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Abstract 
 

The genetics of ascochyta blight resistance was studied in five 5 x 5 half-diallel 

cross sets involving seven genotypes of chickpea (ICC 3996, Almaz, Lasseter, Kaniva, 

24B-Isoline, IG 9337 and Kimberley Large), three accessions of Cicer reticulatum 

(ILWC 118, ILWC 139 and ILWC 184) and one accession of C. echinospermum 

(ILWC 181) under field conditions. Both F1 and F2 generations were used in the diallel 

analysis. Almaz, ICC 3996 and ILWC 118 were the most resistant genotypes. Estimates 

of genetic parameters, following Hayman's method, showed significant additive and 

dominant gene actions. The analysis also revealed the involvement of both major and 

minor genes. Susceptibility was dominant over resistance to ascochyta blight. The 

recessive alleles were concentrated in the two resistant chickpea parents ICC 3996 and 

Almaz, and one C. reticulatum genotype ILWC 118. High narrow-sense heritability 

(ranging from 82 to 86% for F1 generations, and 43 to 63% for F2 generations) indicates 

that additive gene effects were more important than non-additive gene effects in the 

inheritance of the trait and greater genetic gain by breeding resistant chickpea cultivars 

using carefully selected parental genotypes. 

Current simple leaf varieties are often susceptible to ascochyta blight disease 

whereas varieties of other leaf types range from resistant to susceptible. The inheritance 

of ascochyta blight resistance and different leaf types and their correlation were 

investigated in intraspecific progeny derived from crosses among two resistant 

genotypes with normal leaf type (ICC 3996 and Almaz), one susceptible simple leaf 

type (Kimberley Large) and one susceptible multipinnate leaf type (24 B-Isoline). 

Susceptibility to ascochyta blight was not correlated to multipinnate or simple leaf types 

in these segregating populations. Ascochyta blight resistance depends more on the 

genetic background than leaf type. Leaf types were controlled by two genes with a 

dihybrid supplementary gene action. Normal leaf type was dominant over both simple 

and multipinnate leaf types. Inheritance of ascochyta blight resistance was mainly 

controlled by two major recessive genes in this study. 

An interspecific F2 mapping population derived from a cross between chickpea 

accession ICC 3996 (resistant to ascochyta blight, early flowering, and semi-erect plant 

growth habit) and C. reticulatum accession ILWC 184 (susceptible to ascochyta blight, 
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late flowering, and prostrate plant growth habit) was used for constructing a genetic 

linkage map. F2 plants were cloned through stem cuttings taken at pre-flowering stage, 

treated with plant growth regulator powder (0.5 mg/g indole butyric acid (IBA) and 0.5 

mg/g naphthalene acetic acid (NAA)) and grown in a sand + potting mix substrate. 

Clones were screened for ascochyta blight resistance in controlled environment 

conditions using a 1–9 scale. Three quantitative trait loci (QTLs) were found for 

ascochyta blight resistance in this population. Two linked QTLs, located on linkage 

group (LG) 4, explained 21.1% and 4.9% of the phenotypic variation. The other QTL, 

located on LG3, explained 22.7% of the phenotypic variation for ascochyta blight 

resistance. These QTLs explained almost 49% of the variation for ascochyta blight 

resistance. LG3 had two major QTLs for days to flowering (explaining 90.2% of 

phenotypic variation) and a major single QTL for plant growth habit (explaining 95.2% 

of phenotypic variation). There was a negative correlation between ascochyta blight 

resistance and days to flowering, and a positive correlation between days to flowering 

and plant growth habit. The flanking markers for ascochyta blight resistance or other 

morphological characters can be used in marker-assisted selections to facilitate breeding 

programs. 
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Chapter One 

General Introduction 
 

1.1. Background 

Ascochyta blight, caused by Ascochyta rabiei (Pass.) Labr., is a serious fungal 

disease of chickpea (Cicer arietinum L.) worldwide, occurring in more than 26 

countries (Nene 1982) The pathogen attacks all aerial parts of the plant at any growth 

stage, causing from 10% to complete crop failure in severely affected fields (Jimenez-

Diaz et al. 1993; Nene 1984; Nene and Reddy 1987). 

Genetic improvement of chickpea is the key for controlling this disease because 

fungicides are expensive, do not provide complete protection, and are not 

environmentally sustainable (Nene and Reddy 1987). Sustainable management of 

ascochyta blight in chickpea includes both integrated crop management practices (Gan 

et al. 2006) and the development of resistant cultivars (Collard et al. 2001; Collard et al. 

2003b; Nene and Sheila 1992; Pande et al. 2005). Therefore, breeders attempted to 

develope high yielding chickpea cultivars with long lasting resistance to ascochyta 

blight disease via gene pyramiding (Singh 1997b; van Rheenen and Haware 1997). 

Chickpea is a significant grain legume, popular in farming systems in Australia as 

a major cash and rotation crop (Siddique and Sykes 1997). It is widely grown as a 

winter crop extending from the tropical/sub-tropical, summer rainfall environments of 

northern Australia to the Mediterranean type regions of southeastern and southwestern 

Australia. It is also an established crop in a number of rainfed farming systems. 

Chickpea was introduced to Australia in the 1970s with the first commercial crop, 

cultivar ‘Tyson’, grown in New South Wales and Queensland in 1979. The chickpea 

industry spread rapidly to Victoria and South Australia, but it took until the mid-1990s 

for significant adoption of chickpeas in Western Australia. The chickpea industry in 

Australia is highly mechanised with production ranging from 50 ha to more than 1000 

ha per farm. The chickpea growing area increased quickly during the 1980s and 1990s 

with its peak at 309 000 ha in 1998 (Knights and Siddique 2002). 
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In the mid to late 1990s, the emergence of ascochyta blight in commercial 

chickpea crops in Australia (Khan et al. 1999) reduced chickpea production by nearly 

90% in southern Australia, resulting in a 50% reduction in chickpea exports (FAO 

2005). This highlighted the need for ascochyta blight resistance in Australian-grown 

chickpea cultivars (Collard et al. 2003b). 

The average chickpea yield in Australia is 1.0 t/ha, ranging from 0.3–1.4 t/ha, due 

to considerable seasonal variation (Knights and Siddique 2002). In recent years, yield 

has fluctuated considerably with biotic and abiotic stresses causing frequent crop 

failures across several regions. Ascochyta blight is the major cause of yield reductions, 

potentially affecting 95% of the chickpea production area, with pod borer, drought and 

cold also affecting yield and adoption of chickpea in Australia, (Knights and Siddique 

2002). As a result, research and industry development efforts are working towards 

overcoming the effects of biotic and abiotic stresses on yield reduction in chickpea in 

Australia, with particular emphasis on fungal diseases (Knights and Siddique 2002). 

The overall objectives of this study were to better understand the inheritance of 

ascochyta blight resistance; to identify new sources of resistant genes available in 

chickpea germplasm; and to introduce resistance genes from wild relatives among the 

genus Cicer to cultivated chickpea. 

1.2. Aims of the project 

Previous studies have revealed numerous useful genes in wild Cicer species, 

which may be used to improve cultivated chickpea (Croser et al. 2003). Among the 

annual wild Cicer species, C. reticulatum and C. echinospermum are crossable with 

cultivated chickpea; so they can be used as donor parents in interspecific hybridisation 

programs. The specific aims of this research were to: 

• study the genetics of ascochyta blight resistance in the wide hybrids between 

chickpea and wild Cicer species using both F2 generations and diallel analyses; 

• investigate the inheritance of leaf type, flowering time and growth habit, and 

their association with ascochyta blight resistance in chickpea; 

• establish a successful stem cutting method in chickpea and its hybrids to 

increase seed number for mapping studies and to produce clonal plant materials 
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for the evaluation of disease response under different environmental 

conditions; 

• construct a genetic map in an interspecific hybrid population between a 

resistant chickpea accession and a wild relative C. reticulatum accession using 

microsatellite markers; 

• find flanking markers associated with ascochyta blight resistance, flowering 

time and plant growth habit. 

1.3. Organisation of thesis 

The results from this study are presented and discussed in six separate chapters, 

preceded by a general introduction and review of literature. 

Chapter Three entitled “Interspecific hybridisation of Cicer species” is concerned 

with the wide hybridisation of chickpea with its wild Cicer relatives. Attempts were 

made to cross chickpea with both compatible and incompatible Cicer species. Pollen 

viability of parents, wild Cicer species and interspecific hybrids were investigated.  

Chapter Four entitled “Diallel analyses reveal the genetic control of ascochyta 

blight resistance in diverse chickpea and wild Cicer species” identified the genetics of 

ascochyta blight resistance using diallel crosses between chickpea and both C. 

reticulatum and C. echinospermum. The major findings from the study described in this 

chapter have been published in Euphytica. 

Chapter Five entitled “Leaf type is not associated with ascochyta blight resistance 

in chickpea (Cicer arietinum L.)” dealt with the inheritance of ascochyta blight 

resistance, leaf types and their correlation. The major findings from the study described 

in Chapter 5 have been published in Euphytica. 

Chapter Six entitled “Successful stem cutting propagation of chickpea, its wild 

relatives and their interspecific hybrids” identified a successful vegetative propagation 

method for chickpea and wild Cicer species, used later (in Chapter Seven) to screen 

plant material for ascochyta blight resistance. The major findings of this chapter have 

been published in Australian Journal of Experimental Agriculture. 

Chapter Seven entitled “QTL mapping of ascochyta blight resistance, days to 

flowering and plant growth habit in interspecific progenies derived from a cross 

between chickpea and C. reticulatum” involved mapping microsatellite markers on the 
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integrated map of Cicer using F2 generations developed from the interspecific cross 

between C. arietinum ICC 3996 and C. reticulatum ILWC 184. Several QTLs were 

found for ascochyta blight resistance, flowering time, and plant growth habit in 

chickpea. The major finding of this chapter will be submitted to Genome. 

Chapter Eight entitled “General discussion” summarises the important findings 

from this research and implications for future research. 

The thesis is packaged as individual published/submitted papers or potential 

papers. I have endeavored to minimize any unnecessary repetitions but some repetitions 

between chapters are unavoidable. 
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Abstract 
 

The genetics of ascochyta blight resistance was studied in five 5 x 5 half-diallel 

cross sets involving seven genotypes of chickpea (ICC 3996, Almaz, Lasseter, Kaniva, 

24B-Isoline, IG 9337 and Kimberley Large), three accessions of Cicer reticulatum 

(ILWC 118, ILWC 139 and ILWC 184) and one accession of C. echinospermum 

(ILWC 181) under field conditions. Both F1 and F2 generations were used in the diallel 

analysis. Almaz, ICC 3996 and ILWC 118 were the most resistant genotypes. Estimates 

of genetic parameters, following Hayman's method, showed significant additive and 

dominant gene actions. The analysis also revealed the involvement of both major and 

minor genes. Susceptibility was dominant over resistance to ascochyta blight. The 

recessive alleles were concentrated in the two resistant chickpea parents ICC 3996 and 

Almaz, and one C. reticulatum genotype ILWC 118. High narrow-sense heritability 

(ranging from 82 to 86% for F1 generations, and 43 to 63% for F2 generations) indicates 

that additive gene effects were more important than non-additive gene effects in the 

inheritance of the trait and greater genetic gain by breeding resistant chickpea cultivars 

using carefully selected parental genotypes. 

Current simple leaf varieties are often susceptible to ascochyta blight disease 

whereas varieties of other leaf types range from resistant to susceptible. The inheritance 

of ascochyta blight resistance and different leaf types and their correlation were 

investigated in intraspecific progeny derived from crosses among two resistant 

genotypes with normal leaf type (ICC 3996 and Almaz), one susceptible simple leaf 

type (Kimberley Large) and one susceptible multipinnate leaf type (24 B-Isoline). 

Susceptibility to ascochyta blight was not correlated to multipinnate or simple leaf types 

in these segregating populations. Ascochyta blight resistance depends more on the 

genetic background than leaf type. Leaf types were controlled by two genes with a 

dihybrid supplementary gene action. Normal leaf type was dominant over both simple 

and multipinnate leaf types. Inheritance of ascochyta blight resistance was mainly 

controlled by two major recessive genes in this study. 

An interspecific F2 mapping population derived from a cross between chickpea 

accession ICC 3996 (resistant to ascochyta blight, early flowering, and semi-erect plant 

growth habit) and C. reticulatum accession ILWC 184 (susceptible to ascochyta blight, 
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late flowering, and prostrate plant growth habit) was used for constructing a genetic 

linkage map. F2 plants were cloned through stem cuttings taken at pre-flowering stage, 

treated with plant growth regulator powder (0.5 mg/g indole butyric acid (IBA) and 0.5 

mg/g naphthalene acetic acid (NAA)) and grown in a sand + potting mix substrate. 

Clones were screened for ascochyta blight resistance in controlled environment 

conditions using a 1–9 scale. Three quantitative trait loci (QTLs) were found for 

ascochyta blight resistance in this population. Two linked QTLs, located on linkage 

group (LG) 4, explained 21.1% and 4.9% of the phenotypic variation. The other QTL, 

located on LG3, explained 22.7% of the phenotypic variation for ascochyta blight 

resistance. These QTLs explained almost 49% of the variation for ascochyta blight 

resistance. LG3 had two major QTLs for days to flowering (explaining 90.2% of 

phenotypic variation) and a major single QTL for plant growth habit (explaining 95.2% 

of phenotypic variation). There was a negative correlation between ascochyta blight 

resistance and days to flowering, and a positive correlation between days to flowering 

and plant growth habit. The flanking markers for ascochyta blight resistance or other 

morphological characters can be used in marker-assisted selections to facilitate breeding 

programs. 
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Chapter One 

General Introduction 
 

1.1. Background 

Ascochyta blight, caused by Ascochyta rabiei (Pass.) Labr., is a serious fungal 

disease of chickpea (Cicer arietinum L.) worldwide, occurring in more than 26 

countries (Nene 1982) The pathogen attacks all aerial parts of the plant at any growth 

stage, causing from 10% to complete crop failure in severely affected fields (Jimenez-

Diaz et al. 1993; Nene 1984; Nene and Reddy 1987). 

Genetic improvement of chickpea is the key for controlling this disease because 

fungicides are expensive, do not provide complete protection, and are not 

environmentally sustainable (Nene and Reddy 1987). Sustainable management of 

ascochyta blight in chickpea includes both integrated crop management practices (Gan 

et al. 2006) and the development of resistant cultivars (Collard et al. 2001; Collard et al. 

2003b; Nene and Sheila 1992; Pande et al. 2005). Therefore, breeders attempted to 

develope high yielding chickpea cultivars with long lasting resistance to ascochyta 

blight disease via gene pyramiding (Singh 1997b; van Rheenen and Haware 1997). 

Chickpea is a significant grain legume, popular in farming systems in Australia as 

a major cash and rotation crop (Siddique and Sykes 1997). It is widely grown as a 

winter crop extending from the tropical/sub-tropical, summer rainfall environments of 

northern Australia to the Mediterranean type regions of southeastern and southwestern 

Australia. It is also an established crop in a number of rainfed farming systems. 

Chickpea was introduced to Australia in the 1970s with the first commercial crop, 

cultivar ‘Tyson’, grown in New South Wales and Queensland in 1979. The chickpea 

industry spread rapidly to Victoria and South Australia, but it took until the mid-1990s 

for significant adoption of chickpeas in Western Australia. The chickpea industry in 

Australia is highly mechanised with production ranging from 50 ha to more than 1000 

ha per farm. The chickpea growing area increased quickly during the 1980s and 1990s 

with its peak at 309 000 ha in 1998 (Knights and Siddique 2002). 
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In the mid to late 1990s, the emergence of ascochyta blight in commercial 

chickpea crops in Australia (Khan et al. 1999) reduced chickpea production by nearly 

90% in southern Australia, resulting in a 50% reduction in chickpea exports (FAO 

2005). This highlighted the need for ascochyta blight resistance in Australian-grown 

chickpea cultivars (Collard et al. 2003b). 

The average chickpea yield in Australia is 1.0 t/ha, ranging from 0.3–1.4 t/ha, due 

to considerable seasonal variation (Knights and Siddique 2002). In recent years, yield 

has fluctuated considerably with biotic and abiotic stresses causing frequent crop 

failures across several regions. Ascochyta blight is the major cause of yield reductions, 

potentially affecting 95% of the chickpea production area, with pod borer, drought and 

cold also affecting yield and adoption of chickpea in Australia, (Knights and Siddique 

2002). As a result, research and industry development efforts are working towards 

overcoming the effects of biotic and abiotic stresses on yield reduction in chickpea in 

Australia, with particular emphasis on fungal diseases (Knights and Siddique 2002). 

The overall objectives of this study were to better understand the inheritance of 

ascochyta blight resistance; to identify new sources of resistant genes available in 

chickpea germplasm; and to introduce resistance genes from wild relatives among the 

genus Cicer to cultivated chickpea. 

1.2. Aims of the project 

Previous studies have revealed numerous useful genes in wild Cicer species, 

which may be used to improve cultivated chickpea (Croser et al. 2003). Among the 

annual wild Cicer species, C. reticulatum and C. echinospermum are crossable with 

cultivated chickpea; so they can be used as donor parents in interspecific hybridisation 

programs. The specific aims of this research were to: 

• study the genetics of ascochyta blight resistance in the wide hybrids between 

chickpea and wild Cicer species using both F2 generations and diallel analyses; 

• investigate the inheritance of leaf type, flowering time and growth habit, and 

their association with ascochyta blight resistance in chickpea; 

• establish a successful stem cutting method in chickpea and its hybrids to 

increase seed number for mapping studies and to produce clonal plant materials 
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for the evaluation of disease response under different environmental 

conditions; 

• construct a genetic map in an interspecific hybrid population between a 

resistant chickpea accession and a wild relative C. reticulatum accession using 

microsatellite markers; 

• find flanking markers associated with ascochyta blight resistance, flowering 

time and plant growth habit. 

1.3. Organisation of thesis 

The results from this study are presented and discussed in six separate chapters, 

preceded by a general introduction and review of literature. 

Chapter Three entitled “Interspecific hybridisation of Cicer species” is concerned 

with the wide hybridisation of chickpea with its wild Cicer relatives. Attempts were 

made to cross chickpea with both compatible and incompatible Cicer species. Pollen 

viability of parents, wild Cicer species and interspecific hybrids were investigated.  

Chapter Four entitled “Diallel analyses reveal the genetic control of ascochyta 

blight resistance in diverse chickpea and wild Cicer species” identified the genetics of 

ascochyta blight resistance using diallel crosses between chickpea and both C. 

reticulatum and C. echinospermum. The major findings from the study described in this 

chapter have been published in Euphytica. 

Chapter Five entitled “Leaf type is not associated with ascochyta blight resistance 

in chickpea (Cicer arietinum L.)” dealt with the inheritance of ascochyta blight 

resistance, leaf types and their correlation. The major findings from the study described 

in Chapter 5 have been published in Euphytica. 

Chapter Six entitled “Successful stem cutting propagation of chickpea, its wild 

relatives and their interspecific hybrids” identified a successful vegetative propagation 

method for chickpea and wild Cicer species, used later (in Chapter Seven) to screen 

plant material for ascochyta blight resistance. The major findings of this chapter have 

been published in Australian Journal of Experimental Agriculture. 

Chapter Seven entitled “QTL mapping of ascochyta blight resistance, days to 

flowering and plant growth habit in interspecific progenies derived from a cross 

between chickpea and C. reticulatum” involved mapping microsatellite markers on the 
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integrated map of Cicer using F2 generations developed from the interspecific cross 

between C. arietinum ICC 3996 and C. reticulatum ILWC 184. Several QTLs were 

found for ascochyta blight resistance, flowering time, and plant growth habit in 

chickpea. The major finding of this chapter will be submitted to Genome. 

Chapter Eight entitled “General discussion” summarises the important findings 

from this research and implications for future research. 

The thesis is packaged as individual published/submitted papers or potential 

papers. I have endeavored to minimize any unnecessary repetitions but some repetitions 

between chapters are unavoidable. 
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Chapter Two 

2. Review of literature 
 

2.1. Chickpea 

Chickpea, Cicer arietinum L., a self-pollinating diploid (2n=2x=16) member of 

the family Leguminosae and subfamily Papilideae, is the third most important 

cultivated grain legume in the world after dry bean (Phaseolus vulgaris L.) and field pea 

(Pisum sativum L.)(FAO 2005). Being a legume, chickpea fixes atmospheric nitrogen 

(Singh 1997a) and plays a vital role in farming systems as an alternative to continuous 

cereal production or fallow. Rotating cereals with chickpea also decreases the potential 

inoculum for soil borne root diseases such as take-all and cereal cyst nematode 

(Flandez-Galves et al. 2003b) 

Chickpea is an important source of protein and energy in some regions of the 

world such as the Indian sub-continent, the Near East and across the Mediterranean 

basin (Ladizinsky 1995) with its seeds containing 20–30% protein, about 40% 

carbohydrate, and 3–6% oil (Gil et al. 1996). It is also a good source of calcium, 

magnesium, potassium, phosphorus, iron, zinc and manganese (Ibrikci et al. 2003). 

2.1.1. Origin 

Cultivated chickpea was one of the first grain legumes to be domesticated in the 

old world (van der Maesen 1972), originating as a grain legume crop in the Near East 

Neolithic revolution dating some 10 000 years ago (Lev-Yadun et al. 2000). De 

Candolle (1884) suggested an area south of the Caucasus and in the north of Persia as 

the origin of chickpea, while Vavilov (1926) identified two primary centres of origin 

including southwest Asia, the Mediterranean and Ethiopia. He found large-seeded lines 

to be predominant around the Mediterranean basin and small-seeded lines to be 

abundant towards the east. Ladizinsky and Adler (1976b) considered C. reticulatum the 

wild progenitor of cultivated chickpea, based on seed protein electrophoresis, and 

considered southeastern Turkey as the centre of origin for the cultivated chickpea. 

Recent DNA studies revealed that the maximum genetic diversity of C. reticulatum, C. 
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echinospermum, C. bijugum and C. pinnatifidum was in southeastern Turkey, and of C. 

judaicum in Palestine (Shan et al. 2004) (Figure  2.1). 

 

Figure  2.1. Geographical locations of the wild annual Cicer species based on maximum genetic 

variation analysis. The locations plotted on the map are represented by shaded ellipses with the 

species name adjacent. The large circles surrounding the locations suggest an area with the 

best potential for future collections. Source from Shan et al (2004). 

2.1.2. Cultivation 

Chickpea is cultivated in arid and semi-arid areas around the world, mostly in 

Central and West Asia, the Indian subcontinent, southern Europe, Ethiopia, North 

Africa, South America, and more recently in Canada and Australia (FAO 2005). India, 

Pakistan and Turkey are the major producers of chickpea contributing 62.5%, 9.9% and 

6.9%, respectively, to world production (8.75 million tonnes) (Figure  2.2). 
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Figure  2.2. World chickpea production in 2005 (million tonnes; total 8.75 million tonnes) (FAO 

2005). 

2.1.3. The Genus Cicer  

The genus Cicer L. (family Leguminoseae, subfamily Papilionacea) was 

originally in the tribe Viciae but now has its own monogeneric tribe Cicereae Alef. 

(Kupicha 1977) The genus Cicer consists of 43 chickpea species with 9 annuals, 33 

perennials and one unclassified (Table  2.1) (van der Maesen 1987). Based on 

morphological characteristics, life cycle and geographical distribution, the nine annual 

species have been classified into two sections; of which eight belong in the section 

MonoCicer (C. arietinum, C. reticulatum, C. echinospermum, C. bijugum, C. judaicum, 

C. pinnatifidum, C. yamashitae and C. cuneatum) and C. chorassanicum in 

ChamaeCicer (van der Maesen 1987). 

 

India (5.47)

Pakistan (0.87)

Turkey (0.61)

Myanmar (0.53)

Iran (0.31)

Ethiopia (0.22)

Mexico (0.13)

Australia (0.12)

Canada (0.1)

Other countries (0.4)
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Table  2.1. Annual and perennial species of Cicer. Source from Croser et al.(2003) 

Cicer species 
Annual 
C. arietinum L. 
C. bijugum K.H. Rech. 
C. chorassanicum (Bge.) M. Pop. 
C. cuneatum Hochst. ex Rich. 
C. echinospermum P.H. Davis 
 

C. judaicum Boiss. 
C. pinnatifidum Jaub. & Sp. 
C. reticulatum Ladiz. (wild progenitor) 
C. yamashitae Kitamura 

Perennial 
C. acanthophyllum Boriss. 
C. anatolicum Alef. 
C. atlanticum Coss. ex Maire 
C. balcaricum Galushko 
C. baldshuanicum (M. Pop.) Lincz. 
C. canariense Santos Guerra & Lewis 
C. fedtschenkoi Lincz. 
C. flexuosum Lipsky 
C. floribundum Fenzl. 
C. graecum Orph. 
C. grande (M. Pop.) Korotk. 
C. heterophyllum Contandr et al. 
C. incanum Korotk. 
C. incisum (Willd.) K. Maly 
C. isauricum P.H. Davis 
C. kermanense Bornm. 
C. korshinskyi Lincz. 

C. laetum Rass. & Sharip. 
C. macracanthum M. Pop. 
C. microphyllum Benth. 
C. mogoltavicum (M. Pop.) A. Koroleva 
C. montbretii Jaub. & Sp. 
C. multijugum van der Maesen 
C. nuristanicum Kitamura 
C. oxyodon Boiss. & Hoh. 
C. paucijugum (M. Pop.) Nevski 
C. pungens Boiss. 
C. rassuloviae Lincz. 
C. rechingeri Podlech 
C. songaricum Steph. ex. DC. 
C. spiroceras Jaub. & Sp. 
C. stapfianum K.H. Rech. 
C. subaphyllum Boiss. 
C. tragacanthoides Jaub. & Sp. 

 

2.1.4. Constraints to chickpea production 

In recent decades, there have been intensive chickpea breeding programs in 

international centres such as the International Crop Research Institute for the Semi-Arid 

Tropics (ICRISAT) and the International Center for Agricultural Research in the Dry 

Areas (ICARDA); and several local programs in the USA, Australia, Spain, India, and 

Israel (Abbo et al. 2002). However, average yields of chickpea are still low compared to 

those in experimental plots at research stations and in well-managed farming systems 

(Ladizinsky 1995). The world average yield is about 800 kg/ha (FAO 2005) which is 

well below its estimated potential of 4000 kg/ha (Singh and Ocampo 1997). A number 

of biotic and abiotic stresses are thought to be the major constraints to yield 

improvement and adoption of chickpea as a productive crop by farmers, namely 

ascochyta blight, fusarium wilt, pod borer, drought and cold. Therefore, chickpea 

breeders around the world are driven to improving resistance to biotic stresses and 

tolerance to abiotic stresses (Millan et al. 2006). With the genetic diversity among 
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chickpea germplasm limited (Reddy and Singh 1984), chickpea breeders are prompted 

to search for new sources of resistance to biotic stresses in wild relatives. 

2.2. Interspecific hybridisation of chickpea and wi ld Cicer species 

2.2.1. Importance of wild Cicer in chickpea improvement 

Wild Cicer germplasm is known to have genes of interest for biotic resistance, 

abiotic tolerance and other agronomically important traits, and therefore may be 

exploited for improving cultivated chickpea genotypes. Wild annual Cicer species share 

annual growth habits and the same chromosome number (2n=16) with chickpea, making 

them amenable to hybridisation (Berger et al. 2003; Croser et al. 2003; Singh and 

Ocampo 1997). There have been a number of efforts to transfer agroeconomically 

important genes from wild Cicer species into cultivated chickpea through conventional 

breeding practices. Those attempts were only successful in developing hybrids between 

chickpea (C. arietinum) and two wild species, C. reticulatum and C. echinospermum 

(Rajesh et al. 2002), two species with resistance genes for a range of stresses that 

cultivated chickpea is susceptible (Croser et al. 2003; Muehlbauer et al. 1994; Singh et 

al. 1998). Cicer reticulatum has been identified as a source of resistance/tolerance to 

fusarium wilt (Haware et al. 1992; Singh et al. 1994; Singh et al. 1998), ascochyta 

blight (Collard et al. 2001; Haware et al. 1992; Singh et al. 1998), cyst nematodes 

(Singh et al. 1996), leaf miner, bruchid, cold (Singh et al. 1994; Singh et al. 1995; 

Singh et al. 1998) and pod borer (Sharma et al. 2005). 

