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ABSTRACT

Lentil (Lens culinaris) is a major grain legume (pulse) crop in Canada.

Ascochyta blight, caused by Ascochyta lentis Kaiser et aI. (1997) (syn. Ascochyta

fabae Speg. f sp. lentis Gossen et aI., 1986) is an important disease of lentil in

Canada and worldwide. This disease can be serious, especially in wet growing

seasons, and losses can be as high as 70% due to reduction in yield and quality. The

main objective of this study was to determine the mode of inheritance of resistance

to seedborne ascochyta blight in lentil. Seven lentil cultivars/lines, four resistant

(ILL 5588, Indianhead, PI 339283 and PI 374118 (tentative)) and three susceptible

(Eston, Laird and ZT4), were crossed in all possible combinations, excluding

reciprocals. Fl plants were grown in the greenhouse and spaced F2 plants were

grown in an irrigated ascochyta nursery. F2 plants were harvested individually and

seeds were plated on agar media to determine percentage seedborne ascochyta

infection. F2 plants with :::;12% seedborne ascochyta infection were considered

resistant and those with > 12% seedborne ascochyta infection were considered

susceptible. F3 rows were grown in an irrigated ascochyta nursery in the field and

harvested in bulk. One hundred seeds from each of the F3 rows were plated on agar

media and percentage seedborne ascochyta infection was determined. F3 families

with :::;12% seedborne ascochyta infection were considered resistant and those with

>12% seedborne ascochyta infection were considered susceptible. Chi-squared test

of goodness-of-fit to various one and two gene ratios showed that the resistance in

ii



Indianhead lentil was governed by a single recessive gene. Resistance in ILL 5588

lentil was governed by a single dominant gene. The resistance in PI 339283 was

governed by at least one dominant gene. Lentil line PI 374118 showed a high level

of seedborne ascochyta infection and was regarded as susceptible. The recessive

gene governing resistance in Indianhead lentil was epistatic to the dominant genes

for resistance in ILL 5588 and PI 339283 lentil. Indianhead lentil showed high

foliage infection by ascochyta, suggesting that resistance to seedborne ascochyta

infection and resistance to foliage infection are controlled by two different genetic

systems.
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1. INTRODUCTION

Lentil (Lens culinaris Medikus) ranks among the oldest and the most

appreciated grain legumes of the Old World and is cultivated from the Atlantic coast

of Morocco in the west to India in the east. It is the characteristic companion of

wheat (Triticum spp.) and barley (Hordeum vulgare L.) cultivation throughout the

Mediterranean basin. It can be grown satisfactorily in areas in which other hardy

crops, such as the chickpea (Cicer arietinum L.), cannot be grown (Cubero, 1981).

Lentil provides a major source of protein in the Mediterranean basin and the Indian

sub-continent.

Large quantities of lentil are produced and consumed in India (the largest

producer), Pakistan, Ethiopia, Turkey and other Near East and Mediterranean

countries. The crop has been successfully introduced to the New World where the

leading producers are Canada, USA, Chile and Argentina (Zohary, 1995).

Commercial production oflentil in North America first started in 1937 in the

Palouse area of eastern Washington and northern Idaho. Field scale production of

lentil in western Canada began in 1969 when a few hectares were grown in the

Eston district of west-central Saskatchewan. Lentil was produced on 6,000 hectares

in Western Canada by 1972, but production decreased to about 400 hectares in 1975
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and 1976. In 1998, lentil was produced on about 364,000 hectares in Saskatchewan

(Saskatchewan Agriculture and Food, 1999). Canada has been the largest lentil

exporter since 1993 (Slinkard, 1996). Saskatchewan traditionally produces 80 to

90% of the Canadian lentil crop. Saskatchewan producers are the only ones in the

world who can successfully produce Laird lentil, which is the highest quality lentil

in many lentil markets (Slinkard, 1996). In 1997/98, Canada exported 338,000 t. of

lentil (Saskatchewan Agriculture and Food, 1999).

Ascochyta blight, caused by Ascochyta lentis Kaiser et al. (1997) (syn.

Ascochyta fabae f. sp. lentis Gossen et al. 1986), is the most important disease of

lentil in Western Canada. Ascochyta blight was first reported in Canada in 1978

(Morrall and Sheppard, 1981). In cool, wet growing seasons losses can be as high as

70% due to reduction in yield and quality (Gossen and Morrall, 1983). Control

measures for ascochyta blight in lentil include crop rotation, use of disease-free

seed, use of resistant cultivars and fungicide application. Development and use of

resistant cultivars is the least costly and most environmentally benign method of

controlling ascochyta blight.

Disease screening is expensive and difficult due to its poor repeatability and

subjectivity of foliage disease ratings. Tay (1989) and Andrahennadi et al. (1996)

concluded that percentage seedborne ascochyta infection provides a quantitative and

a more definitive measure of ascochyta reaction of a lentil genotype than foliage

disease ratings. Previous researchers also concluded that genotypes with low

seedborne ascochyta infection showed low foliage infection ratings (Tay, 1989;

Andrahennadi, 1994; Sakr, 1994).
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The main objective of the present study was to determine the mode of

inheritance of resistance to ascochyta blight in four ascochyta resistant lentil lines

Indianhead, ILL 5588, PI 339283 and PI 374118 (tentative). A second objective was

to determine whether the genes for resistance in PI 339283 and PI 374118 lentil are

allelic to those in Indianhead or ILL 5588 lentil.
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2. LITERATURE REVIEW

2.1 Lentil

Lentil is one of the most nutritious pulses. It is eaten as dhal, split seeds are

used in soups, and lentil flour is mixed with cereal flour in cakes and as a food for

infants. Young pods are used as a vegetable in India. Lentil seeds are used in folk

medicine and are believed to remedy constipation and other intestinal afflictions. In

India, lentil seeds are poulticed onto slow-healing sores (Duke, 1981). Seeds are a

source of commercial starch for the textile and printing industries. Green plants

make valuable green manure, but dry matter yield is low. Husks, bran, dried leaves

and stems are fed to livestock.

Lentil is adapted to a Mediterranean-type climate and is also grown as a

winter crop in the tropics, but it is not suited to the humid tropics (Duke, 1981). It is

more tolerant to drought than to waterlogging. Lentil thrives well on a wide range

of soils, ranging from light loams and alluvial soils to black cotton soils. It is best

suited to clay soils and tolerates moderate alkalinity, but has poor salt tolerance.
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2.1.1 Origin and distribution

2.1.1.1 Archaeological evidence for domestication and the centre of origin

This crop has an impressive archaeological record, well reviewed and

summarized by Cubero (1981). Some of the oldest remains of food plants are of

lentil dated 7500-8500 B.C. (Smartt, 1990). Lentil is definitely associated with the

start of Neolithic agriculture in the Near East and the domestication of wheat and

barley in this region (Zohary, 1995). The oldest archaeological remains of lentil are

from Franchthi cave in Greece dated to 11,000 B.C. and from Tel Mureybit in Syria

dated 8500-7500 B.C. (van Zeist, 1970 cited by Zohary, 1972; Hansen and Refrew,

1978). The overlap of archaeological sites of lentil and the current distribution of

wild lentil show that lentil was domesticated in the Fertile Crescent of West Asia

(Cubero, 1984; Erskine et aI., 1994).

Earlier, Ladizinsky (1979a) claimed that lentil was not domesticated in the

southwestern part of the Fertile Crescent, since the L. orientalis strain used by him

differed from the cultivated lentil by a reciprocal translocation. Cubero (1984)

thinks that, because of the chromosome polymorphism found within the cultivated

lentil, it is difficult to place the exact location where lentil was first domesticated.

Helbaek (1963) and Hopf (1969) believed that the size of the lentil seed

increased gradually under domestication. Zohary and Hopf (1988) also stressed that

the only direct archaeobotanical indication of lentil domestication is the increase in

seed size. Ladizinsky (1987) considered seed dormancy in Lens orientalis as the

main obstacle to cultivation and argued that selection for non-dormant mutants

5
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occurred before cultivation. Ladizinsky (1993) concluded that overcoming seed

dormancy was a major turning point in the domestication and cultivation of lentil.

Zohary (1989) and Blumler (1991) concluded that the domestication of lentil and

other pulses in the Middle East followed the pattern of cereal domestication.

2.1.1.2 Wild progenitor

The genus Lens Miller is a relatively small leguminous genus restricted in

the wild to the Mediterranean basin and southwest Asia. Lens culinaris shows close

affinities to wild L. orientalis (Boiss.) Hand-Mazz., a small-seeded pulse distributed

in the Near East (Zohary, 1972). 1. orientalis looks like a miniature 1. culinaris, but

bears pods that shatter immediately after maturation. Geographically, Lens

orientalis is distributed mainly over Turkey, Syria, Lebanon, Israel, Jordan, northern

Iraq, and western and northern Iran with some extension into Afghanistan and

adjacent central Asia.

Barulina (1930) suggested that 1. orientalis represented the wild ancestral

type of 1. culinaris. Barulina's view of this relationship has been confirmed

experimentally by Ladizinsky (1979a). Zohary (1972) also concluded that 1.

orientalis is the wild progenitor of the cultivated lentil. This view was later

confirmed by comprehensive morphological comparisons (Williams et al., 1974;

Hoffman et al., 1986). Williams et al. (1974) and Smartt (1986) suggested that L.

orientalis be included in 1. culinaris with sub-specific rank. On the other hand,

Renfrew (1969, 1973) accepted 1. nigricans as the wild progenitor oflentil on the

basis of archaeological evidence and proposed southern Europe as the place where
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lentil evolved. Hoffman et al. (1986), using allozyme analysis, was unable to

distinguish between orientalis and odemensis as the progenitor of culinaris.

Cytogenetic and protein tests performed in Lens (Ladizinsky et aI., 1984; Pinkas et

aI., 1985; Hoffman et aI., 1986) confirmed the close relationship between L.

culinaris and L. orientalis. Several DNA marker techniques, such as AFLP (Sharma

et aI., 1996), nuclear RFLP markers (Havey and Muehlbauer, 1989), chloroplast

DNA polymorphism (Muench et aI., 1991, Mayer and Soltis, 1994), and RAPD

analysis (Abo-elwafa et aI., 1995, Sharma et aI., 1995) were used to examine the

origin, diversity and phylogeny of the genus Lens. These studies demonstrated that

orientalis is the progenitor of the cultivated lentil. Results of SDS-PAGE analysis

(Sammour, 1994; Ahmad et aI., 1997a) indicated that L. odemensis is a subspecies

of L. culinaris and more closely related to cultivated lentil than to L. orientalis.

Williams et aI. (1974) believes that some of the variation in the cultivated lentil was

introgressed from L. nigricans.

2.1.2 Seed classification

Cultivated lentil is often sub-divided according to seed size: those with small

seeds (3 to 6 mm in diameter, 2.5 to 5 g/100 seeds), and those with large seeds (6 to

9 nun, 5.5 to 7.25 glI00 seeds) (Muehlbauer, 1974). These two groups are also

known as Lens ssp. microsperma and ssp. macrosperma, respectively. These two

major types of lentil are also termed the Chilean or large-seeded lentil (100 seed

weight of5 to 7g) and the Persian or small-seeded lentil (100 seed weight of2 to 5g)

(Slinkard and Holm, 1989). Seed coat colour may vary from light green to deep
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purple blotched or black. Cotyledon colour may be yellow, red or green. The

predominant type grown in Western Canada is Chilean (large-seeded) with yellow

cotyledons.

2.1.3. Genetics of qualitatively inherited traits

Cotyledon colour

The first genetic study in lentil was reported by Tschermark (1928) who

determined that red cotyledon colour in lentil was dominant to yellow and controlled

by a single dominant gene. This was later confirmed by Wilson et al. (1970) and

Sinha et al. (1987). Both Singh (1978) and Slinkard (1978b) also later confirmed

the mode of inheritance of cotyledon colour. Slinkard (1978b) and Muehlbauer et

al. (1995) reported that red cotyledon colour was dominant to both yellow and green,

and that yellow was dominant to green. Slinkard (1978b) reported that green

cotyledon colour was hypostatic to yellow cotyledon colour in certain crosses

resulting in a 9 red: 3 yellow: 4 green F2 ratio.

Epicotyl colour

Ladizinsky (l979b) reported that epicotyl colour is simply inherited with

purple epicotyl dominant to green epicotyl. The intensity of the pigmentation is

influenced by environmental conditions (Muehlbauer et al., 1995).

