basis. In kabuli morphs, the 

average was 5.25 alleles locus-1in which mean effective number of alleles 

was 3.40. The Polymorphic Information Content (PIC) values ranged from 

0.227 (CaSTMS25) to 0.876 (H3A10), with an average of 0.636. Among 

chickpea accessions, 14 showed segregating loci ranging from 1 to 5 loci 

genotype-1 with an average heterozygosity from 0.125 to 0.625. Thus the 

overall mean heterozygosity was 0.088. 

 Genetic relationship among accessions was checked by Unweighted 

Pair-Group Method using Arithmetic averages (UPGMA), the Minimum-

Evolution method (ME) and Principal Coordinate Analysis (PCoA). The 
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cluster analysis through these three methods revealed same grouping as 

were determined through molecular characterization with negligible 

deviations. Branching associations between groups in the UPGMA tree were 

very different from that of the ME tree, reflecting ambiguous associations 

among the groups. Non-nodulating lines ICC4993, ICC19183, ICC 4918 and 

ICC19181 were not closely related in either of the trees. PCoA also revealed 

almost same grouping of genotypes as UPGMA and ME analysis. Significant 

variations between nodulated (Nod+) and non-nodulated (Nod–) accessions 

were also reported in AMOVA (RST = 0.270, P ≤ 0.01); however, Nod– 

accessions are not monophyletic in either the UPGMA or ME trees. Thus 

non-nodulated genotype ICC 19181 and two nodulated genotypes NDC 5-

S10 and NDC 4-20-4 were selected for hybridization to study the inheritance 

of nodulation in chickpea 
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Conclusions 

 

The following conclusions have been drawn from the present investigations 
 
 

1. Chickpea genotypes showed considerable variability for various 

morphological markers, number of nodules plant-1 and quantitative 

traits. Most of the traits revealed high heritability estimates. 

2. Number of nodules and seed yield plant-1 increased extensively with 

rhizobium inoculation.  

3. Cluster analysis showed monophyletic as well as paraphylatic groups, 

revealing that desi and kabuli genotypes are not separated 

completely. Although AMOVA revealed significant differentiation in 

their allele frequency constitution. 

4. Nodulated and non-nodulated genotypes showed significant     

differences; yet non-nodulated genotypes are not monophyletic in 

either cluster analysis. Perhaps mutations causing non-nodulation 

had occurred independently in different genetic backgrounds.   

5. In chickpea nodulation is controlled by a single dominant gene     

(monogenic) or two dominant genes (duplicate gene action),     

depending on the nature of genotype.  

6. Genes responsible for nodulation are located on the same      

chromosome and are linked to the gene that controls leaf color in 

chickpea.  

 

 

 



 110

RECOMMENDATIONS 

 

1. Genetic diversity recorded among genotypes could be utilized 

effectively for further investigations regarding genetic background of 

various traits including nodulation parameters and in crop 

improvement programs 

2. Hybridization among the two groups (desi and kabuli) of chickpea 

could be used successfully for development of the  crop in terms of 

high production, nitrogen fixation etc 

3. Leaf color of chickpea can be used as an indicator marker for 

presence/absence of nodules. It can further enhance use of other 

morphological markers in construction of more linkage groups in 

chickpea. 

4. The genotypes used in inheritance study and the results obtained 

could be useful in conducting further studies on nodulation in 

chickpea. 
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APPENDICES 

ANALYSIS OF VARIANCE TABLES 

 

Table A1: Days to 50% flowering 

 

Source of               Degree of          Sum of              Mean           F.value     Probability 
     
variance                 freedom            square              square  

Replication                  2                   50.90                  25.45           5.83            0.0041 
 
Genotype                   46                8585.74      186.64    42.53        0.0001** 
 
Error                            92                 401.75                 4.36 
 
Coefficient of Variation: 1. 9% 
    

 

Table A2: Days to Maturity 

 