A few undesirable characters limit the use of wild Cicer in chickpea breeding 

programs. For example, segregants from a cross between C. arietinum and C. 

reticulatum may suffer from pod shattering, reticulating and hard seed coat, unattractive 

and unacceptable seed colour, prostrate habit and unpalatable seed taste (Jaiswal et al. 

1986). Furthermore, seed dormancy and vernalisation requirements in many wild plants 

may be a potential problem when transferred to chickpea (Abbo et al. 2003; Abbo et al. 

2002; Singh and Ocampo 1997). 



 10 

 

Table  2.2. The important agronomic characters available in wild annual Cicer species. Reformated and updated from Croser et al. (2003). 

Stress\Cicer reticulatum echinospermum pinnatifidum judaicum bijugum cuneatum chorassanicum 
Ascochyta blight √ √ √ √ √ √  
Fusarium wilt √ √ √ √ √   
Botrytis grey mould      √   
Phytophthora  √      
Cyst nematode √  √  √   
Leaf minor √ √ √ √ √ √ √ 
Bruchid √ √ √ √ √ √  
Cold √ √ √ √ √   
Pod borer √  √ √ √ √  
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2.2.2. Annual Cicer  species and the genepool theory 

Considering all publications based on crossability, molecular diversity and 

karyotyping studies, Croser et al. (2003) suggested a model to classify the annual Cicer 

species (Table  2.3) with a primary, secondary and tertiary genepool. The primary 

genepool consists of C. arietinum, C. reticulatum and C. echinospermum. The 

secondary genepool consists of C. bijugum, C. pinnatifidum, C. judaicum, all reported 

to hybridise with some degree of fertility when crossed with cultivated chickpea (Singh 

et al. 1999a; Singh et al. 1999b; Verma et al. 1995; Verma et al. 1990). The tertiary 

genepool consists of C. chorassanicum (unsuccessful crossing with chickpea), C. 

cuneatum (hybrid either did not flower or did not germinate) (Singh et al. 1999a; Singh 

et al. 1999b; Singh and Singh 1989) and C. yamashitae (hybrid either completely sterile 

or did not germinate) (Singh et al. 1999a; Singh et al. 1999b). No successful 

hybridisation between the wild perennial Cicer species and cultivated germplasm has 

been reported. 

Based on crossability data, earlier studies classified nine annual Cicer species into 

four groups. Group I consisted of C. arietinum, C. reticulatum and C. echinospermum; 

group II included C. bijugum, C. judaicum and C. pinnatifidum; group III comprised 

only C. cuneatum while group IV contained C. yamashitae (Ahmad et al. 1987; Ahmad 

et al. 1988; Ladizinsky and Adler 1976a; Ladizinsky and Adler 1976b). Vairinhos and 

Murray (1983) clustered annual Cicer species into the same groups based on their seed 

protein profiles. Rajesh et al. (2002) clustered the annual species based on ISSR 

markers which agreed with the clustering based on crossability data and seed storage 

protein data, except that C. yamashitae was clustered with C. bijugum and C. judaicum. 

Based on karyotype symmetry indices, Ocampo et al. (1992) classified the nine 

annual Cicer species into two groups; the first consisted of C. arietinum, C. reticulatum 

and C. echinospermum, with the remaining six Cicer species in the second group. Labdi 

et al. (1996) studied the phylogenetic relationships within the annual Cicer species 

based on isozyme polymorphism and clustered C. arietinum, C. reticulatum and C. 

echinospermum in the first group with the remaining six species in three clusters. Verma 

et al. (1995; 1990) suggested that all the wild Cicer species except C. echinospermum 

be grouped in the primary genepool and proposed placing C. judaicum in the first 

genepool. 



 12 

Table  2.3. Proposed genepools of the wild annual Cicer species adapted from Croser et al. 

(2003). 

Proposed 
genepool 

Ladizinsky & Adler 
1976a, b 

Verma et al. 
1990 

Muehlbauer et al. 
1994 

Singh et al. 
1999a, b 

Primary C. arietinum 
C. reticulatum 
 

C. arietinum 
C. bijugum  
C. judaicum  
C. pinnatifidum 
C. reticulatum 

C. arietinum 
C. echinospermum
C. reticulatum 
 

C. arietinum 
C. judaicum 
C. reticulatum 

Secondary C. echinospermum 
 

C. echinospermum  C. bijugum 
C. cuneatum  
C. echinospermum 
C. pinnatifidum 
C. yamashitae 

Tertiary C. bijugum 
C. cuneatum 
C. judaicum 
C. pinnatifidum 

 C. bijugum 
C. chorassanicum
C. judaicum 
C. pinnatifidum 

C. chorassanicum 

Omitted C. chorassanicum 
C. yamashitae 
 

C. chorassanicum 
C. cuneatum  
C. yamashitae 

C. cuneatum 
C. yamashitae 

 

 

2.2.3. Crossability of wild Cicer  species with cultivated chickpea 

A number of attempts have been made to cross the annual wild Cicer species’ 

with cultivated chickpea. Fully fertile hybrids have been reported in crosses with C. 

reticulatum, whereas partially sterile hybrids occurred with C. echinospermum 

(Ladizinsky and Adler 1976a; Ladizinsky and Adler 1976b). Ladizinsky and Adler 

(1976a; 1976b) successfully crossed C. reticulatum with cultivated chickpea and 

considered this species as the wild progenitor of chickpea. Interspecific crosses between 

C. arietinum and C. pinnatifidum, and C. bijugum and C. judaicum have been reported 

(Verma et al. 1995; Verma et al. 1990). Badami et al. (1997) reported an interspecific 

hybrid between C. arietinum and C. pinnatifidum using ovule culture which produced 

albino plants in tissue culture, morphologically similar to C. pinnatifidum, but did not 

survive beyond 20 days. Hybridisation of C. arietinum with C. bijugum, C. judaicum 

and C. pinnatifidum produced hybrids with low fertility and poor seed set (Verma et al. 

1990). Crossing C. arietinum with C. cuneatum or C. yamashitae produced sterile 

hybrids (Singh et al. 1999a; Singh et al. 1999b). There are no reports of C. 

chorassanicum being crossed with chickpea. Croser et al. (2003) summarised the 

recognised crosses in the wild annual Cicer species (Table  2.4). 
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The success rate of interspecific hybridisation of chickpea with wild Cicer species 

other than C. reticulatum usually depends on the number of pollinations attempted and 

the specific genotype–wild species combinations (Verma et al. 1990). The success rate 

of crossing cultivated chickpea as the female parent with both C. reticulatum and C. 

echinospermum as male parents was more than 75% (Singh and Ocampo 1997). When 

C. reticulatum and C. echinospermum were used as female parents, the success rate was 

low, at 21% and 5%, respectively (Singh and Ocampo 1997). Comparing reciprocal 

crosses of cultivated chickpea with C. echinospermum showed positive transgressive 

segregants for seed yield only when the cultigen was used as a female parent, 

suggesting the importance of maternal effects of Cicer species (Singh and Ocampo 

1997). Similarly, Jaiswal and Singh (1989) found the success rate in pod formation, in 

interspecific crosses of chickpea with C. reticulatum, was highest when chickpea was 

used as the female parent. 
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Table  2.4. Novel cross combinations among the annual Cicer species. Source from Croser et al. (2003). 

Year Cross Fate of F1 Author/s & Institutions 
(1976a) C. arietinum x C. reticulatum 

C. arietinum x C. echinospermum 
C. reticulatum x C. echinospermum 
C. judaicum x C. pinnatifidum 
C. pinnatifidum x C. judaicum 
C. judaicum x C. bijugum 
C. bijugum x C. judaicum 
C. pinnatifidum x C. bijugum 
C. bijugum x C. pinnatifidum 

fully fertile 
partially sterile 
sterile 
low fertility with AS1 
low fertility with AS1 
low fertility with AS1 
low fertility with AS1 
low fertility with AS1 
low fertility with AS1 
 

Ladizinsky & Adler, Hebrew University 

(1983) C. judaicum x C. pinnatifidum 
C. judaicum x C. cuneatum 

partially sterile 
sterile 

Pundir & van der Maesen,ICARDA/ Wageningen 

(1987) 
(1988) 

C. judaicum x C. chorassanicum 
C. chorassanicum x C. pinnatifidum 

low fertility with AS1 
albino – died 

Ahmad et al., Uni. of Saskatchewan  
Ahmad, Uni. of Saskatchewan 

(1989) C. arietinum x C. cuneatum sterile Singh & Singh, Banaras Hindu University 
(1990) C. arietinum x C. judaicum 

C. arietinum x C. pinnatifidum 
C. arietinum x C. bijugum 

fertile 1.81% seed set 
fertile 1.02% seed set 
fertile 0.50% seed set 

Verma et al., Punjab Agricultural University 

(1993) C. reticulatum x C. arietinum 
C. echinospermum x C. arietinum 
C. echinospermum x C. reticulatum 

fertile 
very low fertility 
very low fertility 

Singh & Ocampo, ICARDA 

(1999a,b)  C. arietinum x C. yamashitae 
C. cuneatum x C. arietinum 
C. bijugum x C. arietinum 
C. judaicum x C. arietinum 

no germination/sterile 
no germination/sterile 
no germination/sterile 
Fertile 

Singh et al., Indian Institute of Pulses Research 
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2.2.4. Use of wild Cicer  species to improve chickpea cultivars 

Wild annual Cicer species possess many agronomically desirable traits which 

have attracted chickpea breeders (Muehlbauer et al. 1994; Singh and Ocampo 1997; 

Upadhyaya 2003). Jaiswal and Singh (1989) studied several generations (F2, F3 and F4) 

of a cross between chickpea and C. reticulatum for yield and yield-related traits, and 

improved yield through the introgression of desirable genes from C. reticulatum into 

cultivated chickpea. Singh and Ocampo (1993; 1997) reported 28–153% hybrid vigour 

in the F1s of crosses between chickpea and C. echinospermum and C. reticulatum 

compared with 75% hybrid vigour in intraspecific crosses by Singh et al. (1984). Only 

one of 22 F7 lines produced significantly higher yield (39%) than the cultigen (Singh 

and Ocampo 1997). Transgressive segregation for seed yield and other traits was 

observed, suggesting genetic complementarity for yield trait(s) between C. 

echinospermum, C. reticulatum and chickpea. 

2.3. Genetics of important traits of economic signi ficance in 

chickpea 

2.3.1. Ascochyta blight resistance 

2.3.1.1. Importance 

Ascochyta blight, caused by Ascochyta rabiei (Pass.) Labr., is a serious fungal 

disease of chickpea occurring in more than 26 countries (Nene 1982) including recent 

chickpea growing countries like Australia and Canada (Pande et al. 2005). In Australia, 

the disease is a major constraint limiting chickpea yield for growers (Knights and 

Siddique 2002).In the Mediterranean basin, ascochyta blight spreads rapidly when 

conditions are favourable to the pathogen such as frequent rains and temperatures 

ranging from 15 to 20°C (Shtienberg et al. 2000; Singh and Reddy 1996; Vir et al. 

1975). The pathogen attacks all aerial parts of the plant at any growth stage, causing 

complete crop failure in severely affected fields (Jimenez-Diaz et al. 1993; Nene 1984; 

Nene and Reddy 1987). 

Integrated management of ascochyta blight is vital to stabilise chickpea 

production worldwide (Gan et al. 2006). Fungicides are expensive, do not provide 

complete protection, and are not environmentally sustainable (Nene and Reddy 1987). 

Sustainable management of ascochyta blight in chickpea includes both integrated crop 
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management practices (Gan et al. 2006) and the development of resistant cultivars 

(Collard et al. 2001; Collard et al. 2003b; Nene and Sheila 1992; Pande et al. 2005). 

Therefore, knowledge of genetic control and inheritance of ascochyta blight resistance 

is essential for the development of strategies aimed at efficient selection and breeding. 

Consequently, breeding efforts have been aimed towards the development of high 

yielding chickpea cultivars with long lasting resistance to ascochyta blight disease via 

gene pyramiding (Singh 1997b; van Rheenen and Haware 1997). However, evaluated 

chickpea germplasm for ascochyta blight resistance has revealed extremely low 

frequencies of resistant cultivars (Reddy and Singh 1984; Siddique et al. 2004; Singh 

and Reddy 1993). Several chickpea lines have been released as a source of resistance to 

ascochyta blight (Table  2.5), including a recently released variety, Almaz, which was 

developed in a pedigree breeding program (Siddique et al. 2007). 



 17 

Table  2.5. Chickpea lines released in different countries, with an acceptable level of resistance 

to ascochyta blight. Sourced from Pande et al. (2005). 

Accession Country of origin 
Country of 
release 

Released name 
Year of 
release 

ILC 72 n.a. Italy Califfo 1990 
ILC 72 n.a. Spain Fardan 1985 
ILC 195 USSR Egypt Giza 195 1995 
ILC 195 USSR Morocco ILC 195 1986 
ILC 195 USSR Turkey ILC 195 1986 
ILC 200 USSR Spain Zegri 1985 
ILC 202 USSR China ILC 202 1988 
ILC 237 Spain Oman ILC 237 1988 
ILC 411 Iran China ILC 411 1988 
ILC 464 Turkey Cyprus Kyrenia 1987 
ILC 482 Turkey Algeria ILC 482 1988 
ILC 482 Turkey France TS 1009 1988 
ILC 482 Turkey Iran ILC 482 1995 
ILC 482 Turkey Iraq Rafidain 1992 
ILC 482 Turkey Jordan Jubeiha 2 1990 
ILC 482 Turkey Lebanon Janta 2 1989 
ILC 482 Turkey Morocco ILC 482 1986 
ILC 482 Turkey Syria Ghab 1 1986 
ILC 482 Turkey Turkey Guney Sarisi 482 1986 
ILC 484 Turkey Libya ILC 482 1993 
ILC 533 Egypt Georgia Elixir 2000 
ILC 915 Iran Sudan Jebel Marra-1 1994 
ILC 1335 Afghanistan Sudan Shebdi 1987 
ILC 2548 USSR Spain Almena 1985 
ILC 2555 Ethiopia Spain Alcazaba 1985 
ILC 3279 USSR Algeria ILC 3279 1988 
ILC 3279 USSR China ILC 3279 1988 
ILC 3279 USSR Cyprus Yialosa 1984 
ILC 3279 USSR Iran ILC 3279 1995 
ILC 3279 USSR Iraq Dijla 1992 
ILC 3279 USSR Italy Sultano 1990 
ILC 3279 USSR Jordan Jubeiha 3 1990 
ILC 3279 USSR Syria Ghab 2 1986 
ILC 3279 USSR Tunisia Chetoui 1987 
ILC 6188 France Italy Ali 1998 
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2.3.1.2. Pathotypes of Ascochyta rabiei  

One of the major problems encountered by chickpea breeders is the divergence of 

the pathogen (Rakshit et al. 2003). Several reports suggest a high level of variability for 

the pathogenicity of Ascochyta rabiei populations (Malik and Rahman 1992; Nene and 

Reddy 1987; Porta-Puglia 1992; Vir and Grewal 1974). Vir and Grewal (1974) found 

more than 10 pathotypes of ascochyta blight among field isolates from India. Nene and 

Reddy (1987) reported five pathogenic groups from Pakistan and several strains among 

isolates from Turkey. Reddy and Kabbabeh (1985) reported six races of the fungus in 

Syria and Lebanon, and 12 pathotypes in India (Singh 1985). Gowen (1983) reported an 

isolate that was lethal to formerly resistant cultivars of chickpea. Udupa et al. (1998) 

revealed three pathotypes in Syria—pathotype I (less aggressive), pathotype II 

(aggressive) and pathotype III (most aggressive). 

The situation becomes even more complicated due to the occurrence of the sexual 

state Didymella rabiei (Kov.) V. Arx (Kaiser 1992), the teleomorph of Ascochyta rabiei, 

which has been reported in Australia (Galloway and MacLoad 2003). Sexual 

recombination increases the probability of a new pathotype appearing (Rakshit et al. 

2003). Therefore, divergence of the pathogen are expected because the fungus appears 

to undergo frequent sexual reproduction and random mating (Peever et al. 2004). 

Previous molecular studies of Didymella rabiei suggest a lack of correlation between 

DNA markers and virulent forms of the pathogen (Jamil  et al. 2000; Navas-Cortés et al. 

1998; Santra et al. 2001; Udupa et al. 1998). Recently, Chen et al. (2004) suggested a 

two-pathotype system for the current distribution of pathogenicity variation among 

isolates of Didymella rabiei from the western United States using 22 chickpea 

differentials. 

Chongo et al. (2004) investigated populations of Ascochyta rabiei from different 

countries and reported that populations of A. rabiei in Canada, the United States, and 

Australia were introduced from Syria and India, and many of the international isolates 

produced the same banding pattern as the Canadian isolate 2, including the five isolates 

from Australia. At present, it appears that only pathotype II exists in Australia. 
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2.3.1.3. Source of resistance to ascochyta blight in chickpea 
germplasm 

Although the evaluation of the world collection of chickpea germplasm for 

resistance to ascochyta blight revealed a very low frequency of resistant lines (Reddy 

and Singh 1984; Singh and Reddy 1993), there are some resistant genotypes in chickpea 

germplasm such as desi accessions ICC 4475, ICC 6328, ICC 12004, ICC 3634, ICC 

4200, ICC 4248, ICC 4368, ICC 5124 and ICC 6981, and kabuli accessions ILC 72, 

ILC 196, ILC 201, ILC 202, ILC 2506, ILC 2956, ILC 3274, ILC 3279, ILC 3346, ILC 

3956, ILC 4421, ILC 200 and ILC 6482 which can be used in chickpea breeding (Reddy 

and Singh 1984; Singh and Reddy 1993). Many of these resistant accessions are not 

cultivated due to their poor agronomic characteristics. Collard et al. (2001) found one 

resistant desi accession ICC3996 among 19 chickpea accessions. Coram and Pang 

(2005) revealed strong Ascochyta rabiei resistance in accession ICC 3996 and suggested 

that it may be a valuable source of resistance with defense-related genes. To date, 

several sources of resistance, identified within the cultivated chickpea germplasm, have 

been used in genetic and breeding studies (Flandez-Galves et al. 2000; Meredith et al. 

2000; Reddy and Singh 1992; Santra et al. 2000; Singh 1997a,b; Tekeoglu et al. 2000). 

2.3.1.4. Source of resistance to ascochyta blight in wild annual 
Cicer  species 

Wild annual Cicer accessions have been screened for ascochyta blight resistance 

at the International Center for Agricultural Research in Dry Areas (ICARDA), Syria; 

the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), India; 

and other national institutions. Sources of resistance to ascochyta blight have been 

found in some accessions of C. pinnatifidum and C. judaicum (Singh et al. 1981), C. 

bijugum (Haware et al. 1992), C. bijugum, C. echinospermum and C. reticulatum 

(Stamigna et al. 1998), C. judaicum and C. pinnatifidum (Singh and Reddy 1993), and 

C. echinospermum, C. pinnatifidum, C. reticulatum and C. bijugum (Collard et al. 

2001). However, most of these novel sources, apart from C. reticulatum and C. 

echinospermum accessions, are unable to be readily incorporated into breeding 

programs because of incompatibility. 

2.3.1.5. Genetics of ascochyta blight resistance 

Genotypic variation has been reported for ascochyta blight resistance in chickpea 

using both Mendelian and quantitative trait loci (QTL) analyses, with conflicting reports 
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about the mechanism of resistance. Recent studies using pathotype I and pathotype II 

isolates showed that resistance to pathotype I is conferred by a single gene, whereas 

resistance to pathotype II is conferred by two or more independent loci (multigenic) 

with complementary gene action (Chen et al. 2004; Cho et al. 2004; Udupa and Baum 

2003). Previous studies on the genetics of ascochyta blight resistance in chickpea using 

undefined isolates of Ascochyta rabiei resulted in different genetic estimations 

involving one dominant gene (Pande et al. 2005; Singh and Reddy 1983; Tewari and 

Pandey 1986; Vir et al. 1975), a single recessive gene (Singh and Reddy 1983; Tewari 

and Pandey 1986) or more than one gene (Kusmenoglu 1990; Muehlbauer and Kaiser 

1994; Muehlbauer and Singh 1987; Singh and Reddy 1983; Singh and Reddy 1989; 

Tewari and Pandey 1986). 

Disease resistance in many plants is reported to be inherited quantitatively (Young 

1996). The current understanding of the genetics of ascochyta blight resistance in 

chickpea strongly suggests quantitative inheritance of the trait with major and minor 

genes. Dey and Singh (1993) reported two dominant complementary genes in chickpea 

genotypes GLG84038 and GL84099, compared with one dominant and one recessive 

independent gene in chickpea genotype ICC1468. Tekeoglu et al. (2000), using 

recombinant inbred line (RIL) populations, reported three complementary recessive 

genes conferring resistance to ascochyta blight in chickpea. Santra et al. (2000) found 

two quantitative trait loci (QTLs) which conditioned ascochyta blight resistance over 

two years of field screening. Lichtenzveig et al. (2002) suggested that a single or few 

QTL with major effects, in combination with other minor genes, are responsible for 

ascochyta blight resistance. Collard et al. (2003a) revealed two to three QTLs for 

seedling resistance in controlled glasshouse bioassays in an interspecific cross between 

C. arietinum (susceptible parent) and C. echinospermum (resistance parent). Millan et 

al. (2003) reported the presence of at least two major genes controlling resistance in 

ILC3279, with several minor modifying gens. 

Epistatic interactions between ascochyta blight resistance genes have been 

reported (Collard et al. 2003a; Dey and Singh 1993; Tekeoglu et al. 2000). Epistasis 

between two or three genes has been detected by analysing the segregation of resistant 

and susceptible progenies in F2 and backcross populations (Dey and Singh 1993), 

recombinant inbred lines (RILs) ((Tekeoglu et al. 2000) and an interspecific F2 

population (Collard et al. 2003a). Santra et al. (2000) found no epistatic interactions 
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between QTLs for ascochyta blight resistance in a RILs population. Similarly, Collard 

et al. (2003a) reported the abscence of epistatic interactions between QTLs in the 

population. Flandez-Galves et al. (2003a) found that the major QTLs for ascochyta 

blight resistance and suggested that QTL epistasis, in the form of dominance × 

dominance interactions in the field and dominance × additive interactions in the 

controlled environment, was a main genetic component for ascochyta blight resistance 

in chickpea. 

Different results from studies across the globe would be expected because of 

different scales used for rating the disease. Furthermore, climatic conditions, inoculum 

densities and techniques, and plant age influence disease development (Millan et al. 

2003). The degree of resistance or susceptibility in a segregating population also 

depends on which susceptible or resistant chickpea parent was used in the cross 

(Tekeoglu et al. 2000). Therefore, in the breeding strategy, parents need to be assessed 

in specific locations and a standard approach should be developed and implemented. 

2.3.2. Leaf types 

2.3.2.1. Leaf features in chickpea 

Generally in chickpea, the first two nodes of the seedling have small, scale-like 

structures, and the subsequent leaves are imparipinnate or fern-leafed (normal) and 

placed alternately on the branch. The leaf is differentiated into a 3–7 cm long rachis, 

which supports 9–15 leaflets, attached on small petiolules. The number of leaflets is 

generally odd and located directly on the rachis. The arrangement of leaflets is alternate 

near the base of the rachis, but it becomes almost opposite towards the apex. The leaflet 

shape is generally elliptic or obtuse, being 8–17 mm long and 5–14 mm wide. This is 

the most common type of leaf in the Cicer genus (Pundir et al. 1990), however, mutants 

with simple or unifoliate leaves (Ekbote 1937) and multipinnate leaves (Pundir et al. 

1990) have been reported. In a multipinnate leaf, leaf lamina can be uni-, bi-, or 

tripinnate with narrow leaflets. In a simple leaf, there is no clear differentiation into 

rachis and leaflets despite the possibility of deep incisions in the leaf lamina. The simple 

leaf is shorter than the normal or the multipinnate leaf (Pundir et al. 1990). 

2.3.2.2. Genetics of leaf types in chickpea 

A single recessive gene, slv, is reported to control the simple leaf trait (Athwal 

1963; Athwal and Brar 1964; Ekbote 1942; Rao et al. 1980; Reddy and Chopde 1977; 



 22 

Singh 1962; Singh and Shyam 1959; Singh and Singh 1992; Vachhani 1942). Pundir et 

al. (1990) found that leaf type differences were governed by two genes (ml and sl) with 

dihybrid supplementary gene action, using a cross between simple and multipinnate leaf 

type chickpeas. Multipinnate leaves are formed when the first gene is in dominant status 

(ml+sl/.sl), while simple leaves occur when the first gene is recessive irrespective of the 

state of the second gene (ml./ml.). Normal leaves occur when both genes are in 

dominant form (ml+sl+/..). Singh and Singh (1995) suggested monogenic recessive 

inheritance for multipinnate leaves in chickpea mutant derived from cultivar K850. 

Gaur and Gour (2003) reported a leaf-type mutant (JGM 4), designated broad-few-

leaflets, which were larger and had 5–9 leaflets per leaf compared with 11–17 leaflets 

per leaf in the parental cultivar JG 315. A single mutant gene (bfl) caused changes in the 

appearance of the leaf in chickpeas (Gaur and Gour 2003). 
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Figure  2.3. Three different leaf types in chickpea. a) simple; b) normal; and c) multipinnate 

 

a) b) c) 
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2.3.2.3. Leaf types and ascochyta blight resistance in chickpea 

Most simple leaf type chickpeas are reported to be susceptible for ascochyta blight 

disease (Chonogo and Gossen 2001; Gan et al. 2003) and, in southern Australia, most 

have been abandoned from production systems (Gan et al. 2003). Comparing chickpea 

varieties with a range of genetic backgrounds, Gan et al. (2003) reported that disease 

severity at flowering was greater in simple leaf types than in normal leaf types. 

Similarly, Bonfil et al. (2007) reported higher disease resistance for normal leaf type F5 

lines compared to simple leaved lines at podding stage. No differences in ascochyta 

blight response between the leaf types is reported before flowering (Bonfil et al. 2007; 

Gan et al. 2003). There is no comprehensive research to confirm the correlation of 

ascochyta blight resistance to normal, simple and multipinnate leaf types using 

segregating populations segregating for these traits. Ascochyta blight resistant chickpea 

cultivars with simple leaves have been developed in recent years (Muehlbauer et al. 

1998a,b). However, the resistance has been lost very quickly as the cultivar was grown 

commercially. Therefore, it is not wise to use cultivar as an example to argue the view 

that resistance cultivars with simple leave have been developed, and further 

investigation regarding the association of leaf types and disease resistance is needed. 

2.3.3. Flowering time 

2.3.3.1. Flowering time and chickpea production 

Time to flowering plays an essential role in determining the adaptation and 

productivity of cultivated chickpea in short growing environments (Kumar and Abbo 

2001). Early flowering combined with other desirable traits in chickpea might make it 

possible to extend the reproductive phase in various target environments (Or et al. 

1999). Chickpeas often experience short growing seasons because of drought, heat, or 

end-of-season frost (Khanna-Chopra and Sinha 1987). Flowering time of chickpea 

depends on season, sowing date, temperature, photoperiod, latitude and altitude (Ellis et 

al. 1994; Roberts et al. 1985; Summerfield and Roberts 1988), with most Mediterranean 

chickpea germplasm relatively late to flower because of their inherent long-day 

requirements (Kumar and Abbo 2001; Or et al. 1999). Consequently, in Mediterranean 

environments, podding and grain filling occur in the post-rainy season (Or et al. 1999; 

Singh et al. 1997; Singh and Reddy 1996). Thus, late flowering exposes the crop to 

water shortage during seed development, reducing its yield potential (Turner et al. 
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2000). With its indeterminate growth habit, the duration of flowering is a critical 

component in determining the yield of chickpea (Bonfil and Pinthus 1995). Although, 

selection for early flowering will not directly increase productivity, the possibility of 

combining early flowering alleles with yield-promoting alleles has been demonstrated in 

desi chickpea (Siddique and Khan 1996). Early flowering might make it possible to 

extend the reproductive phase in semi-arid environments and may lead to yield 

increases through more efficient water use (Kumar and Abbo 2001). However, winter 

sowing exposes chickpea to a high risk of ascochyta blight and thus requires the 

development of resistant cultivars (Lichtenzveig et al. 2006). 