Growth habit

Ladizinsky (1979b) reported that erect, intermediate and prostrate growth

habits were found in ratios that indicated a single gene with incomplete dominance.

The erect growth habit is due to the homozygous dominant genotype and the
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prostrate growth habit is due to the homozygous recessive genotype. A single

recessive gene controls the presence or absence of tendrils on the end of the upper

leaves (Vandenberg and Slinkard, 1990). Ladizinsky (1993) reported that dwarfism

in some L. ervoides accessions is controlled by two complementary genes.

Recently, Ladizinsky (1997) reported that another dominant gene is superimposed

on and epistatic to the two complementary dwarfing genes, thereby suppressing their

activity. He also reported that these alleles are naturally occurring and have been

detected in four lentil species.

Flower number

Gill and Malhotra (1980) reported that the two-flowered raceme is dominant

to the three-flowered raceme and this difference is controlled by a single gene.

Flower colour

Two genes control flower colour in lentil. Lal and Srivastava (1975) and

Gill and Malhotra (1980) obtained F2 ratios of 3 violet: 1 white from crosses of

violet- and pink- flowered parents. However, when pink- and white-flowered

parents were crossed, an F2 ratio of 9 violet: 3 white: 3 pink: 1 rose was obtained.

This indicated the presence of two independent genes with complete dominance and

no epistasis. Wilson and Hudson (1978) studied the progenies of crosses between

white- and violet-flowered parents and suggested additive effects of the genes

involved. Ladizinsky (1979b) reported an additional dominant gene for blue colour.

Pod indehiscence andpubescence

Ladizinsky (1979b) found that pod indehiscence was controlled by a single

recessive gene. Variability for shattering susceptibility within cultivated germplasm,
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even in the presence of the recessive allele, indicates the presence of genes that

modify the indehiscent pod trait (Muehlbauer et aI., 1995). Ladizinsky (1993)

reported that pod pubescence is controlled by a single dominant gene vs. the

recessive glabrous pod.

Seed coat colour

Several genes control seed coat colour, and pleiotropic action is likely for

epicotyl and flower colour (Muehlbauer et aI., 1995). A single gene for seed coat

spotting was proposed by Ladizinsky (1979b) with spotted seed coat dominant to

non-spotted type. Five alleles of this gene have been reported (Vandenberg and

Slinkard, 1990). Vandenberg and Slinkard (1990) reported that the background

colour of lentil seed coats is controlled by two independent genes. One dominant

gene determines gray ground colour, whereas the second dominant gene produces

tan ground colour. When both dominant genes are present, a brown seed coat colour

is produced. The double recessive for these genes results in a pale green seed coat

colour.

Other traits

Vaillancourt et aI. (1986) reported a recessive gene for zero tannin in the

seed coat. Vandenberg and Slinkard (1987) reported a recessive gene for xantha

mutant (chlorophyll-deficient mutant), which is epistatic to and independent of the

two loci conditioning cotyledon colour. Cotyledons of seeds homozygous for

xantha are yellow, regardless of the genotype for cotyledon colour. Vandenberg and

Slinkard (1990) reported a chlorina chlorophyll mutant controlled by a single

recessive gene that produces pale yellow foliage.
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Hard seed coat in lentil is governed by a single gene (Ladizinsky, 1985).

Hardseededness was controlled by a single recessive gene in the cross Lens culinaris

x Lens orientalis, whereas it was determined by a dominant allele in the inter

specific cross L. nigricans x L. culinaris (Smartt, 1990).

Virus resistance

Haddad et al. (1978) reported that resistance to pea seedborne mosaic virus

was conditioned by a single recessive gene. Aydin et al. (1987) found resistance to

pea enation mosaic virus (PEMV) in lentil germplasm. Short (1994) subsequently

showed that a single recessive gene conferred resistance to PEMV.

2.2 Ascochyta blight in lentil

Ascochyta was first reported as a pathogen of lentil in Russia and was first

described as Ascochyta lentis Vassilievsky (Bondartzeva-Monteverde and

Vassilievsky, 1940). Kaiser and Hannan (1986) isolated this fungus in seed of several

lentil accessions from 16 countries. The highest level of seedborne infection was

found on the original seeds from Australia, India, Italy, Spain, and Turkey. Ascochyta

lentis remained viable in original seeds of several accessions stored for more than 30

years.

In Canada, most lentil production is in the semi-arid Brown and Dark-Brown

soil zones, where the crop is well adapted. This is significant from a pathological

point of view as the three major diseases [ascochyta blight, anthracnose

(Colletotrichum truncatum) and Botrytis stem and pod rot] were all first reported in

moister soil zones (Morrall, 1997). Ascochyta blight, the most serious disease of
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lentil, was first reported in Canada in 1978 (Morrall and Sheppard, 1981). The

pathogen was introduced to western Canada by the unregulated importation of

commercial seed from the Pacific Northwest of the United States (Morrall, 1997).

Morrall et al. (1979) reported that the pathogen is specific to lentil and does

not infect pea iPisum sativum 1.) or faba bean (Vicia faba 1.). Gossen et al. (1986)

used multivariate statistics to study 68 A. lentis isolates, and reported that the lentil

pathogen could not be distinguished morphologically from A. fabae, which was

previously described on faba bean. However, pathogenicity studies under both

greenhouse and field conditions clearly demonstrated physiological differences

between isolates from lentil and faba bean. Ascochytafabae produces ascochytine, but

A. lentis does not (Boerema, 1984). Gossen et aI. (1986) proposed two formae

speciales, A. fabae f. sp. lentis for isolates pathogenic on lentil and A. fabae f. sp.

fabae for isolates pathogenic on faba bean. Cromey et al. (1987) also reported that

five isolates of lentil Ascochyta produced typical lesions on lentil, but were not

pathogenic on pea or broad bean (Vicia faba 1.) and confirmed the morphological

similarity of A. Zentis with A. fabae. Didymella te1omorphs of both the lentil (Kaiser

and Hellier, 1993) and faba bean forms (Jellis and Punithalingam, 1991) ofAscochyta

were reported. When crossed, they produced offspring morphologically and

pathogenically different from either parent (Morrall, 1997). Thus, Morrall (1997)

suggested that it would be appropriate to use A. lentis for the imperfect state of the

lentil pathogen. Kaiser et al. (1997) also reported that the pathogenicity tests,

morphological characteristics, and RAPD markers indicated that A. fabae and A. lentis

represent two distinct taxa. They proposed Didymella Zen tis and its anamorph
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Ascochyta lentis as a species that is distinct from D. fabae, with its anamorph, A.

fabae.

Morrall et al. (1993) reported that seedborne ascochyta infection in

Saskatchewan in 1992 ranged up to 62% with a mean of 4.02%. High infestation

was observed when lentil residues from the previous year were in close proximity to

the lentil field. Buchwaldt et al. (1993) reported that 80% of the seed samples in

Manitoba in 1991 were infected with ascochyta with an average of 8.7% infected

seeds. Howard and Briant (1993) reported that 47% of the lentil fields in Alberta

were infested with ascochyta blight. Platford (1994) reported that 11 out of 42

samples submitted from Manitoba in 1993 showed ascochyta blight.

2.2.1 Disease symptoms

Ascochyta blight is polycyclic and can occur on all aboveground parts of the

lentil plant, reducing seed yield and quality (Gossen and Morrall, 1983). The

symptoms appear from the seedling to the mature plant stage. Seedling infection is

usually first observed as scattered small lesions on the first three leaflets and

sometimes on the petiole and stem. Lesions on stems, petioles and leaflets are

initially pale green or white, frequently with a darker, purple-brown edge. Lesions

on leaflets are approximately circular in outline and are light tan at maturity with a

well defined, darker margin. Prominent black pycnidia are scattered throughout the

lesions, but are most conspicuous near the centre. The presence of these fruiting

bodies is the best way of differentiating ascochyta blight from some types of

herbicide injury which can cause grey leaf spotting and dieback on lentil. Leaves are
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frequently shed when lesions are formed on the petiole and seedlings are killed

when lesions girdle the lower stem. Lesions on the pods are usually darker than

those on the leaves and are frequently surrounded by indistinct blotching. The most

dramatic symptom is seed discolouration from pod infection, which develops both

before and after the crop is swathed. Seeds from severely infected pods may have a

purplish-brown discolouration and are sometimes shrivelled. Seed discolouration

increases after swathing, if humid conditions prevail, because the fungus continues

to grow saprophytically in the pods. Markedly shrivelled seeds usually fail to

germinate. This disease can be serious, especially in wet growing seasons, and

losses can be as high as 70% due to reduction in seed yield and quality (Gossen and

Morrall, 1983).

Germination is inversely associated with the level of ascochyta infection and

many apparently disease-free seeds are also infected (Cromey et al., 1987). Davatzi

Helena (1980) reported that seedlings from infected seed exhibited reduced vigor.

The severity of seed infection also affected emergence and seedlings from seed with

large lesions were stunted and chlorotic.

2.2.2 Disease development

Temperature and moisture are important in the development of ascochyta

blight in lentil. The fungus is favoured by cool, wet weather. Temperature has a

major effect on leaflet and stem infection and on subsequent development of

ascochyta blight. Temperature has little effect on lesion size and number of

pycnidia per lesion, but infection frequency is higher at 10 and 15°C than at 25 °c
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(Pedersen and Morrall, 1994). Seed infection is sometimes associated with higher

plant density.

The disease is both seedbome and stubblebome. The fungus survived over

three years in naturally infected lentil pods and seeds at 4 to 6 "C or in a shelter

outdoors, and for 18 months on the soil surface, but lost viability within 29 weeks at a

soil depth of 16 em (Kaiser and Hannan, 1986). The percentage of infected seeds that

gives rise to infected seedlings is generally low, but infested crop residue is a highly

effective source of inoculum and may result in severe epidemics (Gossen and Morrall,

1986). Typically, the transmission of ascochyta blight from seed to seedling occurs at

a frequency of5 to 10%. However, transmission of the pathogen from infected seed to

the aerial portions of seedlings occurs at a low frequency (3 %) in warm (>15°C), dry

soil. Morrall and Beauchamp (1988) explained that the low frequency of seed-to

seedling transmission is due to the fact that most of the inoculum in the lentil seed is in

the cotyledons or testa and germination is hypogeal. Rapid spread of ascochyta blight

is due to the use of infected seed and favourable conditions for seed to seedling

transmission (Gossen and Morrall, 1986). However, the fmal severity of the epidemic

is only partly a function of the initial level of seedling disease. This is because the rate

of disease progress is usually relatively low for ascochyta blight (Gossen and Morrall,

1986) and the disease becomes dormant with the onset of hot, dry weather.

Ascochyta blight is spread within a lentil field almost entirely by rain splash.

Frequency of rain, rather than total precipitation, may be critically important because

frequency will determine the number of episodes of spore dispersal. Rainfall during

the flowering period is particularly important since this is when most yield and seed
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quality losses are caused (pedersen et al, 1994). Pedersen and Morrall (1995)

concluded that the more rapid lateral movement of ascochyta blight at a dryland

location than at an irrigated location suggests wind dispersal in addition to rain-splash

dispersal. They also suggested that both wind speed and wind direction have a

considerable effect on spread of ascochyta blight of lentil. Pedersen et al. (1993)

reported that infection occurred up to 250 m from the primary inoculum source, but

gradients generally levelled off within 50 m. The level of seed infection was higher on

the edge of the lentil crop adjacent to lentil residues. Jellis and Punithalingam (1991)

suggested that this pattern of spread is better explained by wind-dispersed ascospores

than by splash-dispersed conidia Teleomorphs of A. fabae (Didymella fabae Jellis

&Punith.) and A. lentis (D. lentis Kaiser et al.) were reported recently in the United

Kingdom and the United States, respectively. Thus, in some areas, wind dispersal of

ascospores may occur. However, the teleomorph state of A. lentis has not yet been

found in Saskatchewan. Thus, in Saskatchewan the pathogen may be largely dispersed

by rain splash of conidia like many other pycnidial fungi (pedersen et al., 1993).

Pedersen and Morrall (1995) reported that wind is responsible for the directional

spread of ascochyta blight, since horizontal disease spread was more extensive from

west to east (direction ofprevailing wind) than in the opposite direction.

