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Abstract Ascochyta blights are the most important

diseases of cool season food legumes (peas, lentils,

chickpeas, and faba beans) and are found in nearly all

production regions. Despite having the same common

disease name, the pathogen species differ for each of

the crops. These diseases cause serious yield losses

under favourable cool and humid conditions. Planting

resistant cultivars is often the first choice and most

economical means in managing the diseases. There-

fore breeding for resistance to ascochyta blights has

been an important objective of many cool season

food legume research programmes. Systematic

screening of germplasm collections at international

research centres and other national research pro-

grammes have identified useful resistance sources

that have been used successfully to breed resistant or

tolerant cultivars. Genetic studies have revealed

inheritance patterns of the resistance genes. Genetic

linkage analyses and QTL mapping have identified

molecular markers that could be useful for marker-

assisted selection and gene pyramiding. In general,

research towards developing resistance to ascochyta

blights in cool season food legume faces mainly two

limitations: the lack of availability of efficient

resistance sources and the lack of a good understand-

ing of the variability of the pathogen populations.

Research efforts to alleviate these limitations should

be pursued. Given that modern technologies of

marker development and genomics are available,

further advances in deploying resistance to manage

ascochyta blights in this group of legume crops will

depend on concerted efforts in developing accurate

screening procedures with adequate knowledge of

pathogen variability and identification of additional

sources of resistance.
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Introduction

Peas (Pisum sativum), lentil (Lens culinaris), chick-

pea (Cicer arietinum) and faba bean (Vicia faba) are

important food crops throughout the world and are

produced on nearly 25 million hectares with annual

production approaching 40 million metric tons

(FAOSTAT 2004). Total production ranges from

over 20 million metric tons for pea to about 4 million

metric tons for lentil (FAOSTAT 2004). These cool

season food legumes are affected by a number of

foliar and root diseases that cause wide spread

damage and in severe cases cause complete crop
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loss. The most important foliar diseases worldwide are

ascochyta blights. Although the diseases are collec-

tively referred to as ascochyta blights due to similar

symptoms, the pathogen species differ for each of the

crops (Hernandez-Bello et al. 2006) and host specificity

is necessary for disease development. The ascochyta

blight complex of pea involves three pathogens,

Ascochyta pisi, Mycosphaerella pinodes, and Phoma

medicaginis var. pinodella (formerly Ascochyta pinod-

ella). The disease is a complex because the three

pathogens cause more or less similar symptoms and

they frequently occur together. In the case of lentil, the

crop is affected by Ascochyta lentis that causes leaf and

stem spotting, leaf drop, stem lesions and seed lesions

that result in serious reductions of yield and crop

quality. Ascochyta blight of chickpea is caused by

Ascochyta rabiei (Didymella rabiei) that causes severe

symptoms on the leaves, stem breakage and die back,

and often is cited as causing complete crop loss (Nene

and Reddy 1987). Similar symptoms on faba bean

incited by Ascochyta fabae cause yield losses and

reduce seed quality.

Resistance to ascochyta blight in the cool season

food legumes has been sought through germplasm

exploration, collection, and systematic evaluation.

Sources of partial resistance have been identified in

all of the cool season food legumes and the currently

available resistance is being used in breeding pro-

grammes designed to develop cultivars with im-

proved resistance. Since there are some recent

reviews on breeding methods, screening procedures,

the ascochyta diseases and biology of the pathogens

(Bretag et al. 2006; Pande et al. 2005; Tivoli et al.

2006; Torres et al. 2006; Ye et al. 2002), we will in

this review mainly focus on the recent developments

in understanding the genetics of host resistance for

each of the major cool season food legumes and point

out immediate needs in research that in our opinion

will further advance deployment of resistance in

managing ascochyta blight in cool season food

legumes.

Peas

Ascochyta blight of pea is a disease complex caused

by three pathogens: Ascochyta pisi which causes

well-defined lesions (spots) on leaves, stems and

pods; Phoma medicaginis var. pinodella, previously

Ascochyta pinodella, which causes lesions on leaves

and stems, and foot rot; and Mycosphaerella pinodes

which causes blight starting with small purple to

black spots, enlarging and turning brown to black.