2.3.3.2. Genetics of flowering time 

An understanding of the genetics of flowering time is important to develop 

cultivars for a particular environment. The ability to efficiently manipulate flowering 

time is an essential component of chickpea improvement (Kumar and Abbo 2001). 

Roberts et al. (1985) suggested that time to flowering is a function of temperature and 

photoperiod in chickpea and that two major genes respond to either factor. Gumberm 

and Sarvjeet (1996) suggested that two genes control the genetics of time to flowering 

based on crosses among the early-flowering parent (ICCV 2) and two late-flowering 

parents (GL769, BG276). Using the same early-flowering parent ICCV 2, Kumar and 

van Rheenen (2000) observed a bimodal distribution for flowering time in chickpea, and 

suggested the presence of one major gene (Efl-1/efl-1) and polygenes for this trait. Or et 

al. (1999) reported a single major gene for time to flowering and associated it with 

sensitivity to photoperiod (Ppd/ppd), with the recessive allele conferring day-length 

neutrality. Kumar and Abbo (2001) suggested that the major alleles for early-flowering 

(efl-1 and ppd) may be positioned at the same locus. Cho et al. (2002) revealed a 

quantitative trait locus (QTL) for days to 50% flowering by analysing quantitative data. 

These reports on the inheritance of flowering time in chickpea are inconsistent, and all 

come from short-day, warm-temperature environments. Using high-latitude, cool-season 

environments, Anbessa et al. (2006) revealed that flowering time in chickpea is 

controlled by two major genes (explaining more than 65% of phenotypic variation ) plus 

polygenes mixed-inheritance model (with minimal contribution in the phenotypic 

variation). For both major genes, late flowering was dominant over early flowering with 

mainly digenic additive × additive interaction between them (Anbessa et al. 2006). 

Arshad et al. (2003) also reported epistatic gene effects for flowering time in chickpea. 
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However, Malhotra and Singh (1989) did not observe epistasis for days to flowering, 

which was probably due to the differences in allelic constituents of the parental 

genotypes used. 

2.3.3.3. Flowering time and ascochyta blight resistance in 
chickpea 

The development of early flowering chickpea cultivars with resistance to 

ascochyta blight has been difficult over the years (Kumar and Abbo 2001). A negative 

correlation has been reported between ascochyta blight resistance and early flowering in 

intraspecific segregating populations using F3 and F4 families derived from a cross 

between chickpea accessions Hadas and ICC5810 (Lichtenzveig et al. 2002) and F5 

progenies derived from a cross between the simple leaf chickpea cultivar Sanford and 

normal leaf chickpea ICC7344 (Bonfil et al. 2007). Lichtenzveig et al. (2006) reported a 

weak but highly significant negative correlation between days to first flower and 

ascochyta blight severity using the recombinant inbred lines (RILs) data obtained from 

the later generation of the population used by Lichtenzveig et al. (2002). Despite 

separate intensive investigations of flowering time and ascochyta blight resistance, there 

are limited reports on the correlation of these two traits in different populations. Since 

most breeders consider including wild Cicer species in breeding programs, it seems 

necessary to investigate the genetics of flowering time and ascochyta blight resistance in 

interspecific crosses among chickpea and wild Cicer species. QTL mapping is one of 

the most appropriate approaches to study genetics of traits. Information obtained from 

QTL mapping can be used in breeding programs and marker-assisted selections (MAS). 

2.4. Genetic mapping of important traits 

2.4.1. Current status of genetic mapping in chickpea 

Quantitative trait loci (QTL) mapping is a highly effective approach to identify 

and tag disease resistance genes in plants (Young 1996). Knowledge of the extent of 

genetic diversity within or among species is an important factor in selecting parents for 

QTL mapping, because sufficient DNA polymorphism must exist between parents for 

segregation analysis and genetic mapping, especially in inbreeding species which 

generally possess lower levels of genetic variation (Young 1994). 

Advances in molecular marker technology have accelerated the progress of 

genome mapping in chickpea. Linkage maps have been developed, based on 
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interspecific crosses between selected chickpea cultivars and C. reticulatum accessions 

(Banerjee et al. 2001; Kazan et al. 1993; Simon and Muehlbauer 1997; Winter et al. 

2000; Winter et al. 1999). Molecular markers associated with quantitative trait loci 

(QTL) for resistance to ascochyta blight, fusarium wilt and some morphological traits 

have also been located on the interspecific linkage maps (Banerjee et al. 2001; Flandez-

Galves et al. 2003b; Iruela et al. 2006; Kazan et al. 1993; Lichtenzveig et al. 2006; 

Millan et al. 2003; Ratnaparkhe et al. 1998; Santra et al. 2000; Simon and Muehlbauer 

1997; Tekeoglu et al. 2000; Winter et al. 2000). The genetic map developed by Winter 

et al. (2000) is considered as a standard chickpea genetic map and is often used as a 

reference by other researchers. Millan et al. (2006) summarised data from three 

different genetic maps (Huettel et al. 2002; Pfaff and Kahl 2003; Winter et al. 2000) to 

integrate a genetic map for chickpea, based on a common set of RILs derived from the 

cross between chickpea accession ICC 4958 and C. reticulatum PI 489777 (Figure  2.4). 

As the transferability and repeatability of many dominant markers in the existing 

chickpea map is questionable, it is necessary to allocate more co-dominant markers in 

the map. 
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Figure  2.4. Integrated genetic map of chickpea based on common RILs derived from the cross 

between chickpea accession ICC 4958 and C. reticulatum PI 489777; summarised data from 

Winter et al. (2000), Huettel et al. (2002) and Pfaff and Kahl (2003). Markers on the left of the 

vertical bar are derived from genes. Markers on the right are either STMS or dominant markers. 

Sourced from Millan et al. (2006). 
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2.4.2. QTL mapping of ascochyta blight resistance 

Several groups have already reported a QTL inheritance of resistance to 

Ascochyta rabiei in chickpea (Collard et al. 2003a; Flandez-Galves et al. 2003b; Santra 

et al. 2000). To avoid confusion with regard to the number of loci and their location on 

the chickpea genome, comparison of published maps with the standard chickpea map 

(Winter et al. 2000; Winter et al. 1999) makes it possible to formulate a general 

conclusion about the location of ascochyta blight resistance QTLs on linkage groups. 

Linkage group 4 (LG4) has a significant effect on the ascochyta blight resistance in 

chickpea whereas other genomic regions have minor effects (Table  2.6) (Cho et al. 

2004; Collard et al. 2003a; Flandez-Galves et al. 2003a; Flandez-Galves et al. 2003b; 

Lichtenzveig et al. 2006; Santra et al. 2000; Tekeoglu et al. 2002). 

Santra et al. (2000) used an interspecific RIL population for mapping with 

dominant markers and detected three QTLs. Using STMS markers published by Huettel 

et al. (2002) and Winter et al. (2000), Tekeoglu et al. (2002) confirmed the QTL 

reported by Santra et al. (2000) and located QTL-1 on their LG8 adjacent to a STMS 

marker GAA47, and QTL-2 on LG4 close to STMS markers TA72 and GA2. 

Flandez-Galves et al. 2003 (2003b) found a significant major QTL effect on the 

resistance response in a 25 cM region along LGIII (LG4 of the chickpea standard map). 

Using a combination of dominant and co-dominant markers, Collard et al. (2003a) 

reported two QTLs which were associated with seedling resistance, both located within 

linkage group 4 (also LG4 in standard map) with LOD scores of 2.5 and 2.6, about 8 cM 

apart (Collard et al. 2003a). 

Cho et al. (2004) identified two QTLs for resistance to pathotype I co-located on 

LG2A and LG2B+6B and another QTL for resistance to pathotype I on LG2B. They 

also found one QTL for ascochyta blight resistance in the field mapped on LG4A 

between GA24 and GAA47 (LOD score of 4.17). Using a controlled environment with 

a mixture of pathotype II isolates of Ascochyta rabiei, Cho et al. (2004) found another 

QTL (QTL ar2a) co-located with the QTL for blight resistance in the field. Two QTLs 

for blight resistance in the field on LGIV and LGVIII of the interspecific linkage map of 

Tekeoglu et al. (2002) appeared to be the same as the QTL on LG4A of the map of Cho 

et al. (2004). 
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Using a recombinant inbred line (RIL) population derived from an interspecific 

cross between C. arietinum (FLIP 84-92C) and C. reticulatum (PI 599072), Tekeoglu et 

al. (2004) found the same 2 QTLs found by Santra et al. (2000), conferring resistance to 

ascochyta blight at two field locations in three years. Using an intraspecific RILs from a 

cross between ILC 1272 and ILC 3279 (resistance to pathotype I and II), Udupa and 

Baum (2003) mapped a major QTL for resistance to pathotype I (QTL ar1, indicative 

marker GA16) to LG2. They also identified two QTLs against pathotype II, QTL ar2a 

(indicative marker GA16) and QTL ar2b (indicative markers TA130, TA72 and TR 20) 

as independent recessive major resistance loci with complementary gene action and 

mapped to LG2 and LG4, respectively. QTL ar2a resided in close vicinity of the 

pathotype I specific resistance locus (QTL ar1), indicating a clustering of resistance 

genes in that region of the chickpea genome. 

Recently, Iruela et al. (2006) identified two quantitative trait loci (QTL ar1 on 

LG4a and QTL ar2 an LG4b) associated with resistance to ascochyta blight using 

sequence characterised amplified regions (SCARs), STMS and Random Amplified 

Polymorphic DNA (RAPD). SCARs and STMS markers tightly linked to QTL ar2 

revealed that this QTL could be the same as QTL-2 of Santra et al. (2000), since it was 

linked to the same STMS markers TA72 and TA146. 

By using more STMS markers developed by Lichtenzveig et al. (2005), 

Lichtenzveig et al. (2006) identified three quantitative trait loci (QTLs) with significant 

effects on resistance. Both QTL4.1 and QTL4.2 were detected on LG4 with a major 

(14.4%) and minor effect (3.8%), respectively. QTL4.1 and QTL4.2 had epistatic 

interactions and explained the largest proportion of the phenotypic variance with 42%. 

The third QTL (QTL8) was also found on LG8 with a major effect (10.2%) explaining 

16% of the total phenotypic variance. Most recently, Tar’an et al. (2007) reported three 

QTLs on LG3, LG4 and LG6 for ascochyta blight resistance in chickpea using an 

intraspecific population. These QTLs explained 56% of the total estimated phenotypic 

variation. 

The association of markers with ascochyta blight resistance needs to be confirmed 

in several populations. Also more tightly linked markers to QTLs associated with 

resistance should be determined. These markers could then be a useful tool for 

monitoring the location of QTLs for resistance to ascochyta blight in other 

intra/interspecific Cicer mapping populations; for marker-assisted selection (MAS) and 
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for the pyramiding of different resistance genes from different sources into the 

cultivated chickpea. 

2.4.3. QTL mapping of flowering time  

Cho et al. (2002) revealed a QTL for days to 50% flowering on LG3 (LOD score 

of 3.03) on the chickpea map and a minor QTL for days to first flower on the same 

linkage group (LOD score of 2.34). Later, Lichtenzveig et al. (2006) detected two QTLs 

by single-trait analysis of flowering time—the first on LG1 between the markers 

H1F022 and GAA40, with a major effect explaining 56% and 53% of the response 

variance for chickpea cultivars Massuot and Gilat, respectively; and the second on LG2 

between markers H4B09 and H1B06, with a minor effect explaining 22% and 18% of 

the phenotypic variance for Massuot and Gilat, respectively. They did not find any QTL 

on LG3 associated with time to flowering as found by Cho et al. (2002). 
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Table  2.6. QTLs for resistance to ascochyta blight and diagnostic markers allowing their assignment to linkage groups (LG) of the map of Winter et al. (2000). 

Updated from (Millan et al. 2006). 

Pathotype Name of QTL Indicative marker LG Reference 
nd 1 GAA47 4 (Tekeoglu et al. 2002) 
nd 2 TA72, GA2 4  
nd 1 TS12b  (Flandez-Galves et al. 2003b) 
 2/3 TA3a/TA3b   
 4/5/6 TA30/TA146/TR20   
nd AR2 SC/OPK13603 4 (Millan et al. 2003) 
  SC/OPM02935  (Iruela et al. 2006) 
  TA72, TA146   
nd I STMS11, GA2, GAA47, TR20 4 (Rakshit et al. 2003) 
I ar1 GA16 2 (Udupa and Baum 2003) 
II ar2a GA16 2  
II ar2b TA130, TA72, TS72 4  
I ar1a GA20, GA16 2B–6B (Cho et al. 2004) 
I ar1b TA37, TA200 2B  
II ar2a GA24, GAA47 4A  
nd 1* STMS 11, GA2, TR20 4 (Collard et al. 2003a) 
nd 2∗ XLRRb280 4  
nd QTL4.1 H3C041, TA2 4 (Lichtenzveig et al. 2006) 
 QTL4.2 H1A12/H1H13, H1G20 4  
 QTL8 H1C092, TA3/H3C11a 8  
II 1 TA64, TS19 3 (Tar’an et al. 2007) 
 2 TA2, TA146 4  
 3 TA80, TA22 6  

nd: not determined; *Seedling resistance. 

aXLRRb280 is an RGA marker; SCAR markers are named with SC prefix; rest are STMS markers. 
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2.4.4. Limitations to mapping and disease assessment 

2.4.4.1. Population size and clonal material production 

Linkage map construction requires a segregating population. F2, backcross, RILs, 

near-isogenic lines and doubled haploids have been used for QTL mapping in plants. 

The selected parents to construct a mapping population are different for one or more 

traits of interest. The mapping population size should be large enough to identify 

recombination between the target gene and DNA markers (Mohan et al. 1997). In 

genetic mapping studies, population sizes of between 50 and 100 individuals have been 

used (Paterson 1996). However, large populations are required for high-resolution 

mapping (Collard et al. 2005). Vegetative propagation can be used to increase the 

population size of F2 generation for QTL mapping in chickpea (Collard et al. 2002). 

Production of clonal material gives the opportunity to increase the seed number from a 

specific genotype without any alteration in its genetic make up. 

2.4.4.2. Comparison of F2 generations and RILs in mapping 
studies 

F2 populations, derived from F1 hybrids, are the simplest mapping populations in 

self-pollinating species. The main advantage of F2 populations is that they are easy to 

construct in a short time-frame. Individual F2 plants can be used to construct 

recombinant inbred lines (RILs) after six to eight generations of inbreeding; the time 

needed to generate RILs is a major disadvantage for this type of population (Collard et 

al. 2005). Furthermore, no information on dominant gene expression can be obtained 

from RILs populations. On the positive side, hundreds of homozygous seeds can be 

produced from each individual RIL in a single generation allowing RIL populations to 

be evaluated repeatedly over years and locations, and for multiple traits (McCouch and 

Doerge 1995). The ability to replicate experiments in location and time using a fixed 

population gives the opportunity to discriminate the environmental and genetic factors 

in the expression of a phenotype (McCouch and Doerge 1995). 

2.5. Development of stem cutting techniques for dis ease assessment 

and early generation mapping 

Vegetative propagation is a type of asexual reproduction found in plants, usually 

giving rise to genetically identical clones. Agricultural and horticultural specialists take 

advantage of such reproductive ability by using techniques such as rooting of cuttings, 
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grafting and tissue cloning. Rooting of stem cuttings has been reported in Cicer, 

including vegetative propagation of wild Cicer species for seed production (van der 

Maesen 1980), propagation of sterile or partially infertile hybrid plants (Davis and 

Foster 1982), and multiplication of seeds for F2 mapping population development 

(Collard et al. 2002). Tar’an et al. (2007) used F2 stem cuttings along with F3 families 

for disease assessment in chickpea but did not give any detail regarding the stem cutting 

procedure. Stem cuttings have not been used routinely in disease assessments or 

mapping, probably due to the absence of a reliable robust protocol for chickpea. 

2.5.1. Propagation by stem cutting in chickpea 

A range of cutting methods have been used to propagate chickpea and wild Cicer 

species, with success rates ranging from 75 to 100% (Davis and Foster 1982; Rupela 

1982), 50 to 70% (Islam and Riazuddin 1993), and 48.6 to 70.8% (Collard et al. 2002). 

On many occasions, a solution culture has been used (Bassiri et al. 1985; Islam and 

Riazuddin 1993; Rupela 1982; Rupela and Dart 1981; Sheila et al. 1991) requiring 

frequent monitoring for algal growth and a constant solution volume. Rupela and Dart 

(1981) used wounded branches of donor chickpea plants dipped in root hormone 

powder before potting; stem cuttings with cuts that were either too deep or too shallow 

failed to root. Some recent reports have placed the stem cutting directly into the rooting 

substrate (Collard et al. 2002; Syed et al. 2002). The method of Collard et al. (2002) 

was relatively simple and rapid but had low rooting rates (48.6–70.8%). Syed et al. 

(2002) used IAA and NAA at a range of concentrations on 3–5 day old chickpea 

seedlings which are very small and hard to handle (40–100% rooting rate). 

2.5.2. Increasing population size using stem cuttings 

Stem cuttings of chickpea is a technique to increase seed production of early 

generation chickpea lines (i.e. F1s, BCs) for breeding wild Cicer species in germplasm 

collections, and precious hybrids. Collard et al. (2002) used a stem cutting technique to 

increase the seed number of interspecific hybrids between chickpea and C. 

echinospermum for QTL mapping studies. 

2.5.3. Use of stem cuttings for reliable phenotyping 

Cloned cuttings can be used to phenotype plant response to disease in F2 

generations or heterozygous plants, where several clones can be tested instead of a 

single plant. This enables replicated screening as well as disease screening methods, 
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without the destruction and loss of the original plants. Furthermore, cloned chickpea 

cuttings can be screened for several important economic traits on multi-sites which may 

reduce costs and improve efficiency of selection. 

2.6. Conclusions 

Chickpea is the third most important cultivated grain legume in the world which 

has become popular in farming systems in Australia. The global yield of chickpea is low 

with an average of about 800 kg/ha. In recent years, biotic and abiotic stresses have 

resulted in frequent crop failures across several regions including Australia (Knights 

and Siddique 2002). Research and industry development efforts are needed to overcome 

the effects of both biotic and abiotic stresses, especially fungal diseases. 

Ascochyta blight is a serious fungal disease of chickpea (Nene 1982). Fungicides 

do not provide complete protection, are expensive and environmentally unsustainable 

(Nene and Reddy 1987). Sustainable management of ascochyta blight in chickpea 

requires both integrated crop management practices (Gan et al. 2006) and the 

development of resistant cultivars (Collard et al. 2001; Collard et al. 2003b; Nene and 

Sheila 1992; Pande et al. 2005). Therefore, knowledge of genetic control and 

inheritance of ascochyta blight resistance is essential for the development of strategies 

aimed at efficient selection and breeding. 

All reported simple leaf type chickpeas are susceptible to ascochyta blight disease 

(Chonogo and Gossen 2001; Gan et al. 2003) and most have been abandoned from 

production systems in southern Australia (Gan et al. 2003). Gan et al. (2003) reported 

much higher levels of disease severity in simple leaf type chickpea than in normal leaf 

types, although this finding was based on varieties with a wide range of genetic 

backgrounds. Simple leafed kabuli germplasm accessions and cultivars generally have 

large seeds (Siddique and Regan 2005; Srinivasan et al. 2006); the relationship between 

large leaflet size and large-seeded varieties is well-established (Dahiya et al. 1988; 

Sandhu et al. 2005). Therefore, investigating the correlation between leaf type and 

ascochyta blight resistance using segregating populations may pave the way for 

incorporating ascochyta blight resistance into simple leafed kabuli varieties which are 

paid a premium for their extra large seeds. 

Time to flowering plays an essential role in determining the adaptation and 

productivity of cultivated chickpea in short growing season environments (Kumar and 
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Abbo 2001). Early flowering combined with other desirable traits in chickpea may 

extend the reproductive phase in various target environments (Or et al. 1999). Winter 

sowing exposes chickpea to a high risk of ascochyta blight, hence the need to develop 

resistant chickpea cultivars (Lichtenzveig et al. 2006). A negative correlation between 

ascochyta blight resistance and early flowering has been reported (Lichtenzveig et al. 

2006; Lichtenzveig et al. 2002) but this relationship needs to be clarified. Wild annual 

Cicer species, such as C. reticulatum and C. echinospermum, are of interest to chickpea 

breeders as they have resistance genes for a number of stresses (Croser et al. 2003; 

Muehlbauer et al. 1994; Singh et al. 1998). 

The aim of this study was to develop interspecific and intraspecific populations; 

assess F1 and F2 hybrids in glasshouse and field conditions for a better understanding of 

the genetics of ascochyta blight, leaf types, flowering time, and their relationships; 

develop a saturated chickpea genetic map with more microsatellite markers; and 

develop a reliable stem cutting method to screen disease resistance in a more controlled 

approach and to overcome the limitations for mapping the F2 populations. 
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Chapter Three 

3. Interspecific Hybridisation of Cicer  species 

 

Abstract 

The crossability of cultivated chickpea was investigated with wild annual Cicer 

species in the primary genepool (C. reticulatum and C. echinospermum) and the 

secondary genepool (C. pinnatifidum and C. judaicum). Intraspecific hybrids (chickpea 

x chickpea) had a higher rate of seed set than both of the interspecific hybrids derived 

from chickpea x C. reticulatum and chickpea x C. echinospermum. Pollen viability 

studies of interspecific hybrids further revealed differences in the species’ crossability. 

Interspecific F1 hybrid plants of chickpea x C. reticulatum had more viable pollen than 

hybrids of chickpea x C. echinospermum. Crosses between chickpea and C. 

echinospermum produced both fertile F1 hybrids and sterile F1 hybrids. 

Interspecific crosses between chickpea genotypes with C. pinnatifidum and C. 

judaicum only produced 19 seeds from about 2000 pollinated flowers. Only one of these 

hybrid seeds appeared to be a true hybrid; that derived from a cross between Kaniva and 

C. pinnatifidum accession ILWC 224. Even though the hybrid was albino, it survived 

for more than one month in the glasshouse suggesting that true hybrids may be possible 

through wide hybridisation of chickpea with C. pinnatifidum, albeit with a low seed set. 

3.1. Introduction 

Wide crosses describe hybridisations between species of the same or different 

genera. In modern plant breeding there is an increasing interest in transferring specific 

desirable characters, such as resistance and tolerance to biotic and abiotic stresses, from 

wild relatives to the genepool of cultivated plants. Many improved cultivars with 

resistance to pests, diseases and other desirable traits, introgressed via wide crosses 

from their wild relatives, have been released (Fatokun 1991). In some species, barriers 

exist in crosses between cultivated species and their wild relatives. Therefore, new 

technology must facilitate wide crosses for the improvement of those incompatible 

species (Sharma 1995). 
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The wild annual Cicer species possess many agronomically desirable 

characteristics of interest to chickpea breeders (Muehlbauer et al. 1994; Singh and 

Ocampo 1997; Upadhyaya 2003). There have been a number of attempts to transfer 

agroeconomically important genes from wild relatives into cultivated chickpea through 

conventional breeding practices. Those attempts were successful only in developing 

hybrids between cultivated chickpea (C. arietinum) and two wild relatives (C. 

reticulatum and C. echinospermum) (Ladizinsky and Adler 1976a; Ladizinsky and 

Adler 1976b). It is hypothesised that the rate of seed set in interspecific hybridisation of 

chickpea will be lower than that in intraspecific hybridisation; the closer the species, the 

higher the seed set rate. Therefore, the objectives of this study were (i) to develop 

interspecific hybrids between chickpea and compatible wild Cicer species to introgress 

important traits from wild Cicer into cultivated chickpea, and (ii) to attempt wide 

hybridisation of chickpea with two incompatible wild Cicer species in the secondary 

genepool. 

3.2. Materials and Methods 

3.2.1. Plant materials and hybridisation 

This study used twelve chickpea genotypes—three accessions of C. reticulatum, 

two accessions of C. echinospermum, three accessions of C. pinnatifidum, and two 

accessions of C. judaicum (Table  3.1). Cicer reticulatum and C. echinospermum are 

compatible with cultivated chickpea since fertile hybrids are possible, however, C. 

pinnatifidum and C. judaicum are incompatible since fertile hybrids are not possible. 

Plant material was inoculated with rhizobium (Nodulaid 100, Bio-care technology 

Pty Ltd, Australia) and sown in potting mix in 20 cm pots in a glasshouse facility with 

natural light and 20 ± 2oC at The University of Western Australia. The potting mix had 

two parts fine composted bark:one part cocco peat:one part river sand, with added 

superphosphate (1 kg m-3), ammonium nitrate (1 kg m-3), potassium sulfate (1 kg m-3), 

trace elements in the form of Macromin1 (0.2 kg m-3; Richgro, Australia) and ferrous 

sulfate (0.5 kg m-3). At least five plants per genotype were planted at two weekly 

intervals in order to have a continuous flower supply for crossing. Wild types were used 

as the male parent and cultivated chickpea genotypes as the female parent. 

The crosses were made between 8 and 11 am. Flower buds on the main axis were 

emasculated with minimal damage using forceps and immediately pollinated with 
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pollen from freshly harvested flowers of a donor parent. A mixture of growth regulators, 

gibberellic acid (GA 75 mg l-1), 1-naphthaleneacetic acid (NAA 10 mg l-1) and kinetin 

(KN 10 mg l-1) (Sigma) was applied to the flower peduncle in all interspecific and 

intraspecific crosses using cotton to prevent premature pod abscission (Mallikarjuna 

1999). Self-pollinated pods were removed to further stimulate flowering, and to increase 

photosynthates to the crossed flower. Seed set (%) for each cross combination was 

calculated as the percentage of crosses with one or more seeds/pod. Pods without seed 

were scored as zero. 

Intraspecific and interspecific hybrid seeds were sown directly into potting mix in 

the glasshouse for further morphological investigation. In the case of the putative 

hybrid, derived from a cross between chickpea and C. pinnatifidum, tissue culture was 

used to rescue albino shoots from the hybrid plantlet growing in the glasshouse. The 

shoots were sterilised in 1% sodium hypochloride for 5 minutes, rinsed thoroughly in 

sterile water and cultured on solid chickpea multiplication medium in a vented culture 

vessel (Clarke et al. 2006). 

Interspecific and intraspecific hybrids were evaluated for leaf types and ascochyta 

blight response (see Chapters 4 and 5). 
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Table  3.1. Chickpea genotypes and wild Cicer species used in wide hybridisation. 

Cicer Accession/cultivar Description Target trait (s) 
arietinum Almaz kabuli ascochyta blight resistance 
arietinum Kaniva kabuli susceptible to ascochyta blight 
arietinum IG 9337 kabuli large seed 
arietinum Kimberley Large kabuli simple leaf, large seed 
arietinum ICC 3996 desi ascochyta blight resistance 
arietinum Lasseter desi susceptible to ascochyta blight 
arietinum 24B desi normal leaf 
arietinum 24 B-Isoline desi multipinnate leaf 
arietinum DZ-10-11 desi single pod 
arietinum DZ-10-11-Mutant desi double pod 
arietinum Amethyst desi normal stem 
arietinum Amethyst-Mutant desi mutant stem 
reticulatum ILWC 118 wild fusarium wilt resistance 
reticulatum ILWC 139 wild cyst nematode resistance 
reticulatum ILWC 184 wild cold tolerance 
echinospermum ILWC 181 wild seed beetle resistance 
echinospermum ILWC 245 wild ascochyta blight resistance  
pinnatifidum ILWC 236 wild cyst nematode resistance 
pinnatifidum ILWC 250 wild cyst nematode resistance 
pinnatifidum ILWC 224 wild moderate cold tolerance 
judaicum ILWC 30  wild – 
judaicum ILWC 223 wild leaf minor resistance 

 

3.2.2. Evaluation of hybrid fertility 

Pollen viability was determined using a fluorochromatic reaction (FCR) test, 

modified from Shivanna and Rangaswamy (1992). F1 and F2 interspecific hybrids 

derived from crosses of cultivated chickpea with C. reticulatum and C. echinospermum 

were selected for pollen viability studies. Four chickpea accessions (Almaz, Kaniva, 

ICC 3996 and Lasseter), three C. reticulatum accessions (ILWC 118, ILWC 139 and 

ILWC 184) and two C. echinospermum accessions (ILWC 181 and ILWC 245) were 

used as parental controls.  