Kaiser and Hellier (1993) found the telomorph state of A. lentis in the state

of Washington. They showed that A. lentis is heterothallic with two mating types (1

and 2), and that it is probably a species of Didymella. Ahmed et al. (1996a)

confirmed the heterothallic nature of the fungus. They also identified both mating

types (1 and 2) in samples from local and foreign sources with varying frequencies,
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but mating type 1 was most frequent. They found that the two mating types were

equally aggressive. Definitive evidence does not exist for the presence of

pathogenic races of A. lentis in Canada. Ahmed et al. (1996b) showed that the

population of A. lentis in Western Canada has increased in virulence over time.

They grouped several isolates into low, intermediate and high virulence groups.

2.2.3 Structural aspects of disease infection

Roundhill et al. (1995) investigated the structural aspects of ascochyta blight

infection in lentil, using light and electron microscopy. Conidia of A. lentis

germinate within six hours of inoculation and sometimes produce more than one

germ tube. After germination, hyphal penetration of the host surface is usually

preceded by formation of an appressorium, followed by growth of a penetration peg.

Once the penetration peg has pierced the cuticle and entered the primary cell wall of

the host, a papilla develop and increases in size. Papillae are developed by the host

cells in response to the presence of the fungus, and contain a matrix interspersed

with electron-dense vesicular type of material. Once the fungus has penetrated a

papilla it forms a rounded infection vesicle. In some cells, growth of the papilla

results in the infection vesicle becoming surrounded by a thick layer of host wall

material. Development of papillae was not conclusively linked to host resistance.

However, in the less susceptible cv. Laird, the infection hypha may penetrate the cell

wall and protrude into the cell, while still surrounded by a zone of electron-dense

papilla material. The dense host cytoplasm adjacent to this zone of dense material

suggests high metabolic activity and may be linked to a defense mechanism.
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Roundhill et al. (1995) concluded that the formation of papilla, in addition to

thickening of the host cell walls, likely manifest resistance. They also noticed

deposition of darkly staining material in the middle lamella of cortical cells of Laird

lentil that might also be a defense reaction. Roundhill (1989) reported that A. lentis

produces a phytotoxic substance in liquid culture, which is capable of causing

symptoms similar to those of the pathogen when it is placed on the host tissue.

Macroscopic symptoms of infection of the leaf is evident 7 to 9 days

following inoculation, and pycnidia are visible with the naked eye by the 14th day

(Roundhill et aI., 1995). Pycnidia originate from an aggregate of fungal hyphae

among the disintegrated host tissue. Mature pycnidia are composed of a vegetative

body, two cell-layer thick, which gives rise to conidiophores that produce two-celled

conidia.

2.2.4 Control measures

Control measures include use of disease-free seed, fungicide seed treatment,

crop rotation, use of resistant cultivars and foliar fungicidal application. Pedersen

and Morrall (1994) reported that it was not possible to control ascochyta blight by

placing isolation barriers between the lentil crop and the inoculum source. The

pathogen frequently traversed barriers at the same rate it moved through lentil plots

lacking a barrier. A three- to four-year crop rotation would substantially decrease

the amount of residual inoculum present and break the life cycle of the pathogen

(Pedersen et aI., 1993). Ahmed and Beniwal (1991) reported that hot- water and

dry-heat treatments (at 55 DC for 25 minutes and 70 DC for 24 h, respectively)
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partially inhibited fungal growth from the seed. Kaiser and Hannan (1987) reported

that treatment of infected seeds with aerated steam or hot water at 45 to 75°C for 30

min did not control A. lentis. Beniwal et al. (1989) reported that sun drying of lentil

seeds markedly reduced percentage seedbome infection by A. lentis. They reported

that sun drying with a polyethylene sheet cover was more effective in control and

provided 57 and 96% control after exposure for 10 and 30 days, respectively.

However, a decrease in seed germination was observed with increased duration of

sun drying, ranging from 18 to 44% and 9 to 36% in sun drying with and without a

polyethylene sheet cover, respectively.

Ahmed and Beniwal (1991) reported that chlorothalonil (Bravo 500),

benomyl (Benlate) and a mixture oftridemorph and maneb (Calixin M) provided the

best disease control and highest yields. Bashir et al. (1986) conducted an in vitro

evaluation of fungicides against Ascochyta in lentil and found that 100 mg kg" of

Tecto-60, Benlate, Calixin-M, Captan,· Antracol, Topsin-M, Vitavax, Calixin-M +

Benlate, or Calixin-M + Topsin-M gave 100% inhibition of mycelial growth of the

fungus. Beauchamp et al. (1986b) reported that a single application of

chlorothalonil, captafol, folpet, or metiram at early bloom to early pod set provided

the best protection and increased seed yield with a reduction in seed infection.

Kaiser and Hannan (1987) studied twelve seed-treatment fungicides under

laboratory conditions. They concluded that the fungicides thiabendazole and

etaconazole (CGA-64251) reduced the incidence of A. lentis from 80.5% in the

untreated seeds to 0 and 1.5%, respectively, in treated seeds. They also found that

field emergence of A. lentis-infected seeds treated with thiabendazole and benomyl
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was significantly greater than with other treatments and yields were significantly

higher with the thiabendazole treatment. This was also confirmed by France et al.

(1987) and Russell et al. (1987). Iqbal et al. (1992) reported that Benlate, Daconil,

Calixin-M or Antracol increased germination, whereas Calixin-M, Benlate, Tecto-

60 or Topsin-M eradicated seedborne inoculum when used as seed-dressing

fungicides.

In 1992, chlorothalonil was registered in Canada as a foliar fungicide to

control ascochyta blight. In 1994, Crown (thiabendazole and carbathiin 35 g L-1/55

g L-1) was registered as a seed treatment. The carbathiin in Crown gives it activity

against seedborne and soilborne seedling blights, and thiabendazole gives effect on

seedborne Ascochyta (Morrall, 1997).

Based on the results of experiments with fungicide application, Morrall

(1997) suggests that (a) economically worthwhile improvements in yield and seed

quality can be obtained, (b) spore germination inhibitors such as captafol and

chlorothalonil gave better results than systemics, and (c) applications at early

flowering gave the greatest yield responses.

2.2.5 Sources of resistance to ascochyta blight

Genetic resistance is the most effective, environmentally safe and economic

means of controlling ascochyta blight. Khatri and Singh (1975) tested 947 lentil

lines against A. lentis and found that pod infection occurred on all but one line.

Singh et al. (1982) also identified 18 ascochyta resistant lines out of 188 lines from

India artificially inoculated with ascochyta. Iqbal et al. (1990) tested 152 cultivars
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from Pakistan and the germplasm collection in ICARDA and reported that 17

cultivars were highly resistant, 40 cultivars were resistant and 34 cultivars showed

average disease reaction. They reported that Precoz (ILL 4605) lentil was highly

resistant to ascochyta blight and most genotypes with Precoz as a parent showed the

same resistant reaction.

Bayaa et al. (1994) screened 248 accessions of wild lentil in the ICARDA

wild lentil collection originating from ten countries. They reported that 24 out of 86

accessions in L. culinaris ssp. orientalis, 12 of 35 accessions in L. culinaris ssp.

odemensis, 3 of 35 accessions in L. nigricans ssp. nigricans and 36 of 89 accessions

in L. nigricans ssp. ervoides showed resistance. They also correlated the disease

reactions with the latitude and longitude of the original collection and found that the

most resistant sources were from Syria and southeastern Turkey. They found no

correlation of resistance with morphological traits such as plant habit, length of first

bifoliolate leaflet, leaflet number per leaf, leaf pubescence, stipule shape, leaf angle

or margin, tendril length, ground colour of the standard petal or seed size. In New

Zealand, Ahmad et al. (1997b) reported that two accessions each of L. c. ssp.

orientalis (W6 3241 and W6 3261) and L. ervoides (W6 3173 and W6 3176), three

accessions of L. nigricans (W6 3208, W6 3210 and W6 3218) and one accession of

L. odemensis (W6 3244) showed a moderately resistant to highly resistant reaction

to ascochyta blight.

In Canada, Tay (1989) identified two resistant lines, ILL 5588 and ILL 5684.

Erskine and Bayaa (1993) reported ascochyta resistance in ILL 6258, ILL 5480 and
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ILL 5588. ILL 4605 was also resistant to A. lentis in India (W. Erskine, personal

communication to Sakr, 1994).

Andrahennadi et al. (1996) rated 17 lentil genotypes for ascochyta resistance

in the field and laboratory and reported that PI 339283, ILL 5588, PR 86-360 and PI

374118 showed high levels of resistance to both foliar and seedbome ascochyta

infection. They found that Indianhead lentil was moderately resistant and Laird

lentil had a moderately resistant foliage disease reaction, but was susceptible to

seedbome infection.

Gossen and Morrall (1986) reported that the Laird lentil was resistant to

ascochyta blight, but this resistance breaks down toward maturity. Pedersen and

Morrall (1994) argued that the late maturity of the cultivar gives the pathogen more

opportunity to infect green tissue when conditions favour disease development.

Ahmed et al. (1996b) demonstrated that cv. Laird is highly susceptible to stem and

leaf infection by many isolates, even at the seedling stage. The high level of seed

infection in cv. Laird was independent of its late maturity and it showed substantial

pod infection, leading to high percentage seedbome infection (Ahmed and Morrall,

1996).

In Australia, Nasir and Bretag (1996) reported that ILL 358 and ILL 7537

were the most resistant lines. However, ILL 5871, ILL 5480 and ILL 5588 were

susceptible to Australian isolates of A. lentis. The resistance of ILL 358 was also

reported earlier by Erskine and Bayaa (1992).
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2.2.6 Rating of ascochyta blight infection of lentil

Screening for ascochyta reaction is expensive and difficult due to the poor

repeatability and subjectivity of assessing foliage disease rating. Percentage

seedbome ascochyta infection may differ from foliage disease severity rating, further

complicating screening for resistance, e.g., Laird lentil is moderately resistant to

foliage infection, but susceptible to seedborne infection (Tay, 1989). Because of the

indeterminate growth habit oflentil, Gossen and Morrall (1983) proposed use of the

critical points model for foliage disease severity of ascochyta blight, where the

critical points refer to broad growth stages, i.e., the 'early' rating is a midseason

rating of immature plants, the 'mid' rating is at the early pod set stage and the 'late'

rating is just before harvest, as the lower pods fill and dry. They also reported that

the ratings taken late in the season were complicated by premature leaf abscission in

heavily infected plants, resulting in underestimates of disease severity and reduction

in predictive efficiency.

Ahmed and Morrall (1996) studied three methods of disease assessment for

ascochyta blight in lentil, namely, initial disease severity (single plant evaluation),

area under the disease progress curve (AUDPC) and percentage seedborne infection.

They reported positive correlations among these measurements. However, they

suggested that determining AUDPC values for a large number of breeding lines

would be time consuming.

According to Slinkard and Vandenberg (1993), two ratings for reaction of

lentil to ascochyta blight (foliage disease severity and percentage seedborne

infection) have been used in the lentil breeding program at the Crop Development
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Centre since resistance breeding was started. Percentage seedbome infection was

adopted to alleviate the problem of subjectivity of foliage disease rating.

Andrahennadi et al. (1996) reported that disease screening for ascochyta in

lentil is often complicated by the disparity between foliage disease severity rating

and percentage seedbome infection. They suggested that disease inoculation and

using a misting irrigation system, together with plating of seed on PDA media in the

laboratory to determine percentage seedbome infection, provide an effective means

of screening breeding lines and genetic lines of lentil for reaction to ascochyta

blight.

2.2.7 Inheritance of resistance to ascochyta blight in lentil

According to Tay (1989), resistance to ascochyta blight in lentil is controlled

by three major genes. He identified two dominant genes (Ra12 and Rah) and one

recessive gene (raIl) in ILL 5588 lentil. ILL 5684 had two genes for resistance

(Rah and Rah), whereas Laird lentil had one recessive gene (raIl) which was

ineffective at the late podding stage. He concluded that the resistance in Laird lentil

is broken down during the pod-setting stage and became ineffective against seed

infection, resulting in high percentage seedbome ascochyta infection in favourable

environments. He used foliage disease severity ratings, based on the scale

developed by ICARDA (1989), to determine the reaction to ascochyta blight (Table

2.1) and considered plants receiving a score of 5 as resistant.
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Table 2.1. Foliage disease severity rating for ascochyta blight of lentil"
Scale Disease intensity Reaction

No visible lesions1
3
5
7
9

Few scattered lesions seen after careful searching
Lesions, common and easily observed, but little defoliation
Lesions very common and all damaging
Lesions extensive on all plant parts, defoliation and dying
branches and many plants killed

Resistant

Moderately resistant

Average reaction

Moderately susceptible
Highly susceptible

zInternational Centre for Agricultural Research in the Dry Areas, Syria (ICARDA,
1989).