The disease complex, its epidemiology, screening

techniques and management were recently reviewed

(Tivoli et al. 2006). Methods of screening for

resistance have relied on field nurseries and natural

infection by the pathogen through dispersal of

airborne ascospores from debris of previously

infected pea crops. In general no complete resistance

to the ascochyta blight complex has been identified in

peas; however good sources of partial resistance have

been identified and are being used in breeding

programmes (Tivoli et al. 2006). Screening of the

USDA-ARS collection of pea germplasm was suc-

cessful in identifying sources of partial resistance to

M. pinodes in five accessions (PI 142441, PI 142442,

PI 381132, PI 404221 and PI 413691); however, none

of the accessions were more resistant than the

cv. Radley. Other sources of resistance have been

identified and include cv. Carneval (Tar’an et al.

2003) and accessions JI 97 and JI 1089 from the John

Innes Institute Collection. Accessions of the wild pea

species, P. fulvum have also shown some resistance to

ascochyta blight.

A relationship between lodging traits and resis-

tance to ascochyta blight was found (Banniza et al.

2005) indicating that stem structural components may

have a role in resistance. Thus, upright plant habit

with resistance to lodging appears to be an important

factor in reducing disease severity.

Most of the genetic studies on pea resistance

focused on resistance to M. pinodes possibly because

it is the most destructive pathogen of the three

involved. The genetics of resistance to ascochyta

blight in peas indicate a multiple gene system with

some dominance and additive genetic effects (Wroth

1999). Estimates of quantitative trait loci (QTL) for

resistance to ascochyta blight have ranged from three

(Tar’an et al. 2003) to 13 (Timmerman-Vaughan

et al. 2004) (Table 1). The complex nature of

resistance, as indicated by the number of QTL that

have been estimated, presents a challenge to breeders

and the prospect of making use of marker assisted

selection for ascochyta blight resistance in peas.

Development of cultivars with improved resistance

to the disease will depend on the use of germplasm

with partial resistance to ascochyta blight with
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consideration for plant traits such as good standing

ability that has been shown to be associated with

resistance. In general, developing pea cultivars resis-

tant to ascochyta blight is rather challenging because

of the number of pathogens involved, pathogenic

variation (races or pathotypes) within each pathogen

species and seemingly tissue or growth stage spec-

ificity of certain resistance genes, in addition to lack

of efficient resistance sources. Marker-assisted selec-

tion may be attempted but the number of QTL that

are estimated to be involved with disease expression

would seem to make that approach difficult and time-

consuming. Direct screening in the presence of the

disease may be a more viable approach at the present

time until efficient marker-assisted selection proto-

cols are established. Needless to say, more efficient

resistance sources are needed and additional explo-

ration and collection in regions of diversity may be a

fruitful approach. Also, the use of wild species such

as P. fulvum may hold promise as a source of

resistance genes.

Lentil

Ascochyta blight of lentil, caused by Ascochyta lentis

(teleomorph: Didymella lentis), has world-wide dis-

tribution and causes extensive damage to yields and

crop quality. The disease causes necrotic spots on the

leaflets, stems, pods and seeds. The lesion spots are

initially light grey and turn tan, and are surrounded by

darker margins. Lesions often enlarge and coalesce

causing blight and stem breakage. Tivoli et al. (2006)

provided a thorough review of sources of resistance

and screening techniques for ascochyta blight of

lentil and Ye et al. (2002) gave an account of

breeding techniques for selection of lentils with

resistance to ascochyta blight. Partial resistance to the

disease is available in the germplasm. Most notable

of the partially resistant germplasm accessions are

lentil accessions PI 339283, PI 374118, ILL5588,

ILL5684, PR86-360, and ILL7537. Other accessions

have been reported as resistant and have been used in

breeding. The sources of resistance are readily

available from gene banks at ICARDA, the U.S.