Pollen was collected from five freshly harvested chickpea flowers from the main 

stem and immersed in 20% sucrose for 15 minutes. A drop of acetone-fluorescein 

diacetate mixture (1% FDA) was placed on a microscope slide and allowed to dry. Next, 

a drop of pollen mix in sucrose was placed on the slide and incubated at room 

temperature in a humidity chamber (>90% RH) for 5–10 minutes. The sample was 

covered with a coverslip, 100–300 pollen grains were examined with a Zeiss 

fluorescence microscope, and the percentage of viable pollen grains calculated. The 
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FDA enters the pollen cytoplasm and hydrolyses with cytoplasmic esterases. Viable 

pollen with intact plasma membrane become polar and fluoresce under the fluorescence 

microscope (Shivanna and Rangaswamy 1992). 

T-statistics were calculated and ANOVA was performed to determine the rate of 

seed set (%) and pollen viability (%) in each cross combination. 

3.3. Results 

3.3.1. Interspecific hybridisation in compatible Cicer  species 

Seed set in interspecific crosses of chickpea with C. reticulatum ranged from 

10.7% (Almaz x ILWC 184) to 35.4% (Kaniva x ILWC 139) (Table  3.2). Seed set in 

interspecific crosses of chickpea with C. echinospermum ranged from 5.7% (Almaz x 

ILWC 245) to 21.1% (ICC 3996 x ILWC 245) (Table 3.2). 

The average seed set in chickpea x chickpea crosses was significantly higher 

(29.5%) than in chickpea x C. reticulatum (20.4%; P<0.05) or chickpea x C. 

echinospermum (11.6%; P<0.001) crosses (Table  3.3). There was no significant 

difference in seed set for crosses between desi and kabuli types, desi x C. reticulatum, 

kabuli x C. reticulatum, desi x C. echinospermum and kabuli x C. echinospermum. 
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Table  3.2. Success rate of seed set in interspecific crosses between chickpea and both C. 

reticulatum and C. echinospermum. 

Parents 
Female Male 

Number of 
crosses 

Seed set (%) 

C.arietinum x C. reticulatum 
Lasseter ILWC 118 82 19.5 
ICC 3996 ILWC 118 92 15.2 
Kaniva ILWC 118 93 19.4 
Almaz ILWC 118 121 21.5 
Lasseter ILWC 184 131 20.6 
ICC 3996 ILWC 184 123 15.4 
Kaniva ILWC 184 147 17.0 
Almaz ILWC 184 121 10.7 
Lasseter ILWC 139 70 24.3 
ICC 3996 ILWC 139 82 30.5 
Kaniva ILWC 139 82 35.4 
Almaz ILWC 139 76 15.8 

C. arietinum x C. echinospermum 
Lasseter ILWC 245 79 18.6 
ICC 3996 ILWC 245 96 21.1 
Kaniva ILWC 245 62 11.9 
Almaz ILWC 245 55 5.7 
Lasseter ILWC 181 107 7.5 
ICC 3996 ILWC 181 109 10.1 
Kaniva ILWC 181 117 9.4 
Almaz ILWC 181 108 8.3 

 

 

Table  3.3. Calculated t-statistics for different cross combinations of chickpea, C. reticulatum and 

C. echinospermum accessions. The values in parentheses are the means for each cross 

combination. 

Cross combinations t-stat P value 
desi x desi (31.0) vs desi x kabuli (30.9) 0.411 0.684 
desi x desi (31.0) vs kabuli x kabuli (24.3) 1.596 0.128 

desi x kabuli (30.9) vs kabuli x kabuli (24.3) 1.577 0.127 
chickpeaa x chickpea (29.5)vs chickpea x C. reticulatumb (20.4) 2.442 0.018 
chickpea x chickpea (29.5)vs chickpea x C. echinospermumc (11.6) 3.812 <0.001 

chickpea x C. reticulatum (20.4) vs chickpea x C. echinospermum (11.6) 3.050 0.007 
desi x C. reticulatum (20.9) vs kabuli x C. reticulatum (20.0) 0.233 0.820 

desi x C. echinospermum(14.3) vs kabuli x C. echinospermum (8.8) 1.557 0.170 
a kabuli and desi type chickpeas combined; b all accessions of C. reticulatum combined; c all 

accessions of C. echinospermum combined. 
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3.3.2. Interspecific hybridisation in incompatible Cicer  species 

Following 50–100 crosses for each of 30 cross combinations between chickpea 

and both C. pinnatifidum and C. judaicum, 19 putative hybrid seeds were collected from 

the mother plants (Table  3.4). In the crosses between chickpea and C. pinnatifidum 

ILWC 236, chickpea mother genotypes Lasseter and ICC 3996 produced hybrid seeds. 

When crossed with C. pinnatifidum ILWC 250, chickpea genotypes Lasseter, ICC 3996, 

Kaniva and 24B-Isoline produced hybrid seeds. Kaniva was the only chickpea genotype 

to produce hybrid seed when crossed with ILWC 224. 

In the crosses between chickpea genotypes and C. judaicum, hybrid seed was 

produced only when chickpea genotype ICC 3996 was crossed with ILWC 30. 

3.3.3. Intraspecific hybridisation 

For intraspecific crosses, the success rate for seed set ranged from 10% (Almaz x 

Kaniva) to 54.1% (24 B-Isoline x Almaz) (Table  3.5). When used as female parents, 

desi type 24 B-Isoline and kabuli type IG 9337 had the highest seed sets of 54.1% and 

50%, respectively. 

There was a significant difference in the rate of seed set among chickpea 

genotypes when crossed with other chickpeas (P<0.05). Mean seed set was highest for 

IG 9337 with 37.6% and lowest for Almaz with 15.1% (Table  3.6). 
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Table  3.4. Wide hybridisation of chickpea with its two incompatible wild relatives, C. pinnatifidum 

and C. judaicum, in the glasshouse during 2004 and 2005. 

Cicer/genotype 
Seed(s) 
obtained 

Description of F1 plant 

(female) C. arietinum x C. pinnatifidum (male) 
Lasseter ILWC 236 1 resembled chickpea parent 
ICC 3996 ILWC 236 1 resembled chickpea parent 
Kaniva ILWC 236 0  
Almaz ILWC 236 0  
24 B-Isoline ILWC 236 0  
IG 9337 ILWC 236 0  
Lasseter ILWC 250 2 resembled chickpea parent 
ICC 3996 ILWC 250 2 resembled chickpea parent 
Kaniva ILWC 250 2 resembled chickpea parent 
Almaz ILWC 250 0  
24 B-Isoline ILWC 250 3 resembled chickpea parent 
IG 9337 ILWC 250 0  
Lasseter ILWC 224 0  
ICC 3996 ILWC 224 0  
Kaniva ILWC 224 1 putative hybrid 
Almaz ILWC 224 0  
24 B-Isoline ILWC 224 0  
IG 9337 ILWC 224 0  

(female) C. arietinum x C. judaicum (male) 
Lasseter ILWC 30 0  
ICC 3996 ILWC 30 7 resembled chickpea parent 
Kaniva ILWC 30 0  
Almaz ILWC 30 0  
24 B-Isoline ILWC 30 0  
IG 9337 ILWC 30 0  
Lasseter ILWC 223 0  
ICC 3996 ILWC 223 0  
Kaniva ILWC 223 0  
Almaz ILWC 223 0  
24 B-Isoline ILWC 223 0  
IG 9337 ILWC 223 0  
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Table  3.5. Success rate in intraspecific crosses among chickpea lines. 

Parents Crosses Reciprocals 

Female Male 
Number of 

crosses 
Seed set (%) 

Number of 
crosses 

Seed set (%) 

desi x kabuli 
Lasseter Almaz 174 28.2 37 16.2 
ICC 3996 Kaniva 67 35.8 158 36.7 
24 B-Isoline IG 9337 30 26.8 30 50.0 
24 B-Isoline Kimberley Large 86 36.4 35 14.3 
24 B-Isoline Almaz 46 54.1 0 NA 
ICC 3996 IG 9337 28 42.9 52 38.5 
ICC 3996 Kimberley Large 53 30.2 103 31.1 
ICC 3996 Almaz 118 25.4 45 17.6 
Lasseter Kaniva 41 24.4 43 16.3 

kabuli x kabuli 
IG 9337 Kimberley Large 89 33.8 49 24.3 
IG 9337 Almaz 40 30.0 0 NA 
Kimberley Large Almaz 40 25.1 90 16.7 
Kaniva Almaz 113 30.1 40 10.0 

desi x desi 
24 B-Isoline ICC 3996 77 39.0 0 NA 
DZ-10-11 DZ-10-11-Mutant 94 46.8 71 39.4 
Amethyst-Mutant DZ-10-11-Mutant 34 17.6 57 42.1 
Amethyst Amethyst-Mutant 27 11.1 0 NA 
24B 24B-Isoline 0 NA 50 22.0 
Lasseter ICC 3996 77 33.8 55 27.3 

NA means no crosses were made between those genotypes. 
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Table  3.6. The success rate of seed set in chickpea genotypes (as female parent) in 

intraspecific crosses and crosses with wild Cicer species, C. reticulatum and C. echinospermum 

(mean ± SE). 

Chickpea genotype 
as female parent 

Crossed with chickpeas Crossed with wild species 

desi types   
Lasseter 28.8 ± 2.7 18.1 ± 2.8 
ICC 3996 32.3 ± 3.2 18.5 ± 3.5 
24 B-Isoline 35.6 ± 5.5 NA 

kabuli types   
Almaz 15.1 ± 1.7 12.4 ± 2.8 
Kaniva 27.7 ± 6.0 18.6 ± 4.5 
IG 9337 37.6 ± 7.4 NA 
Kimberley Large 23.7 ± 3.5 NA 

 

3.3.4. Assessments hybrid progeny 

3.3.4.1. Pollen viability 

There was a significant difference in pollen viability of chickpea and wild Cicer 

parental genotypes (P<0.05). Overall, chickpea genotypes had higher pollen viability 

than wild Cicer species (Table  3.7). Interspecific hybrids from crosses between 

chickpea and C. reticulatum were fertile for both F1 and F2 generations while C. 

echinospermum had both fertile and sterile hybrids. Although fertile F1 hybrids were 

made between ICC 3996 and ILWC 181, the F2 hybrids lost their fertility. 
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Table  3.7. Pollen viability of chickpea, C. reticulatum, C. echinospermum accessions, and some 

F1 and F2 interspecific hybrids. 

Cicer/genotype  Generation Pollen viability (%) 

C. arietinum    
Lasseter  parent 97 
ICC 3996  parent 98 
Kaniva  parent 98 
Almaz  parent 97 

C. reticulatum    
ILWC 118  parent 96 
ILWC 184  parent 84 
ILWC 139  parent 79 

C. echinospermum    
ILWC 245  parent 68 
ILWC 181  parent 82 

C. arietinum x C. reticulatum 
Lasseter  ILWC 184 F1 82 
ICC 3996 ILWC 184 F1 85 
Lasseter  ILWC 184 F2 70 
ICC 3996 ILWC 184 F2 73 

C. arietinum x C. echinospermum 
Lasseter  ILWC 245 F1 0 
ICC 3996 ILWC 245 F1 0 
ICC 3996 ILWC 181 F1 31 
ICC 3996 ILWC 181 F2 0 

 

3.3.4.2. Morphological assessment of hybrids 

In the interspecific crosses between chickpea genotypes and two compatible wild 

Cicer species, C. reticulatum and C. echinospermum, all F1 hybrids showed 

intermediate morphology. They had a semi-spreading growth habit with more branches 

than the cultivar (Figure  3.1). Crosses between wild Cicer species and kabuli type 

chickpeas had purple flowers while desi types were intermediate in colour. F2 seeds had 

a thick seed coat. F2 families showed segregation for different characters such as flower 

colour, seed coat colour, seed coat thickness, flower colour, flowering time and growth 

habit (data not shown). 
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Figure  3.1. Three-week old interspecific F1 hybrids from crosses of chickpea cultivar ‘Kaniva’ 

with (a) C. reticulatum accession ILWC 184 (b) C. echinospermum accession ILWC 181,and the 

parental lines: (c) ILWC 184, (d) Kaniva and (e) ILWC 181. 

 

In the interspecific crosses of chickpea with C. pinnatifidum and C. judaicum, the 

majority of putative F1 hybrids resembled the mother phenotype. There were no 

differences in flower colour, growth habit, flowering time and seed characters between 

the F1 hybrids and female parents. 

An interspecific hybrid derived from a cross between chickpea cultivar Kaniva 

and C. pinnatifidum ILWC 224 differed from the majority of hybrids. The F1 plant had 

yellowish leaves due to lack of chlorophyll, and looked like the pollen donor C. 

pinnatifidum (Figure  3.2). The hybrid survived for more than three weeks in the 

glasshouse. Using tissue culture techniques, shoots of the hybrid were maintained for a 

further three weeks in culture. 

c d e 

a b 
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Figure  3.2. An interspecific hybrid from a cross between chickpea cultivar ‘Kaniva’ (female 

parent) and C. pinnatifidum accession ILWC 224. Hybrid (left to right) at one-week, 2-week and 

3-weeks of age. 

 

In 2005, interspecific hybrids from crosses between chickpea genotypes and C. 

reticulatum and C. echinospermum were assessed for ascochyta blight response under 

field conditions at Medina Research Station, Western Australia. The results are 

presented and discussed in Chapter 4. 

3.4.  Discussion 

As expected, mean seed set in intraspecific hybrids (chickpea x chickpea) was 

higher (29.5%) than interspecific hybrids (chickpea x C. reticulatum (20.4%) and 

chickpea x C. echinospermum (11.6%)). These results are supported by research under 

field conditions (Singh and Ocampo 1993) where seed set ranged from 43–63% for 

chickpea x chickpea crosses, 2–34 % for chickpea x C. reticulatum crosses, and 79% for 

chickpea x C. echinospermum crosses depending on which chickpea type (kabuli or 

desi) was used as the female parent. Similarly, Ladizinsky and Adler (1976b) reported 

6.16% seed set for chickpea x C. reticulatum crosses and 1.08% seed set for chickpea x 

C. echinospermum crosses in a controlled environment. 

Although between 50 and 100 crosses were made between chickpea genotypes 

and C. judaicum and C. pinnatifidum accessions, only a few hybrid seeds were obtained. 

Among those, only one—Kaniva x C. pinnatifidum accession ILWC 224—appeared to 

be a putative hybrid with the rest resembling the mother chickpea genotype. Further 

DNA work is needed to confirm the identity of the putative hybrid. The crosses—
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chickpea x C. pinnatifidum and chickpea x C. judaicum—have previously failed to 

produce hybrid seeds (Singh et al. 1999a; Singh and Ocampo 1993; Singh et al. 1999b) 

while the crosses—chickpea x C. pinnatifidum and chickpea x C. judaicum—have had 

some success (Verma et al. 1990). Several researchers successfully applied embryo 

rescue technique for hybridisation of chickpea with C. pinnatifidum, however, the 

hybrids were infertile (Badami et al. 1997; Mallikarjuna 1999; Van Dorrestein et al. 

1998). 

Chickpea genotype had no effect on seed set in interspecific hybridisation. Nor 

was there any difference between desi and kabuli types in wide hybridisation with C. 

reticulatum and C. echinospermum. Singh and Ocampo (1993) reported, without 

mentioning statistical significance, higher seed set when a kabuli line was crossed with 

C. echinospermum, and a desi type was crossed with C. reticulatum. Their study used 

only one genotype for each kabuli and desi type chickpea and each wild Cicer species. 

Pollen viability in chickpea parents was higher (97.5%) than in wild Cicer species 

(81.8%) and interspecific hybrids (39.6%). Furthermore, pollen viability in interspecific 

F1 hybrid plants of chickpea x C. reticulatum was higher (83.5%) than in chickpea x C. 

echinospermum (10.3%). However, pollen viability of chickpea x C. echinospermum F1 

plants depended on which accession of C. echinospermum was used, similar to the 

findings of Ladizinsky and Adler (1976b). Pollen viability in F1 hybrids derived from a 

cross between chickpea accession ICC 3996 and C. echinospermum accession ILWC 

181 was low, but the F1 hybrids produced seeds. However, their F2 progeny produced 

no viable pollen and no seeds. On the other hand, pollen of F1 hybrids derived from 

crosses of chickpea parents with C. echinospermum ILWC 245 were sterile. Overall, 

pollen viability of wild Cicer species and their interspecific hybrids with chickpea was 

lower in this study than in other reports (Pundir et al. 1992; Singh and Ocampo 1993). 

Pundir et al. (1992) reported 98% and 96% pollen viability in chickpea and C. 

echinospermum, respectively, compared to 75% in this study. Singh and Ocampo (1993) 

reported 100% pollen viability for chickpea x C. reticulatum hybrids and 51% in 

chickpea x C. echinospermum hybrids which was higher than the 83.5% for chickpea x 

C. reticulatum hybrids and the 10.3% in chickpea x C. echinospermum hybrids in this 

study. Our results suggest that backcrossing of cultivated chickpea with interspecific 

hybrids derived from C. echinospermum has a vital role in breeding programs. 
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True hybrids were produced in the interspecific crosses between chickpea 

genotypes and two compatible wild Cicer species, C. reticulatum and C. 

echinospermum. They had intermediate morphology including semi-spreading growth 

habit and more branches with thicker seed coats compared to their chickpea parents. 

The intermediate nature of interspecific hybrids derived from crosses between chickpea 

genotypes and C. reticulatum and C. echinospermum has been reported (Ladizinsky and 

Adler 1976a; Ladizinsky and Adler 1976b; Pundir and van der Maesen 1983). It is 

necessary to backcross interspecific hybrids with cultivated chickpea to retain the 

desirable characteristics, and to introgress specific traits from the wild Cicer accessions. 

In the interspecific crosses of chickpea genotypes with C. pinnatifidum and C. 

judaicum only one of 19 hybrid seeds appeared to be a true hybrid, derived from a cross 

between Kaniva and C. pinnatifidum accession ILWC 224. Even though the hybrid 

lacked chlorophyll, it survived for more than one month suggesting that it may be 

possible to cross chickpea with C. pinnatifidum using wide hybridisation with a low 

level of seed set. The albino nature of hybrids produced in the crosses of chickpea with 

C. pinnatifidum has been reported (Badami et al. 1997; Clarke et al. 2006). 

The remaining 18 hybrids resembled their mother plants. Since flowers on the 

mother plant were emasculated carefully before pollination, it is possible that apomixis 

occurred in the flower of the chickpea plant. However, more research is needed to 

reveal the identity of the hybrids. 

In conclusion, it may be possible to develop hybrids between cultivated chickpea 

types and incompatible annual Cicer species with wide hybridisation. However, the 

identity of hybrids needs to be confirmed with molecular tools to avoid misleading 

results. Embryo rescue techniques have been used in interspecific hybridisation of 

chickpea with wild Cicer species (Badami et al. 1997; Clarke et al. 2006; Mallikarjuna 

1999). Since tissue culture techniques produced more promising results compared to 

wide hybridisation, more effort is needed to develop these techniques for interspecific 

hybridisation in Cicer species. 
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Chapter Four 

4. Diallel analyses reveal the genetic control of 
resistance to ascochyta blight in diverse chickpea and 

wild Cicer  species 
 

Abstract 

Ascochyta blight is a major fungal disease affecting chickpea production 

worldwide. The genetics of ascochyta blight resistance was studied in five 5 x 5 half-

diallel cross sets involving seven genotypes of chickpea (ICC 3996, Almaz, Lasseter, 

Kaniva, 24B-Isoline, IG 9337 and Kimberley Large), three accessions of Cicer 

reticulatum (ILWC 118, ILWC 139 and ILWC 184) and one accession of C. 

echinospermum (ILWC 181) under field conditions. Both F1 and F2 generations were 

used in the diallel analysis. The disease was rated in the field using a 1–9 scale: Almaz, 

ICC 3996 and ILWC 118 were the most resistant (rated 3 to 4) and all other genotypes 

were susceptible (rated 6 to 9) to ascochyta blight. Estimates of genetic parameters, 

following Hayman's method, showed significant additive and dominant gene actions. 

The analysis also revealed the involvement of both major and minor genes. 

Susceptibility was dominant over resistance to ascochyta blight. The recessive alleles 

were concentrated in the two resistant chickpea parents ICC 3996 and Almaz, and one 

C. reticulatum genotype ILWC 118. The wild Cicer accessions may have different 

major or minor resistant genes compared to the cultivated chickpea. High narrow-sense 

heritability (ranging from 82 to 86% for F1 generations, and 43 to 63% for F2 

generations) indicates that additive gene effects were more important than non-additive 

gene effects in the inheritance of the trait and greater genetic gain can be achieved in the 

breeding of resistant chickpea cultivars by using carefully selected parental genotypes. 

4.1. Introduction 

Chickpea, Cicer arietinum L., a self-pollinated diploid (2n=2x=16) member of the 

family Leguminosae and subfamily Papilionoideae, is the third most important 

cultivated grain legume in the world after dry bean (Phaseolus vulgaris L.) and field pea 

(Pisum sativum L.) (FAO 2005). This grain legume crop is cultivated mostly in Central 
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and West Asia, the Indian subcontinent, southern Europe, Ethiopia, North Africa, North 

and South America, and more recently in Canada and Australia (Ladizinsky and Adler 

1976b; Millan et al. 2003; Singh 1997a). 

A major biotic constraint limiting chickpea yield in the world is the fungal disease 

ascochyta blight, caused by the pathogen Ascochyta rabiei (Pass) Lab., which attacks all 

aerial parts of the plant (Nene and Sheila 1992). Integrated management of ascochyta 

blight disease is vital to stabilise chickpea production worldwide (Gan et al. 2006). 

Fungicides do not provide complete protection and are an added expense for the grower 

and environmentally not sustainable. Sustainable management of ascochyta blight in 

chickpea includes both integrated crop management practices (Gan et al. 2006) and the 

development of resistant cultivars (Collard et al. 2001; Collard et al. 2003b; Nene and 

Sheila 1992; Pande et al. 2005). Therefore, knowledge of genetic control and 

inheritance of ascochyta blight resistance is essential for the development of strategies 

aimed at efficient selection and breeding. 

Genotypic variation has been reported for ascochyta blight resistance in chickpea 

using both Mendelian and quantitative trait loci (QTL) analyses. Some classical 

Mendelian studies suggest that resistance to ascochyta blight may be conferred by one 

dominant gene (Pande et al. 2005; Singh and Reddy 1983; Tewari and Pandey 1986; 

Vir  et al. 1975), a single recessive gene (Singh and Reddy 1983; Tewari and Pandey 

1986), two dominant genes (Tewari and Pandey 1986) or two recessive genes 

(Kusmenoglu 1990). Lichtenzveig et al. (2002) suggested that a single (or few) QTL 

with major effects, in combination with other minor genes, are responsible for ascochyta 

blight resistance. More recently, Udupa and Baum (2003), using molecular techniques, 

suggested that resistance to pathotype I is controlled by a major locus and resistance to 

pathotype II is controlled by two recessive loci with complementary gene action. Other 

molecular studies suggest that resistance is conferred by more than one gene and it may 

be inherited as a quantitative trait (Collard et al. 2003a; Collard et al. 2003b; Flandez-

Galves et al. 2003a; Lichtenzveig et al. 2002; Millan et al. 2003; Muehlbauer and 

Kaiser 1994; Santra et al. 2000; Tekeoglu et al. 2000).While it is understood that 

ascochyta blight resistance is under strong genetic control, there are limited reports on 

diallel analysis of ascochyta blight resistance in chickpea and related annual wild Cicer 

species. Diallel analysis is a powerful technique in partitioning phenotypic variance, 

leading to a better understanding of the size and proportion of the variation which is due 
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to the additive gene effect and to a particular combination of these genes. The objective 

of this study was to fill the gap in knowledge using diallel analysis to determine the 

significance and nature of gene effects, and heritability of ascochyta blight resistance in 

intraspecific and interspecific progeny derived from crosses between chickpea and 

annual wild Cicer genotypes resistant or susceptible to the fungal disease. 

4.2. Materials and methods 

The mating design for the study was five different parallel 5 x 5 half diallel sets 

over two generations. In order to ensure reliable results, several parallel half-diallel sets 

were used instead of a single half-diallel set (Hayward 1979). Further, the experimental 

design included genetically diverse parents among cultivated chickpea and two wild 

annual relatives. Combinations of statistical and graphical approaches were used to 

analyse the diallel sets. 

4.2.1. Plant materials and hybridisation 

Four cultivars and three accessions of Cicer arietinum, three accessions of C. 

reticulatum and one accession of C. echinospermum were crossed without reciprocals to 

produce five different 5 x 5 half diallel sets (Table  4.1). Parents and cross combinations 

were selected according to their response to ascochyta blight based on information from 

chickpea breeders in Australia and from preliminary field experiments. 

Parental genotypes were sown at intervals in a glasshouse at The University of 

Western Australia. At least five plants per genotype were sown every two weeks to 

ensure a continuous supply of flowering plants. Crosses were made in the morning, 

buds were emasculated immediately prior to pollination and a solution of growth 

regulators (Mallikarjuna 1999) was applied to the peduncle of buds for interspecific 

crosses. Three to five F1 hybrid plants were grown in the glasshouse to produce 70–760 

F2 hybrid seeds. A stem cutting method was used to clone some of the F1 hybrids to 

increase seed production (Danehloueipour et al. 2006). Five to seven F1 seeds were 

stored for field screening. Both F1 and F2 hybrids, and their parents in the diallel cross 

sets were evaluated in the field experiment. 
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Table  4.1. Chickpea genotypes and wild Cicer accessions used in the crosses in each diallel set 

for the genetic characterisation of ascochyta blight resistance. P indicates parent in a diallel set. 

Diallel set 
Genotypes Cicer/type Phenotype 

1 2 3 4 5 
Almaz arietinum (kabuli) R P P P P P 
ICC 3996 arietinum (desi) R P P P P P 
Lasseter arietinum (desi) S P P P P  
Kaniva arietinum (kabuli) S P P P P  
Kimberly Large arietinum (kabuli) S     P 
IG 9337 arietinum (kabuli) S     P 
24 B-Isoline arietinum (desi) S     P 
ILWC 118 reticulatum MR P     
ILWC 139 reticulatum MS  P    
ILWC 184 reticulatum S   P   
ILWC 181 echinospermum MS    P  

 

4.2.2. Disease assessment 

Parental genotypes were screened for ascochyta blight reaction in a randomised 

complete block design (RCBD) with three replications. The field experiment was 

planted in May 2005 in a disease nursery at Medina Field Station, Perth, Western 

Australia (115° 79’ E; 32° 23’ S). Five sets of 5 x 5 half-diallel populations were 

planted and, in each replication, 20–25 seeds for parents and F2 progeny and 5–7 seeds 

for F1 progenies were sown. Seed was inoculated with Rhizobium (group N). One month 

after sowing ascochyta-infested chickpea debris, collected from the previous year, was 

spread between rows as disease inoculum. Ascochyta blight susceptible desi chickpea 

cultivar Heera was used as a susceptible control and also as a spreader row to increase 

the severity of disease. The rainfall from May to July was 505 mm and infection was 

generally uniform in the field. 

The response of chickpea to ascochyta blight was determined visually using a 1–9 

scale, where 1 was unaffected and 9 was dead (Reddy and Singh 1984). Scoring 

commenced soon after the first detection of ascochyta blight symptoms on plants in the 

experimental plots. Subsequent assessments were made weekly until all plants of the 

susceptible parent (Lasseter) were dead (Collard et al. 2003a; Pande et al. 2005). Data 

collected from the final assessment were used for diallel analysis. 
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4.2.3. Statistical analyses 

All statistical analyses were performed with Genstat software for WindowsTM, 

Release 7.2 (Genstat, 2004). ANOVA was performed to test the response of genotypes 

to ascochyta blight disease. Bartlett's test was also performed to test homogeneity of 

variances. 