Subsequently, Andrahennadi (1994) studied the inheritance of ascochyta

resistance in lentil and concluded that resistance was controlled by several genes as

follows: ILL 5588 (one dominant gene), Indianhead (one recessive gene), Laird (one

recessive gene), PI 374118 (one recessive gene), Lo 40 (one recessive gene) and PI

339283 (two dominant genes). However, he was unable to determine whether the

resistance was due to independent genes or the same gene. The classification of

segregating populations in this study was based on percentage seedborne ascochyta

infection and 20% seed infection was used as dividing point between resistant and

susceptible plants, based on the bimodal frequency distribution of some of the F2

populations.

According to Sakr (1994), resistance to ascochyta in Laird lentil is governed

by a single recessive gene. He also indicated that resistance to ascochyta in ILL

5588 and ILL 5684 is governed by two epistatic genes, one of which is dominant

and the other recessive. He used the ICARDA (1989) scale for foliar ratings. He

regarded plants with a score of 3 as resistant. However, he arbitrarily grouped
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segregating rows with susceptible rows in the F3 of crosses involving Laird

(recessive gene for resistance) and grouped segregating rows with resistant rows in

the F3 of other crosses (dominant gene for resistance), because of the difficulty in

classifying the segregating rows.

According to Ahmad et al. (1997b), disease resistance in wild Lens species

(L. ervoides and L. odemensis) is governed by two dominant complementary genes

in each of the resistant genotypes W6 3192 and W6 3222. The genetic defense

mechanism of susceptible wild types and cultivated lentil was masked by one

homozygous recessive gene pair. They also concluded that resistance in Lens

culinaris ssp. orientalis is governed by a single dominant gene. They used the

ICARDA (1989) scale for foliage disease severity rating and considered a score of 3

or less as resistant.

Ford et al. (1999) reported that foliar resistance to Ascochyta lentis is

controlled at a single major locus by a dominant gene (AbR1) in the lentil accession

ILL 5588. They used a scale adapted from Nasir and Bretag (1997) which includes

stem lesions for foliage disease severity and considered a score of 3 or less as

resistant and a score of 5 or higher as susceptible. They also used QTL analysis of

the data to support their conclusion.
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3. MATERIALS AND METHODS

3.1 Parent lines of lentil

Seven lentil genotypes were used as parents; four were resistant to ascochyta

blight and three were susceptible (Table 3.1).

Table 3.1 Ascochyta blight susceptible and ascochyta blight resistant lentil

genotypes used as parents
Cultivar/line Origin Supplier Seed size Maturity

Ascochyta susceptible

Eston (PI 179307) Turkey CDCz Small Early

Laird (PI 343028) Russia CDC Large Late

ZT4 (Laird x PI 345635) Canada CDC Small Late

Ascochvta resistant

Indianhead (PI 320952) Czechoslovakia CDC Small Late

ILL 5588 (W6 11175) Syria USDAY Small Early

PI 339283 Turkey USDA Medium Medium

PI 374118 Morocco USDA Medium Medium

Z

Crop Development Centre, Saskatoon, Saskatchewan, Canada.
YUnited States Department of Agriculture, Western Regional Plant Introduction

Station, Pullman, WA.
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3.2 Development of crosses

Lentil flowers are cleistogamous and naturally self-pollinated, with

infrequent natural cross pollination (less than 0.8% which is probably caused by

small insects such as thrips, Wilson and Law, 1972). Hybridization of lentil flowers

by hand emasculation and pollination is difficult due to the small and delicate nature

of the flowers.

In the fall of 1994, all possible crosses (18, excluding reciprocals and

susceptible x susceptible) were attempted among the seven parental genotypes in

Table 3.1. Crosses were made by emasculating the flower on the female parent with

tweezers and immediately pollinating the stigma with pollen from a partly opened

flower from the male parent. After each pollination the tweezers were dipped in

absolute ethanol to avoid contamination. The crosses attempted during the early

weeks of flowering gave a higher percentage of success compared to older plants.

Pollinated flowers were tagged for identification. F 1 plants from the successful

crosses were grown in the greenhouse in the winter of 1995.

Six of the crosses attempted in 1994 were missed: Eston X PI 374118, ZT4 x

PI 374118, Laird X PI 339283, Laird X PI 374118, Indianhead X PI 374118 and ILL

5588 X PI 339283. All crosses were attempted again in the winter of 1996 with

emphasis on the missed crosses, using the same procedure as outlined above.

Again, the cross PI 374118 x ZT4 was unsuccessful due to the poor growth of ZT4.

F 1 plants from the crosses were grown in the greenhouse at the Crop Science Field

Laboratory during the summer of 1996.
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3.3 Seedborne ascochyta infection of twelve F2 populations in the field in 1995

Fifty F2 plants from each of the 12 successful crosses were spaced 10 em

apart in rows 30 em apart in the ascochyta nursery at the North Seed Farm on 28

May 1995. Ascochyta-infected lentil debris from the previous year was spread

between the rows just before canopy closure. Twice mist irrigation during the

evening was used to promote disease development and spread. Single rows of the

parental genotypes were also grown among the rows of spaced F2 plants. F2 plants

were harvested separately (on 7 September 1995) for subsequent determination of

percentage seedbome ascochyta infection. F2 plants were also grown in a disease

free nursery at the Goodale Farm for seed multiplication and possible screening of

F3 populations.

Percentage seedbome ascochyta infection provides a good measure of the

level of ascochyta resistance, if the ascochyta nursery has a high level of seedbome

infection in the susceptible entries. Percentage seedbome ascochyta infection was

determined for the resistant and susceptible parents as well as the F2 plants. Fifty

seeds from each F2 plant were washed in sterilized water, surface sterilized in 0.6%

NaOel solution (10% Javex) for 10 minutes, and transfered to sterile filter paper for

10 to 20 minutes to remove any excess NaOCI. These surface-sterilized seeds were

plated on potato dextrose agar (PDA) media in a laminar flow chamber, using 10

seeds per 100 X 15 mm petri plate or 25 seeds per 150 X 15 mm petri plate. The

PDA was prepared by adding 39 g ofPDA powder to one liter of distilled water and

sterilizing the solution in the autoclave at 121°C for 20 minutes. After plating, the

petri plates were placed on the laboratory bench and incubated in a single layer
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under white fluorescent light (11 to 13 hours day") at room temperature (about

21 DC) for 9 to 12 days. The percentage of ascochyta-infected seeds was determined

following the incubation period. The ascochyta-infected seeds were readily

distinguished by the development of a typical Ascochyta colony around the infected.

seeds with a green pigmentation visible on the underside of the petri plate (Figure

3.1). Percentage seedbome ascochyta infection was also determined for the resistant

and susceptible parents, using 50 seeds from each plant. F2 plants with �12%

seedbome ascochyta infection were rated resistant and those with>12% seedbome

ascochyta infection were rated susceptible.

3.4 Seedborne ascochyta infection of twelve F3 families in the field

Most of the F2 plants screened at the North Seed Farm during the summer of

1995 produced very few seed and were used to determine seedbome ascochyta

infection. F3 families of the 12 successful crosses from 1995 (Goodale Farm) were

grown in the field at the Preston Plots during the summer of 1996. F3 rows were

considered as another replication of the individual F2 plants. The Preston Plots was

chosen in 1996, due to the presence of high anthracnose disease inoculum at the

North Seed Farm. Each cross was represented by up to 50 F3 families and each F3

family consisted of up to 50 plants. These lentil plants were inoculated 32 days after

seeding with an ascochyta pycnidiospore suspension developed and prepared from

diseased lentil seed in the laboratory. A suspension of ascochyta pycnidiospores

was prepared from an ascochyta culture developed from diseased seed of Eston

lentil by plating them onto PDA media (using procedure outlined in 3.3). About
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Fig 3.1 Typical ascochyta colonies around infected lentil seeds
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9 to 10 days after inoculation onto several petri dishes of PDA media, pycnidia from

ascochyta cultures were harvested. Pycnidia were scraped from a flooded agar plate,

suspended in sterile distilled water to release pycnidiospores and filtered through

muslin cloth to remove the hyphae. Tween 20 (0.02% v/v) was added to inoculum

as a surfactant. Spread of the disease in the field was hindered because of poor

weed control and, hence, rating of plants for disease reaction was difficult and the

data were discarded. F3 families of the 12 successful crosses from 1995 (Goodale

Farm) were again grown in the field at the Preston plots on 4 June 1997. Each cross

was represented by up to 50 F3 families and each F3 family consisted of up to 50

plants. Spanish Brown lentil was used as a spreader row in every third row in the

field. All seven parents were also grown in rows in three replications in the field.

All lentil plants in the field (parents and F3 families) were inoculated with an

ascochyta pycnidiospore suspension developed and prepared from diseased lentil

seed in the laboratory. Diseased seed was taken from the Eston parent grown at the

North Seed Farm in 1995. On a cool, rainy day about 30 days after seeding, the

plants were inoculated to run-off with a spore concentration of 2 X 1 05mrl, based

on a haemacytometer reading. Because of hot and dry weather conditions during the

following week, infection did not develop. A second inoculation was done 20 days

later. Sprinkler irrigation was used to keep the crop green and protect it from the

adverse effects of the hot weather. Favourable weather conditions with cool

temperatures during pod development resulted in rapid spread of ascochyta in the

field. However, the late infection after the second inoculation and the early maturity

of the drought-stressed crop reduced disease development, particularly in crosses
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with early maturing parents. Because of limited resources, each F3 family was

harvested in bulk and parents were harvested as individual plants on 11 September

1997, and threshed. A random sample of 100 seeds was used to determine

percentage seedbome ascochyta infection on a row basis, using the procedure

outlined in section 3.4. Up to 50 F3 families were studied in each cross to determine

the percentage of seedbome ascochyta infection. F3 families with :5:12% seedbome

ascochyta infection were rated resistant and those with more than 12% seedbome

ascochyta infection were rated susceptible. Along with the F3 families, F2 plants

from five of the missed crosses were also grown at the Preston Plots during the

summer of 1997. These F2 plants were harvested individually and the percentage

seedbome ascochyta infection was estimated, based on up to 50 seeds from each F2

plant using the procedure outlined in section 3.3.

3.5. Foliar ascochyta reaction of two F2 populations in the growth chamber

F2 seedlings of two of the six missed crosses, Indianhead x PI 374118 and PI

339283 x ILL 5588, were screened in the growth chamber during February 1997.

Screening of the F2 seedlings was based on the procedure outlined by Pedersen and

Morrall (1994). Ten seedlings each of the susceptible lentil cultivars Eston and

Spanish Brown and five seedlings each of the resistant lentil cultivars/lines ILL

5588, Indianhead, PI 339283 and PI 374118 were used as checks. Five seeds of

each entry were planted in a 10-cm plastic pot containing a potting mixture of 50%

peat and 50% vermiculite. Conditions in the growth chamber consisted of

temperatures 211180C (day/night) with 18 hours of fluorescent and incandescent
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light at an intensity of 250-300 umol m-2sec-l• The seedlings were fertilized during

sowing with a water-soluble fertilizer at 13.25 g pot" (20-20-20 NPK) and also 10

days after sowing with a slow release fertilizer, Osmocote (7.5 g pot"),

A suspension of ascochyta pycnidiospores was prepared from an ascochyta

culture developed from diseased seed of Eston lentil by plating them onto PDA

media (using the procedure outlined in 3.3). About 9 to 10 days after inoculation

onto several petri dishes of PDA media, conidia from ascochyta cultures were

harvested. Pycnidia were scraped from a flooded agar plate, suspended in sterile

distilled water to release pycnidiospores and filtered through muslin cloth to remove

the hyphae. Tween 20 (0.02% v/v) was added to the inoculum as a surfactant. Ten

days after emergence, each pot of lentil seedlings was well watered and sprayed until

runoff with the conidial suspension (2 X 105 conidia ml") using a hand sprayer.

After inoculation, high humidity was maintained by placing an inverted 2L plastic

pop bottle with the top few cm. cut off over each pot for 48 hours. Ten days after

inoculation, a six-point rating scale (Table 3.2) was used to evaluate foliage disease

severity on each seedling. After rating, each F2 seedling was transplanted into a 15

em pot and transferred to the greenhouse for seed production. Each F2 plant was

harvested individually, but a severe spider mite infestation in the greenhouse

resulted in few F3 seeds and, thus, the F3 families were not rated for ascochyta

reaction.
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Table 3.2. Foliage disease severity rating" for ascochyta blight on lentil seedlings in
the growth chamber study
Disease rating General appearance of diseased seedlings

o
1
2
3
4
5

No infection
<5% leaf infection
5-10% leaf infection
5-10% leaf and stem lesions
11-25% leaf and stem lesions and dieback
26-50% leaf and stem lesions and dieback

zAhmed (1996).