Source of               Degree of          Sum of            Mean          F.value    Probability 

variance                 freedom            square              square  

Replication                      2              24.55                  12.27            2.13         0.12 
 
Genotype                       46           1766.55               38.40             6.67       0.0001** 
 
Error                               92             529.44                5.75 
 

Coefficient of Variation: 1.4% 

 

 

 Table A3: Plant height 

 

Source of               Degree of          Sum of              Mean            F.value          Probability 

variance                 freedom            square              square  

Replication                   2                1.80                   0.900               0.06           0.94 
 
Genotype                   46               11962.46          260.05             60.42       0.0001** 
 
 Error                          92                 1337.53            14.53           
 
Coefficient of Variation: 5.7 % 
  



 128

Table A4: Leaf lets leaf-1 
 

Source of               Degree of          Sum of            Mean            F.value       Probability 
variance                 freedom            square              square  

Replication                  2                 1.1489362       0.5744681       0.68            0.5112 
 
Genotype                 46                 396.49              8.61                 10.14           0.0001 
 
Error                          92                  78.1843972  0.8498304  
 
Coefficient of Variation: 6.67% 

 

 

Table A5: Leaf area 

 

Source of               Degree of          Sum of              Mean            F.value       Probability 
variance                 freedom            square              square  

Replication                2                       0.91                0.45                  0.20              0.81 
 
Genotype                 46                    418.48              9.09                  4.07             0.0001 
 
Error                         92                    205.51              2.23 
 
Coefficient of Variation: 21% 

 

 

Table A7: Seed yield plant-1  

 

Source of               Degree of          Sum of            Mean            F.value       Probability 
variance                 freedom            square              square  

Replication                  2                  7.29  3.64  0.55  0.57 
 
Genotype                  46                 3254.87             70.75                10.74      0.0001 
 
 Error                         92                  606.26 6.58  
 
Coefficient of Variation: 24.2 % 
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Table A6: 100 Seed weight 

 

Source of               Degree of          Sum of            Mean            F.value       Probability 
variance                 freedom            square              square  

Replication             2                3.50                        1.75             0.29              0.74 
 
Genotype                  46               4049.16                 88.02           120.17             0.0001 
 
Error                          92               546.44                   5.93 
 
Coefficient of Variation: 23% 

  

 

Table A8: Biological yield plant-1 

 

Source of               Degree of          Sum of            Mean             F.value       Probability 
variance                 freedom            square              square   

Replication                 2  21.64  10.82  0.80   0.45  
 
Genotype                  46               16530.73           359.36               447.09        0.0001 
 
Error                         92                   1242.56         13.50 
 
Coefficient of Variation: 12 % 

 

 

Table A9: Number of nodules plant-1 

 

 
Source of               Degree of          Sum of            Mean            F.value       Probability 
variance                 freedom            square              square   

 
Genotype                     42             573,20               13.64               4.38             0.0001 
 
 
Error                              86            268.12                3.11 
 
Coefficient of Variation: 22.54% 
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Table A9: Rhizobium effect on number of nodules plant-1 

 

Source of          Degree of             Sum of                   Mean             F.value      Probability 

 variance             freedom              square                   square 

           

   A                                1                 648.37                 648.37              295.45         0.0001           

   B                               42             1202.94                  28.64                 13.05          0.0001           

  A*B                            42               336.64                   8.01                    3.65          0.0001           

  Error                        172              337.46                   2.19 

 
 Coefficient of Variation: 15.73% 

 

 

Table A10: Rhizobium effect on seed yield plant-1 

 

Source of         Degree of           Sum of                     Mean           F.value      Probability 

variance           freedom              square                     square  

 

   A                             1                  1104.01                1104.01             92.81       0.0001           

   B                           42                  8466.90                201.59               16.95       0.0001           

  A*B                        42                 1206.32                 28.72                  2.41        0.0001                                           

  Error                     172                2046.06                 11.89 

 

 Coefficient of Variation: 26.5.% 
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