The diallel was analysed according to Hayman and Jinks method (Hayman 1954; 

Jinks 1954,1956; Mather and Jinks 1982). Validity of assumptions, the principal for 

diallel analysis, was tested following Allard (1956) and Mather and Jinks (1982). 

The variance (Vrij) between five families (one parent and its hybrids with the four 

other parents) and the parent–offspring covariance (Wrij) were calculated from the 

family means for each array (i, i = 1–5) within each block (j, j = 1–3). 

The regression analysis of Wr over Vr (Wr/Vr graph) provided three useful pieces 

of information (Mather and Jinks 1982): (i) epistasis is absent when the slope of the 

regression line is significantly close to 1; (ii) where the regression line cuts the Wr axis 

is a measure of the average level of dominance; and (iii) the relative arrangement of the 

points along the regression line indicates the distribution of dominant (near origin) and 

recessive (furthest from origin) genes among the parents (Mather and Jinks 1982). 

The direction of the dominance is obtained from the Wr, Vr values. The relative 

number of dominant to recessive alleles in the common parents of the arrays is indicated 

by the relative values of the (Wr + Vr) over arrays. The correlation between (Wri + Vri) 

and the phenotypic value of the common parent of the array ( iP
__

) indicates the 

correlation in distribution of dominant to recessive alleles with iP
__

. 

Two-way analysis of variance (arrays x blocks) of (Wrij + Vrij) values were used 

to test the existence of dominance (Mather and Jinks 1982). Furthermore, an analysis of 

the (Wrij – Vrij) values and the joint regression analysis of (Wrij – Vrij) over blocks were 

performed to test the adequacy of the model (Mather and Jinks 1982). 

A regression graph of parent–offspring covariance (Wr) and variance between the 

families (Vr) provides a useful means of assessing genetic relationships among the 

parents. As Jinks (1954) and Hayman (1954) showed, in the absence of epistasis and 

with independent distribution of genes among the parents, the linear regression of 

Wr/Vr has a slope of one and the Wr, Vr array points would remain along the regression 
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line, Wr = a + bVr, and within an area delimited by the parabola, Wr2 = Vp·Vr, where 

Vp is the variance of the parental means. 

4.3. Results 

4.3.1. Ascochyta blight reaction 

The germplasm showed significant variation for ascochyta blight resistance. 

Among the genotypes examined, ICC 3996 (desi), Almaz (kabuli) and ILWC 118 (C. 

reticulatum) were the most resistant with disease rates of 3.2, 3.9 and 4.3, respectively 

(Figure  4.1). Chickpea genotypes Lasseter, IG 9337, 24B-Isoline, Kimberly Large, 

Kaniva and wild C. reticulatum accession ILWC 184 were susceptible to ascochyta 

blight, rating from 7.3 to 9.0. Cicer reticulatum accession ILWC 139 and C. 

echinospermum accession ILWC 181 were moderately susceptible to ascochyta blight 

with 5.5 and 5.6 disease scores, respectively. 

Among the crosses between two resistant parents, only intraspecific hybrid Almaz 

x ICC 3996 showed resistance to ascochyta blight in both F1 and F2 generations (Table 

 4.2). All crosses among susceptible parents resulted in susceptible offspring as 

expected. Among crosses between susceptible and resistant parents, interspecific 

hybrids ILWC 181 x ICC 3996 and ILWC 181 x Almaz had the best resistance even 

compared to progeny obtained from crosses between two resistant parents. Overall, 

resistance in F1s was higher than F2s for each cross. 
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Figure  4.1. The response of chickpea (ICC 3996, Almaz, Lasseter, Kaniva, 24B-Isoline, IG 9337 

and Kimberley Large), C. reticulatum (ILWC 118, 139 and 184) and C. echinospermum (ILWC 

181) to ascochyta blight using 1–9 scale (1 = unaffected plants and 9 = dead plants) in a 

disease nursery at Medina, Western Australia in winter 2005 (mean ± SE). 
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Table  4.2. The response of chickpea, C. reticulatum, C. echinospermum genotypes and their F1/F2 hybrids to ascochyta blight. Plants were rated using a 1–9 

scale (1 = unaffected plants and 9 = dead plants) in a disease nursery at Medina, Western Australia in winter 2005 (mean ± SE ). 

Genotype/cross Generation Almaz ICC 3996 Lasseter Kaniva Kimberly Large IG 9337 

ICC 3996 
F1 
F2 

3.7±0.1 
3.9±0.1 

     

Lasseter 
F1 
F2 

6.5±0.2 
7.6±0.2 

4.3±0.3 
6.8±0.2 

    

Kaniva 
F1 
F2 

4.3±0.3 
5.4±0.2 

4.3±0.2 
6.0±0.2 

8.4±0.4 
7.1±0.4 

   

Kimberly Large 
F1 
F2 

5.2±0.1 
5.1±0.1 

6.0±0.3 
5.2±0.3 

    

IG 9337 
F1 
F2 

6.0±0.0 
4.8±0.1 

4.4±0.2 
5.2±0.1 

  
6.5±0.0 
6.5±0.0 

 

24 B-Isoline 
F1 
F2 

5.2±0.2 
5.8±0.2 

5.1±0.3 
4.9±0.2 

  
6.9±0.1 
7.3±0.2 

7.7±0.4 
8.4±0.1 

ILWC 118 
F1 
F2 

4.7±0.3 
6.1±0.1 

4.1±0.3 
5.4±0.1 

6.8±0.4 
7.8±0.3 

6.0±0.0 
6.9±0.2 

  

ILWC 139 
F1 
F2 

6.0±0.4 
6.3±0.4 

4.8±0.5 
5.4±0.2 

7.4±1.0 
7.9±0.3 

6.7±0.2 
8.1±0.2 

  

ILWC 184 
F1 
F2 

6.1±0.0 
6.5±0.3 

3.8±0.3 
5.5±0.2 

8.5±0.3 
8.2±0.1 

7.9±0.2 
8.1±0.1 

  

ILWC 181 
F1 
F2 

4.1±0.1 
4.3±0.2 

3.3±0.2 
3.8±0.3 

6.0±0.0 
7.0±0.1 

5.0±0.0 
5.9±0.2 
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4.3.2. ANOVA using Hayman diallel analysis procedure 

Analysis of variance (ANOVA) showed that both additive (a) and dominance (b) 

effects were significant (P<0.01) (Table  4.3). Diallel sets 1 and 5 showed significant 

(P<0.05) directional dominance effects, demonstrating that the dominance deviations of 

the genes are predominantly in one direction. Diallel sets 2, 3 and 4 did not show 

directional dominance effects (b1) for ascochyta blight resistance. Dominance effects 

which are common to the progeny of a particular parent (a progeny array) (b2) were 

statistically significant for all diallel sets except diallel set 3, showing that some parents 

contain significantly more dominant alleles than other parents. The dominance effects 

specific to particular crosses (b3) were highly significant (P<0.01) for all diallel sets. 

However, the significance of b3 in all diallel sets showed that dominance effects were 

mostly specific to individual crosses and not, therefore, attributed to b1 and b2 items. If 

incomplete dominance was directional, it would be expected to give rise to a significant 

value of b1 in the Hayman’s ANOVA. Therefore, these results were also supported by 

Hayman’s ANOVA with non-significant b1 for diallel sets 3 and 4, and significant b1 for 

diallel set 1. 

4.3.3. Graphic analysis of Hayman 

4.3.3.1. Model adequacy 

Analysis of Wr–Vr values over arrays did not show much difference among 

parents for diallel sets 1, 3 and 4, which is consistent with the adequacy of the additive-

dominance model (Table  4.4). However, analysis of Wr–Vr values over arrays for 

diallel sets 2 and 5 varied considerably among parents indicating the inadequacy of the 

additive-dominance model for those two diallel sets. 

The slope of the regression line in the Wr/Vr graph differed significantly from 

zero but not from unity, indicating that the frequency of dominant alleles was different 

among parents and the model was adequate (Table  4.5). Considering the two tests of 

adequacy, only diallel sets 1, 3 and 4 agreed with the additive-dominant model. 

Therefore, diallel sets 2 and 5 were eliminated from the rest of diallel analysis. 
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Table  4.3. Mean squares and P values for the Hayman analysis of variance of ascochyta blight resistance measured on parental and F2 progeny from five 5 x 

5 half diallel crosses in chickpea and wild Cicer, grown in a disease nursery at Medina, Western Australia in 2005. 

Diallel set 1 Diallel set 2 Diallel set 3 Diallel set 4 Diallel set 5 Source of  
variations 

df 
MS VR MS VR MS VR MS VR MS VR 

a 4 24.41 360.83** 25.61 248.08** 27.84 134.39** 28.02 287.61** 25.99 219.98** 
b 10 2.16 15.50** 1.77 12.64** 1.22 10.81** 1.15 9.22** 1.42 19.16** 
b1 1 6.17 30.69* 4.01 4.94 1.51 9.29 0.01     0.08 3.04 35.59* 
b2 4 2.30 15.14** 1.04 37.53** 0.46 2.57 1.02 10.78** 0.86 10.05** 
b3 5 1.25 10.67** 1.90 19.94** 1.77 35.67** 1.48 12.30** 1.55 24.55** 

Blocks 2 0.05  0.42  0.27  0.30  0.13  
Block interactions 28 0.12  0.13  0.14  0.12  0.09  

* P<0.05; ** P<0.01 (all items tested against pooled block interaction). 

Source of variation is adapted from Mather and Jinks (1982) where a is total additive genetic effects; b is total dominance genetic effects; b1 is mean deviation 

of F2s from their mid-parental value (directional dominance); b2 is variation of deviation of F2s from their mid-parental value over arrays; b3 is that part of 

dominance variation unique to each F2; block interactions is residual non-genetic; df is degree of freedom; MS is mean of squares; VR is variance. 
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Table  4.4. Heterogeneity and homogeneity tests for (Wr+Vr) and (Wr–Vr) values for ascochyta blight resistance from 5 x 5 half diallel crosses in chickpea and 

wild Cicer accessions. 

Mean of Squares 
Source of variation df 

Diallel set 1 Diallel set 2 Diallel set 3 Diallel set 4 Diallel set 5 
        

(Wr+Vr) array differences  4 9.75** 8.87** 9.64** 11.02** 15.28** 
(Wr+Vr) block differences 10 1.32 0.75 0.80 0.90 0.37 

       
(Wr–Vr) array differences 4 0.19 0.39* 0.23 0.20 0.14** 
(Wr–Vr) block differences 10 0.17 0.09 0.08 0.13 0.02 

*, ** denotes significant at 5% and 1% confidence levels, respectively. 

 

Table  4.5. Test of adequacy of diallel model via regression analysis of Wr over Vr for ascochyta blight resistance measured on parental and F2 progeny from 5 

x 5 half diallel crosses in chickpea and wild Cicer accessions. 

Diallel set 1 Diallel set 2 Diallel set 3 Diallel set 4 Diallel set 5 Items 
Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE 

Intercept 0.65* 0.22 0.29 0.32 0.81* 0.26 0.79* 0.25 0.99** 0.21 
Slope 1.12** 0.12 1.34** 0.18 1.20** 0.15 1.14** 0.14 1.05** 0.12 

All slopes were significantly close to unity and there were no significant departures of the regression coefficient (slope) from unity in the diallel sets indicating 

adequacy of additive-dominance model. 

*, ** denotes significantly different from zero at 5% and 1% confidence level, respectively. SE = standard error. 
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4.3.3.2. Plot of Wr/Vr 

The relative order of the parents along the regression line in the Wr/Vr plot 

indicates the distribution of dominant and recessive genes among the parents (Figure 

 4.2). Parents Lasseter, Kaniva and ILWC 184 were nearest to the origin with the most 

dominant genes and the parents ICC 3996 and Almaz were furthest from the origin with 

the most recessive genes. Wild accessions, ILWC 181 and ILWC 118, were in the 

middle showing almost equal distribution of dominant and recessive alleles. 

The intercept was significantly different from zero (P<0.05) and the regression 

lines passed through the Wr axis above the origin (Figure  4.2) indicating the presence of 

an incomplete dominance gene action for ascochyta blight resistance. Parents ICC 3996 

and Almaz had the lowest mean values for disease score and gave the largest value of 

Wr+Vr for this trait (Figure  4.3). With regard to the disease score, parents ICC 3996 

and Almaz were clearly distinct from all other parents. There was a high correlation 

between Wr+Vr values and mid parents. 

4.3.4. Genetic components and heritability of ascochyta blight 

resistance 

Additive genetic variance (D) and the two components of dominance (H1 and H2) 

were highly significant, indicating the importance of both additive and non-additive 

gene actions in the genetic control of the trait (Table  4.6). H1 and H2 values were 

slightly different from each other showing different frequencies of the gene of interest 

among the parents used. 

The frequency of the dominant alleles was higher than recessive alleles. The value 

of F, indicating the relative frequency and magnitude of dominant and recessive alleles, 

was significantly positive for diallel set 1 (P<0.01) and diallel set 3 (P<0.05). 

Furthermore, 
__

uv = ¼(H2/H1), another test of frequency of alleles, was different from 

0.25 indicating the unequal frequency of the alleles (Table  4.6). However, gene 

asymmetry was of a low order. 

Degree of dominance was both complete and incomplete depending on the parents 

in each diallel set. The values of √(H1/D) for diallel sets 3 and 4 were almost equal to 

unity which indicates the presence of dominance. On the other hand, the value of 
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√(H1/D) for diallel set 1 was greater than 1 which indicates the presence of incomplete 

dominance. 

Overall, heritability of ascochyta blight resistance was high in all diallel sets 

across two generations (Table  4.7). Narrow-sense heritability for ascochyta blight 

resistance ranged from 82 to 86% for F1 generations, and 43 to 63% for F2 generations. 

Broad-sense heritability was higher than 93% for all diallel sets. 
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Figure  4.2. Covariance between parental and F2 progeny (Wr) plotted against the variance of all 

F2 hybrids in each parental array (Vr) for ascochyta blight resistance measured in three 5 x 5 

half-diallel mating designs. The curve on plot indicates the limiting parabola Wr2 = VrVp within 

which all the data points must lie. 
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Figure  4.3. Relationship between (Wr + Vr) values (sum of covariance between parental and F2 

progeny (Wr) and the variance of all F2 hybrids in each parental array (Vr)) and parental means 

for ascochyta blight resistance measured in three 5 x 5 half-diallel mating designs screened at 

Medina, Western Australia in 2005. 
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Table  4.6. Diallel analysis and estimates of genetic variance components for ascochyta blight 

resistance measured on parental and F2 progeny in three 5 x 5 half-diallel crosses. 

Statistics Diallel set 1 Diallel set 3 Diallel set 4 

rV
−

 1.60 1.62 1.66 

rW
−

 2.44 2.75 2.68 

−
r

V  1.05 1.25 1.32 

PV  6.20 6.12 5.73 

E 0.12 0.14 0.12 

Genetic variance component 

D 6.12*** 6.00*** 5.59*** 

H1 11.03*** 5.96** 6.05** 

H2 8.75*** 5.89** 5.46** 

F 4.97** 2.02* 0.96 

(H1/D)1/2 1.34 1.00 1.04 
__

uv  0.20 0.24 0.23 

rV
−

, mean value of Vr over all arrays; rW
−

, mean value of Wr over arrays; −
r

V , variance of array 

means; PV , variance of the inbred parents; E, variance component due to non-genetic variation; 

D, additive genetic variance; H1 and H2, dominance genetic variance; F, variance component 

due to inequality of frequency of dominant and recessive alleles, and variation in the level of 

dominance over loci; (H1/D)1/2, average degree of dominance; 
__

uv = H2/4H1, which reaches a 

maximum value of ¼ when the dominant and recessive alleles are equally frequent among the 

parent lines at all loci. 

* P<0.05; ** P<0.01; *** P<0.001 
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Table  4.7. Estimates of narrow and broad-sense heritability for ascochyta blight resistance 

measured in three 5 x 5 half-diallel cross sets in both F1 and F2 generations. 

F1 generation  F2 generation 
Heritability 

Diallel set 1 Diallel set 3 Diallel set 4  Diallel set 1 Diallel set 3 Diallel set 4 

(h2
n, %) 85.56 86.13 82.68 

 
43.12 56.13 63.41 

(h2
b,

 %) 93.42 94.57 94.19  97.04 96.16  97.15 

h2
n is narrow-sense heritability; h2

b is broad-sense heritability. 

 

4.4. Discussion 

The significance and nature of gene effect and heritability of ascochyta blight 

resistance in Cicer was estimated in our study of diallel crosses. The analysis revealed: 

(i) the involvement of both major and minor genes; (ii) susceptibility was dominant over 

resistance to ascochyta blight; (iii) the recessive alleles were concentrated in the two 

resistant chickpea parents ICC 3996 and Almaz, and one C. reticulatum genotype ILWC 

118; (iv) the wild Cicer accessions may have different major or minor resistant genes 

compared to cultivated chickpea; and (v) high narrow-sense heritability (ranging from 

82 to 86% for F1 generations, and 43 to 63% for F2 generations) indicates that additive 

gene effects are more important in the inheritance of the trait. Therefore, greater genetic 

gain can be achieved in the breeding of resistant chickpea cultivars by using carefully 

selected parental genotypes. 

There was considerable phenotypic variation between the genotypes used for 

crosses in the diallel sets and a range of responses to ascochyta blight. Desi type ICC 

3996, kabuli type Almaz and C. reticulatum ILWC 118 were the most resistant parents 

to ascochyta blight while chickpea genotypes Lasseter, Kaniva, Kimberly Large, 24 B-

Isoline, and C. reticulatum ILWC 184 were the most susceptible parents. Most of the 

disease scores for genotypes in this study were supported by previous reports (Collard et 

al. 2001; Nguyen et al. 2005) except for C. reticulatum ILWC 139 which had moderate 

susceptibility in this study, which is in contrast to a previous report which rated this 

accession as resistant in a glasshouse trial (Collard et al. 2001). Cicer echinospermum 

ILWC 181 was also moderately susceptible to ascochyta blight. Differences in host 

resistance may have resulted in resistance breakdown over time due to creation of new 

or different A. rabiei pathotypes  as well as environmental conditions, disease severity 
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scale, and plant growth stage in different experiments (Nguyen et al. 2005). Another 

explanation may be the existence of some variation within accessions of wild Cicer 

species. 

The following conclusions were drawn from the 5 x 5 half diallel using the Wr/Vr 

graph: (i) the regression line cut the Wr axis above the origin, suggesting that the 

average dominance was within the range of incomplete dominance; (ii) the position of 

the array points on the graph showed that the recessive alleles were concentrated in the 

three resistant parents, ICC 3996, Almaz and C. reticulatum ILWC 118, and the 

moderately susceptible C. echinospermum accession ILWC 181; (iii) the striking 

discontinuity between the array points of the resistance group versus the susceptible 

group suggested the involvement of one or more major genes in the inheritance of the 

trait; and (iv) the array points of wild Cicer accessions were relatively more dispersed 

compared to cultivars, suggesting genetic diversity in ascochyta blight resistance among 

the parents. 

We conclude that ascochyta blight resistance in the progenies in this study is 

controlled by recessive genes which is supported by the molecular analysis of 

Kusmenoglu (1990) and Udupa and Baum (2003). The literature reports differences in 

the number of segregating genes controlling ascochyta blight resistance in chickpea. 

Consideration of the parental genotypes, the pathotype against which the segregating 

population is screened, the screening system, and environmental conditions during 

disease assessments is needed. 

Both additive and dominance genetic variances were important considerations in 

the inheritance of ascochyta blight resistance in this study, and were previously 

observed in the genetic control of ascochyta blight in chickpea (Dey and Singh 1993). 

The differences in the magnitude of the additive and dominance genetic variance 

suggest that genetic variances depend on which parents are used to create the 

population, which is supported by previous research (Dey and Singh 1993). Considering 

the values obtained for H1, H2, 
__

uv  and F, the frequency of the dominant alleles was 

slightly higher than the recessive alleles controlling inheritance of ascochyta blight 

resistance. 

A high narrow-sense heritability value showed the greater importance of additive 

gene action in ascochyta blight resistance. This result is supported by previous research 
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where an estimation of narrow-sense heritability ranged from 67 to 85% (Lichtenzveig 

et al. 2002). 

In summary, diallel analysis of ascochyta blight resistance in Cicer revealed the 

precise genetic control of resistance in this germplasm. Susceptibility was dominant 

over resistance to ascochyta blight. The recessive resistant alleles were concentrated in 

ICC 3996 and Almaz, and ILWC 118. The wild Cicer accessions may have different 

major or minor resistant genes compared to the cultivated chickpea. High narrow-sense 

heritability indicates that additive gene effects were more important in the inheritance of 

the trait. A highly significant additive genetic component, large genetic variance and 

high narrow-sense heritability ensures the effectiveness of selection for these 

populations. 
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Chapter Five 

5. Leaf type is not associated with ascochyta blight 
resistance in chickpea (Cicer arietinum  L.) 

 

Abstract 

The three major leaf types in chickpea are normal compound leaf, simple leaf and 

multipinnate. Simple leaf types are less commonly cultivated worldwide and are often 

reputed to be susceptible to ascochyta blight disease, whereas other leaf types range 

from resistant to susceptible. This study, based on a segregating population, identified 

the association between host plant resistance to ascochyta blight and different leaf types 

in progeny derived from crosses between disease resistant and susceptible chickpea 

genotypes. In addition, the inheritance of disease resistance and leaf type was 

investigated in intraspecific progeny derived from crosses between two resistant 

genotypes with normal leaf type (ICC 3996 and Almaz), one susceptible simple leaf 

type (Kimberley Large) and one susceptible multipinnate leaf type (24 B-Isoline). Our 

results showed that, in these segregating populations, susceptibility to ascochyta blight 

was not correlated to multipinnate or simple leaf types; resistance to ascochyta blight 

depended more on genetic background than leaf shape; leaf type was controlled by two 

genes with a dihybrid supplementary gene action; normal leaf type was dominant; and 

inheritance of ascochyta blight resistance was mainly controlled by two major recessive 

genes. Since there was no correlation between ascochyta blight susceptibility and leaf 

type, breeding various leaf types with ascochyta blight resistance is a clear possibility. 

These results have significant implications for chickpea improvement, as most current 

extra-large-seeded kabuli varieties have a simple leaf type. 

5.1. Introduction 

Three leaf types, based on the morphology of the lamina, are commonly 

recognised in chickpea (Cicer arietinum L.): normal, simple and multipinnate. The 

typical cultivated chickpea leaf has a normal compound leaf (imparipinnate or fern-

leafed) with 9–17 leaflets on small pedicels attached to the rachis, which is also found in 

wild relatives among the genus Cicer. Mutation of the normal leaf has led to the simple 
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(unifoliate) leaf type (Ekbote 1942) and the multipinnate leaf (Pundir et al. 1990). 

Although grown in a smaller area, global interest in the simple leaf type is high because 

many extra large (bold) seeded kabuli chickpea varieties, which fetch a premium price 

for growers, have simple leaves. In the north of Western Australia, the bold-seeded 

simple leaf variety ‘Kimberley Large’ is grown in a high input system under irrigation 

in the Ord River region (Siddique and Regan 2005). It is now highly desirable for 

breeders to combine traits from the large-seeded simple leaf type with ascochyta blight 

resistance and a more broadly adapted background. To this end, inheritance studies have 

revealed some knowledge of the genetic control of leaf morphology in chickpea. 

There is strong evidence that leaf type is controlled by two genes (ml and s1) with 

dihybrid supplementary gene action (Pundir et al. 1990). Normal leaves occur when 

both genes are in the dominant form, simple leaves occur when the first gene (ml) is 

recessive irrespective of the state of the second gene (sl), and multipinnate leaves are 

formed when the first gene is dominant and the second gene is recessive. Alternatively, 

it has been suggested that a single recessive gene, slv, controls the simple leaf trait 

(Athwal 1963; Ekbote 1942; Singh 1962; Singh and Singh 1992). 

Worldwide production of chickpea is constrained by a foliar fungal disease caused 

by Ascochyta rabiei. Simple leaf varieties are generally susceptible to ascochyta blight 

disease. Research in Canada found simple leaf types to be more susceptible than normal 

leaf types (Gan et al. 2003). However this comparison was based on varieties with a 

range of different genetic backgrounds, and the authors acknowledged that the small 

number of cultivars did not provide enough information about linkage between the two 

traits. Recent research in Israel also found normal leaf types to be more resistant to 

ascochyta blight than simple leaf types in advanced progeny of a hybrid population, 

although the difference was significant only at the assessment after podding (Bonfil et 

al. 2007). No such study on the response of multipinnate leaf chickpea to ascochyta 

blight has been reported. 

It is generally thought that normal leaf type chickpea yield better than other leaf 

types and, indeed, varieties with simple leaves (Srinivasan et al. 2006) and multipinnate 

leaves (Knights 1991) have been associated with lower yields. Yet, a high yielding 

simple leaf variety ‘Sanford’ has been released in the US (Muehlbauer et al. 1998b) 

and, more recently, high yielding simple leaf lines were successfully bred for 

environments in Israel (Bonfil et al. 2007). In both cases, moderate resistance to 
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ascochyta blight disease was combined successfully with simple leaf type and high 

yield. However, the resistance of US varieties have been lost very quickly as the cultivar 

was grown commercially. Therefore, it is not wise to use cultivar as an example to 

argue the view that resistance cultivars with simple leave have been developed. 

These developments lead us to question the general perception that leaf type and 

susceptibility to ascochyta blight are linked in some way. The hypothesis for our study 

is that leaf type is not closely associated with susceptibility to ascochyta blight in 

chickpea. Crosses were made between different leaf types, with high or low resistance 

to ascochyta blight disease, in order to generate segregating populations to understand 

the association between these traits. 

5.2. Material and methods 

5.2.1. Plant material 

Five chickpea genotypes (Table  5.1) were selected to create five cross 

combinations with three leaf types (simple, normal or multipinnate, Figure 1) which 

were either susceptible or resistant to ascochyta blight disease. Genotypes of similar 

phenology were selected as parents for the study. Crosses were made in the glasshouse 

at The University of Western Australia, Crawley (Table 2). First filial (F1) plants were 

raised in the glasshouse and propagated vegetatively, using a stem cutting method, to 

produce large numbers of F2 seed (Danehloueipour et al. 2006) to allow replicated 

experiments at two field locations. 
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Table  5.1. Chickpea parental germplasm and traits grown at Medina, Western Australia in 2005. 

Disease scores of genotypes were based on a 1–9 scale, where a score of 1 is no visible 

lesions and 9 is a dead plant according to Reddy and Singh (1984). The area under the disease 

progress curve (AUDPC) was calculated two to three months after sowing. 

Genotype Type 
Ascochyta 

blight 
Leaf type 

Disease score 
(1–9 scale) 

Disease score 
(AUDPC) 

Almaz kabuli resistant normal 3.7 102 

ICC 3996 desi resistant normal 3 91 

Lasseter desi susceptible normal 9 243 

Kimberley Large kabuli susceptible simple 9 219 

24 B-Isoline desi susceptible multipinnate 9 212 

 

5.2.2. Leaf type and assessment of ascochyta blight disease 
response 

Parental genotypes (20 seeds in six replications) and their F2 seeds (150–300 

seeds) were planted in a disease nursery at Medina (115° 79’ E; 32° 23’ S), Perth, 

Western Australia on 12 May 2005. Seeds from each family were hand sown 10 cm 

apart in several 2 m rows, 70 cm apart. Group N rhizobial inoculum for chickpea was 

applied at the time of sowing. Chickpea cultivar Lasseter (highly susceptible) was sown 

as a control. Cultivar Heera (susceptible) was used as a spreader row to increase the 

severity of disease. Infested chickpea debris from the previous season was spread 

between rows as inoculum one month after sowing. 