3.6 Statistical analysis

The Microsoft Excel (ver. 7.0) program was used to draw the frequency

distributions for disease infection in parental and segregating populations. A class

interval of 6% was used to avoid clustering of data and to restrict the distribution to

a maximum of 12 classes. Percentage seedbome ascochyta infection among parents

and F2 plants in 1995 was estimated from 50 seeds, which excluded odd numbers.

A similar scale was used for the 1997 data. Means, standard deviations, and

standard errors for parents were calculated using a Minitab (ver.12.1 for windows)

program. Standard errors were calculated for parent means in 1995 and 1997.

In 1995, F2 plants with �12% seedbome ascochyta infection were rated

resistant and those with more than 12% seedbome ascochyta infection were rated

susceptible, as suggested by the range of percentage seedbome ascochyta infection

among the resistant parents. In 1997, the F3 families were classified into resistant

and susceptible families, using the same scale.
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4. RESULTS AND DISCUSSION

4.1 Percentage seedborne ascochyta infection in the parental genotypes

In 1995, weather conditions were favourable for the establishment and

development of seedbome ascochyta infection in the field. Climatic conditions were

quite warm and wet for the entire period of crop growth between June and

September. Temperatures were low and precipitation was high in the month of

August (Table 4.1), favouring the development of pod infection and subsequent

seedbome ascochyta infection in early, medium and late maturing parental

genotypes. Percentage seedbome ascochyta infection was 20.0, 23.0, and 55.8% for

the susceptible parents, ZT4, Laird and Eston lentil, respectively (Table 4.2).

However, only three plants of ZT4lentii survived and the 20% seedbome ascochyta

infection is probably an underestimate as other seven plants died prematurely from

ascochyta. Percentage seedbome ascochyta was 0.0,0.8 (range 0 to 4), 5.0 (range 0

to 10) and 5.6% (range 0 to 12) for the resistant parents, PI 339283, PI 374118, ILL

5588 and Indianhead lentil, respectively (Table 4.2). These percentages were based

on 10 plants per parental line (except for ZT4Ientil).
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Table 4.1 Weather dataZ for the summer months of 1995 and 1997 at Saskatoon, SK.
Screen temperature (C) Precipitation

Maximum Minimum Mean (mm)
1995 1997 1995 1997 1995 1997 1995 1997

Month

June 24.2 23.5 10.5 11.0 17.4 17.3 66.3 73.6

July 24.0 26.3 9.6 10.2 16.8 18.3 44.1 32.0

August 22.6 26.1 8.9 9.8 15.8 18.0 82.7 59.1

September 20.1 21.7 2.4 5.4 11.3 13.6 1.4 47.6
zSource: Kernen Farm Climate Station, Saskatoon, SK.

Table 4.2 Percentage seedbome ascochyta infection in the parental genotypes of
lentil in 1995 and 1997.

Seedbome ascochyta infection (%)
Cultivar/line 1995z 1997Y

Mean±SE Range Mean±SE Range
Ascochvta susce2tible

Eston 55.8 ± 5.7 24-80 22.5 ± 1.8 5-42

Laird 23.0 ± 3.7 10-45 44.9 ± 1.7 28-61

ZT4 20.0 ± 5.0 14-30 48.3 ± 3.1 14-90

Ascochyta resistant

Indianhead 5.6 ± 1.2 0-12 2.5 ±0.6 0-13

ILL 5588 5.0 ± 1.1 0-10 3.1 ± 0.6 0-10

PI 339283 0.0 ±o.o 0 5.2±0.6 0-12

PI 374118 0.8 ±0.4 0-4 17.6±1.7 5-40

ZAverage of 10 individual plants except for ZT4 (3 plants) presented with standard
error of mean.
YAverage of 3 rows of 10 plants presented with standard error of mean.

In 1997, the crop was in the field for approximately the same duration

compared to 1995. However, weather conditions were unfavourable for ascochyta

development in the early stages of the crop growth, which made foliage disease

rating impossible. Temperatures were high and precipitation was low during July

and early August (Table 4.1; specific information was obtained from Saskatchewan
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Research Council monthly weather summaries). Disease became dormant with the

onset of hot, dry weather. As a result, the early maturing Eston lentil (which reaches

the podding stage 10 to 14 days earlier than the other parental genotypes) had a

lower percentage seedbome ascochyta infection due to unfavourable weather

conditions for disease development. Cool, wet conditions then developed, resulting

in high levels of seedbome ascochyta infection in the other two late maturing

susceptible parents. As a result, percentage seedbome ascochyta infection was quite

high among the two late maturing susceptible parents ZT4 (48.3%) and Laird

(44.9%) compared to the early maturing Eston lentil (22.5%) (Table 4.2). Among

the resistant parents, Indianhead lentil showed only 2.5% (range 0 to 13) seedborne

ascochyta infection, followed by ILL 5588 (3.1%; range 0 to 10) and PI 339283

lentil (5.2%; range 0 to 12). However, lentil line PI 374118 showed 17.6% (range 5

to 40) seedbome ascochyta infection in 1997 and did not exhibit much resistance to

ascochyta blight (Fig 4.1) and, hence, was considered susceptible. Similarly, PI

339283 lentil showed immunity to seedbome ascochyta infection in the field in

1995, but showed the highest level of seedbome ascochyta infection compared to

other resistant parental genotypes in 1997. Andrahennadi (1994) also reported

immunity to seedborne ascochyta infection in PI 339283 at the North Seed Farm.

Ahmed et al. (1996b) showed that the population of A. lentis in western Canada has

increased in virulence over time. They grouped several isolates into low,

intermediate and high virulence groups. Ascochyta isolates present at the Preston

Plots may be more virulent compared to that of the North Seed Farm. Previous

researchers also found that resistant lentil genotypes could be susceptible to some of
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Fig 4.1 Typical assays of seedbome ascochyta for three susceptible (above) and

three resistant, one susceptible (PI 374118) (below) lentil cultivars/lines, 12 days
after plating on potato dextrose agar in 1997.
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the isolates from different locations. Nasir and Bretag (1996) reported that ILL

5588 lentil was susceptible to some Australian isolates. Nasir and Bretag (1997)

also observed variation for virulence among 39 isolates of A. lentis from Australia.

They reported that 22 lentil lines reacted differently to various isolates and the

isolates also differed in aggressiveness. They divided the isolates into six distinct

pathotypes with different virulence patterns on the lentil lines ILL 358, ILL 7537,

ILL 7515, ILL 5588, ILL 5244 and Eston. Pathotype 6 was most virulent, causing

disease on all differentials, while pathotype 1 was avirulent on all differentials.

Ahmed and Morrall (1996) also reported no evidence for cultivar specificity among

different isolates ofAscochyta lentis.

Parents used in 1995 and 1997 were assumed reasonably homozygous. The

variation in percentage seedborne ascochyta infection may have arisen due to

environmental effects. F2 plants and F3 rows were more variable than the parental

genotypes. This presumably resulted from the segregation and recombination of

Mendelian genes. The effect of environment may have blurred the differences

among genotypes in segregating populations and produced a continuous variation in

the character (Figs. 4.2 to 4.13). As environmental effects would never be zero

under field conditions, the distribution would be continuous, even if the number of

genes governing a character was small (or even one). As a conidial suspension was

sprayed using a backpack sprayer, the amount of inoculum received by individual

plants may have differed due to drift, which may have caused variation in disease

infection among individual lentil plants.
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In 1997, a growth chamber study on foliage disease severity for ascochyta

showed that the resistant parent PI 339283 lentil was highly resistant with a foliage

disease severity rating of 0 on the scale of 0 to 5 (see section 4.6). This was

followed by PI 374118 (0.5), ILL 5588 (1.2) and Indianhead lentil (1.8). Ahmed and

Morrall (1996) also reported leaflet infection of 1.7-2.0 on Indianhead lentil with

different isolates ofAscochyta in both growth chamber and field studies. One of the

isolates also caused stem infection of Indianhead lentil in the growth chamber. They

also reported that Indianhead lentil showed a higher foliage disease severity rating

than ILL 5588 lentil in the field, but the level of seed infection was often lower than

for ILL 5588 lentil. Ahmed et al. (1996b) concluded that growth chamber

evaluation of seedlings for ascochyta reaction could not fully replace field

evaluation because ILL 358 lentil was susceptible in the field, but was moderately

resistant in the growth chamber.

4.2 Comparison of rating methods for Ascochyta lentis

Disease screening is expensive and difficult due to its poor repeatability and

subjectivity of foliage disease ratings. Most of the previous studies on ascochyta

disease resistance and its genetics were based on subjective foliage disease ratings.

Even though a standard disease rating scale was developed by ICARDA (Table 2.1),

the critical level of foliage infection for ascochyta resistance varied with each

researcher. This increases the subjectivity and makes the nature of this research

more complicated. Most of the researchers used a foliage disease infection rating of

3 as a resistant reaction and a rating greater than 3 was regarded as a susceptible
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reaction (Iqbal et aI., 1990; Sakr, 1994; Ahmad et aI., 1997b; Ford et aI., 1999).

Some of the researchers supported their foliage disease infection ratings on resistant

and susceptible parental genotypes with the evaluation of percentage seedbome

ascochyta infection among those genotypes (Tay, 1989; Sakr, 1994). Ford et al.

(1999) supported their results using QTL analysis. A standard scale has not been

developed for seedbome ascochyta infection ratings that can be used in genetic

studies. This may be due to the lack of repeatable levels of seedbome ascochyta

infection among resistant genotypes. Andrahennadi (1994) previously used

percentage seedbome ascochyta infection to determine the mode of inheritance of

seedbome ascochyta infection in lentil. However, his differentiation between the

resistant and the susceptible reaction among segregating populations was based on

the frequency distribution of the segregating populations. This approach is highly

questionable and may have biased his segregation ratios. He arbitrarily used a

percentage seedbome ascochyta infection of 20% to separate resistant plants from

susceptible plants based on the bimodal distribution of only two of the eight

frequency distributions, with a subjective class interval (bin-size) used in drawing

those frequency distributions. However, he also recorded the foliage disease

severity among resistant and susceptible parent plants.

To alleviate the subjectivity of foliage disease severity rating for ascochyta

reaction, determination of percentage seedborne ascochyta infection was deemed

appropriate. Percentage seedbome ascochyta infection was determined for each F2

plant and F3 family in the 12 segregating populations in 1995 and 1997,

respectively. Parents were also evaluated in both years to determine the level of
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seedbome ascochyta infection among the resistant and the susceptible genotypes. In

the absence of a standard level of seedbome ascochyta infection to denote resistance,

the use of percentage seedbome ascochyta infection among the resistant genotypes

was deemed more appropriate. In 1995 and 1997, individual F2 plants were

evaluated. This makes it inappropriate to use means of the seedbome ascochyta

infection among the resistant parents to determine a cut-off point for resistant and

susceptible reaction among the segregating populations. Hence, in an attempt to

recognize the highest level of seedbome ascochyta infection among the resistant

parents in 1995 and 1997, the range of seedbome ascochyta infection in the resistant

parents was used. In 1995, seedbome ascochyta infection among the resistant

genotypes ranged between 0 and 12% (a total of 30 plants, 10 plants of each parent).

In 1997, seedbome ascochyta infection among the resistant genotypes ranged

between 0 and 13% (a total of 90 plants, 30 plants of each parent), of which only

one plant showed 13% seedbome ascochyta infection. Percentages of seedbome

ascochyta infection in the F2 plants in 1995 were even numbers because percentage

seedbome ascochyta infection was determined on 50 seeds from each F2 plant. So,

F2 plants with s12% seedbome ascochyta infection were rated resistant and those

with more than 12% seedbome ascochyta infection were rated susceptible, based on

the range of percentage seedbome ascochyta infection among the resistant parent

plants in 1995.