Department of Agriculture-Agricultural Research

Service, Canada and Australia. Screening for resis-

tance has generally relied on field screening; how-

ever, screening in controlled environments has been

practiced with good results (Muehlbauer, personal

observations).

Resistance to ascochyta blight in lentil has been

reported, but theories abound with the number and

nature of genes responsible for the observed resis-

tance. Two complementary dominant genes for

resistance were postulated (Ahmad et al. 1997) in a

cross of L. ervoides · L. odemensis whereas a single

dominant gene was found in crosses within

L. culinaris. Ford et al. (1999) identified a single

dominant gene, Abr(1), in accession ILL5588 that

conferred resistance to ascochyta blight in lentil and

also identified molecular markers flanking the resis-

tance gene that may be useful in marker-assisted

selection. Chowdhury et al. (2001) postulated that a

single recessive gene conferred resistance to asco-

chyta blight in lentil and was linked to RAPD

markers, UBC227 and OPD-10. These RAPD mark-

ers are currently being used in marker-assisted

selection. Nguyen et al. (2001) studied the resistance

in germplasm accession ILL7537 and found that two

complementary dominant genes conferred resistance.

Ye et al. (2003) found two dominant genes in

ILL5588 with one gene for resistance and the other

for partial resistance, and one or two recessive genes

in Laird and Indianhead, respectively. Additionally,

two complementary resistance genes were found in

the susceptible lines W6-3192 and Titore (Ye et al.

2003). At least five QTL for blight resistance have

been mapped on four linkage groups and they

together accounted for 50% of phenotypic variation

(Rubeena et al. 2006). It appears that at least two

genes are involved in resistance to ascochyta blight in

Table 1 Quantitative trait

loci (QTL) associated with

ascochyta blight resistance

in peas

Loci % Variation accounted for Reference

6 QTL in seedling stage 76.0 Prioul et al. (2004)

10 QTL in adult stage 56.6–67.1 Prioul et al. (2004)

14 QTL in 7 linkage groups Not estimated Timmerman-Vaughan et al. (2004)

3 QTL 35.9 Tar’an et al. (2003)
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lentil, and the nature of the genes (whether dominant

or recessive) depends on the sources. Based on

current information it is not possible to make

comparisons of the genes that have been identified

or to draw conclusions on the number of genes

involved. Appropriate allelism tests need to be

conducted using common parents followed by uni-

form and systematic screening of the progenies. It is

clear that the expression of those genes may be

altered by variable environmental conditions which

can alter the interpretation of the mode of action of

the genes. Nevertheless, their use in breeding has led

to the development of resistant cultivars such as

Milestone (Vandenberg et al. 2001) and other candi-

date breeding lines with resistance.

Variation in virulence patterns of Ascochyta lentis

has been reported (Ahmed et al. 1996; Ahmed and

Morrall 1996; Nasir and Bretag 1997) and six

pathotypes have been classified in Australia (Nasir

and Bretag 1997). The cultivar Laird, released in

Canada, was initially described as resistant to asco-

chyta blight but is now classified as susceptible. The

reduced resistance of cv. Laird was reported to be due

to the appearance of more virulent pathotypes

(Ahmed et al. 1996). The pathogenic variation has

undoubtedly contributed to the confusion about the

genetics of resistance in lentil to ascochyta blight.

Needless to say, these findings have important

implications for lentil breeding and point out the

need to consider pathogen variation during evaluation

and selection for improved resistance.

Chickpea

Ascochyta blight, caused by Ascochyta rabiei [tele-

omorph: Didymella rabiei var. Arx], is responsible

for widespread damage to chickpea crops worldwide.

The disease causes necrotic lesions on the leaflets,

stems, pods and seeds. Symptoms initially appear as

water-soaked lesions on stems and leaves and turn to

sunken, dark brown lesions with concentric black

speckles of pycnidia. Lesions enlarge and coalesce

under conditions favourable to the disease, causing

leaf blight, stem girdling, stem breakage and plant

death. Pande et al. (2005) provided a review of

pathogen biology and the disease management of

ascochyta blight. A thorough review of ascochyta

blight of chickpea and available sources of resistant

germplasm was recently completed (Tivoli et al.