Host plant response to ascochyta blight was assessed visually on the foliage using 

a 1–9 scale, where 1 was no visible lesion and 9 were dead plants (Reddy and Singh 

1984). First scores were taken soon after the initial detection of ascochyta blight 

symptoms two months after sowing (17 July 2005). The second assessment was made 

three months after sowing (20 August 2005) when all F2 plants derived from a cross 

between two susceptible parental accessions were dead. To determine the correlation of 

leaf types with ascochyta blight resistance, segregation of leaf type was recorded in five 

families where Kimberley Large (simple leaf type) or 24 B-Isoline (multipinnate leaf 

type) were used as the disease susceptible parent. 
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To determine the inheritance of leaf types, parental genotypes (Almaz, ICC 3996, 

24 B-Isoline and Kimberley Large) and their F2 seeds were planted in a disease-free 

environment at the University Field Station in Shenton Park (115° 47’ E; 31° 56’ S), 

Perth, Western Australia on 19 June 2005. Rhizobium was applied and seeds of each 

family were sown, as above, in several 2 m rows, 70 cm apart, with 10 cm between 

plants. Leaf types were recorded in families which segregated for the trait. The 

segregation of different leaf types was studied further in the F3 generation in a 

glasshouse using six different F3 families for each leaf type. 

 

 

 

 

 

 

 

 

 

Figure  5.1. Chickpea genotypes with different leaf types: simple leaf type (Kimberley Large – 

left), normal leaf type (ICC 3996 – centre) and multipinnate leaf type (24 B-Isoline – right). 
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5.2.3. Statistical analysis 

The area under disease progress curve (AUDPC) was calculated based on two 

disease scores measured on different dates, according to (Campbell and Madden 1990). 

Data were classified into either a two- or three-category model, according to Collard et 

al. (2003a). Using this approach, F2 plants with scores within two standard deviations of 

the resistant parent were classed as resistant. In the two-category model, all other plants 

were classed as susceptible. In the three-category model, F2 plants with disease scores 

more than two standard deviations from either the resistant or the susceptible parent 

were classed as intermediate. Χ
2 values were calculated to determine the inheritance of 

ascochyta blight resistance and leaf types. Correlations between ascochyta blight 

resistance and leaf types were also calculated for all segregating populations using the 

Genstat software package (Genstat 2002). 

5.3. Results  

5.3.1. Inheritance of ascochyta blight resistance 

The response to ascochyta blight varied in the parents as expected (Table  5.1). 

ICC 3996 and Almaz were the most resistant (R) in the disease nursery with AUDPC 

values of 91 and 102, respectively. The remaining genotypes were susceptible (S) with 

high AUDPC values: 24 B-Isoline (212), Kimberley Large (219) and Lasseter (243). 

The segregation patterns for all of the populations were continuous (Figure  5.2). 

Depending on the genotype, different inheritance models were obtained for resistance to 

ascochyta blight (Table  5.2). The best fitted model for both crosses ICC 3996 (R) x 

Kimberley Large (S) and ICC 3996 (R) x 24 B-Isoline (S) was the phenotypic ratio of 

12 susceptible:4 resistant, or 13 susceptible:3 resistant. The F2 generation of crosses 

Almaz (R) x 24 B-Isoline (S) and Almaz (R) x Kimberley Large (S) had the same 

phenotypic ratio of 15 susceptible:1 resistant. As expected, all segregating plants for the 

hybrid Kimberley Large (S) x 24 B-Isoline (S) were susceptible to ascochyta blight and 

none of them survived. 
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Figure  5.2. Frequency distribution of plant response to ascochyta blight in the F2 generation 

derived from crosses of different chickpea genotypes, based on (a) the area under disease 

progress curve (AUDPC) and (b) a 1–9 scale. The material was screened at Medina, Western 

Australia in 2005. 
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Table  5.2. Segregation of disease resistance in several F2 hybrid populations, derived from crosses between chickpea genotypes either resistant or 

susceptible to ascochyta blight. Response was based on the area under disease progress curve (AUDPC) at Medina, Western Australia in 2005. Models for 

phenotypic ratios were fitted and tested using Chi-square. 

Observed ratio in F2 (AUDPC values) 
Cross 

Two categories Three categories 
Fitted Model(s)  Value 

Kimberley Large 

susceptible 

x 

x 

Almaz 

resistant 
35 S:6 R 23 S:12 I:6 R 

13:3 

12:4 

15:1 

9:4:3 

0.45 

2.34 

4.91 

0.66 

0.502 

0.126 

0.027 

0.719 

24 B-Isoline 

susceptible 

x 

x 

Almaz 

resistant 
 180 S:11 R 107 S:73 I:11 R 15:1 

9:6:1 

0.07 

0.1 

0.791 

0.951 

Kimberley Large 

susceptible 

x 

x 

ICC 3996 

resistant 
83 S:25 R 37 S:46 I:25 R 12:4 

13:3 

0.19 

1.37 

0.663 

0.242 

24 B-Isoline 

susceptible 

x 

x 

ICC 3996 

resistant 
237 S:60 R 80 S :157 I :60 R 13:3 

12:4 

0.41 

3.64 

0.522 

0.056 

R = resistant; I = intermediate; S = susceptible 
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Table  5.3. Inheritance of leaf type in several F2 populations sown in the field at Medina and Shenton Park, Western Australia in 2005. Segregating F2 

populations were derived from crosses between chickpea with contrasting leaf type: normal, multipinnate or simple. Models for phenotypic ratios were fitted 

and tested using Chi-square. 

F2 Ratios 
Cross/leaf types F1 leaf type 

F2 seed 

number Normal Multipinnate Simple 

Fitted 

model 
χ2 P value 

Kimberley Large 

simple 
x 

24 B-Isoline 

multipinnate 
normal 247 138 54 55 9:3:4 2.26 0.323 

24 B-Isoline 

multipinnate 
x 

Almaz 

normal 
normal 402 311 91 0 12:4 1.19 0.275 

Kimberley Large 

simple 
x 

ICC 3996 

normal 
normal 230 170 0 60 12:4 0.14 0.708 

24 B-Isoline 

multipinnate 
x 

ICC 3996 

normal 
normal 297 221 76 0 12:4 0.05 0.823 

Kimberley Large 

simple 
x 

Almaz 

normal 
normal 41 30 0 11 12:4 0.07 0.791 
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5.3.2. Inheritance of leaf types 

Parental disease-resistant genotypes Almaz and ICC 3996 had normal leaf types, 

while the susceptible Kimberley Large and 24 B-Isoline had a simple leaf type and 

multipinnate leaf type, respectively. Normal leaf type was dominant over both simple 

and multipinnate leaf types, since all F1 plants from crosses among normal, multipinnate 

and simple leaf types showed a normal leaf type phenotype (Table  5.3). In both crosses, 

ICC 3996 x Kimberley Large and Almaz x Kimberley Large (normal vs. simple), the F2 

generation had a ratio of 12 normal:4 simple leaf types. In the crosses of normal vs. 

multipinnate leaf types, ICC 3996 x 24 B-Isoline and Almaz x 24 B-Isoline, the F2 

generation had a ratio of 12 normal:3 multipinnate leaf types. In the cross between 

Kimberley Large and 24 B-Isoline (simple vs. multipinnate leaf type) the F2 generation 

had a ratio of 9 normal:3 multipinnate:4 simple leaf types. 

5.3.3. Correlations 

There was no correlation between ascochyta blight susceptibility and simple leaf 

type (Table  5.4). In the crosses Almaz x Kimberley Large and ICC 3996 x Kimberley 

Large, the segregation of these two traits was independent (χ2=0.88, P=0.639 and 

χ2=3.01, P=0.794, respectively). 

Similarly, there was no correlation between ascochyta blight susceptibility and 

multipinnate leaf type. The cross between Almaz and 24 B-Isoline had an χ2 value of 

4.92 (P=0.177) and that of ICC 3996 x 24 B-Isoline had an χ2 value of 0.48 (P=0.923) 

meaning the traits were not significantly correlated in either population. 

There was no significant difference in mean disease scores between F2 individuals 

with normal leaf type and multipinnate leaf type on both the 1–9 scale and the AUDPC 

value basis (Table  5.5). The mean disease scores were 6.9 for multipinnate leaf type 

individuals and 6.7 for normal leaf type individuals in the cross Almaz x 24 B-Isoline. 

The mean disease scores in the cross ICC 3996 x 24 B-Isoline were 5.7 for multipinnate 

leaf type individuals and 5.4 for normal leaf type individuals. 

There was no significant difference in mean disease score between F2 individuals 

with normal and simple leaf types considering the 1–9 scale (Table  5.5). However, 

mean disease scores using the AUDPC value were significantly different between 

simple and normal leaf types in the Almaz x Kimberley Large cross (t-stat=2.59, 

P=0.013) with an AUDPC of 188 for simple leaf types and 152 for normal leaf type. 
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Among all the crosses, ICC 3996 x 24 B-Isoline had the lowest AUDPC value of 

143, Almaz x 24 B-Isoline had the highest with 170 and the t-test showed a significant 

difference between their total means (t-stat=7.38, P<0.001) (Table  5.6). 
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Table  5.4. The correlation of ascochyta blight resistance and different leaf types in chickpea among the F2 populations segregating for these two traits. 

Correlations were tested using Chi-square. 

Cross  Resistant  Susceptible χ 2 P value 

  Multipinnate Normal  Multipinnate Normal   

24 B-Isoline x Almaz  0 11  38 142 4.92 0.177 

24 B-Isoline x ICC 3996  15 45  61 176 0.48 0.923 

    Simple Normal  Simple Normal   

Kimberley Large x Almaz  1 5  10 25 0.88 0.830 

Kimberley Large x ICC 3996  4 21  23 60 3.01 0.389 

 

Table  5.5. Mean disease scores and t-statistics of ascochyta blight response in F2 populations segregating with different leaf types in chickpea. Disease score 

was calculated both according to the 1–9 disease scale and the area under disease progress curve (AUDPC) at Medina, Western Australia in 2005. 

Cross Mean score (1–9 scale) t-stat P value Mean score (AUDPC) t-stat P value 

 Multipinnate Normal   Multipinnate Normal   

24 B-Isoline x Almaz 6.9 6.7 0.46 0.639 171.3 169.9 0.19 0.843 

24 B-Isoline x ICC 3996 5.7 5.4 1.29 0.194 149.6 140.5 1.72 0.086 

  Simple Normal   Simple Normal   

Kimberley Large x Almaz 7.2 5.9 1.97 0.055 188.2 152.0 2.59 0.013 

Kimberley Large x ICC 3996 6.2 5.8 0.82 0.411 161.6 147.2 1.34 0.183 
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Table  5.6. Total of mean disease scores and t-statistics for all leaf types in segregating F2 

populations derived from different crosses. Disease was scored according to the area under the 

disease progress curve (AUDPC), at Medina, Western Australia in 2005. 

 Almaz ICC 3996 t-stat P value 

Kimberley Large 162 151 1.25 0.209 

24 B-Isoline 170 143 7.38 <0.001 

t-stat 1.21 1.67   

P value 0.227 0.094   

 

5.4. Discussion 

Our hypothesis, that leaf type in chickpea is not closely associated with 

susceptibility to ascochyta blight, is supported by results from this study. The key 

findings are that: (i) there is no correlation between leaf type and ascochyta blight 

susceptibility; (ii) resistance to ascochyta blight is controlled by two major recessive 

genes in the material examined; and (iii) leaf type is controlled by two genes with a 

dihybrid supplementary gene action. Overall, it is clear that host plant resistance to 

ascochyta blight depends more on the genetic background of the chickpea cultivars than 

on their leaf type. 

Despite the general perception that simple leaf type chickpea is susceptible to 

ascochyta blight, there was no such correlation in this study. Resistance genes in both 

kabuli chickpea Almaz and desi chickpea ICC 3996 were not linked to the locus 

controlling leaf type—a finding supported by the introduction of simple leaf types to a 

US kabuli breeding program, and registration of ascochyta-resistant simple-leafed 

varieties (Muehlbauer et al. 1998a,b) despite the resistance breakdown after growing 

commercially. This is in contrast to a previous report in Canada where simple leaf type 

chickpea cultivars had greater susceptibility to ascochyta blight than normal leaf type 

cultivars (Gan et al. 2003). In this case, the absence of segregating populations or a very 

large number of contrasting lines, make it impossible to say whether the disease severity 

was the direct result of leaf morphology or perhaps some other factor. In the chickpea 

germplasm of our study, we conclude that the genes controlling ascochyta blight 

resistance and the simple leaf type are located on different chromosomes, or far apart on 
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the same chromosome. It should therefore be possible for breeders to develop 

ascochyta-blight-resistant varieties with a simple leaf type if desired. 

In the same way, there was no association between ascochyta blight susceptibility 

and multipinnate leaf type in this study. According to chi-square values obtained for the 

crosses Almaz x 24 B-Isoline and ICC 3996 x 24B-Isoline, there was no correlation 

between ascochyta blight susceptibility and multipinnate leaf type suggesting that the 

resistance gene loci and multipinnate leaf type locus in Almaz and ICC 3996 may be 

located on different chromosomes. No other studies on the response of multipinnate leaf 

chickpea to ascochyta blight have been reported. 

Ascochyta blight resistance in chickpea depends more on the genetic background 

of disease resistance than on leaf shape. Our results found the population derived from 

ICC 3996 x 24 B-Isoline to be more resistant (i.e. lowest disease score) than the 

population derived from Almaz x 24 B-Isoline. This suggests that better resistance is 

conferred by ICC 3996, the most resistant parent in the study. Thus gene interactions 

and genetic makeup is more important in the expression of resistance genes than leaf 

types. Interestingly, the lowest score was obtained from the cross between two desi 

cultivars (ICC 3996 x 24 B-Isoline). This is what we may have expected because desi 

almost always has less disease than kabuli regardless of the leaf type. 

Leaf type of our chickpea lines was controlled by two genes with a dihybrid 

supplementary gene action. Normal leaf type was dominant over both simple and 

multipinnate leaf type, a finding supported by Pundir et al. (1990) who used 

multipinnate and simple leaf types to investigate the inheritance of leaf type in a 

comprehensive study based on segregating populations. Other reports suggest a 3:1 ratio 

(single recessive gene) for inheritance of simple leaf type (Athwal 1963; Ekbote 1942; 

Singh 1962; Singh and Singh 1992). It is apparent that the inclusion of the multipinnate 

leaf type in crosses for inheritance studies provides a more complete picture for genetic 

control of leaf shape in chickpea. 

Additional mutants can be considered as variants of the three main leaf types 

described here. For example, a mutant named ‘broad few leaflet’ type is a variant of the 

normal leaf with five to nine large leaflets, instead of the usual 9 to 17, with a single 

recessive gene identified (Gaur and Gour 2003). Induction of further mutation will 

enhance our knowledge of genetic control and add to the diversity of the chickpea 

genepool. 
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In this study, inheritance of ascochyta blight resistance in chickpea genotypes was 

controlled by two major recessive genes as supported by Kusmenoglu (1990). It is 

evident that the inheritance of ascochyta blight resistance varies depending on the 

parental material used in the crosses (Pande et al. 2005; Singh and Reddy 1983; Tewari 

and Pandey 1986; Vir et al. 1975). In our study, the gene actions in the two resistant 

chickpea parents, ICC 3996 and Almaz, were slightly different. For example, in Almaz 

a phenotypic ratio of 15 susceptible:1 resistant was the most common but for ICC3996 

the ratio was 13 susceptible:3 resistant. The effectiveness of resistance genes in various 

genetic backgrounds appears to be different, and we suggest that there are a few minor 

genes which alter the ratios in different crosses. 

The research reported here found no correlation between leaf type in chickpea and 

susceptibility to ascochyta blight disease. Such a finding facilitates development of 

crosses with leaf types other than the normal compound leaf for variety improvement. 

However, any advantage in productivity of morphologically different chickpea will 

depend upon the target environment in which it will be grown. 

In a comparison between a desi landrace (normal) and its near-isoline 

(multipinnate) in New South Wales, Australia, the multipinnate type yielded 

significantly lower at both field sites (Knights 1991). This may not be the case for 

simple leaf types, however. Promising results, highlighted by researchers in Israel 

(Bonfil et al. 2007; Lichtenzveig et al. 2002), demonstrated that leaf shape alone does 

not affect yield. The Israeli researchers found that early maturing lines with simple or 

normal leaf types, had higher yields in rain fed conditions than later maturing lines. 

They concluded that chickpea phenology, rather than leaf type, has a greater effect on 

disease progression, which further supports the findings of our research. 

Simple leaf kabuli breeding lines and cultivars often have large seeds (Siddique 

and Regan 2005) although this does not always confer a high yield (Srinivasan et al. 

2006). It is also well established in normal leaf type chickpea that leaflet size is 

positively correlated with seed size (Dahiya et al. 1988; Sandhu et al. 2005), but similar 

studies are yet to be done on simple or multipinnate leaf types. The lack of correlation 

between leaf type and ascochyta blight resistance, demonstrated in this paper, paves the 

way for introducing ascochyta blight resistance into simple leaf type kabuli varieties, 

some of which fetch a premium price for their extra large seeds. 
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Chapter Six 

6. Successful stem cutting propagation of chickpea, its 
wild relatives and their interspecific hybrids 

 

Abstract 

A successful stem cutting method was developed to propagate chickpea (Cicer 

arietinum L.), its crossable wild annual relatives (C. reticulatum Ladiz. and C. 

echinospermum P.H. Davis) and their interspecific hybrids. The effects of plant growth 

regulator powder (0.5 mg/g indole butyric acid and 0.5 mg/g naphthalene acetic acid), 

honey, combined honey + plant growth regulator powder, different growth stages of the 

donor plant, and rooting substrates on rooting rate, root number, root length, and 

survival rate were investigated. The highest propagation success rate was achieved 

when cuttings were taken at the pre-flowering stage, treated with plant growth regulator 

powder and grown in a sand + potting mix substrate. The rooting rate ranged from 87.5 

to 100% for chickpea, C. reticulatum and C. echinospermum, and interspecific hybrids. 

All of the accessions examined in the study were successfully propagated with the new 

method. This study provides a simple and efficient technique for vegetative propagation 

of Cicer species which will be useful for the multiplication of seed, production of clones 

for disease screening, and for the development of mapping populations. 

6.1. Introduction 

Chickpea (Cicer arietinum L.), a self-pollinated diploid (2n=2x=16) member of 

the family Leguminosae, is the third most important cultivated grain legume in the 

world after dry bean (Phaseolus vulgaris L.) and field pea (Pisum sativum L.). Chickpea 

is cultivated mostly in Central and West Asia, the Indian subcontinent, southern Europe, 

Ethiopia, North Africa, North and South America, and more recently in Canada and 

Australia (FAO 2005). Chickpea has become popular in farming systems in Australia 

(Siddique and Sykes 1997). In recent years, yield has fluctuated and biotic and abiotic 

stresses have caused frequent crop failures across several regions (Knights and Siddique 

2002). In response, notable research and industry development efforts have been 

directed to overcome both biotic and abiotic stresses, especially fungal diseases in 
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Australia (Knights and Siddique 2002). Wild Cicer species such as C. reticulatum and 

C. echinospermum have resistance genes for a range of stresses to which chickpea is 

susceptible (Croser et al. 2003; Muehlbauer et al. 1994; Singh et al. 1998). 

Vegetative propagation is the ability of a plant to reproduce asexually, giving rise 

to genetically identical clones. Agricultural and horticultural specialists take advantage 

of the reproductive ability of plants by using techniques such as stem cuttings. There are 

many potential applications of stem cuttings in chickpea improvement, including 

vegetative propagation of wild Cicer species for seed production (van der Maesen 

1980), propagation of sterile or partially infertile plants such as wide hybrids (Davis and 

Foster 1982), and multiplication of seeds for F2 mapping populations (Collard et al. 

2002). 

Various cutting methods have been used for propagation in chickpea and other 

Cicer species, with highly variable results (Bassiri et al. 1985; Collard et al. 2002; 

Davis and Foster 1982; Rupela 1982; Rupela and Dart 1981; Sheila et al. 1991). Cutting 

methods based on solution culture and direct potting mix have been investigated. 

Solution culture methods had higher rooting rates, but were reported to be difficult to 

manage and maintain (Collard et al. 2002). Direct rooting in potting mix proved to be a 

simpler and more rapid protocol for vegetative propagation of chickpea (Collard et al. 

2002) but the rooting rate was lower than some solution culture methods. Rupela and 

Dart (1981) used wounded branches of donor chickpea plants subsequently dipped in 

root hormone powder prior to potting. This method needed more care to achieve good 

results because stem cuttings with cuts that were either too deep or too shallow failed to 

root. 

Research in other plant species suggests that the substrate for direct cuttings or 

age of the donor plant are important factors for success in propagation by cuttings 

(Wamatu and King'oro 1992). The response of different genotypes also varies in 

chickpea (Collard et al. 2002). Finally, there is good evidence that honey has antiseptic 

qualities and has been used to promote rooting in plant cuttings (Balabushka 

1984,1985). 

Taking into account previous research, the aim of this study was to develop a 

standardised, simple, rapid and reliable method with a high success rate for the 

propagation of chickpea, C. reticulatum, C. echinospermum, and their interspecific 

hybrids. We expect that the growth stage of the donor plant, treatment of stems with 
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plant growth regulator (PGR) and honey, rooting substrate, and genotype are all 

important factors for propagation success. 

6.2. Materials and methods 

Four chickpea cultivars or breeding lines, three accessions of C. reticulatum, one 

accession of C. echinospermum and interspecific F1 hybrids (Table  6.1) were planted in 

potting mix in 25 cm pots in a glasshouse. Ten-cm long cuttings were taken with a pair 

of sterile scissors from plants at two different stages of development: pre-flowering 

stage at five weeks after sowing (without flower buds) and post-flowering stage (with 

flower buds). Cuttings were sterilised by immersing 4 cm of their ends in 100% ethanol 

for 5 s. When the ethanol was evaporated, the base of the cuttings (about 3 cm) was 

dipped in (i) PGR mix (0.5 mg/g indole butyric acid (IBA) and 0.5 mg/g naphthalene 

acetic acid (NAA); Take Root, Multicrop), (ii) honey, or (iii) honey + PGR mixture. 

Some cuttings were planted in rooting substrate directly without any control treatments. 

For the honey + PGR mixture, the bottom end of the cutting was first dipped in 1 cm of 

honey, then in PGR powder to about 3 cm. Cuttings were put into 10 cm pots with two 

different sterilised rooting substrates including river sand and a mixture of river sand 

and potting mix (2:3 v/v). Potting mix consisted of fine composted bark (2 parts), cocco 

peat (1 part), river sand (1 part), with added superphosphate (1 kg/m³), ammonium 

nitrate (1 kg/m³), potassium sulfate (1 kg/m³), trace elements in the form of Macromin1 

(0.2 kg/m³; Richgro, Australia) and ferrous sulfate (0.5 kg/m³). Pots were placed on a 

bench, covered with clear polythene, and misted every 10–15 min for 5 s for two weeks. 

After which, rooting rate (percentage of cuttings which produced roots), number of 

roots longer than 2 mm and the length of longest root was measured for each cutting. 

Stem cuttings which had developed roots were transferred into 25 cm pots containing 

potting mix and inoculated with rhizobium (Nodulaid 100, Bio-care technology Pty Ltd, 

Australia). Cuttings were kept in the misting chamber for another week without the 

plastic cover to allow acclimate, before being transferred to the glasshouse with 50% 

shade cloth and occasional misting for three days. After three days, the shade cloth was 

removed and the cuttings were treated the same as their mother plants. Survival rate was 

measured three weeks after cutting and at maturity as the percentage of the total cuttings 

taken. 
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6.2.1. Statistical analysis 

The experiments were conducted in factorial arrangement on a randomised 

complete block design with three replications. Four stem cuttings were planted in each 

plot. Data were analysed using the computer software package Genstat for Windows, 

Release 7.2 (Genstat, Hertz International, Hemel Hempsted, UK). ANOVA was 

performed to calculate the significance differences of treatments and their interactions. 

Least significant differences (l.s.d.) were used to compare means of different treatments. 

Graphs were plotted using Microsoft Excel 2002. All factors were significant (P<0.01), 

while none of the interactions among different factors was significant. 

 

Table  6.1. Chickpea genotypes, annual wild Cicer species and their hybrids used in the study. 

Species/Cross Description 
C. arietinum   

ICC 3996 desi 
Lasseter desi 
FLIP97-530-CLIMAS kabuli 
Kaniva kabuli 

C. reticulatum   
ILWC 118 wild, primary genepool 
ILWC 139 wild, primary genepool 
ILWC 184 wild, primary genepool 

C. echinospermum   
ILWC 181 wild, secondary genepool 

C. arietinum x C. reticulatum   
ICC 3996 x ILWC 118 interspecific F1 hybrid 
Lasseter x ILWC 118 interspecific F1 hybrid 
FLIP97-530-CLIMAS x ILWC 118 interspecific F1 hybrid 
Kaniva x ILWC 118 interspecific F1 hybrid 
ICC 3996 x ILWC 184 interspecific F1 hybrid 
Lasseter x ILWC 184 interspecific F1 hybrid 
FLIP97-530-CLIMAS x ILWC 184 interspecific F1 hybrid 
Kaniva x ILWC 184 interspecific F1 hybrid 

C. arietinum x C. echinospermum  
ICC 3996 x ILWC 181 interspecific F1 hybrid 
Lasseter x ILWC 181 interspecific F1 hybrid 
FLIP97-530-CLIMAS x ILWC 181 interspecific F1 hybrid 
Kaniva x ILWC 181 interspecific F1 hybrid 
Lasseter x ILWC 245 interspecific F1 hybrid 
FLIP97-530-CLIMAS x ILWC 245 interspecific F1 hybrid 
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6.3. Results 

6.3.1. Rooting treatments 

Rooting rate was significantly (P<0.001) greater when stem cuttings were dipped 

in PGR powder compared with honey (Figure  6.1). Overall, PGR powder had the 

highest rooting rate (93.8%), root number (17.8 roots/cutting) and root length (2.9 cm). 

There was no significant difference between PGR powder and honey + PGR powder 

treatments for rooting rate, root number, root length, and survival rates. 

The rooting substrate was also an important factor affecting vegetative 

propagation in chickpea, Cicer species and their interspecific hybrids. According to the 

results, sand + potting mix produced a higher rooting rate (79.4%), root length (2.9 cm) 

and survival rate at maturity (71.4%) than sand substrate. Rooting substrates had no 

effect on root number. 

PGR powder treatment with sand + potting mix substrate was the best treatment 

combination for cutting propagation. PGR powder treatment with sand + potting mix 

substrate had the highest rooting rate, root number and root length (Figure  6.2). Survival 

rates in PGR treated cuttings in sand + potting mix substrate at pre-flowering stage 

ranged from 83.3 to 100% after three weeks and at maturity for chickpea accessions 

(Table  6.2). High survival rates were also achieved for wild accessions (ranging from 

95.8 to 100%) and interspecific hybrids (ranging from 75 to 100%). 
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Figure  6.1. The effect of different treatments on root development in chickpea (cv. Kaniva) stem cuttings. Cuttings were treated with PGR powder (0.5 mg/g 

IBA and 0.5 mg/g NAA), PGR powder + honey, and honey only. Treatments with PGR powder and PGR powder + honey produced the highest number of 

roots, whereas treatment with honey only produced the least number of roots. The line indicates 3 cm length. 
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6.3.2. Genotype and stage of plant development 

All genotypes and crosses were successfully propagated with the stem cutting 

method (Table  6.2). However, there were significant (P<0.01) differences among 

genotypes for rooting rate, root number, root length and survival rates. Among chickpea 

accessions, ICC 3996 had the lowest rooting rate (87.5%) even with the best treatment 

combination. 

The development stage of the donor plant significantly affected the rooting rate 

(P<0.05), root number (P<0.05) and root length (P<0.01). Rooting rate at pre-flowering 

stage was 53.7% compared with 41.7% for post-flowering stage. Pre-flowering cuttings 

produced more (8 roots/cutting) and longer roots (2 cm) than those at post-flowering 

stage (5.7 roots/cutting; 1 cm root length). Overall, pre-flowering stage was more 

successful for propagation than post-flowering stage. There was no significant 

difference between the two stages for survival rates. 

Simple correlation among measured traits indicated that there is a strong 

significant (P<0.001) correlation between early and final survival rates (r=0.98). The 

correlations among root number and survival rates after three weeks and at maturity 

were 0.72 and 0.75, respectively. There was less correlation among root length and 

survival rates (r=0.38 at three weeks; r=0.41 at maturity). There was no significant 

correlation between rooting rate and survival rate after three weeks (r=0.32) and at 

maturity (r=0.23). 