In 1997, F3 rows evaluated were not F2:3 families, but were essentially a

random sample of the F2 plants in 1995. So, F3 families were regarded as another

replication of the F2 population. Furthermore, because of limited resources,
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individual F3 rows were harvested as a bulk and evaluated as a row. This made it

difficult to differentiate segregating rows from homozygous resistant and

homozygous susceptible rows. The presence of susceptible and resistant plants in

segregating rows may cause high or low percentage of seedbome ascochyta

infection, respectively. This makes interpretation of the F3 data difficult. Sakr

(1994) also reported that a low proportion of susceptible plants in segregating rows

and the presence of some infection on resistant plants made it extremely difficult to

distinguish between resistant and segregating rows. So, he arbitrarily grouped

segregating rows into resistant or susceptible rows based on the presence of the

dominant or recessive gene for resistance in parents, respectively. His decision was

also supported by percentage of seedbome ascochyta infection in his segregating

rows. Because of the reasons mentioned above, F3 rows in 1997 were also classified

into resistant or susceptible, using the same scale used for the F2 plants in 1995. In

an effort to establish uniformity in scales used in 1995 and 1997, F3 rows with ::::;12%

seedbome ascochyta infection were classified as resistant and the F3 rows with

>12% seedbome ascochyta infection were classified as susceptible. The range of

seedbome ascochyta infection among the resistant parental genotypes in 1997 was

between 0 and 13%. Use of 13% seedbome ascochyta infection as a cut-off for

resistance in F3 families, would not have radically changed the calculated

segregation ratios because the number of F3 rows with 13% seedbome ascochyta

infection in most of the crosses ranged between 0 and 2. However, evaluation of

percentage seedbome ascochyta infection in individual F3 plants or a study of F2:3

families would have provided more conclusive results. An increase in the number
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of plants in the parental genotypes, F2 plants and F3 families also would have helped

in drawing more definitive conclusions.

4.3 Crosses involving the resistant parent Indianhead lentil

Indianhead lentil consistently showed resistance to seedbome ascochyta

infection in both 1995 (5.6%; range 0 to 12) and 1997 (2.5%; range 0 to 13) (Table

4.2). This parent was involved in five crosses in which three crosses involved

susceptible parents and two crosses involved resistant parents.

The frequency distribution for percentage seedbome ascochyta infection in

the F2 of Indianhead x Eston lentil in 1995 (Fig 4.2A) showed a peak: in the

susceptible class (>12% seedbome ascochyta infection) (F2 population mean 27.9;

range 2 to 64). The Chi-squared test (Table 4.3) gave a good fit to the 1 resistant: 3

susceptible F2 ratio, suggesting that the resistance to seedbome ascochyta infection

in Indianhead lentil was controlled by a single recessive gene in this cross. The F2

data 'also gave a good fit to the 3 resistant : 13 susceptible ratio ("l = 0.25).

However, the one gene ratio was accepted because of its simplicity. Furthermore,

observations on at least 800 to 900 F2 plants would be required to show the

difference between these two ratios (Hanson, 1959), and this population size was not

available in the present study. The frequency distribution for percentage seedbome

ascochyta infection in the F3 families (Fig 4.2B) showed that the distribution was

skewed toward the resistant class (F3 families mean 8.8; range 1 to 24). It also

showed that the mean among the F3 families was shifted to the resistant phenotype.

The Chi-squared test for the data from the F3 families (Table 4.3) gave a poor fit to
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Fig 4.2 Frequency distribution for percentage seedbome ascochyta
infection in (A) 10 plants of Indianhead, 10 plants of Eston and 50 F2
plants of Indianhead x Eston lentil in 1995 and (B) 30 plants of
Indianhead, 30 plants of Eston and 50 F3 families of Indianhead x Eston
lentil in 1997
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Table4.3 Chi-squared tests for goodness-of-fit for reaction to seedbome ascochyta infection in F2 populations and F3 families of

I
crosses involving Indianhead lentil

, F2 population" F3 families"
l
t..

Cross Observed ratio Expected ratio X2 Observed ratio Expected ratio X2(Res": Sus) (Res: Sus) (Res: Sus) (Res: Sus)
Indianhead x Eston 8: 42 1 : 3 2.16 38: 12 1 : 3 69.36**

Indianhead x Laird 20: 30 7:9 0.29 28: 22 7:9 3.05

Indianhead x ZT4 8: 42 1 : 3 2.16 23: 27 1 : 3 11.76**
"'"Indianhead x ILL 5588 43: 7 13: 3 0.74 42: 7 l3 : 3 0.64
-.l

Indianhead x PI 339283 45: 5 13 : 3 2.51 33:7 13: 3 0.04

ZF2 data: Res �12% seedbome ascochyta infection; Sus >12% seedbome ascochyta infection.
YF3 data: Res �12% seedbome ascochyta infection; Sus >12% seedborne ascochyta infection.xRes: resistant; Sus: susceptible.
* * Significant at the 0.01 level.



the expected 1 resistant : 3 susceptible ratio because of the excess number of

resistant families. This can be due to three possible reasons. The susceptible parent

Eston is early maturing (Table 3.1) and, presumably, many of the F3 families were

also early maturing (data not available). The late development of the disease due to

unfavourable weather conditions during pod development, in 1997, combined with

the early maturity of some of these F3 families, may have contributed to the high

number of F, families rated as resistant (Fig 4.2B). Resistant plants always produce

more seeds due to lower disease infection compared to susceptible plants, which

produce fewer seeds with high disease infection thereby affecting the overall seed

infection of the bulked seed. The presence of resistant and susceptible plants within

segregating rows may have affected the overall mean of the row, leading to

misclassification of some of the F3 families. The change in the location may also

have contributed to the disease reaction among different F3 families. The Chi

squared tests for goodness-of-fit for the F2 population and the F3 families were

inconsistent, due to one or more of these factors. However, the F2 plant data suggest

that it is more likely that the ascochyta resistance in Indianhead lentil was controlled

by a single recessive gene in this cross, as reported by Andrahennadi (1994).

The frequency distribution for percentage seedbome ascochyta infection in

the F2 of Indianhead x Laird lentil in 1995 (Fig 4.3A) shows two large peaks (mean

20.9; range 0 to 72) and gave a good fit to the 7 resistant: 9 susceptible ratio (two

recessive genes with complementary gene action) (Table 4.3). The frequency
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Fig 4.3 Frequency distribution for percentage seedbome ascochyta infection in

(A) 10 plants ofIndianhead, 10 plans of Laird and 50 F2 plants ofIndianhead x

Laird lentil in 1995 and (B) 30 plants of Indianhead, 30 plants of Laird and 50
F3 families of Indianhead x Laird lentil in 1997
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distribution for percentage seedbome ascochyta infection in the F3 of Indianhead x

Laird lentil in 1997 (Fig 4.3B) showed only one large peak toward the resistant

parent (mean 14.2; range 2 to 54). F3 families gave a good fit to the 7 resistant: 9

susceptible ratio (two recessive genes with complementary gene action). Tay (1989)

reported that a recessive gene was responsible for resistance to foliar ascochyta

blight in Laird lentil. Andrahennadi (1994) and Sakr (1994) also reported a single

recessive gene for resistance to seedbome ascochyta infection in Laird lentil. Based

on the Chi-squared tests for goodness-of-fit for the F2 plants and the F3 families, it

can be concluded that a recessive gene controlled the resistance to seedbome

ascochyta infection in Indianhead lentil and a second recessive gene controlled the

resistance to seedborne ascochyta infection in Laird lentil in this cross.

In the cross Indianhead x ZT4 lentil, the frequency distribution for the F2

plants (Fig 4.4A) had a small peak toward the resistant parent and a large number of

plants (with> 12% seedbome ascochyta infection) toward the susceptible parent

(mean 34.7; range 6 to 74). The Chi-squared test gave a good fit to the 1 resistant:

3 susceptible ratio (one gene) (Table 4.3). This suggests that the resistance to

seedbome ascochyta blight infection in Indianhead lentil was controlled by a single

recessive gene in this cross. In the F3 families, the frequency distribution (Fig 4.4B)

for percentage seedbome ascochyta infection had a large peak adjoining the

differential level separating the resistant class and the susceptible class (mean 14.5;

range 2 to 42). The Chi-squared test gave a poor fit to the 1 resistant: 3 susceptible

ratio (one gene), due to an excess number of resistant F3 families (Table 4.3). ZT4

has no known genes for resistance to ascochyta blight. Furthermore, ZT4 lentil
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of Indianhead x ZT4 lentil in 1995 and (B) 30 plants of Indianhead, 30

plants ofZT4 and 50 F3 families ofIndianhead x ZT4lentil in 1997
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showed a high level of seedbome ascochyta infection in 1997. The Chi-squared

tests for goodness-of-fit for the F2 population and the F3 families were inconsistent.

A definitive conclusion on exactly how the resistance to seedbome ascochyta

infection was controlled in Indianhead lentil in this cross was not possible.

The crosses of Indianhead lentil with the resistant parents ILL 5588 and PI

339283 resulted in a much higher frequency of resistant progenies than in the

crosses with the susceptible parents reported above. In the cross Indianhead x ILL

5588 lentil, both parents were resistant to seedbome ascochyta blight infection. The

frequency distribution (Fig 4.5A) for percentage seedbome ascochyta infection of

the F2 plants showed most plants were resistant «12% seedbome ascochyta

infection) (mean 6.3; range 0 to 36), suggesting that the resistance in ILL 5588 lentil

was conditioned by a dominant gene. The Chi-squared test (Table 4.3) gave a good

fit to the 13 resistant: 3 susceptible F2 ratio (two genes with epistasis). This

indicates that the resistance is due to the homozygous recessive gene from

Indianhead lentil or a dominant gene from ILL 5588 lentil. In the F3 families, the

frequency distribution (Fig 4.5B) was similar to that of the F2 population in 1995

(mean 6.7; range 0 to 37). The Chi-squared test (Table 4.3) gave a good fit to the 13

resistant: 3 susceptible ratio (two epistatic genes). These results indicate that

ascochyta resistance in this cross was due to the presence of either the recessive

gene for resistance from Indianhead lentil or the presence of the dominant gene from

ILL 5588 lentil. Andrahennadi (1994) also reported a dominant gene for seedbome

ascochyta infection in ILL 5588 and Ford et al. (1999) reported a dominant gene for

foliar resistance to ascochyta blight in the same lentil line.
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Fig 4.5 Frequency distribution for percentage seedborne ascochyta infection in

(A) 10 plants of Indianhead, 10 plants of ILL 5588 and 50 F2 plants of
Indianhead x ILL 5588 lentil in 1995 and (B) 30 plants of Indianhead, 30 plants
ofILL 5588 and 49 F3 families ofIndianhead x ILL 5588 lentil in 1997
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In the cross Indianhead x PI 339283 lentil, both parents were resistant to

seedbome ascochyta blight infection and most of the F2 plants and the F3 families

were also rated resistant (Fig 4.6A and 4.6B). The frequency distribution (Fig 4.6A)

for percentage seedbome ascochyta infection of the F2 plants showed most plants

were resistant (mean 4.4; range 0 to 16). The Chi-squared test (Table 4.3) gave a

good fit to the 13 resistant: 3 susceptible F2 ratio (two genes with epistasis). In the

F3 families, the frequency distribution (Fig 4.6B) was similar to that of the F2

population in 1995 with most of the families showing resistance (mean 7.3; range 0

to 30). The Chi-squared test (Table 4.3) also gave a good fit to the 13 resistant: 3

susceptible ratio. These results suggest the presence of a single recessive gene for

seedbome ascochyta resistance in Indianhead lentil and a dominant gene for

seedbome ascochyta resistance in PI 339283 lentil.

Among the five crosses involving the resistant parent Indianhead lentil, two

of the crosses (with Eston and ZT4 lentil) provided inconsistent results due to the

reasons discussed above. However, consistent results provided by the other three

crosses (with Laird, ILL 5588 and PI 339283 lentil) indicate that the resistance to

seedbome ascochyta infection in Indianhead lentil in these crosses was likely due to

the presence of a single recessive gene.
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Fig 4.6 Frequency distribution for percentage seedbome ascochyta infection in

(A) 10 plants of Indianhead, 10 plants of PI 339283 and 50 F2 plants of
Indianhead x PI 339283 lentil in 1995 and (B) 30 plants of Indianhead, 30 plants
of PI 339283 and 40 F3 families ofIndianhead x PI 339283 lentil in 1997
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4.4 Crosses involving the resistant parent ILL 5588 lentil

Lentil line ILL 5588 showed high resistance to seedbome ascochyta infection

both in 1995 (5.0%; range 0 to 10) and 1997 (3.1 %; range 0 to 10). This parent was

involved in five crosses, four crosses involving susceptible parents (Eston, Laird,

ZT4 and PI 374118 lentil) and one cross involving a resistant parent (Indianhead

lentil).