2006). Most notable of the partially resistant germ-

plasm include accessions from ICARDA such as

ILC-72, ILC-3279, ILC-3868, ILC-3870, ILC-3996

and numerous FLIP lines that have shown resistance

at multiple locations (Reddy and Singh 1984).

Breeding lines from ICARDA such as FLIP90-98C,

FLIP91-22C, FLIP91-46C, FLIP91-2C, FLIP91-24C,

FLIP91-50C, FLIP91-54C, and FLIP91-18C, devel-

oped from resistance sources ILC-72 and ILC-3279,

have also shown a degree of resistance in the field

and in controlled environments (Singh and Reddy

1994). These accessions and others developed at

ICARDA have been used in breeding programmes

worldwide to develop resistant cultivars. Progress

continues to be made in the development of breeding

lines with improved resistance to the disease.

Studies of the genetics of resistance to ascochyta

blight have relied on the use of recombinant inbred

lines (RILs) from crosses between resistant and

susceptible parents and QTL analyses. Santra et al.

(2000) used a set of RILs from the cross of FLIP84-

92C · C. reticulatum (PI 599072) to identify two

QTL (QTL-1 and QTL-2) that in combination

accounted for 50.3 and 45.0% of the variation in

blight scores, respectively, over two years of evalu-

ation. Other studies (Flandez-Galvez et al. 2003;

Collard et al. 2003; Iruela et al. 2006) have identified

QTL for blight resistance in comparable regions of

the genome as those found by Santra et al. (2000)

providing confidence in the presumed locations of the

resistance genes and prospects for marker-assisted

selection and eventual map-based cloning. Likewise,

Lichtenzveig et al. (2006) found three QTL for

resistance that were located on comparable linkage

groups, and a significant epistatic interaction of the

resistance QTL on linkage group 8 with flowering

time.

Marker density in the QTL-1 region of the

chickpea genome was increased by Rakshit et al.

(2003) who used bulked segregant analysis and DNA

amplified fingerprinting (DAF) to identify a marker

directly at the peak of QTL-1 of Santra et al. (2000).

Millan et al. (2003) also identified additional markers

linked to resistance and showed their potential use in

selection. Efforts are currently underway towards fine

mapping of QTL-1 using Bacterial Artificial Chro-

mosome (BAC) libraries (Rajesh et al. 2004). The

BACs of interest are being identified through the use
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of markers associated with QTL-1 followed by BAC

end sequencing to identify single nucleotide poly-

morphisms for conversion to CAPs and dCAPs

markers. Those markers are then being used to

increase marker density within QTL-1. The increased

marker density provides additional markers for

possible use in marker-assisted selection and should

facilitate cloning and characterization of the resis-

tance genes.

The existence of pathotypes of Didymella rabiei

must be considered in breeding programmes designed

to develop resistant cultivars. There has been a

plethora of classification schemes for pathogenic

variation in D. rabiei, ranging from an initial

description of six races of the pathogen (Singh and

Reddy 1993) to 14 virulence forms or pathotypes

(Chen et al. 2004). The current trend is a more

workable classification into either two or three

pathotypes (Udupa et al. 1998; Chen et al. 2004).

Using a mini-dome technique, Chen et al. (2004) was

able to assign isolates of A. rabiei from the U.S.

Pacific Northwest into two pathotypes (I&II). Isolates

from the two-pathotype system were used to map

pathotype-specific QTL conferring resistance and to

study the mechanisms of resistance in the host (Chen

et al. 2005; Cho et al. 2004; Cho et al. 2005). The

two-pathotype system explains the evolution of US

chickpea cultivars (Chen et al. 2004). The initial

chickpea cultivars (such as Spanish White and UC-5)

introduced into the US Pacific Northwest were shown

to be highly susceptible to both pathotypes I and II;

cultivars developed through breeding for resistance

(such as Sanford and Dwelley) released in the early

1990s had only resistance to pathotype I, while more

recently released cultivars (such as Sierra) were

shown to have resistance to pathotype I and a high

level of tolerance to pathotype II (Chen et al. 2005).