 93 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure  6.2. The effect of different rooting treatments and rooting substrate combinations on 

rooting rate, root length and root number in chickpea and hybrids. Treatments are: (1) honey 

with river sand, (2) honey with sand + potting mix, (3) PGR with river sand, (4) PGR with sand + 

potting mix, (5) honey + PGR with river sand, and (6) honey + PGR with sand + potting mix. 

Values are mean ± SE, n=12. 
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Table  6.2. The response of different genotypes, in rooting rates and survival rates, after 

treatment with PGR powder and growth in a mixture of sand and potting mix substrate (2:3 v/v) 

at the pre-flowering stage. Values are mean ± SE; n=12 

Genotype/Cross Rooting 
rate (%) 

Survival rate 
at 3 weeks (%) 

Survival rate 
at maturity (%) 

C. arietinum 
 ICC 3996 

 
87.5 ± 5.6 

 
83.3 ± 5.2 

 
83.3 ± 5.2 

 Lasseter 100 ± 0 91.7 ± 5.2 91.7 ± 5.2 
 FLIP97-530-CLIMAS 100 ± 0 91.3 ± 5.2 87.5 ± 5.5 
 Kaniva 100 ± 0 91.7 ± 4.1 91.7 ± 4.1 
C. reticulatum 
 ILWC 118 

 
91.7 ± 5.2 

 
100 ± 0 

 
100 ± 0 

 ILWC 184 95.8 ± 4.1 95.8 ± 4.1 95.8 ± 4.1 
 ILWC 139 
C. echinospermum 

100 ± 0 100 ± 0 100 ± 0 

 ILWC 181 100 ± 0 100 ± 0 100 ± 0 
C. arietinum x C. reticulatum    
 ICC 3996 x ILWC 118 93.7 ± 3.6 93.7 ± 3.6 93.7 ± 3.6 
 Lasseter x ILWC 118 100 ± 0 100 ± 0 100 ± 0 
 FLIP97-530-CLIMAS x ILWC 118 100 ± 0 100 ± 0 100 ± 0 
 Kaniva x ILWC 118 100 ± 0 100 ± 0 100 ± 0 
 ICC 3996 x ILWC 184 100 ± 0 93.7 ± 3.6 93.7 ± 3.6 
 Lasseter x ILWC 184 93.7 ± 3.6 93.7 ± 3.6 93.7 ± 3.6 
 FLIP97-530-CLIMAS x ILWC 184 87.5 ± 5.6 87.5 ± 5.6 87.5 ± 5.6 
 Kaniva x ILWC 184 93.7 ± 3.6 93.7 ± 3.6 93.7 ± 3.6 
C. arietinum x C. echinospermum    
 ICC 3996 x ILWC 181 100 ± 0 75 ± 6.2 75 ± 6.2 
 Lasseter x ILWC 181 100 ± 0 100 ± 0 100 ± 0 
 FLIP97-530-CLIMAS x ILWC 181 100 ± 0 93.7 ± 3.6 93.7 ± 3.6 
 Kaniva x ILWC 181 100 ± 0 100 ± 0 100 ± 0 
 Lasseter x ILWC 245 93.7 ± 3.6 87.5 ± 5.6 81.2 ± 5.2 
 FLIP97-530-CLIMAS x ILWC 245 87.5 ± 5.6 87.5 ± 5.6 87.5 ± 5.6 
 

LSD (5%) 
 

9.1 11.6 11.8 
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6.4. Discussion 

PGR treatments, cutting substrates and donor plant growth stage were important 

factors in vegetative propagation of Cicer species, as stated in our hypothesis. Treating 

cut stems with PGR powder at the pre-flowering stage and growing in sand + potting 

mix substrate was the best method to obtain the highest rooting rate and maximum 

survival. Secondly, genotype played an important role and we demonstrated a 

significant difference in the response among different chickpea breeding lines, cultivars, 

and accessions of C. reticulatum and C. echinospermum. 

All accessions of chickpea, C. reticulatum, C. echinospermum and interspecific 

hybrids were vegetatively propagated using stem cuttings. The success from diverse 

genotypes in the present study, with rooting rates ranging from 87.5 to 100%, was equal 

to or higher than previous studies (Collard et al. 2002; Rupela 1982; Rupela and Dart 

1981; Sheila et al. 1991) with the best rooting rates ranging from 75 to 100% (Davis 

and Foster 1982; Rupela 1982), 50 to 70% (Islam and Riazuddin 1993), and 48.6 to 

70.8% (Collard et al. 2002). 

There are a few recent reports of stem cutting propagation of chickpea directly 

into rooting substrate (Collard et al. 2002; Syed et al. 2002). Previous reports of 

vegetative propagation of chickpea and wild Cicer species by stem cuttings used 

solution culture methods (Bassiri et al. 1985; Islam and Riazuddin 1993; Rupela 1982; 

Rupela and Dart 1981; Sheila et al. 1991) which requires frequent monitoring for algal 

growth and a constant solution volume (Collard et al. 2002). The method described by 

Collard et al. (2002) was relatively simple for rapid vegetative propagation of chickpea 

and wild Cicer species. However, their cutting method had lower rooting rates (48.6–

70.8%) compared with some other studies including the present one. Syed et al. (2002) 

used IAA and NAA at a range of concentrations in 3- to 5-day old chickpea seedlings 

which are very small and hard to handle. 

This is the first comprehensive investigation on the role of different plant growth 

stages in the vegetative propagation of Cicer species and their effects on stem cuttings 

and survival rates. Overall, rooting rates at pre-flowering were higher than at post-

flowering. Individual stages such as post-flowering (Bassiri et al. 1985; Rupela 1982) 

and pre-flowering (Collard et al. 2002; Sheila et al. 1991) have been used to propagate 
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Cicer species. Rupela (1982) removed flower buds to prevent switching to reproductive 

growth of donor plants at the post-flowering stage which proved time consuming. 

A study of woody species found the dipping of cuttings in honey alone was 

superior for root induction (Balabushka 1984). We tested this theory to induce roots in 

stem cuttings of Cicer species by dipping cuttings in honey alone, in combination with a 

powdered PGR or PGR alone. All treatments produced roots in chickpea and wild Cicer 

species but, in general, the PGR powder was more effective than honey in root 

formation. The effectiveness of PGR powders is well recognised, especially by the 

horticultural industry, and the response of chickpea to individual PGRs such as IBA, 

NAA and IAA has been investigated—with IBA being the most effective treatment in 

root formation (Bassiri et al. 1985; Islam and Riazuddin 1993; Sheila et al. 1991; Syed 

et al. 2002). According to previous studies, treatment with 0.5 mg/L IBA produced the 

highest frequency of root generation and the highest root number. Adding 0.5 mg/L 

NAA to the nutrient solution containing 0.5 mg/L IBA did not increase rooting rate or 

root number, but the roots that did develop were stronger and healthier than with IBA 

alone (Islam and Riazuddin 1993). We conclude that a combination of IBA and NAA 

promotes rooting in Cicer species, and the addition of honey is unnecessary. 

In conclusion, genotype, PGR treatments, rooting substrate and plant growth stage 

are important factors in the vegetative propagation of chickpea, crossable wild annual 

relatives (C. reticulatum and C. echinospermum), and their interspecific hybrids. The 

following steps are critical to achieve a high rooting rate in Cicer species: (i) take stem 

cuttings at the pre-flowering growth stage, (ii) remove the two lowest leaves and surface 

sterilise the base of the cut with 100% ethanol, (iii) dip 3 cm of the bottom end in PGR 

powder (0.5 mg/g IBA and 0.5 mg/g NAA), (iv) place cuttings in 10 cm pots containing 

sand + potting mix substrate (2:3) in a misting chamber for two weeks, (v) replant stem 

cuttings in 25 cm pots with potting mix, apply rhizobium and place in a misting 

chamber for one week, and (vi) move pots with cuttings to a glasshouse with 50% shade 

cloth for three days to harden off. Then treat them as their mother plants. 

Vegetative propagation of chickpea is a technique to increase seed production of 

early generation chickpea lines for breeding wild Cicer species in germplasm 

collections, and precious hybrids. Furthermore, cloned cuttings can be used for disease 

assessment of F2 generations or heterozygous plants, where several clones can be tested. 

This enables replicated screening, as well as the use of disease screening methods 
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without the destruction and loss of the original plants. Finally, cloned cuttings can be 

screened for many important economic traits on multi-sites at the same time which 

reduces the cost and improves efficiency. The results from this study provide a 

standardised, simple, rapid and reliable method with a high success rate for propagation 

of Cicer species. 
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Chapter Seven 

7. QTL mapping of ascochyta blight resistance, days to 
flowering and plant growth habit in interspecific progenies 
derived from a cross between chickpea and C. reticulatum 

 

Abstract 

An interspecific F2 mapping population derived from a cross between chickpea 

accession ICC 3996 (resistant to ascochyta blight, early flowering, and semi-erect plant 

growth habit) and C. reticulatum accession ILWC 184 (susceptible to ascochyta blight, 

late flowering, and prostrate plant growth habit) was used to construct a genetic map. F2 

plants were cloned through stem cuttings taken at the pre-flowering stage, treated with 

plant growth regulator powder (0.5 mg/g indole butyric acid (IBA) and 0.5 mg/g 

naphthalene acetic acid (NAA)) and grown in a sand + potting mix substrate. Clones 

were screened for ascochyta blight resistance in controlled environment conditions 

using a 1–9 scale. Three quantitative trait loci (QTLs) for ascochyta blight resistance 

were found in this population. Two linked QTLs, located on linkage group (LG) 4, 

explained 21.1% and 4.9% of the phenotypic variation. The other QTL, located on LG3, 

explained 22.7% of the phenotypic variation for ascochyta blight resistance. These 

QTLs explained almost 49% of the variation for ascochyta blight resistance. LG3 had 

two major QTLs for days to flowering (explaining 90.2% of phenotypic variation) and a 

major single QTL for plant growth habit (explaining 95.2% of phenotypic variation). 

There was a negative correlation between ascochyta blight resistance and days to 

flowering, and a positive correlation between days to flowering and plant growth habit. 

The flanking markers for ascochyta blight resistance or other morphological characters 

can be used in marker-assisted selections to facilitate breeding programs. 

7.1. Introduction 

Ascochyta blight, caused by Ascochyta rabiei (Pass.) Labr., is a serious fungal 

disease of chickpea attacking all aerial parts of the plant at any growth stage, causing 

complete crop failure in severely affected fields (Nene 1984). Polygenic inheritance of 

ascochyta blight resistance is already reported in chickpea (Collard et al. 2003a; 
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Danehloueipour et al. 2007; Flandez-Galves et al. 2003b; Santra et al. 2000). Linkage 

group 4 is recognised as a significant linkage group affecting ascochyta blight reaction 

in chickpea whereas other genomic regions contribute minor effects (Cho et al. 2004; 

Santra et al. 2000; Tekeoglu et al. 2002). 

The number of days to flowering is an important characteristic for crop adaptation 

and productivity, especially under dryland agriculture systems in terminal drought. 

Therefore, the ability to efficiently manipulate flowering time is an essential component 

of chickpea improvement (Kumar and Abbo 2001). There are limited reports on 

quantitative trait locus (QTL) mapping of days to flowering and plant growth habit in 

chickpea. The association of days to flowering and ascochyta blight resistance has been 

investigated in intraspecific recombinant inbred lines (RILs) (Lichtenzveig et al. 2006) 

and its early generations (Lichtenzveig et al. 2002). However the relationship between 

ascochyta blight resistance and plant growth habit is yet to be investigated in chickpea 

using molecular genetic tools. 

There are five different classes of chickpea growth habit based of the angle of the 

branches from the vertical axis: erect, semi-erect, semi-spreading, spreading and 

prostrate (Ali et al. 2003). Most wild annual Cicer species are prostrate and late 

flowering, in contrast to cultivated chickpea with an erect growth habit and relatively 

early flowering (Robertson et al. 1995). Chickpea breeders attempt to exploit wild Cicer 

species in chickpea breeding programs; therefore, the knowledge of inheritance and 

linkage location of these two traits and their correlation with ascochyta blight resistance 

would be very useful for chickpea improvement. 

Chickpea line ICC 3996 was identified as a source of resistance to ascochyta 

blight disease within cultivated desi chickpea germplasm (Collard et al. 2001; Coram 

and Pang 2005). However, this genotype has not been used in genetic mapping studies. 

The objectives of this study were to map ascochyta blight resistance, days to flowering 

and plant growth habit in the chickpea genome using an interspecific cross between a 

desi chickpea accession ICC 3996 and a wild relative, C. reticulatum accession ILWC 

184. 
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7.2. Material and methods 

7.2.1. Plant material and mapping population 

An interspecific cross was made between chickpea cultivar ICC 3996 (resistant to 

ascochyta blight, early flowering and semi-erect growth habit) and C. reticulatum 

accession ILWC 184 (susceptible to ascochyta blight, late flowering and prostrate 

growth habit). In order to obtain large numbers of F2 seeds, stem cuttings were taken 

from a single F1 plant following the method described by Danehloueipour et al. (2006); 

approximately 390 seeds were obtained by self-pollination of eight F1 clones. Three 

hundred and six F2 seeds were sown in 25 cm pots with sterile potting mix in a 

glasshouse facility with natural daylight and a temperature of 20 ± 2oC at The 

University of Western Australia. 

The same stem cutting method was used to propagate four plants from each F2 

plant and parental genotypes for replicated disease evaluation under glasshouse 

conditions. 

7.2.2. Inoculum preparation 

Ascochyta rabiei were isolated from infected chickpea stems collected from 

Medina field station, Western Australia in 2005. At present, according to Chongo et al. 

(2004), it appears that only pathotype II exists in Australia. To isolate the fungus from 

infected tissues, the method described by Rhaiem et al. (2007) was used. Single conidia 

isolates were cultured on V8 juice agar medium (200 ml V8 juice, 3 g CaCO3, 20 g/L 

Difco agar) for two weeks. Conidia were collected by flooding cultures with sterile 

distilled water and gently rubbing with a sterile glass rod. The concentrations of conidial 

were determined with a haemocytometer and adjusted to 5 × 105 pycnidiospores ml−1. 

7.2.3. Phenotypic assessment of ascochyta blight resistance, days 

to flowering and plant growth habit in the glasshouse 

One-month-old clonal plants from stem cuttings were placed in frames containing 

nine pots (eight stem cuttings and one control cultivar Lasseter) and transferred to a 

controlled environment room (15/18oC (night/day), 14 h photoperiod and 75% relative 

humidity) for disease assessment. Parental and F2 plants (four clones from each 

genotype) were inoculated with Ascochyta rabiei suspension derived from a single 

spore culture with a concentration of 5 x 105 pycnidiospores ml-1 to run-off. Chickpea 
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genotype Lasseter (susceptible to ascochyta blight) was used as a control to estimate the 

uniformity of disease severity within and between 35 cm x 210 cm x 35 cm containers. 

Six frames were placed in each container in a completely randomised design for 

screening plant materials. Inoculated stem cuttings were covered with an opaque plastic 

bag for 48 hours to maximise humidity and disease severity. 

Clones, parental lines and control plants were screened for ascochyta blight 

disease two weeks after inoculation using a 1–9 scale (Reddy and Singh 1984) as 

follows: (1) healthy plant, no disease; (2) lesions present, but small and inconspicuous; 

(3) lesions easily seen, but plant is mostly green; (4) severe lesions clearly visible; (5) 

lesions girdle stems, most leaves show lesions; (6) plant collapsing, tips die back; (7) 

plant dying, but at least three green leaves present; (8) nearly dead plant (virtually no 

green leaves) but still with a green stem; and (9) dead plant (almost no green parts 

visible) (Chen et al. 2004). 

The same disease assessment was conducted on clones derived from stem cuttings 

with two replications. The mean value of two subsequent disease assessments (six to 

eight clones per F2 genotype) was used for subsequent QTL analysis. 

All 306 original F2 plants and eight plants for parental lines, grown in a 

glasshouse with natural light and 20 ± 2°C temperature, were measured for days to 

flowering (days to first flower from sowing) and plant growth habit using a 1–5 scale: 

(1) erect; (2) semi-erect; (3) semi-spreading; (4) spreading; (5) prostrate (IBPGR et al. 

1993). 

Data for ascochyta blight resistance were classified into either a two- or three-

category model, according to Collard et al. (2003a). Using this approach, F2 plants with 

scores within two standard deviations of the resistant parent were classed as resistant. In 

the two-category model, all other plants were classed as susceptible. In the three-

category model, F2 plants with disease scores more than two standard deviations from 

either the resistant or the susceptible parent were classed as intermediate. A similar 

approach was used to classify days to flowering into a two- or three-category model. 

7.2.4. DNA extraction and microsatellite-marker analysis 

A few young leaves were collected from two-month old parental F1 and F2 plants. 

DNA extraction was conducted using Nucleon Phytopure Plant DNA Extraction Kit 

(Amersham Pharmacia Biotech) with 0.2 mg of leaf material. Microsatellite primers 
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developed by Winter et al. (1999), Huettel et al. (1999) and Lichtenzveig et al. (2005) 

were used to genetically characterise the F2 population. 

Polymerase chain reaction (PCR) was performed in 25 µl volumes using a thermal 

cycler (Eppendorf). The reaction mixtures contained 50 ng of genomic DNA, 0.4 µM of 

each primer, 1.5 mM MgCl2, 200 µM of each dNTP, 1x PCR buffer, and 1 unit of Taq 

DNA polymerase (Promega). 

For PCR amplifications, the method described by Winter et al. (1999) was used as 

follows: an initial denaturation step (94°C for 2 min) was followed by 35 cycles of 

denaturing at 94°C (30 s), annealing at 55°C for 50 s, and elongation at 60°C (TAA 

repeats) or 72°C (GA and GAA repeats) for 50 s, and a final elongation period of 5 min 

at 60°C (TAA repeats) or 72°C (GA and GAA repeats). The reduction in elongation 

temperature (compared to the optimal 72°C) was necessary to stabilise the long (TAA)-

microsatellites (Su et al. 1996). PCR products (5 µl) were electrophoresed either in 2% 

agarose in 1×TBE buffer or 8% polyacrylamide gels and stained with ethidium bromide 

and visualised by UV transillumination. 

Some microsatellite markers produced two independent segregating bands. 

Therefore, those markers were scored twice and their molecular weight for the band 

produced from the chickpea parent was written in parentheses. Twenty five 

microsatellite markers were scored as dominant markers, with maternal dominant 

marker loci names suffixed by ‘NP’ (null paternal) and paternal dominant markers 

suffixed by ‘NM’ (null maternal). 

7.2.5. Linkage analysis and QTL detection 

Ninety-three F2 individuals were selected randomly from 306 F2 individuals and 

scored for microsatellite markers for two agronomic traits (days to flowering and plant 

growth habit) and one biotic stress trait (ascochyta blight resistance). Segregation of 

microsatellite markers in the F2 population was statistically analysed for goodness of fit 

to the expected ratio of 1:2:1 by using the χ2 test. Genetic linkage mapping was 

conducted with MapManager QTX version 0.30 (Manly et al. 2001) using a minimum 

threshold LOD (logarithm of odds) score of 3 and a maximum recombination of 25%. 

The Kosambi mapping function was used to convert the recombination frequencies into 

genetic distances in centiMorgans (cM). 
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The association between each linkage group (LG) and the putative QTL regions 

relating to ascochyta blight resistance, days to flowering and plant growth habit was 

determined by MultiQTL software, version 2.5 (http://www.multiqtl.com/) using 

general interval mapping and marker restoration options. Three hypotheses were tested 

for QTL detection including H0, the QTL has no effect on a trait; H1, a single QTL on a 

chromosome has an effect on a trait; and H2, two linked QTLs on a chromosome have 

an effect on a trait. By running 3000 permutation tests, two sub-models for H1 (equal or 

unequal variance), and four sub-models for H2 (equal or unequal variance, with or 

without epistasis) were tested. The model with highest LOD score was selected for QTL 

detection where the models were significantly different (P<0.05). Whenever there was 

no significant difference between models, the simplest model with equal variance and 

no epistasis (in the case of two linked QTL) were selected. To estimate the parameters 

and their standard deviations, 5000 bootstrap samples were run for the selected model. 

7.3. Results 

7.3.1. Phenotypic assessment 

7.3.1.1. Resistance to Ascochyta rabiei  

The difference between F2 clones in response to ascochyta blight disease was 

highly significant (P<0.001). Parental genotypes ICC 3996 and ILWC 184 scored 3.3 

(SE=0.2) and 6.7 (SE=0.2), respectively. The segregation pattern of ascochyta blight 

resistance for the mapping population was continuous and skewed toward the 

susceptible parent (Figure  7.1). A bimodal phenotypic ratio of 15 resistant:1 susceptible 

was the most appropriate fitted model (χ 2=1.33, P=0.250) for the F2 population (Table 

 7.1). Epistasis was evident from the fitted model, and two major recessive genes 

controlled resistance to ascochyta blight. Susceptibility was dominant over resistance. 

7.3.1.2. Days to flowering 

The segregation for days to flowering was continuous in the F2 population (Figure 

 7.1). Chickpea genotypes ICC 3996, C. reticulatum accession ILWC 184 and their F1 

hybrids flowered at 40.5 days (SE=1.9), 74.3 days (SE=5.1), and 52.0 days (SE=1.7) 

after sowing, respectively. Two phenotypic ratios of 15 late flowering:1 early flowering 

(χ 2=0.006, P=0.936) and 9 late flowering:6 intermediate:1 early flowering (χ 2=0.008, 

P=0.966) were the most suitable fitted models for days to flowering in this population 
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(Table  7.1). The classic phenotypic ratio of 9:3:3:1 also fitted the model (χ 2=5.23, 

P=0.155). 

7.3.1.3. Plant growth habit 

The F2 population was arranged into three categories—prostrate, spreading and 

semi-spreading growth habit (Figure  7.1). The parents ICC 3996 and ILWC 184 had 

semi-erect and prostrate growth habits, respectively. Interspecific F1 hybrids had a semi-

spreading growth habit. Plant growth habit in the F2 mapping population had a 

phenotypic ratio of 3 prostrate:1 spreading: (χ 2=0.003, P=0.956). Prostrate growth habit 

was dominant over semi-erect and the population distorted towards the wild genotype. 

7.3.2. Correlations 

There was a significant negative correlation between ascochyta blight resistance 

and days to flowering (r=–0.22, P<0.001, n=306). There was a highly significant 

correlation between days to flowering and plant growth habit (r=0.36, P<0.001, n=306). 

There was no significant correlation between ascochyta blight resistance and plant 

growth habit. 

The correlation between clones derived from stem cuttings and seed-grown 

chickpea plants was evaluated in response to ascochyta blight disease. There was a 

highly significant correlation for ascochyta blight resistance (r=0.98, P<0.001, n=8). 

Therefore, clonal materials propagated by stem cutting method were used to evaluate 

the F2 population. 

7.3.3. General features of the map 

The linkage map comprised 144 microsatellite markers (Figure  7.2). The map had 

eight linkage groups covering 468.0 cM of the chickpea genome and the average 

spacing between microsatellite markers was 5.1 cM. Three markers remained unlinked, 

and markers GA26 and H1I16 were closely linked with each other but did not join other 

linkage groups. 

The observed and expected marker allele segregation ratios were compared using 

Chi-square tests (P<0.05). A total of 28 of the 147 markers (19%) had segregation ratios 

that significantly deviated from the expected 1:2:1 ratio for co-dominant markers and 

the 3:1 ratio for dominant markers in the F2 population. Of the 28 distorted markers, 21 
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were distorted towards the C. reticulatum parent (on LG3 and LG6) and 7 markers 

distorted towards heterozygotes (on LG4). There were no distorted markers towards the 

chickpea parent. 
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Table  7.1. Segregation ratios for ascochyta blight resistance, days to flowering and growth habit based on 306 F2 individuals. Ascochyta blight resistance was 

assessed on clonal plants produced by stem cuttings, while days to flowering and growth habit were measured on original F2 plants. 

Trait 
Fitted F2 
models 

Category χ 2 P value Epistasis interaction 

15:1 22 resistant:263 susceptible 1.320 0.250 Duplicate dominant epistasis Ascochyta blight resistance 

12:3:1 22 resistant:53 intermediate:210 susceptible 1.330 0.514 Dominant epistasis 

Days to flowering 15:1 277 late:29 early 5.430 0.019 Duplicate dominant epistasis 

12:3:1 227 prostrate:65 spreading:14 semi-spreading 2.410 0.299 Dominant epistasis Growth habit 

3:1 227 prostrate:79 spreading 0.108 0.742 Single dominant 
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Figure  7.1. Phenotypic distribution of 306 interspecific F2 hybrids derived from a cross between 

chickpea genotype ICC 3996 and C. reticulatum accession ILWC 184. a) response of F2 clones 

to Ascochyta rabiei in controlled environment conditions using a 1–9 scale, data are the mean 

of eight clones per F2 genotype; b) days to first flower in the F2 population; c) plant growth habit 

in the F2 population. 
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7.3.4. QTL analysis 

7.3.4.1. Effect of a single QTL on a quantitative trait 

The frequency distribution of ascochyta blight resistance was continuous implying 

the oligogenic inheritance of the trait. Interval mapping conducted with MultiQTL 

software detected two major regions significantly associated with ascochyta blight 

resistance on LG3 (LOD=3.56, P=0.029) and LG4 (LOD=4.29, P=0.002) explaining 

21.1% and 22.7% of the phenotypic variation in the population, respectively (Table 

 7.2). 

Only one major QTL (LOD=17.5, P<0.0001) was associated with days to 

flowering (Table  7.2). The QTL explained 54.9% of the phenotypic variation for days to 

flowering and was flanked by markers TAA142 (2.0 cM) and TA64 (8.1 cM). 

One major QTL was detected on LG4 for growth habit with an LOD score of 62.2 

(P<0.0001) explaining 95.2% of the phenotypic variation (Table  7.2). Two STMS 

markers TA34 and TA142 flanked the QTL at map positions 5.3 and 9.2 cM, 

respectively. 

Dominance played an important role in the QTL located on LG3 which was 

associated with ascochyta blight disease. An additive effect controlled the response to 

ascochyta blight disease by QTL located on LG4 (Table  7.2). Both additive and 

dominant effects were important in the control of traits, days to flowering and plant 

growth habit. 
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Table  7.2. Detection of single QTL for ascochyta blight resistance, days to flowering and plant growth habit in the interspecific F2 mapping population (C. 

arietinum x C. reticulatum). 

QTL estimates Response to D. rabiei Response to D. rabiei Days to first flower Growth habit 
     
LG [Interval] a 3[9] 4[1] 3[10] 3[9] 
P b 0.029 0.002** <0.0001*** <0.0001*** 
LOD c 3.56 (1.45) 4.29 (1.9) 17.5 (3.91) 62.2 (37.6) 
Position d 45.3 (21.0) 2.4 (4.4) 51.5 (4.7) 40.3 (9.0) 
PEV e 0.227 (0.101) 0.211(0.089) 0.549 (0.103) 0.952 (0.079) 
PEV (additive) 0.042 (0.06) 0.169(0.095) 0.334 (0.122) 0.695 (0.119) 
Response Mean f 5.52 (0.415) 6.25 (0.356) 70.4 (1.63) 4.5 (0.09) 
Effect g (Additive) –0.147 (0.871) –1.64 (0.557) –18.4 (2.86) –1.043 (0.11) 
Effect g (Dominant) 1.17 (0.581) –0.36 (0.498) –10.3 (2.62) 0.433 (0.149) 

Flanking Markers 
TA34 (10.3 cM) 
TA142 (4.2 cM) 

STMS11 (2.4 cM) 
TAA170 (5.7 cM) 

TAA142 (2.0 cM) 
TA64 (8.1 cM) 

TA34 (5.3 cM) 
TA142 (9.2 cM) 

a Linkage group and interval within LG associated with the quantitative trait 
b Probability values from 3000 permutation analyses testing the presence of a QTL. Asterisks indicate genome-wide significance for false discovery rate: 10% 

(*), 5% (**), and 1% (***) 
c–g Estimated by 5000 bootstrap tests. Standard deviations (SD) are shown in parentheses 
c Maximum LOD value for the given interval 
d Position (cM) of maximum LOD value within the interval measured from the first marker in the linkage group (0 cM). Estimates obtained with MultiQTL 

software and corrected according to distance obtained from MapManager 
e Proportion of variability explained by the putative QTL 
g The estimated effect of the allele (additive and dominance) 
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7.3.4.2. Effect of two linked QTL on a quantitative trait 

The potential presence of two linked QTLs on a trait was analysed by comparing 

single-QTL and two-QTL models. The two-QTL model for the control of response to 

Ascochyta rabiei on LG4 was supported (LOD=19.7, P<0.001). Two linked QTLs 

(QTL 4[1] and QTL 4[7]) with unequal variance and epistatic effect was the most 

appropriate model for ascochyta blight resistance on LG4. These two QTLs explained 

26% of the total phenotypic variation for ascochyta blight resistance (Table  7.3). QTL 

4[1] had a major effect on disease resistance with flanking markers STMS11 (3.6 cM) 

and TAA170 (4.5 cM), while QTL 4[7] had a minor effect on disease resistance flanked 

by markers H3D09 (1.4 cM) and H1A12 (0.2 cM). 