In the cross ILL 5588 x the susceptible Eston lentil, the frequency

distribution for percentage seedbome ascochyta infection of the F2 plants (Fig 4.7A)

showed a large peak for resistant plants with <12% seedbome ascochyta infection

(mean 5.7; range 0 to 62). The Chi-squared test gave a good fit to the 3 resistant: 1

susceptible ratio (one gene) (Table 4.4). In the F3 families, the frequency

distribution (Fig 4.7B) for percentage seedbome ascochyta infection was skewed

toward the resistant parent (mean 7.9; range 0 to 30). The Chi-squared test gave a

good fit to the 3 resistant: 1 susceptible ratio (one gene) (Table 4.4). This suggests

that the difference in ascochyta reaction between ILL 5588 and Eston lentil was due

to the presence of a single dominant gene for seedbome ascochyta resistance in ILL

5588 lentil.

In the cross ILL 5588 x Laird lentil, the frequency distribution for percentage

seedbome ascochyta infection of the F2 plants (Fig 4.8A) showed most of the plants

in the resistant class (mean 2.5; range 0 to 26). The Chi-squared test gave a good fit

to the 15 resistant: 1 susceptible F2 ratio (two duplicate genes) (Table 4.4). In 1995,

Laird lentil showed some resistance to seedbome ascochyta infection, which

explains the high number of resistant F2 plants in this cross. In the F3 families,
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Fig 4.7 Frequency distribution for percentage seedbome ascochyta infection in

(A) 10 plants of ILL 5588, 10 plants of Eston and 50 F2 plants of ILL 5588 x

Eston lentil in 1995 and (B) 30 plants of ILL 5588, 30 plants of Eston and 50

F3 families oflLL 5588 x Eston lentil in 1997
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Table4.4 Chi-squared tests for goodness-of-fit for reaction to seedbome ascochyta infection in F2 populations and F3 families of

crosses involving ILL 5588 lentil

F2 population" F3 families"

Cross Observed ratio Expected ratio X2 Observed ratio Expected ratio X2(Resx: Sus) (Res: Sus) (Res: Sus) (Res: Sus)
ILL 5588 x Eston 43: 7 3 : 1 3.23 37: l3 3 : 1 0.03

ILL 5588 x Laird 47: 3 15 : 1 0.01 26: 15 15 : 1 64.39**

ILL 5588 x ZT4 47: 3 15 : 1 0.01 17: 33 15 : 1 304.65**Vl
00

ILL 5588 x PI 374118 50: 0 15 : 1 3.33 40: 10 15 : 1 16.l3**

ZF2 data: Res :5:12% seedbome ascochyta infection; Sus >12% seedbome ascochyta infection.
YF3 data: Res :5:12% seedbome ascochyta infection; Sus >12% seedbome ascochyta infection.
xRes: resistant; Sus: susceptible.
* * Significant at the 0.01 level.
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Fig 4.8 Frequency distribution for percentage seedbome ascochyta infection in

(A) 10 plants of ILL 5588, 10 plants of Laird and 50 F2 plants of ILL 5588 x

Laird lentil in 1995 and (B) 30 plants ofILL 5588, 30 plants of Laird and 41 F3
families ofILL 5588 x Laird lentil in 1997
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the frequency distribution for percentage seedbome ascochyta infection (Fig 4.8B)

showed a large peak in the resistant class and a small peak in the susceptible class

(mean 11.8; range 0 to 50). The Chi-squared test gave a poor fit to the expected 15

resistant: 1 susceptible ratio (two duplicate genes) (Table 4.4). The increase in the

mean and range among the F3 families, compared to the F2 population, suggests that

the susceptible plants showed an unusually high level of seedbome ascochyta

infection, similar to Laird lentil in 1997. This may have affected the mean of the

segregating F3 rows leading to misclassification. Laird lentil also showed a high

percentage seedbome ascochyta infection in 1997 compared to that of 1995. The

Chi-squared tests for goodness-of-fit for the F2 population and the F3 families were

inconsistent. So, it was difficult to conclude exactly how the resistance in ILL 5588

lentil was controlled in this cross. Laird lentil was reported to have only a single

recessive gene for resistance to ascochyta blight (Tay, 1989; Andrahennadi, 1994;

Sakr, 1994).

In the cross ILL 5588 x ZT4 lentil, the frequency distribution for percentage

seedbome ascochyta infection in the F2 plants (Fig 4.9A) showed a sharp shift to the

resistant side (mean 4.1; range 0 to 32). The Chi-squared test (Table 4.4) gave a

good fit to the 15 resistant: 1 susceptible F2 ratio (two duplicate genes). In the F3

families, the frequency distribution (Fig 4.9B) for percentage seedbome ascochyta

infection showed a continuum (mean 19.6; range 1 to 59) (Fig 4.9B). This also

gives an indication that most of the F 3 rows showed susceptibility to the disease

compared to the F2 population in 1995. The Chi-squared test gave a poor fit to the

expected 15 resistant: 1 susceptible ratio (two duplicate genes) (Table 4.4) because
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Fig 4.9 Frequency distribution for percentage seedbome ascochyta infection
in (A) 10 plants ofILL 5588, 3 plants of ZT4 and 50 F2 plants ofILL 5588 x

ZT4lentil in 1995 and (B) 30 plants of ILL 5588, 30 plants of ZT4 and 50 F3
families ofILL 5588 x ZT4lentil in 1997
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of an excess number of susceptible F3 families. A similar reaction was seen in the

cross PI 339283 x ZT4. The Chi-squared tests for goodness-of- fit for the F2

population and F3 families were inconsistent. So, it was difficult to draw a

definitive conclusion on how exactly the resistance was controlled in ILL 5588 in

this particular cross.

In the cross ILL 5588 x PI 374118 lentil the frequency distribution for

percentage seedbome ascochyta infection showed all 50 of the F2 plants (Fig 4.1 OA)

with <10% seedbome ascochyta infection (mean 2.0; range 0 to 10). The Chi

squared test gave a good fit to the 15 resistant: 1 susceptible ratio (two duplicate

genes) (Table 4.4). In the F3 families, the frequency distribution (Fig 4.lOB) for

percentage seedbome ascochyta infection showed some of the F3 families with

>12% seedbome ascochyta infection (mean 7.2; range 0 to 27). The Chi-squared

test gave a poor fit to the 15 resistant: 1 susceptible ratio (two duplicate genes)

(Table 4.4). PI 374118 lentil showed resistance to seedbome ascochyta infection in

1995 at the North Seed Farm, but was susceptible in 1997 at the Preston Plots. This

change in reaction of the PI 374118 parent may explain why so many of the F3

families were classed as susceptible. Results from the F2 population and the F3

families were inconsistent. So, it was difficult to draw a definite conclusion on

exactly how the resistance was controlled in this particular cross. Andrahennadi

(1994) reported that a single recessive gene controlled the_ resistance to seedbome

ascochyta infection in PI 374118 lentil. The duplicate dominant genes segregating

in this cross, as suggested by the F2 population, may have been contributed by the

ILL 5588 lentil.
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Fig 4.10 Frequency distribution for percentage seedbome ascochyta infection in

(A) 10 plants oflLL 5588, 10 plants of PI 374118 and 50 F2 plants ofILL 5588
x PI 3741181entil'in 1995 and (B) 30 plants ofILL 5588, 30 plants of PI 374118·
and 50 F3 families ofILL 5588 x PI 374118 lentil in 1997
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The cross ILL 5588 x Indianhead lentil was included in the section on

crosses involving Indianhead lentil which concluded that the resistance in ILL 5588

lentil is conditioned by a dominant gene and that the resistance in Indianhead lentil

is conditioned by a recessive gene.

Tay (1989) reported that the resistance to ascochyta blight in ILL 5588 lentil

was governed by two dominant genes (Rah and Ra13) and one recessive gene (rail)'

Andrahennadi (1994) reported the presence of a single dominant gene in ILL 5588

lentil. Sakr (1994) indicated that resistance to ascochyta blight in ILL 5588 was

governed by two epistatic genes, one of which was dominant and the other

recessive. Ford et al. (1999) recently confirmed, using classical Mendelian genetics

and QTL analysis, that a single dominant gene (AbR1) is responsible for resistance to

foliar infection by A. lentis in ILL 5588 lentil.

Results obtained from some of the crosses involving the resistant parent ILL

5588 lentil were inconsistent for the F2 populations and the F3 families. Small

population size in all of the crosses was one of the limitations to obtaining

conclusive results. In the crosses involving the resistant parent ILL 5588 lentil,

crosses with Eston and Indianhead lentil provided consistent results and supported

the hypothesis that ILL 5588 lentil carries a single dominant gene for resistance to

seedborne ascochyta blight. The results from the crosses with Laird, ZT4 and PI

374118 lentil provided inconsistent results. However, the results from the F2

populations of these three crosses supported the hypothesis that ILL 5588 lentil

carries two duplicate genes for resistance to seedbome ascochyta blight. Based on

the consistency in results for the one-gene hypothesis, it can be concluded that the
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ILL 5588 lentil carries a single dominant gene for resistance in the crosses with

Eston and Indianhead lentil.

4.5 Crosses involving the resistant parent PI 339283 lentil

Lentil line PI 339283 consistently showed a high level of resistance to

seedbome ascochyta infection in 1995 (0%; range 0) and in 1997 (5.2%; range 0 to

12) (Table 4.2). It was involved in crosses with Eston, ZT4, PI 374118 and

Indianhead lentil among which Eston, ZT4 and PI 374118 lentil were susceptible

parents and Indianhead lentil was a resistant parent.

In the cross, PI 339283 x Eston lentil, the frequency distribution (Fig 4.11A)

for percentage seedbome ascochyta infection of the F2 plants showed a sharp shift to

the resistant class (mean 2.3; range 0 to 20). The Chi-squared test (Table 4.5) gave a

good fit to the 15 resistant: 1 susceptible ratio (two duplicate genes). In the F3

families, the frequency distribution (Fig 4.l1B) for percentage seedbome ascochyta

infection showed a large peak in the resistant class and a small peak in the

susceptible class (mean 9.8; range 0 to 27). The increase in the mean from 1995 to

1997 indicated that most of the F3 rows showed a higher percentage of seedbome

ascochyta infection in 1997. PI 339283 showed immunity to seedbome ascochyta

infection in 1995 at the North Seed Farm, but showed an infection of 5.2% in 1997

at the Preston Plots. The Chi-squared test gave a poor fit to the expected 15

resistant: 1 susceptible ratio (two duplicate genes) (Table 4.5). The increase in

susceptibility to seedbome ascochyta infection in PI 339283 lentil between 1995 and

1997 may have resulted in increased seedbome ascochyta infection in some of the
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Fig 4.11 Frequency distribution for percentage seedbome ascochyta infection
in (A) 10 plants of PI 339283, 10 plants of Eston and 40 F2 plants of PI 339283
x Eston lentil in 1995 and (B) 30 plants of PI 339283, 30 plants of Eston and
36 F3 families of PI 339283 x Eston lentil in 1997
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F2 population" F3 families"

Cross Observed ratio Expected ratio X2 Observed ratio Expected ratio X2
(Res": Sus) (Res: Sus) (Res: Sus) (Res: Sus)

PI 339283 x Eston 39: 1 15 : 1 0.96 27: 9 15 : 1 21.60**

PI 339283 x ZT4 31 : 3 15 : 1 0.38 18: 32 15 : 1 284.59**

PI 339283 x PI 374118 28: 6 3 : 1 1.00 24: 26 3 : 1 19.44**
0'1
-...)

..

Table4.5 Chi-squared tests for goodness-of-fit for reaction to seedbome ascochyta infection in F2 populations and F3 families of
crosses involving PI 339283 lentil

ZF2 data: Res :::;;12% seedbome ascochyta infection; Sus >12% seedbome ascochyta infection.
YF3 data: Res :::;;12% seedbome ascochyta infection; Sus >12% seedbome ascochyta infection.
xRes: resistant; Sus: susceptible.
**Significant at the 0.01 level.



segregating rows, thus, shifting them into susceptible. Results from the F2

population and the F3 families were inconsistent. So, it was difficult to draw a

conclusion on the exact number of genes controlling resistance to seedbome

ascochyta infection in PI 339283 lentil in this cross.