Our current chickpea breeding efforts are to incor-

porate more efficient resistance genes to improve

resistance against pathotype II and to avoid the

potential emergence in the US of a new pathotype

that is highly virulent on chickpea ICC 12004

reported in Syria (Bayaa et al. 2004).

Faba bean

Ascochyta blight of faba bean is caused by Ascochyta

fabae, (teleomorph Didymella fabae) which is highly

specific for faba bean. Lesions with definite margins

are more or less circular or oval, slightly sunken on

leaves, and more sunken on stems and pods. The

disease, screening procedures and procedures for

breeding disease-resistant faba bean cultivars were

the subjects of a recent review (Tivoli et al. 2006).

Screening for resistance has relied on the use of field

nurseries and natural infection by the pathogen which

may be supplemented by artificial inoculation with

the pathogen or by the spreading of infected crop

debris in the nursery area. Races of the pathogen have

been suggested; however, classification into races has

been controversial. Numerous sources of resistance

listed by Tivoli et al. (2006) are being used in

breeding programmes to develop improved cultivars.

A major dominant gene for resistance to ascochyta

blight of faba bean was reportedly found in ILB752

and two complementary recessive genes for resis-

tance were found in NEB463 (Kohpina et al. 2000). A

detailed analysis of resistance using an F2 population

from the cross of 29H (resistant) · VF136 (suscep-

tible) was used to identify six QTL (Avila et al.

2004). The F2 population was evaluated for resistance

to two isolates differing in their pathogenicity. Four

of the QTL were effective against both pathotypes

while the effectiveness of the two other QTL varied.

Some QTL appeared to be tissue (either leaf or stem)

specific (Avila et al. 2004), complicating selection

protocols in breeding.

Variability of isolates of the ascochyta blight

pathogen like those observed in Australia (Kohpina

et al. 1999) is problematic for breeding and it is

necessary to evaluate segregating breeding material

against a range of isolates to ensure success.

Summary and conclusions

Ascochyta blights are an important yield constraint of

all cool season food legumes, and using host resis-

tance is the most economical means in managing the

diseases. Resistance to ascochyta blights is present in

the germplasm of all cool season food legumes;

however, in most cases no complete resistance is

found in the cultivated germplasm and the resistance

is considered to be partial. Nevertheless, the available

resistance has been demonstrated capable of reducing

losses of yield and quality of these grain legumes.

There is a pressing need for increased understanding
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of pathogen variability, and for the standardization of

screening procedures including the methods of inoc-

ulation and disease-scoring procedures, since the

isolates being used for inoculation will be location-

specific and disease progression will vary. Neverthe-

less, standardization of scoring procedures and the

use of common host differentials and isolates as

controls will enable comparisons of the data and

results of evaluations across research locations.

The inheritance of resistance to ascochyta blights

in cool season food legumes appears to be quantita-

tive and controlled in most cases by multiple QTL. It

is interesting to note that the number of QTL

estimated using early generation populations such

as F2 is greater than the number of QTL estimated

using nearly-homozygous recombinant inbred line

populations, indicating that the latter may be a more

realistic estimate of the inheritance of resistance and

the location of the important genes. The use of

marker-assisted selection for resistance to ascochyta

blights is being developed in all of the cool season

food legumes. However, it is still limited in scope,

and its practical application requires further experi-

mentation and confirmation. Selection under natural

conditions in the field using a mixture of isolates

remains the primary means of selection for resistance.

The mini-dome procedure (Chen et al. 2005) has

greatly improved the efficiency of evaluation of

selections for resistance to multiple pathotypes in

chickpea. Improved cultivars with resistance to

ascochyta blights have been the result of breeding

programmes worldwide. Seeking new resistance

sources of additional germplasm lines or wild rela-

tives will make it possible to continue to improve on

that resistance. The prospect of pyramiding of genes,

once identified, from various sources with the aid of

modern molecular techniques has been discussed, and

remains a possible fruitful approach for further

improving resistance to ascochyta blights in cool

season food legumes.
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