In the case of days to flowering, two QTLs were detected on LG3 (P<0.001) with 

unequal variances and epistatic effect between QTLs. The two linked QTL model was 

significantly different from single QTL model (P<0.001). Two major QTLs on LG3, 

QTL 3[10] and QTL 3[13], explained 90.2% of the phenotypic variation flanked by 

markers TAA142 (3.2 cM) and TA64 (6.9cM) in interval 10 and markers TS29 (7.7 

cM) and TA76 (10.2 cM) in interval 13, respectively. 

There was no support for two linked QTLs for growth habit (P=0.549). 
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Table  7.3. Detection of two linked QTLs controlling ascochyta blight resistance and days to flowering in the interspecific F2 mapping population in 

chickpea 

PEV Parameters of genetic model Residual for allelic groups 
 LOD L1 L2 

Total Additive 
 

M D1 D2 H1 H2 E1 E2 E3 E4 
 

QQ 
QQ 

qq 
qq 

Qq 
Qq 

QQ 
qq 

qq 
QQ 

QQ 
Qq 

Qq 
QQ 

qq 
Qq 

Qq 
qq 

ABR  4[1] 4[7]                       

Mean 19.7 3.6 16.5 0.260 0.152  6.06 –0.80 –0.42 –0.55 0.04 –0.01 –0.53 –0.57 0.53  1.44 1.55 1.28 0.08 0.13 0.32 0.40 0.49 0.61 

SD 4.3 2.3 3.6 0.154 0.129  0.40 1.38 1.59 0.77 0.69 0.41 0.70 0.75 1.03  0.39 0.34 0.16 0.15 0.18 0.48 0.55 0.46 0.48 

DTF  3[10] 3[13]                       

Mean 32.4 52.7 97.7 0.902 0.592  69.2 –16.3 –9.8 –5.5 –2.0 –2.6 4.09 –0.89 –0.58  2.4 6.6 8.5 0.6 2.2 4.9 5.5 5.6 6.7 

SD 5.7 7.0 5.9 0.151 0.228  2.91 6.7 6.9 9.3 5.3 3.16 5.00 5.67 8.96  2.8 3.5 1.6 1.4 1.8 3.7 3.3 2.8 3.8 

 
ABR, ascochyta blight resistance 
DTF, days to flowering 
LOD, maximum LOD score for the given interval 
L, location in recombinant distance (cM) of maximum LOD value within the respective intervals measured from the first marker in LG (at 0 cM) 
PEV, proportion of variability explained by the putative QTLs 
M, response mean 
SD, standard deviation 
D, Effect of the allele in the respective locus 
E1, effect of the interaction between loci, the epistatic interaction in Homologous QTL1 * Homologous QTL2 
E2, effect of the interaction between loci, the epistatic interaction in Homologous QTL1 * Heterologous QTL2 
E3, effect of the interaction between loci, the epistatic interaction in Heterologous QTL1 * Homologous QTL2 
E4, effect of the interaction between loci, the epistatic interaction in Heterologous QTL1 * Heterologous QTL2 
Q, dominant allele 
q, recessive allele 
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Figure  7.2. Linkage map of chickpea based on the interspecific F2 population derived from a cross between chickpea genotype ICC 3996 and C. 

reticulatum accession ILWC 184 using microsatellite markers. The locations of QTLs are shown on the map for ascochyta blight ( ), days to 

flowering ( ) and plant growth habit ( ). 
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7.4. Discussion 

This study successfully found QTLs, in the mapping population, for response to 

ascochyta blight disease, days to first flower and plant growth habit measured under 

controlled environment conditions. Three QTLs were found for ascochyta blight 

resistance—two QTLs for days to first flower and one QTL for plant growth habit. 

There was a negative correlation between ascochyta blight resistance and days to first 

flower. The correlation between days to first flower and plant growth habit was positive. 

No correlation was found between ascochyta blight resistance and plant growth habit. 

This study also showed that clonal plants can be used for disease screening without 

destructive sampling of precious segregating materials like F2. 

7.4.1. QTL mapping 

Three QTLs for resistance to ascochyta blight resistance were found in an 

interspecific population from a cross between desi type chickpea ICC 3996 (resistant to 

Ascochyta rabiei) and C. reticulatum accession ILWC 184 (susceptible to Ascochyta 

rabiei) in controlled environment conditions. QTL 3[9], located on LG3, explained 

22.7% of the phenotypic variation for ascochyta blight resistance. Two linked QTLs, 

QTL 4[1] and QTL 4[7], located on LG4, explained 21.1% and 4.9% of the phenotypic 

variation, respectively. These three QTLs explained 48.8% of the phenotypic variation 

suggesting the presence of several minor genes in the population, not detectable with 

QTL mapping. The phenotypic variation explained in this study in controlled 

environment conditions was comparable with other studies in field conditions 

(Lichtenzveig et al. 2006; Tekeoglu et al. 2000) and higher than that in another study 

under controlled environment conditions (Flandez-Galves et al. 2003b). 

Our results suggest that LG4 has a significant effect on ascochyta blight resistance 

with two linked QTLs 12.9 cM apart. The significance of LG4 containing QTLs for 

ascochyta blight resistance has been reported by several researchers (Cho et al. 2004; 

Santra et al. 2000; Tekeoglu et al. 2002). Lichtenzveig et al. (2006) identified two 

QTLs on LG4, QTL 4.1 and QTL 4.2, with significant effects on resistance to ascochyta 

blight, with major (14.4%) and minor (3.8%) effects, respectively. Collard et al. (2003a) 

reported two QTLs associated with seedling resistance to the disease, both located 

within LG4 about 8 cM apart. Recently, Iruela et al. (2006) identified two quantitative 

trait loci (QTL ar1 on LG4a and QTL ar2 on LG4b) associated with resistance to 
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ascochyta blight. Other studies (Tar’an et al. 2007; Udupa and Baum 2003) have 

identified a single QTL on LG4, but the methodology of QTL analysis may not have 

permitted detection of a second, closely linked locus. 

In our study, single interval mapping showed the presence of one major QTL on 

LG4, which is in agreement with other researchers. For example, Santra et al. (2000) 

and Tekeoglu et al. (2002) found a QTL (QTL-2) on LG4, close to STMS markers 

TA72 and GA2, conferring resistance to ascochyta blight. Both of these QTLs were 

later confirmed by Tekeoglu et al. (2004) at two field locations over three years. 

Flandez-Galves et al. (2003b) also found a significant major QTL in a 25 cM region 

along LGIII (LG4 of the standard chickpea map) responsible for ascochyta blight 

resistance. Cho et al. (2004) found one QTL for ascochyta blight resistance in the field 

mapped on LG4A between GA24 and GAA47 with an LOD score of 4.17. Two QTLs 

for blight resistance in the field on LGIV and LGVIII of the interspecific linkage map of 

Tekeoglu et al. (2002) appeared to be the same as the QTL on LG4A of the map of Cho 

et al. (2004). Most recently, Tar’an et al. (2007) reported another QTL on LG4 for 

ascochyta blight resistance in chickpea delimited by markers TA2 and TA146 

explaining 29.4% of phenotypic variation. 

Another QTL identified in the current study, QTL 3[9] flanked by markers TA34 

and TA142, appears to be adjacent to the QTL on LG3 found by Tar’an et al.(2007), 

which was flanked by markers TA64 and TS19. Previous reports detected QTLs on LG2 

(Cho et al. 2004; Udupa and Baum 2003), LG6 (Tar’an et al. 2007) or LG8 

(Lichtenzveig et al. 2006) in other mapping populations but none were detected in this 

study. QTL 4[1] and QTL 4[7] had epistatic interactions and explained the largest 

proportion (26%) of the phenotypic variance in our study. An epistatic interaction was 

reported earlier for the QTLs located on LG4 by Lichtenzveig et al. (2006) which is in 

agreement with our results. 

This current study revealed a novel major gene for days to flowering measured 

under controlled environment conditions. Two major QTLs—QTL 3[10] and QTL 

3[13]—flanked by markers TAA142 and TA64 in interval 10 and markers TS29 and 

TA76 in interval 13, respectively,were detected on LG3 with a high LOD score of 32.4 

and together explained 90.2% of the phenotypic variation. Cho et al. (2002) identified a 

single QTL for days to 50% flowering on LG3 with LOD score of 3.03 flanked by 

markers TS57 and TA127. Although both QTLs were found in LG3, their location on 
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the linkage group was different suggesting the presence of different genes in controlling 

flowering time. On the other hand, Lichtenzveig et al. (2006) reported two QTLs on 

LG2 and LG8 for days to first flower which were not detected in our population. The 

explained phenotypic variation in our study for days to first flower (90.2%) was much 

higher than in a previous study (78% and 71%) (Lichtenzveig et al. 2006). Since 

phenotypic assessment for days to flowering was conducted in a controlled 

environment, QTLs need to be confirmed under field conditions so they can be used 

more confidently in breeding programs. 

This is the first study to report a QTL for growth habit in chickpea. One major 

QTL for plant growth habit, QTL 3[9], was detected on LG3 flanked by markers TA34 

and TA142 with an LOD score of 62.2 explaining 95.2% of the phenotypic variation. 

There is a little information available on the genetic basis of plant growth habit in 

chickpea. Using isozyme and morphological studies, Kazan et al. (1993) found a 

correlation between the isozyme locus Pgd-c and the locus controlling plant growth 

habit (Hg), which equated to an approximate genetic interval of 18 cM. The locus Pgd-c 

should relate to PGD6 (on LG3) in the linkage map of Winter et al. (2000) since both 

refer to 6-phosphogluconate dehydrogenase. 

7.4.2. Segregation distortion 

Distortion of the markers from the expected Mendelian ratio was observed in the 

segregating population. Overall, 19% of markers were distorted with most (75%) 

distorted in favour of the wild male parent. The rest of the distorted markers (25%) were 

in favour of heterozygote individuals. Allele segregation distortion has been reported by 

several researchers (Collard et al. 2003a; Flandez-Galves et al. 2003b; Tekeoglu et al. 

2002). The present study suggests that the distortion of markers may relate to the 

distortion of traits since plant growth habit and days to flowering in this mapping 

population also distorted towards the wild parent, and their QTLs are located on LG3 

with distorted markers. For instance, there were no F2 individuals that flowered earlier 

than the chickpea parent ICC 3996, while there were many F2 individuals that flowered 

later than the wild parent ILWC 184. There may be some translocation in chickpea 

genome on distorted LGs, reducing the occurrence of traits in the chickpea genome, and 

the translocations may be located in an area of chromosomes not covered by present 

microsatellite markers. 
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7.4.3. Inheritance of the traits 

Polygenic inheritance for ascochyta blight resistance was found in this study. 

Several groups have reported QTLs for resistance to Ascochyta rabiei in chickpea, with 

differing numbers and strengths of QTLs, presumably due to differences in the crossing 

parents used but possibly due to differences in disease screening methods (Collard et al. 

2003a; Flandez-Galves et al. 2003b; Santra et al. 2000). The genetics of ascochyta 

blight resistance was discussed in detail in Chapter 4. 

The inheritance of days to flowering in chickpea was controlled by two genes with 

epistatic interaction. Oligogenic inheritance of flowering time has been reported by 

Gumberm and Sarvjeet (1996) who suggested that two genes controlled time to 

flowering. Later Kumar and van Rheenen (2000) suggested the presence of a major 

gene (Efl-1/efl-1) and minor polygenes for this trait. However, Or et al. (1999) reported 

a single recessive major gene for time to flowering. Again these differences between 

reports are probably due to differences in the parents used, but environmental influences 

such as day length and temperature may differ between studies. 

In this study, the inheritance of plant growth habit was strongly biased towards the 

prostrate wild parent. Although ICC 3996 had a semi-erect growth habit and wild C. 

reticulatum ILWC 184 had a prostrate growth habit, no F2 individual with semi-erect 

growth habit was detected, indicating biased skewness of the trait towards the wild 

parent. Prostrate growth habit was dominant over semi-erect growth habit which is 

supported by Singh and Shyam (1959). However, the control of prostrate growth habit 

with a single recessive gene was also reported (Singh and Gumber 1995). 

7.4.4. Correlations of the three traits examined 

There was a small but significant negative correlation between ascochyta blight 

resistance and days to flowering (P<0.001). Similar results were obtained by 

Lichtenzveig et al. (2006) and Lichtenzveig et al. (2002) where they reported a 

significant negative correlation between time to first flower and ascochyta blight 

resistance in the F3:4 generation (r=–0.19 to –0.44, P=0.054 to 0.001) and RILs (r=–

0.265, P=0.0049 ) of a segregating population derived from an intraspecific cross. 

There was a highly significant positive correlation between days to flowering and 

plant growth habit (r=0.36, P<0.001). Interestingly, the loci controlling days to 

flowering and plant growth habit were located in the same linkage group with 11.2 cM 
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distance between the two loci. However, there was no correlation between ascochyta 

blight resistance and plant growth habit despite co-locating in the same linkage group. 

There are no published reports on the investigation of links between ascochyta blight 

resistance and plant growth habit in chickpea and wild Cicer species. 

7.4.5. Clonal plants 

Clones showed the same response to ascochyta blight disease as the seed-grown 

chickpea plants. There was a high correlation for ascochyta blight resistance response 

between stem cuttings and the original plants. Tar’an et al. (2007) used stem cuttings for 

the disease assessment but did not mention any correlation between stem cuttings and 

original plants. Instead, they used the F3 generation to confirm disease measurements. 

This is the first time that clonal plants alone have been used for QTL mapping of 

ascochyta blight resistance. This experiment proved that stem cuttings can be used to 

phenotype plant response to ascochyta blight resistance in the F2 generation where 

several clones were tested instead of a single original plant. This technique enabled us 

to replicate screening without the destruction and loss of the original plants. 

7.5. Conclusion 

In conclusion, QTLs on LG4 in particular and one QTL on LG3 had major effects 

on ascochyta blight resistance. These QTLs explained almost 49% of the variation for 

ascochyta blight resistance. Linkage group 3 had two major QTLs for days to flowering 

(explaining 90.2% of phenotypic variation) and a major single QTL for plant growth 

habit (explaining 95.2% of phenotypic variation). There was a negative correlation 

between ascochyta blight resistance and days to flowering, and a positive correlation 

between days to flowering and plant growth habit. The flanking markers for ascochyta 

blight resistance or other morphological characters can be used in marker-assisted 

selection in chickpea improvement programs. 
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Chapter Eight 

8. General Discussion 
 

8.1. Introduction 

The major objectives of this project were: (1) to investigate the genetics of 

ascochyta blight resistance, flowering time and plant growth habit; and (2) to map these 

traits in the chickpea genome using QTL mapping. 

The major findings from this study were: 

1. Intraspecific chickpea x chickpea hybrids had a higher rate of seed set than 

both of the interspecific hybrids derived from chickpea x C. reticulatum and 

chickpea x C. echinospermum. An albino hybrid was produced from a cross 

between chickpea and C. pinnatifidum. 

2. Two major recessive genes were found to control ascochyta blight resistance 

and both additive and dominant actions are important. 

3. There was no correlation between ascochyta blight resistance/susceptibility 

and leaf types (simple and multipinnate) in chickpea. 

4. A reliable stem cutting method was developed for propagation of annual Cicer 

species and derived hybrids. A disease screening method was also developed 

for clonal F2 plants allowing replicated screening for a single F2 plant. 

5. Three QTLs for ascochyta blight resistance—two linked to days to flowering 

and one to plant growth habit—were found in the mapping population derived 

from a cross between chickpea and C. reticulatum. 

8.2. Successful utilisation of wild relatives in ch ickpea improvement 

The crossability of cultivated chickpea was investigated with wild annual Cicer 

species in the primary genepool (C. reticulatum and C. echinospermum) and the 

secondary genepool (C. pinnatifidum and C. judaicum). 
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Intraspecific hybrids (chickpea x chickpea) had a higher rate of seed set than both 

of the interspecific hybrids derived from chickpea x C. reticulatum and chickpea x C. 

echinospermum which is consistent with the findings of Singh and Ocampo (1993). 

Such findings are expected since crossing is easier within a species than between 

species in any organism. Furthermore, chickpea genotype had no effect on seed set in 

interspecific hybridisation. Nor was there any difference between desi and kabuli types 

in wide hybridisation of C. reticulatum and C. echinospermum. 

In the interspecific crosses between chickpea genotypes and two wild Cicer 

species, C. reticulatum and C. echinospermum hybrids had intermediate morphology 

including semi-spreading growth habit, more branches, and seeds with thicker seed 

coats compared to their chickpea parents, emphasising the true nature of the hybrids. 

The intermediate nature of interspecific hybrids in these crosses has been reported 

(Ladizinsky and Adler 1976a; Ladizinsky and Adler 1976b; Pundir and van der Maesen 

1983). These results suggest the necessity of backcrossing interspecific hybrids with 

cultivated chickpea to retain desirable agronomic traits from the cultivar. 

Pollen viability studies of interspecific hybrids further revealed differences in the 

species’ crossability. Interspecific F1 hybrid plants of chickpea x C. reticulatum had 

more viable pollen than hybrids of chickpea x C. echinospermum. Crosses between 

chickpea x C. echinospermum produced both fertile F1 hybrids (in crosses of chickpea 

with ILWC 181) and sterile F1 hybrids (in crosses of chickpea with ILWC 181). Similar 

results have been reported by Ladizinsky and Adler (1976b). Overall, crosses with 

chickpea genotypes had more viable pollen than those of wild Cicer species and 

interspecific hybrids. 

Interspecific crosses between chickpea genotypes with C. pinnatifidum and C. 

judaicum only produced 19 seeds from about 2000 pollinated flowers. Only one of these 

hybrid seeds appeared to be a true hybrid; that derived from a cross between Kaniva and 

C. pinnatifidum accession ILWC 224. Even though the hybrid was albino, it survived 

for more than one month in the glasshouse suggesting that true hybrids may be possible 

through wide hybridisation of chickpea with C. pinnatifidum, albeit with a low seed set. 

The albino nature of hybrids produced in the crosses of chickpea with C. pinnatifidum 

have been reported (Badami et al. 1997; Clarke et al. 2006). 

These results confirmed the three-genepool theory for wild Cicer species as 

summarised by Croser et al (2003) since crosses between chickpea and (1) C. 
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reticulatum or C. echinospermum produced fertile or partially fertile hybrids, (2) C. 

pinnatifidum produced an albino hybrid, and (3) C. judaicum produced no real hybrid. 

8.3. Greater understanding of the genetic control o f desirable traits 

and their relationship 

The significance and nature of gene effect and heritability of ascochyta blight 

resistance in Cicer was estimated through diallel analyses and F2 segregating 

populations. The combination of these two approaches revealed that inheritance of 

ascochyta blight resistance was conferred by at least two major recessive genes (and 

some minor genes) and susceptibility was dominant over resistance to ascochyta blight. 

Interestingly, two major QTLs and a minor QTL were found to control ascochyta blight 

resistance in the mapping population (Chapter 6), with consistent results from the two 

methods. Diallel analyses revealed that recessive alleles were concentrated in the two 

resistant chickpea parents ICC 3996 and Almaz, and one C. reticulatum genotype ILWC 

118. A phenotypic ratio of 15 susceptible:1 resistant was the most common for the F2 

population derived from Almaz, but for ICC3996 the ratio was 13 susceptible:3 

resistant. However, F2 populations derived from crosses of ILWC 118 with susceptible 

chickpeas did not show the same segregation pattern, suggesting that the wild Cicer 

accessions may have different major or minor resistance genes compared to cultivated 

chickpea. Both additive and dominance genetic variances were important in the 

inheritance of ascochyta blight resistance in this study, with similar findings reported in 

chickpea (Dey and Singh 1993). Narrow-sense heritability was high in both generations 

(ranging from 82 to 86% for F1 generations, and 43 to 63% for F2 generations) 

indicating the importance of additive gene effects in the inheritance of the trait. 

Therefore, the careful selection of key resistant parents is important in order to pyramid 

a range of genes for durable resistance. 

The inheritance of leaf types in chickpea was conferred by two genes with a 

dihybrid supplementary gene action with phenotypic ratio of 13 normal:3 multipinnate:4 

simple leaf types in the cross of simple x multipinnate leaf type chickpeas. Normal leaf 

type was dominant over both simple and multipinnate leaf type; findings supported by 

Pundir et al. (1990). Inclusion of multipinnate leaf types in inheritance studies of leaf 

type will provide more reliable results for estimating the number of loci for genetic 

control of leaf shape in chickpea. 
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Investigation into the genetics of ascochyta blight resistance and leaf types, and 

the concomitant effect of both traits on the expression of disease severity revealed that 

there was no correlation between ascochyta blight resistance and leaf types (normal, 

simple or multipinnate) in chickpea (Chapter 4). Ascochyta blight resistance depends 

more on the genetic background of chickpea rather than on leaf shape. In the kabuli 

chickpea Almaz and the desi chickpea ICC 3996, the major resistance genes were not 

linked to the loci controlling leaf type. A US kabuli breeding program, developing 

ascochyta blight resistance in simple-leafed varieties of chickpea, Muehlbauer et al. 

(1998a) and Muehlbauer et al. (1998b) support our findings. In contrast, a study in 

Canada found simple leaf type chickpea cultivars to be more susceptible to ascochyta 

blight (Gan et al. 2003). These authors discussed the need for a study of segregating 

populations to prove the link between disease severity and leaf morphology. The 

response of multipinnate leafed chickpea to ascochyta blight disease had not been 

reported before this study. It appears that the genes controlling ascochyta blight 

resistance and the simple or multipinnate leaf type are located on different 

chromosomes, or far apart on the same chromosome. Therefore, it should be possible 

for breeders to develop ascochyta blight resistant varieties with either simple or 

multipinnate leaf types if desired. 

The significance of developing simple leaf cultivars with ascochyta blight 

resistance is highlighted by the fact that simple leaf kabuli breeding lines and cultivars 

often have large seeds which are desirable for high value markets (Siddique and Regan 

2005), although this does not always confer a high yield (Srinivasan et al. 2006). 

Furthermore, it is reported that in normal leaf type chickpea, leaflet size is positively 

correlated with seed size (Dahiya et al. 1988; Sandhu et al. 2005). Since some simple 

leaf type chickpeas also have large leaflets, it is expected that similar results will be 

found; but such studies are yet to be done for multipinnate leaf types. Therefore, the 

lack of correlation between leaf types and ascochyta blight resistance gives the 

opportunity to introduce simple leaf, ascochyta blight resistant varieties carrying a 

premium price for their extra large seeds. 

8.4. Reliable disease screening: a new approach wit h ‘cloned’ F 2 

plants from cuttings 

To date, it has been difficult to accurately evaluate disease resistance in early 

generations of a breeding program because of the lack of clonal materials as replicates. 
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It also hinders F2 mapping because of the low number of F2 seeds on F1 plants to form 

F2 populations in chickpea especially in interspecific populations. This study developed 

a reliable stem cutting method for such purposes (Chapter 6). Plant growth regulator 

(PGR) treatments, cutting substrates and donor plant growth stage were important 

factors in vegetative propagation of Cicer species. By treating cut stems with a PGR 

powder at the pre-flowering stage and growing them in a sand + potting mix substrate 

produced the highest rooting rate and maximum survival. Genotype also played an 

important role with different responses among different chickpea breeding lines, 

cultivars, and accessions of C. reticulatum and C. echinospermum. Successful rooting 

ranged from 87.5 to 100%. Stem cuttings were successfully used to increase F2 seed 

numbers for inheritance studies and for mapping the population. A high correlation was 

found for the response to ascochyta blight resistance in the glasshouse between clonal 

plants derived from stem cuttings and seed grown plants (r=0.98, P<0.001). As a result, 

clonal plants derived from stem cuttings were used for disease assessment in the 

mapping population derived from a cross between chickpea genotype ICC 3996 

(resistant to Ascochyta rabiei) and C. reticulatum accession ILWC 184 (susceptible to 

Ascochyta rabiei). 

8.5. New QTLs for ascochyta blight resistance, flow ering time and 

plant growth habit added to the chickpea map 

Three QTLs for resistance to ascochyta blight were found in our mapping 

population. The first QTL, located on linkage group 3 (LG3) (flanked by markers TA 34 

and TA 142), explained 22.7% of the phenotypic variation for ascochyta blight 

resistance. Two linked QTLs, 12.9 cM apart on LG4, each explained 21.1% and 4.9% of 

the phenotypic variation suggesting that linkage group 4 has a significant effect on 

ascochyta blight resistance. These three QTLs explained 48.8% of the phenotypic 

variation in the population suggesting the involvement of several minor genes or robust 

effects of the environment on the trait. The significance of LG4 in containing QTLs for 

ascochyta blight resistance has been reported by several researchers (Cho et al. 2004; 

Santra et al. 2000; Tar’an et al. 2007; Tekeoglu et al. 2002). Unlike previous reports, 

we did not detect any QTL on LG2 (Cho et al. 2004; Udupa and Baum 2003), LG6 

(Tar’an et al. 2007) or LG8 (Lichtenzveig et al. 2006). 

Linkage group 3 had two major QTLs for days to flowering 45 cM apart 

(explaining 90.2% of phenotypic variation) and a major single QTL for plant growth 
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habit (explaining 95.2% of phenotypic variation). Our findings on phenotypic variation 

suggest that environmental effect is lower for days to flowering and plant growth habit 

than for ascochyta blight resistance which has two major genes and at least one minor 

gene involved. There was a significant negative correlation between ascochyta blight 

resistance and days to flowering (r=–0.22, P<0.001, n=306) and a positive correlation 

between days to flowering and plant growth habit (r=0.36, P<0.001, n=306). There was 

no correlation between ascochyta blight resistance and plant growth habit; this finding 

shows promise for putting wild Cicer species into breeding programs since all wild 

Cicer species have an undesirable prostrate growth habit. 

8.6. Future Directions 

1. Since only limited sources of ascochyta blight resistance have been found in 

cultivated chickpea and two crossable wild Cicer species germplasm (C. 

reticulatum and C. echinospermum), efforts to introduce more resistance from 

other wild Cicer species is needed. Cicer bijugum is a species with several 

major resistance genes to ascochyta blight; therefore, crosses need to be done 

using embryo rescue and other cytogenetic approaches. Findings from this 

research suggest that wild Cicer species are needed to create mapping 

populations even though they do not possess resistant genes. This will help to 

understand future problems arising from interspecific hybridisation. 

2. Information about chromosomal rearrangements is essential when wild 

relatives of cultivated plants are used in breeding programs.Genomic in situ 

hybridisation (GISH) is the most effective and precise technique for 

estimating the amount of foreign chromatin in translocation chromosomes. 

Therefore, GISH should be used to investigate the post-zygotic barriers 

involved in crosses between chickpea with incompatible Cicer species, and to 

also understand the cause of distortion of molecular markers and traits towards 

wild parents in segregating populations of interspecific hybrids. 

3. F2 clones propagated through stem cuttings should be used for disease 

screening in future research—saving both time and money for QTL mapping 

projects and other genetic studies. 

4. QTL mapping is a powerful technique to locate genes on a linkage group. 

Closely-linked flanking markers for ascochyta blight resistance or other 
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important traits are useful for plant breeding programs through marker-

assisted selection (MAS) programs. Developing chickpea BAC libraries and 

chromosome walking techniques will assist chickpea breeders to find 

interesting genes and pyramid those genes in chickpea germplasm. 
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