In the cross PI 339283 x ZT4 lentil, the frequency distribution (Fig 4.12A)

for percentage seedbome ascochyta infection of the F2 plants was sharply shifted to

the resistant class (mean 4.7; range 0 to 38). The Chi-squared test gave a good fit to

the 15 resistant: 1 susceptible ratio (two duplicate genes) (Table 4.5). In the F3

families (mean 19.2; range 2 to 44) (4.12B), the Chi-squared test gave a poor fit to

the expected 15 resistant: 1 susceptible ratio (two duplicate genes) (Table 4.5)

because of the excessive number of susceptible F3 families. Results from the F2

population and the F3 families were inconsistent. So, it was difficult to draw a

definite conclusion on the number of genes controlling resistance to seedbome

ascochyta infection in PI 339283 lentil in this cross.

In the cross PI 339283 x PI 374118 lentil, the frequency distribution (Fig

4.13A) for percentage seedbome ascochyta infection of the F2 plants was sharply

shifted to the resistant class, showing very few plants in the susceptible class (mean

7.7; range 0 to 48). The Chi-squared test gave a good fit for 3 resistant : 1

susceptible ratio (one gene) (Table 4.5). In the F3 families, the frequency

distribution (Fig 4.13B) for percentage seedbome ascochyta infection was skewed

toward the resistant class (mean 13.2; range 0 to 33). The F3 rows in 1997 had a

higher mean and a narrower range of seedbome ascochyta infection compared to the

F2 plants in 1995. Furthermore, percentage seedbome ascochyta infection in
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Fig 4.12 Frequency distribution for percentage seedborne ascochyta
infection in CA) 10 plants of PI 339283, 3 plants of ZT4 and 42 F2 plants
of PI 339283 x ZT4 lentil in 1995 and (B) 30 plants of PI 339283, 30

plants ofZT4 and 50 F3 families of PI 339283 x ZT4lentil in 1997
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Fig 4.13 Frequency distribution for percentage seedborne ascochyta infection in

(A) 10 plants of PI 339283, 10 plants of PI 374118 and 34 F2 plants of PI 339283
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PI 339283 and PI 374118 lentil was higher in 1997 than in 1995, which was also

reflected in this cross. Increased susceptibility of the resistant parent may be related

to the increased frequency of susceptible F3 rows. The Chi-squared test gave a poor

fit to the expected 15 resistant: 1 susceptible ratio (two duplicate genes) (Table 4.5).

Results from the F2 population and the F3 families were inconsistent. So, it was

difficult to draw a conclusion on the exact number of genes controlling resistance to

seedbome ascochyta infection in PI 339283 lentil in this cross.

In the cross PI 339283 x Indianhead lentil, both parents showed good

resistance to seedbome ascochyta infection. This cross was included in the section

on crosses involving Indianhead lentil which concluded that the resistance in

PI 339283 lentil is conditioned by a dominant gene and it interacted with the

recessive gene in Indianhead to give a 13 resistant: 3 susceptible F2 ratio.

Results obtained from the crosses involving the resistant parent PI 339283

lentil were inconsistent for the F2 populations and the F3 families. Small population

size in all of the crosses was one of the limitations to obtaining conclusive results.

In the crosses involving the resistant parent PI 339283 lentil, consistent results were

provided by the cross with Indianhead lentil in the F2 population and the F3 families

that supported the hypothesis that PI 339283 lentil carries a single dominant gene for

resistance to seedbome ascochyta blight. The results from the other three crosses

with Eston, ZT4 and PI 374118 lentil provided inconsistent results. However, the

results from the F2 populations of these three crosses supported the hypothesis that

PI 339283 lentil carries two duplicate genes for resistance to seedbome ascochyta

blight. Based on the consistency in results obtained from the cross with Indianhead
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lentil, it can be concluded that the PI 339283 lentil carries at least one dominant

gene for resistance to ascochyta in these crosses. However, Andrahennadi (1994)

concluded that the resistance to seedbome ascochyta infection in PI 339283 was

controlled by two duplicate dominant genes.

4.6 Foliage ascochyta infection ratings for parents and F2 plants of two missed

crosses:

A growth chamber study on foliage ascochyta infection on the F2lentil plants

in two of the missed crosses Indianhead x PI 374118 lentil and PI 339283 x ILL

5588 lentil showed that the resistant parent PI 339283 lentil was highly resistant

with a foliage infection rating of 0 on the scale of 0 to 5 (Table 4.6). This was

followed by PI 374118 lentil (average 0.5). The ILL 5588 lentil parent showed an

average foliage ascochyta infection rating of 1.1. The resistant parent Indianhead

lentil showed high leaflet infection with the ascochyta blight, showing an average

foliage infection rating of 1.8. Ahmed and Morrall (1996) also reported that several

ascochyta isolates caused high levels of leaflet infection on Indianhead lentil, but no

stem infection, except for one isolate which caused stem infection in the growth

chamber.

Based on the rating of the resistant and susceptible parents in the growth

chamber study, �2 on the scale was determined a resistant rating. The F2 seedlings

in both crosses were classified as resistant or susceptible and the Chi-squared test

for the goodness-of-fit was carried out (Table 4.6). The F2 of PI 339283 x ILL 5588

lentil gave a good fit to the 15 resistant: 1 susceptible F2 ratio, suggesting that
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Table4.6 Foliage infection rating for ascochyta blight on F2 seedlings of the crosses PI 339283 x ILL 5588 and Indianhead x PI
374118along with the Earents and checks in greenhouse

Foliage ascochyta infection rating

Parent/population 0 1 2 3 4 5 Average Expected ratio X2 p
(Res.Sus")

PI339283
6 0.0- - - - -

PI374118 4 1 1 - - - 0.5

ILL5588 1 3 2 - - - 1.2
-....J
v)

Indianhead - 1 4 - - - 1.8

Eston - - 1 8 1 - 3.0

Spanishbrown - - 1 9 - - 2.9

PI339283 x ILL 5588 13 14 6 1 - - - 15 : 1 0.64 0.43

PI374118 x Indianhead 13 16 19 - 2 - - 15 : 1 0.43 0.51

zRes:resistant (a score of �2) , Sus: susceptible(a score of>2).



duplicate dominant genes were segregating in this cross. Similarly, PI 374118 x

Indianhead lentil gave a good fit to the 15 resistant : 1 susceptible F2 ratio,

suggesting duplicate dominant genes (Table 4.6). However, further study is needed,

since several previous studies have shown that Indianhead lentil has a recessive gene

for resistance to ascochyta blight, as determined by percentage seedbome ascochyta

infection. In this study, Indianhead lentil did not show a high level of resistance to

foliage infection, and this helps explain why resistance was inherited as two

duplicate dominant genes in this cross, based on foliage infection rating, i.e.,

resistance to foliage infection and resistance to seedbome infection are controlled by

two different genetic systems. Ahmed et al. (1996b) concluded that the growth

chamber evaluations of seedlings could not fully replace field evaluations. They

found that ILL 358 lentil was susceptible in the field, but was moderately resistant in

the growth chamber. Similarly, Ahmed and Morrall (1996) reported that ILL 5684

lentil showed low levels of foliage infection compared to Indianhead lentil,

however, percentage seedbome ascochyta infection levels were higher than

Indianhead lentil.

4.7 Screening of F2 plants of missed crosses

Five of the crosses attempted in 1994 were not successful and were again

attempted in 1996. The F 1 plants were grown in the greenhouse. Although the

crosses were successful, they resulted in only a few F2 plants. These F2 plants were

screened in the field in 1997 along with the F3 families of the other crosses. The F2

plants from these missed crosses were harvested individually and threshed. The
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seeds from these plants were plated on the agar media using the procedure outlined

earlier. However, the number of seed obtained from these F2 plants was variable

with as few as 16 seeds. The numbers of plants available for the analysis in these

crosses were too low to conduct a reliable Chi-squared goodness-of-fit test (Table

4.7). Furthermore, no seed was available to study the next generation.

Table 4.7: F2 plants population size for the five missed lentil crosses in 1997.
Cross Number ofF2 plants available for plating

PI 339283 x Laird
PI 339283 x ILL 5588
PI 374118 x Eston

PI 374118 x Laird
PI 374118 x Indianhead

24

16
22

39
38
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5. CONCLUSION

5.1 Summary and conclusions

The inheritance of resistance to ascochyta blight was studied in the F2

populations and the F3 families of crosses between four resistant lentil cultivars/lines

Indianhead, ILL 5588, PI 339283 and PI 374118 (tentative) and three susceptible

cultivars/lines, Eston, Laird and ZT4. Following inoculation, foliage and seeds of

susceptible parents were heavily infected, indicating that the inoculation procedure

was effective. However, weather conditions in 1995 and 1997 had a differential

effect on the seedbome ascochyta infection in early and late maturing genotypes.

Reaction to ascochyta was based on percentage ascochyta infected seeds of

individual F2 plants; resistant plants had ::::;12% seedbome ascochyta infection. The

F3 families were also rated as resistant or susceptible, using the same scale. Lentil

lines PI 339283 and ILL 5588 showed high resistance to both seedbome infection

and foliage infection. Indianhead lentil showed high resistance to seedbome

ascochyta infection in the field in both years, but it showed high leaflet infection in

the growth chamber. Lentil line PI 374118 showed low seedbome ascochyta

infection in the field in 1995 and to foliage infection in the growth chamber, but it
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showed a high percentage of seedbome ascochyta infection in the field in 1997 and,

therefore, was reclassified as susceptible. Small population size in the F2

populations and the F3 families provided inconclusive results in several crosses.

Study of the F2 plants in 1995 and the F3 rows in 1997 further increased

inconsistency due to differences in weather and in the source of inoculum.

Genetic analysis of data on percentage seedbome ascochyta infection in the

F2 populations and the F3 families indicates that:

1. a single recessive gene controlled ascochyta resistance in Indianhead lentil.

2. Indianhead lentil was susceptible to foliage infection by ascochyta, suggesting

that resistance to foliage infection and resistance to seed infection are controlled

by two different genetic systems.

3. a single dominant gene controlled ascochyta resistance in ILL 5588 lentil.

4. at least one dominant gene controlled ascochyta resistance in PI 339283 lentil.

5. the dominant gene for ascochyta resistance in ILL 5588 differs from the

dominant gene for ascochyta resistance in PI 339283 lentil.

6. the recessive gene for ascochyta resistance in Indianhead lentil is epistatic to the

dominant gene for resistance in ILL 5588 and PI 339283 in the F2 of crosses

with these two resistant parents.

5.2 Future research

Screening of plants in the field and determination of percentage seedbome

ascochyta infection is time consuming and expensive. This study suggested that the

percentage seedbome ascochyta infection in the field is highly dependent on
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environmental conditions and dependent on pathogenecity in Ascochyta lentis.

However, confirmation of repeatable levels of resistance to seedborne ascochyta

infection must be done prior to initiating any study. The entire experiment should

be conducted in the same location to avoid ambiguity of results. Parents used for

this type of study should be self-pollinated at least for two successive generations to

assure their homozygosity. This would also help distinguish between the effect of

the environment and the effect of the genotype.

This study supports previous research findings by concluding that several

genes govern resistance to ascochyta blight in lentil. Pyramiding of these resistance

genes into cultivated lines can be effectively performed, so that a more stable

resistance to ascochyta blight can be obtained.

Previous data indicated that PI 374118 lentil was resistant to seedborne

infection by ascochyta blight, but this study indicated that it was susceptible. Thus,

it may be worthwhile to screen PI 374118 for reaction to seedborne ascochyta

infection using a larger population to reconfirm its ascochyta rating. Among the

crosses involving the susceptible parent ZT4, it was evident that the change in

segregation ratios was due to an excess number of susceptible F3 families. This

suggests the presence of a modifier gene for susceptibility in ZT4 lentil that was

responsible for modifying the action of resistance genes. This aspect is worth

further investigation, using larger F2 and F3 populations and backcrosses to see if the

zero tannin trait per se, is related to increased susceptibility to ascochyta blight.

The main limitation in this experiment was the small population size, which

made it difficult to develop conclusive results. Hence, use of larger populations
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would be helpful in developing more definitive results. In case of small

populations, conducting backcrosses would help determine the number of genes

segregating in a particular cross. Off-season nurseries and greenhouses can be used

to grow 2-3 generations each year. Much smaller populations are needed in the

backcross method than in the case of the pedigree method.

The study of bulked F3 rows in this experiment did not provide any

indication on how to separate homozygous and segregating rows. This suggests that

only individual plants should be studied in the F2 and subsequent generations.

However, this requires an enormous amount of resources and time.
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